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Each would illuminate its designated
ground target with the light of 30 1o 50
full Moons for up to 40 minutes of each
orbit. Nikolai N. Sevastionov, Noviy
avel's general director, claims such ar-
tilicial illumination will not alter the
But its effects on
amimals’ circadian rhythms have yet 1o
be studied.

While the orbiting spotlights would
be directed onto small local areas, ob-
servers adjacent to the ground track
would see bright cones of twilight in an
othcrwise dark sky. Huge urban sky-
glows could rise up from the targe!
cities should the artificial light bounce
skyward off bare or snow-covered
ground. Astrophotography would be
compromised worldwide by a nightly
pumdu of Venus-brnght tracers. Wash-
ington amateur Dale Ireland saw the
jettisoned reflector flare from magni-
tude O to -5 as it slowly tumbled to-
ward reentry. “It was dazzling even in
the 6:40 a.m. twilight,” Ireland reports.
The much-larger reflectors envisioned
for the Noviy Svel program would
gleam several magnitudes bnghter stll.

Not S.UI']‘.lr'r:-.iniﬂ}'. astronomers have
expressed alarm at the Russian Ii]_ghl-
the-night plan. Peter Boyce, executive
director of the American Astronomical
Society, admits that the AAS's light-
pollution committee doesn’t have an
official position on Noviy Svet yel
he predicts, “I'm
sure we'll be hormfied.”

Christopher J. Faranetta, an Energla
representative in Herndon, Virginia,
says at least one more illumination test
15 planned. involving a rellector with
better surface precision and perhaps 10
times more surface Faranctta
hopes (o publicize it well in advance so
that teams of observers along and near
the ground track can monitor the artifi-
cial sunhght. He says the deployment
time of February's trial could not be
|'.-|'L'|Ji-i.'tn_'d .|l..'l..'l..ll';itl.'|_‘.'. s0 a coordinated
ground effort was not attempted.

Curiously, the U. 5 Department of
Defense and NASA bnietly looked into
a similar scheme during the 1960s.
These agencies conceived Project Able
as a way (o illuminate military opera-
tions at night.
ants of the highly visible Echo satel
htes, Project Able’s mant reflectors
would have up a0

IL.H:'.'I] -.:r11.'ir::|!r|1::|:1[.

“But when we do,”

Arca.

lechnological descend-

heen o metlers
across. But no test satellites were ever
flown. Loy
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MISSION UPDATE 4.~ By Jonathan McDowel

EDITOR'S NOTE: Right now an unprecedented number of planetary probes and
space telescopes are in orbil, en rowie to their deep-space destinations, or awaiting
lawerich, with many more planned for launch later this decade. In this new monthly
column Harvard astronomer and die-hard space aficionado Jonathan McDowell will
provide brief status reporty on selected missions. As always, scientific discoveries from
these flights will be reported in News Noves, S&T Newswire, and fearure articles

Space Infrared Telescope Facility
The last of NASA's four planned
Great Observatories, SIRTF is the
only one stll awamting formal ap-
proval. To cut costs, project officials
reduced the telescope’s aperture
from 85 centimeters to 70 and jetti-
soned some detectors, reducing the
welght enough to switch from a
Titan IV booster to a less expensive

Atlas 1IAS (5&T' December 1992,

NASA hopes to launch the Space Infrared
Telescope Facility into solar orbit by the
turn of the century. The design shown here
was unveiled in January. Courtesy the Jet
Propulsion Laboratory.

cepl will restore the aperture to 85
cm while reducing costs still further.
Current plans call for SIRTF to be
placed into solar orbit at 1 asiro-
nomical umit. The telescope will dnift away from Earth, suffering less and less in-
terference from our planet’s “waste heat.” This means it can use a smaller, lighter
tank of hgud-helium coolant. The new design also simplifies many other space-
craft systems. NASA hopes to launch SIRTF by the year 2000 for a three-year
mission to obtain high-resolution infrared images and spectra.
Mars (dbserver

OUn February 8th Mars Observer used its main engine to trim its course at a dis-
tance of 85 million kilometers from Earth and 41 million km from its destination,
the red planet. After a smaller adjustment using auxiliary thrusters on March
|8th, the probe was on course for arrival in Mars orbit on August 24th (S&T: Oc-
tober 1992, page 373). Mars Observer was launched last September 25th by a
Titan I rocket.
Magellan

Magellan has been orbiting Venus for four Venusian years and is now mapping
the planet’s gravitahonal held (S&T: January 1993, page 11). On May 25th it will
begin an ambitious series of aerobraking experiments to change its high elliptical
orbit 1o a low circular one by using the upper atmosphere of Venus instead of
rocket firings to slow down. The craft will then make extremely precise gravity
measurements. This phase of the mission will be carried out with a small budget
and a much-reduced staff that calls itself the Lean Mean Gravity Team.
Compton Gamma Ray Observatory

The Compton Observatory completed its all-sky survey last November and is
now carrying out studies of specific targets for “guest observers.” Since the failure
of 11s onboard tape recorders i early 1992 (5&T: December 1992, page 634), the
spacecraft has been able to send data to Earth only part of the time. NASA is
building a new receiving antenna at Tidbinbilla, Australia, which will enable
Compton to relay data through the clderly TDRS 1 satellite. Another important
milestone is due in June with the first raising of the spacecraft’s orbit, from 350
km to between 420 and 450 km. Problems with gas bubbles in the propulsion sys-
tem were detected soon after launch in Aprnil 1991, so the first calibration firing of
Compton’s engines in May will be a tense moment for project members,

Jonathan McDowell s an astronomer at the Harvard-Smithsonian Center for As-
trophysics and writes a weekly electronic newsletter on the space program.
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era specifhically designed to search for
faint objects of large angular size.

The planetary nebula the
mers unveiled s one of the largest, and
therefore among the oldest, vet discov-
ered. It measures about 13 arc minutes
across (corresponding to a diameter
of 17 light-vears), and it probably took
approximately 130000 vears to reach
this size (planetaries are typically 10,000
to 30,000 years old). The nebula’s age
and size, in conjunction with the star’s
pulsations, clearly connect the central
stars of planetaries to precursor white
dwarfs

ASLIOno-

At the opposite end of pl.,uu-;“.m}'-ru;h-
ula evolution is Henize 1357, which not
long ago was just an ordinary hot star in
the southern constellation Ara. Howev-
er, over the past 30 years or so gas

Little was known about young planetary
nebula Henize 1357, located in the south-
ern sky, before the Hubble Space Tele-

scope observed it. The spacecrafi re-
vealed fine detail, including a tilted ring
of gas, as well as clumps of material in
turbulent motions. This is a composite of
geveral images made in oxygen and hy-
drogen light. Courtesy Matthew Bo-
browsky and NASA,

around the star began to glow, revealing
a young planetary nebula. The gas itself
may have been released from the star in
Its red-giant phase thousands of years
e¢arhier, but onlv now has the star grown
hot enough to make the gas radiate.
The planetary nebula around Hemize
1327 has been fully resolved for the first
ime by the Hubble Space Telescope's
Wide Field and Planetary Camera. It is
one of many such nebulae Matthew Bo-
browsky (CTA Inc.) has studied to un-
derstand the early evolution of plane-
laries :
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MISSION UPDATE .-

|
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Japan's Advanced Satellite for :
Cosmology and Astrophysics has
performed flawlessly since its Feb-
ruary 20th launch (May issue, page
8). Its X-ray spectrometers and
cameras have been turned on and
all appear in good health. The first
cahbration images of celestial high-
energy sources were obtained in
late March, paving the way for sci-
-entific observations to begin in
ecarnesl. Among the earliest targets
was Supernova 1993) in spiral
galaxy MS8]1 in Ursa Major.

A Mu-38 II recket carrying the ASCA X-ray
satellite lifts off from Japan's Kagoshima
Space Center. Courtesy the Instifute of

Space and Astronautical Science, '

Hiten

Meanwhile, the mission of another Japanese probe, Hiten, ended on April 10th
when it crashed into the Moon near the crater Furnerius at 55°.3 N, 34°.0 S. The
195-kilogram probe was launched in January 1990 and dropped a 12-kg satellite,
Hagoromo, mnlo lunar orbit two months later (S&T: July 199, page 14). Hiten
then made several close flybys before entering orbit itself on February 15, 1992,
Hubble Space Telescope .

In mid-February spacecraft controllers encountered a problem with one of
three Fine Guidance Sensors that keep HST pointed at celestial targets, when a
| small, movable mirror within the instrument partially jammed. The loss of one
sensor makes it harder to find suitable guide stars for some observations. Anoth-
er problem occurred in late March, when electronics failed in the system that
points the solar-cell arrays toward the Sun. Although the panels can still be
moved, a subsequent failure of the backup electronics could leave the solar cells
pointed away from the Sun, starving the spacecraft for power. Mission planners
quickly changed HST's observing schedule 1o reduce the need for large move-
ments of the arrays and to prevent the observatory from pointing more than
145" away from the Sun’s direction. Even so, HST's pointing flexibility still ex-
ceeds that of other spacecraft with fixed arravs.

SPARTAN 201

The Apnl mussion of the Space Shuttle Discovery was devoled mainly to
studying the ozone layer, but it also carried a SPARTAN (Shuttle Pointed Au-
tonomous Research Tool for Astronomy) satellite. The SPARTANs are simple
spacccraft released by the shuttle’s manipulator arm and then retrieved afier two
days of free flight. One flew in 1983 10 study X-ray emissions from extragalactic
sources. Another was intended to observe Halley's comet but was lost along with
Challenger in January 1986, The newest one, designated SPARTAN 201, carried
two instruments to study the Sun’s visible and ultraviolet corona.

Mars (hhserver, Galileo, and Ulysses

Between March 2lst and Aprl 12th three interplanetary spacecraft carmed out
the most sensitive search to date for gr;wil:u'tmnal waves. Rare, catastrophic events
such as the collapse of a massive star or the merger of two black holes would be re-
| quired to give a detectable signal. This spring’s experiment monitored radio trans-
mussions from Mars Observer, Galileo, and Ulysses, to search for Doppler shifts
that would signal changes in the light paths between the spacecraft and the Earth.
Detection of an effect by all three would rule out a spurious signal caused by local
interference; ground-based detectors have often been confused by vibrations from
terrestrial sources. No results have yet been reported from this latest experiment.

Jonarthan McDowell studies the |I':ull VELCT e:?'a;.rcmrr:: and the h istory of the space program ol
| the Harvard-Smithsonian Center for A SIFOPRYSICK.
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Density contours of the interstellar
medium in the solar neighborhood are
featured in this slice through the plane
of our galaxy. The Sun is at the center,
and the shaded band shows where the
Geminga supernova may have oceurred
some 300,000 vears ago to create the
Local Bubble of low-density interstellar
gas at galactic longitude 225°. Adapted
from Nature.

rels and Wan Chen (NASA-Goddard
space Flight Center) combine the pulsar’s
age (some 330,000 years) with the proper
motion of G° to trace Geminga back to
its position at the time it exploded.

Gehrels and Chen find that the super-
nova was well placed 1o create the Local
Bubble — as long as it was within 200
light-yvears of the Sun. The resulting
shock wave and its effect on the nter-
stellar medium could also explain the ob-
served structure of the bubble and its en-
virons. Where the interstellar medium
was of low density (galactic longitude
225%) the shock front expanded relatively
quickly. The denser region toward the
Sun was less successfully breached.

At 200 heht-vears, the cataclysm
would have rivaled the full Moon in
brightness. An intense burst of high-en-
ergy radiation would have temporarily
depleted the Earth's ozone layer by
some 10 to 15 percent, giving our ances-
tors a yearlong sunburn.

Now fleeing the site of the blast at a
velocily exceeding 250 kilometers per
second, Geminga hies some 300 to 1,300
light-vears away. The void it left behind
allows astronomers to make extreme-ul
traviolet observations of nearby stars and
to get a tantahzing ghimpse of the more
distant universe. @
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By Jonathan McDowell

INTEGRAL

Managers of the European Space
Agpency (ESA) have selected a new
astronomy project, the International
Gamma-Ray Astrophysics Laborato-
ry. for development at a cost of
about 3600 million. INTEGRAL is
targeted for launch m 2001 and will
carry four scientific instruments. Two
will conduct high-resolution gamma-
ray imaging and spectroscopy while
the others monitor the sky at X-ray
and visible wavelengths. INTE-
GRAL will be an order of magni-
tude more capable than the Comp-
ton Gamma Ray Observatory and
the Russian Granat spacecraft.
ALEXIS

The Array of Low-Energy X-ray
Imaging Sensors was boosted into a
T50-kilometer-high polar orbit by a
Pegasus air-launched rocket on
April 25th. Unfortunately the $17
million satellite did not survive the
launch. At least one solar-cell panel
tore off, and flight controllers failed
to establish communication with the
spacecraft. The 109-kilogram ALEXIS satellite was conceived at Los Alamos Na-
tional Laboratory; it was intended to make an all-sky map of the interstellar ex-
treme-ultraviolet background at ¥° resolution and to monitor transient sources.

Rosat

The Rosat X-ray observatory, a joint project of Germany, Great Britain, and the
United States, has now been in orbit for three vears. The next six months will see
the final observations with the Position Sensitive Proportional Counter. The PSPC
uses a gas supply that must be continually replemished, and it tapped into its last
tank of gas in March. After December, X-ray observations will be carried out for
six months with the High Resolution Imager, which makes X-ray images that show
finer detail than those from the PSPC (3 arc seconds compared with 30) but don't
contain as much information about the energies of the X-ray photons. If enough
gas can be saved, a final batch of PSPC observations will be made in late 1994,
SEDS 1

On August 4th last year. [taly’s Tethered Satellite System was deployed from the
Space Shuttle in the first use of a space tether since the Gemini expeniments in
1966. Unfortunately the tether snagged when only 256 meters of it had reeled out.
On March 30th thas year, a much simpler and less costly experiment was success-
fully carmed out using the Small Expendable Deployer System (SEDS) developed
by NASA, Tether Applications of San Diego, and the Harvard-Smithsonian Cen-
ter for Astrophysics. The tether was attached to the second stage of a Delta rock-
et. After the third stage and its payload (a navigation satellite) separated, the teth-
er was unreeled downward to a length of 20 km, with sensors on the end mass
relaying measurements of the string’s oscillations. Back on the Delta the string was
then severed, leaving the end mass in an orbit whose perigee was 50 km under-
ground; it reentered the uln‘:l.'rt-;phl.:rl_' over Mexico a half hour later.

INTEGRAL, the International Gamma-Ray
Astrophysics Laboratory, will be launched
around 2001 for a two- to five-yvear investiga-
tion of celestial sources of high-energy radi-
ation. Courtesy the European Space Agency.

In addition o his work ar the Harvard-Smithsonign Center _.ﬁ'_:r ..-hrrnpﬂ'n'_l;jrj:. Jonathan
McDowell prepares a weekly electronic newsletter on the space program.




the IAL's Working Group for Planetary
System Nomenclature: they will receive
final approval at the AU General As
sembly next year.

Proxima Centauri:
Just Passing Through?

For nearly 80 years astronomers have
believed that Proxima Centauri, the
star nearest our Sun, orbits Alpha Cen-
tauri, a binary star 2° 11' to the north-
east (April issue, page 70). Now two
British researchers claim this may not
be true after all.

Proxima, a red dwarfl glowing dimly
al 11th magnitude, is separated [rom is
Ist-magnitude neighbors Alpha Centau-
rn A and B by 0.21 hght-year, about 330
times the radius of Pluto’s orbit. Al-
though this is a rather large physical
separation for a multiple system, all
three stars do appear to move through
space together. If Proxima is in a circu-
lar orbit, 1t rounds Alpha once every
million years.

In the March 15th Monthly Notices of
the Roval Astronomical Society, Ox-
ford amateur Robert Matthews and
Cambridge University theorist Gerard
Gilmore argue that the association of
Proxima with Alpha 15 mere specula-
tion. A million years, they say, 15 (oo
long a time span for astronomers to
determine unequivocally an orbat for
Proxima.

Their own calculations, based on
published data, show that Proxima may
be traveling too fast for the Alpha Cen-
tauri pair (o hold onto it gravitationally.
The velocities of Proxima and Alpha
should agree to within 1 percent of the
stars are dynamically related. Some
data do meet this criterion, but just
barely. Matthews and Gilmore recom-
mend suspending judgment until more
accurate velocily measurements are ob-
tained.

They also point out another problem.
Alpha Centauri shows signs of being
older than our Sun’s 4.6 billion years.
Proxima, on the other hand. is an active
flare star, which imphies an age of less
than a billion years, according to cur-
rent thinking about such objects. Per-
haps Proxima 15 an exceptional flare
star, or perhaps it is a normal one cap-
tured by Alpha in the last billion years.
But the simplest explanation is that
Proxima just 1sn’t bound to Alpha,

MISSION UPDATE

Galilen
The next step in Gahleo’s odyssey

through the solar system is an en-

counter with minor planet 243 lda.

| Aller timmng 1S course on Augusl

13th and 26th, the probe will flv within

| 2,400 kilometers of the asteroid at 16:52

Universal Time on August 28th. But
scientists will not see any images from
the flyby for about a month. Because
Galileo’s main commumication antenna
remains stuck partly open, the craft can
only dribble information back to Earth
through a smaller antenna. More Ida
pictures will be transmitted in 1994,
Orbiting 2.9 astronomical units from
the Sun in the main asteromd belt, 1da 15
an estimated 33 km across and spins
every 4.6 hours. I is believed to be an
S-type asteroid similar to 951 Gaspra,
which Galileo flew past on October 29,
1991. Ida was discovered in 1884 by
prolific Austrian asteroid hunter Johann

!

By Jonathan McDowell

the asteroid Gaspra in ODctober 1991 en
route to Jupilter. The probe encounters
another astercid, Ida, on Augusi Z8th.

| Palisa. Unfortunately, 16th-magnitude

i R e

Courtesy Michael Carroll.

Ida will ie within 45° of the Sun during
the encounter, preventing most Earthbound observers from following it.
ALEXIS

On June 2nd scientists at Los Alamos National Laboratory made contact briefly
with the ill-fated ALEXIS X-ray observatory. One of ALEXIS's solar panels was
damaged during launch on April 25th (August issue, page 14), and controllers |
feared that the satellite was a washout. It now looks as if the craft 15 alive bul can
operate only when the angle between it and the Sun is favorable. This raises some |
hope that part of the mission may yet be salvaged.
International Ultravialet Explorer

Scientists at the June meeting of the American Astronomical Society in Berke-
ley, California, were outraged 1o learn that NASA might shut down the IUE satel-
lite on September 30, 1994. This drastic action, by no means certain, is being con-
templated in response to steep cuts in the space agency’s budget for mission

operations and data analysis.

IUE recently marked its 15th anniversary in orbit and is one of the world’s most
productive observatonies (see page 30 of this 1ssue ). NASA's chiel of science oper-
ations, Guenter R. Riegler, has asked a committee led by astronomer Yervant
Terzian {Cornell University) to identify kev projects for what could be IUE"s final
year of operations. At an open meeting in Berkeley on June 8th, one expenenced
IUE observer after another insisted that a better use of time would be to fight to
keep the telescope alive. The aging spacecrall continues to return useful data, but
it is becoming more difficult to use due to problems with 11s guide camera.
Sakigake

The Japanese Sakigake (Pioneer) space probe, launched in 1985, made the sec
ond of four annual Earth flybys on June 14th. With each pass the probe geis a
gravitational assist in preparation for its February 1996 encounter with Comet
Honda-Mrkos-Pajdusakova. Sakigake carnes mstruments to measure charged
particles and electromagnetic fields and was a precursor to the Suisei (Comet)

| probe to Comet Halley in March 1986,

In addition o his work af the Harvard-Smuthsonian Center for Asfrophvsics, Sonarthan
MeDowell prepares a weekly elecironic newsletter on the space program
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Primordial Lightning?

Researchers probing the interors of
ancient meteorites have uncovered indi-
rect evidence that powerful electromag
netic may have continually
ripped through the solar system as it
was forming.

Don D. Eisenhour and Peter R.
Buseck (Anzona State Umiversity) base
this conclusion on their study of mete
orites called chondntes, which are
thought to have formed along with the
planets 4.5 billion years ago. They have
discovered small flecks of very dark
mnerals (metals, sulfides, or oxides) in
the ancient meteornites that were flash
melted without disturbing the more

surges

A “dirty snowball” formation, 45 microns
across, within a larger meteorite body.
Bright areas denote minerals that may
have been melted by intense electromag-
netic pulses possibly similar to lightning,
T'ht' Hurrn:ru:nl:“ng g’rn:,-' 51 g L[5 lrﬂﬂﬂpunmt
silicate minerals, absorb visible-light ener-
gy inefMiciently and therefore were not
melted. Black areas are holes. {:'lll.l:l".ll.-'.‘i}'
Don Eisenhour.

material around
them. Because of this incongruous pair-

iransparemnt silicate
ing, Eisenhour and Buseck believe the
minerals were melted by intense pulses
of electromagnetic energy, much of 1t in
the form of visible hght, which only the
darker maiterials would absorb.

The wo scientists simulated the cre-
ation of these “dirty snowballs™ to de-
termuing the necessary strength and du-
the energy Dursts
Their laboratory tests suggesl lwo possi-
ble sources of these pulses: magnetic
storms. like the ones that tngger auro-
ras but much stronger, and vVery power-
ful lightning discharges within the pri-
muordial solar nebula.

ration ol ancient
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| Space Research Institute, Watch has

| ber 1992, In April 1993 it found a bright

European Retrievable Carrier

After almost a vear in space, the
European Space Agency's European
Retrievable Carrier (Eureca) was
snatched from orbit by the Space Shut-
tle Endeavour on June Z4th and re-
turned to Earth the following week. As
well as materials-science experiments,
Fureca carried the Watch X-ray bursi
expeniment. Developed at the Danish

discovered several X-ray novae, the
brightest being ELI 1737-132 in Octo-

Plucked from space after 11 months in
orbit, the European Retricvable Carrier
dangles from the Space Shuttle Endeav-
otir's robot arm. Courtesy NASA.

gamma-ray burst. It also monitored
flares in known sources such as Cygnus
X-2 and Aquila X-1. Three similar
Watch detectors continue in orbit aboard the Russian Granat satellite.

Compion Gamma Ray Observatory

I'he reboost of the Compton Observatory into a higher orbit was interrupted on
June 15th when one of four attitude-control thrusters failed, almost sending
Compton into a spin. The spacecraft successfully entered a safe mode, and science
operations resumed on June 19th while the problem was analyzed. The attitude-
control thrusters were being used instead of the main orbital-adjustment thrusters
because of earlier problems encountered in the propuksion system’s plumbing.

At the beginning of May Compton was in a 346-kilometer-high orbit; a test fir-
ing on May 4th raised this by 4 km, but by mid-June it was back down to the earli-
er height. The aborted reboost raised it once more to 350 km, 100 km below the
altitude it had after its deployment by the Space Shuttle in Apnl 1991, In ecarly
July spacecrafi controllers decided that they will have 1o ry using the orbital-
adjustment thrusters after all.

ALEXIS

Flight controllers at Los Alamos National Laboratory restored full communica-
tions with the ALEXIS satellite on July 5th (see last month, page 15). The magne-
tometer is not working, making the satellite difficult to onent properly, but by July
I 1th Might controllers were able to command the start of science observations. 1f
all goes well, ALEXIS (Array of Low-Energy X-ray Imaging Sensors) will study
extreme-ultraviolet line emission from the interstellar medam.

GALUSS

In April the German Spacelab D2 mission flew in space aboard Celumbia.

Among its many experiments was a single astronomical payload: the Galactic Ul-

trawide Angle Schmidt System (GAUSS) Camera. This instrument, developed at

Ruhr University in Bochum, is unusual because of its enormous Oeld of view —
145°. More than 1{X) images were taken through various ultraviolet and visual fil-
ters, covering half the sky. They will be used to study the large-scale structure of
the gas and stars in the Milky Way.
Hubble Space Telescope

During June the HST operations team worked with astronauts in the water tank
at NASA-Marshall Space Flight Center in a simulation of the space-walk repairs
to be carried out in December. Space Shuttle Endeavour is now in the Orbiter
Processing Facility at Cape Canaveral being readied for the flight. Meanwhile the
orbiting telescope’s computer was loaded with a completely new version of the op-
erating system for the first time since launch, and Fine Guidance Sensor 2 began a
series of tests to requalify it for use alongside the other two guiders.

Jonathan McDowell studies the physics of quasars and the fistory of the space program af

| the Harvard-Smithsonian Center for Astrophysics
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Al the
light-vears from Earth, lies the massive star
Eta Carinae. Intensity contours of a recent
abaout
Eta's location; the innermost contours are
extended in roughly the same directions as

heart of the Carna nebula, B D600

radio map (above) are concentric

jetlike features noticeable farther
from the star in a visible-light image firom
the Hubble Space Telescope (fop). Hadio
image courtesy Stephen White; HST image
courtesy Jefl Hester, Caliech, and NASA

WA

wingd,
star in the galaxy.
provide a puzzling surprise: clumpiness in
the material bemng expelled by the wind
within a few arc seconds of the star. Al-
though the star’s radiation held, which

perhaps the most itense of any
I'he radio maps also

powers the wind, 15 presumably unitorm
al the surface of the star, White s team
believes that instabilinies in Eta’s upper
atmosphere have somehow led to asym
metrical mass loss

Al the
Astronomical Sociely, Wihile expressed
hope that he and his colleagues will find

an explanation with further studies of the

lune mectng of the Amencan

star, particularly the velocity pattern ol
s rear il L

Pl |

November 1993
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Astrg 2
Astronomer-astronaut lTamara Jer-
migan has been selected as payload
commander for the Astro 2 Spacelab
mission, scheduled for November 1994
aboard shuttle fhght 5T5-67. The n-
strument swite, consisting of the Hop-
kins Ultraviolet Telescope, the Wis
consin Ultraviolet Photo-Polarimeter
|:'{pi:|i|‘.‘u".'|1, and the Ultraviolet Imag-
ing Telescope, flew as Astro 1 aboard
19N} (S&T.
June 1991, page 591). On that flight it
was accompanied by the Broad Band

A-Ray Telescope (BBXRT), but Astro

.

Cadmmtiia in December

The Astro 1 telescopes probe the ulira-
violet sky during the 8TS5-35 mission in
December 1990, Courtesy NASA,

2 will carry instead a service pallet to
enable the shuttle to stay up longer.
Astro 1 astronomers Ronald A. Parise and Samuel T
also fly on Astro 2; additional crew members will be selected later.

Durrance will probably

Ulysses

The European Space Agency's Ulysses probe is nowhigher in hehiocentric lat-
itude than any other human-made object. By early November it will be at 35°
south ecliptic latitude, and in September 1994 it will reach a record 80° en route
over the Sun's south pole. The Voyager 1 probe, now escaping the solar system,
above the ecliptic; Voyager 2 is slowly heading to extreme southern lati-
tudes but is now only 14° below the plane. Most planetary probes remain within

4=
15 5%

a few degrees of the ecliplic.

Magellan

The Magellan Venus mapper’s histonc aerobraking maneuver iI5 oW Ccom-
plete. During the so-called transition experiment from May 25th to August 3rd,
Magellan altered its orbit from a 170-by-8.460-kilometer ellipse to a more circu-
lar 197 by 540 km. The orbit change used only a small amount of fuel, most of
the work being done by drag in the Venusian atmosphere. The trajectory was
carefully calculated 1o ensure that the spacecraft would not overheat. Magellan
now begins a more detailed mapping of Venus's gravitational held. The success
of this experiment, and that of a less ambitious one carried out in Earth's upper
atmosphere by the Japanese Hiten probe in 1991, make it hikely that acrobraking
will become standard practice in future missions, just as the gravity-assist flybys
first done by Mariner 10 and Pioneer 11 are now part of virtually ¢very plane-
tary mission.
Funding Cutbacks

A statement issued by NASA's astrophysics division in early August warned
that the 15-vear-old International Llltraviolet Explorer is not the only ongmng
mission under threat of termination. A new policy proposes to turn off all space
astronomy missions after a limited period and allow only one extra vear for data
analysis. Among the scenaros being considered are ending funding for the
Rosat X-ray observatory next year and abandoning the Complon Gamma Ray
Observatory in 1996, Rosat currently 1s the only instrument that can make im-
ages in the soft (low-cnergy) parl of the X-ray spectrum, while Compton's
gamma-ray capabilities will not be even partly replaced until the European Inte-
gral mission after the turn of the century. Nevertheless, if there are no increases
to NASA's budget for mission operations and data analysis, it seems likely that
at least one mission will be axed before i1ts time.
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The European South-

Compromise in Chile ern Observatory oper-

For almost three decades the Repub- - e e i ates 15 telescopes at La
TR Silla in Chile, ranging
in size from 0.4 meter
r to 3.6 meters. Hecent
e i : changes in the original
s treaty between ESO
and the host govern-
ment will mean guaran-
teed observing time
and improved working
conditions for local as-
tronomers, Sky & Tele-
scope photograph by
Dennis di Cicco.

lic of Chile and the bEuropean Southern
Observatory (ESQ) have worked hand T

in hand to run one of the world's lead-
ing astronomical facilities on La Silla in
the Andes mountains |-.:||._"-.'|'li[|,_' { e l-:1|'|_|_1
mistory of collaboration, relalions re-
cently became strained when Chilean
astronomers began pressing for a guar-
anteed percentage of observing time as
well as wages and working conditions
comparable to those enjoyed by their
European counterparts. :

MISSION UPDATE 4,

ALEXIS

The heart-stopping saga of the ALEXIS satellite continues. Originally
given up for lost after its launch last Apnl 25th, the 517 million spacecraft
has one damaged solar-cell panel and wobhbles as it spins. Flight controllers
lost contact with ALEXIS for two weeks in August and feared the worst.
But the spacecraft recovered again, and by early September it had enough
electrical power to operate all of its experiments. Scientists at Los Alamos
Mational Laboratory have now verified that ALEXIS, whose full name 1s
Array of Low-Energy X-ray Imaging Sensors, 15 indeed capable of observ-
ing celestial X-rays. Each of its six telescopes has a 30° field of view and
measures radiation at energies between 50 and 100 electron volis, on the
boundary between the extreme-ultraviolet and soft-X-ray regions of the

il A technician inspects the ALEXIS satellite be-
Hipparcos fore its April 1993 launch. Courtesy LeRoy
The Hipparcos astrometry satellite stopped transmitting data on June Sanchez, Los Alamos National Laboratory.

24th. and the European Space Agency (ESA) abandoned the craft on Au-

gust 15th after failing to restart its onboard computer. But in contrast with the Mars Observer, which fell silent before be-
| ginning its science mission {November issue, page 8), Hipparcos was a major success. The satellite observed two regions of
the sky at once, precisely measuring the angular distance between them. Like ALEXIS, Hipparcos had a shaky start:
launched on August 8, 1989, it was meant 1o enter geostationary orbit but ended up in a highly elliptical loop instead when
its rocket motor failed to fire. The spacecraft was able to carry oul astrometric measurements anyway, and in a few years
ESA expects to publish the most accurate star catalog yet. Astronomers are especially excited about Hipparcos’s success at
| measuring trigonometric parallaxes for many more stars than ever before, which promises to strengthen the foundation of
| the cosmic distance scale.

Edison

Even as it was closing the books on one space-science mission, ESA was already looking ahead to the next. The agency
recently invited proposals for a medium-size project to launch early in the next century. One idea submitted by a team of
European and U. 8. astronomers is a large infrared telescope called Edison. The 1.7-meter reflector would be launched by
an Atlas ITAS rocket into a special orbit around the Lagrangian point some 1'% million kilometers from Earth in the direc-
tion opposite the Sun. Edison would have eight times the collecting area of ESA's forthcoming Infrared Space Observatory
and would be the first mission to use radiative cooling instead of short-lived liquid helium to reach the low temperatures
needed for far-infrared astronomy.

Extreme Uliraviolet Explorer

The EUVE satellite completed its sky survey earhier this year and 15 now making observations of specilic objects for a
wide range of observers. On August 16th the schedule was interrupted so that EUVE could swing its telescopes toward the
dwarl nova S8 Cyeni; some 8 hours earlier, amateur astronomers discovered that the star had begun one of its outbursts.
Most of EUVE’s targets are hot stars in our galaxy, but a handful of quasars have also been detected through the intersiel-
lar murk, which is almost opagque to extreme-ultraviolet radiation.

The author studies quasars and the history of the space program al the Harvard-Smithsonian Center for Asirophysics. He alse publishes |
“Jonathan’s Space Report,” an elecironic newsletier.

12  Sky & Telescope December 1993
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an abundance 1s tiny compared with the
number of comets interstellar
when the Qort Cloud
And since then even more comets have

lost to
space formed
been stripped away by passing stars and
giant molecular clouds.

Assummg that other stars formed 1n a

would be distineuished from an ordi-

1ary one by its velocity, which would be

large enough to allow escape from the

Sun s gravitational pull probably by
huge [actor. 50 why haven'l we seen amy
such -_:-I“'\-||__'|__'|_~. 4

Many solutions to this problem have

they explain that the large discrepancy
in predictions follows from different as-
sumplions concérning the of
stars that have Oort-type clouds.

I'he astronomers argue that siars in
binary or multple systems cannot have
comet clouds like the Sun’s, so only
smgle-star  systems  contribute  signifi-
cantly to the interstellar-comet popula-

rurmber

manner similar 1o the Sun, astronomers  been  suggested, including a  revised
think that the space between stars model of the Oort Clouds formation
should be teeming with comets. One However, A. K. Sen and N. C. Rana
study determined that in the past 130 (Inter-University Centre for Astronomy

vears we should have detected as many
ik alX
through the solar system (S&7T: March
199(), page 254). An imterstellar comet

and  Astrophysics

mterstellar  comets  passing

T

Incha) propose that
the frequency of deteciable interstellar
comets 15 actually much smaller. In the
August (1) Astronomy and Astrophysics

1on

[hev ecalculate that a third of all

siars in the solar |L-..'i!_1.."||'l:1|'|'|n-: i Fall into
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comel should he detected
sistent with observatons to date.

with the result that in a
‘.HII-}.ml' period at most one interstellar
This 15 con-

o

MISSION UPDATE

S

ORFEUS-S5PAS

Crermany s first astronomical shuttle-pallet satellite (SPAS) recently flew a
successiul six-day mission. Deploved last September 13th from the Space Shut-
tle Discovery, the free flver carried two ultraviolet telescopes. The main pay-
load was the Orbiting Retrnievable Far and Extreme Ultraviolet Sp;:n;:[n:ugruph
(ORFEUS). Its I-meter telescope fed ultraviolet light to two spectromeiers,
one developed at the University of Cahifornia, Berkeley, and the other in Ger-
many. Together they covered the wavelength interval from 400 1o 1250
angstroms. The Berkeley mmstrument successfully measured celestial radial ve-
locities 1o better than 100 kilometers per second, but the German spectrometer
ran into some problems with stray light. A secondary payload was Princeton
University's Interstellar Medium Absorption Profile Spectrograph (IMAPS),
which covered only the far-ultraviolet spectral region longward of 900
angstroms but with a much higher resolution of about 1 km per second. OR-
FEUS-SPAS observed mainly galactic objects, but about 5 percent of its first
mission was devoted to a study of the BL Lacertae object PKS 2155 -304 n
Piscis Austrinus.
Compton Gamma Hay (Observatory

After encountering thruster problems during an earlier attempt (o raise its
ortit, the Compton Gamma Ray Observatory gingerly chmbed to a higher alti-
tude and i1s now out of danger of premature reentry into the aimosphere. The
first part of the operation was carnied out from October 4-17, with a second
part scheduled to begin on November 2Ind and last 10 days. At its lowest

By Jonathan McDowell

The astronomical shuttle-pallet satellite with
its ORFEUS (center) and IMAPS (top right)
spectrographs dangles at the end of Disco-
ery's robotic arm before being set loose for
gix davs lasi September. Courtesy NASA,

point, Compton’s perigee was only 333 km. down more than 100 km from the height at which the satellite was deployed
from the shuttle Atlaniis in April 1991, Between reboost operations, the spacecraft was scheduled to continue with a series
of pointings at targets in the Virgo region and to study Nova Cygni 1992 and the Geminga pulsar.

| Small Explorers

MNASA 15 getting ready to pick two new Small Explorer (SMEX) projects for launch in 1997-98. The four missions on the
shortlist will be given 10 months to show that their scientific promise matches the inventiveness of their acronyms. TRACE
{ Transitional Region and Coronal Explorer) is a solar physics observatory. POEMS (Positron Electron Magnetic Spectrom-
eter) 18 designed to measure the ratio of matter to antimatter in cosmic ravs. The eryogenically cooled WIRE (Wide-Field
Infrared Explorer) would study the evolution of galaxies. Finally, JUNO (Joint Ultraviolet Night Sky Observer) would carry

16

out an all-sky survey at ultraviolel wavelengths.
Galileo and Mars Observer

The Galileo probe, fresh from its successful encounter with asteroid 243 Ida, has made its first targeting maneuver to re-

fine its approach to the planet Jupiter

I'he spacecrall made live rockel bums between October 4th and Sth. It is due o |

reach Jupiter in December 1995, and all systems except 11s main communication antenna are functioning well. The same
cannot be said for Mars Observer, which 1s still lost with hitle hope of recovery. Planetary scientists had hoped to mount a
replacement mssion in late 199, but NASA funding won't support such an attempt before 1996

Me Deowell spectalizes in mupltvwavelengih siudies of exiraealactic objects af the Harvard-Smiithsonian Center for -1_'-.'.'.-||ll_l'|'.'-.1. N
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MlSS“]H “PDATE B % By Jonathan McDowell

Advanced X-ray Astrophysics Facility

AXAF iz the third of NASA's Great Clbzervatories. the X ray counlerparl
10 the Hubble Space Telescope and the Compton Gamma Ray Observatory.
After a successful test of AXAFs prototype X-ray mirrors in 1991, the
planned spacecraft was spht into two parts, AXAF-1 (imaging) and AXAF-S
(spectroscopy). In a cost-cutting move last September, the Senate appropria-
tions subcommitiee chaired by Maryland's Barbara Mikulski canceled the
AXAF-5 satcllite, which was to be built at NASA's Marshall Space Flight Cen-
ter in Alabama. Subsequently a House-Senate confercnce committee saved
the single AXAF-S X-ray mstrument, a spectrometer to be constructed at
NASA-Goddard. If Japan's Institute for Space and Astronautical Science
agrees, the spectrometer will fly aboard the Astro E satellite around the turn  NASA% next Great Observatory, the Ad-
of the century. vanced X-ray Astrophysics Facility (AXAF),

The remaining AXAF satellite is optimized for X-ray imaging. It will have started out as a large satellite for X-ray
an angular resolution of aboul | arc second, comparable with that of most imaging and spectroscopy. To cut costs,
ground-based optical telescopes. In addition, 1ts spectral resolution will be even NAZA later split it imto two less complex
better than that of the ASCA satellite (see the next item). Work on AXAF-1 is FpAcorratt, Mt i nnl?- D o A

: : : o e *  shown here — remains. Courtesy the AXAF

procecding on schedule for a launch in 1998, Seience Conter.
ASCA

Japan’s current X-ray satellite, formerly Astro D but now renamed ASCA (Advanced Satellite for Cosmology and Astro-
physics), was launched on February 20, 1993, With its test phase now uiﬁ:up[.,md_ ASCA has l-n;,gun its * guc-ﬂ.[ observer™
phase. A significant portion of the available observing time is being used by Japanese, American, and European astrono-
mers for studies of H]‘LLI[IL high-energy targets. r—"l.lihuugh few resulis have been publicly released so far, the remarkable X-
ray spectra shown by ASCA team me mbers at conferences make it clear that the satellite marks a qualitative step forward
in X-ray astronomy.
Mars 94

Last fall Russian space officials announced that their Mars-exploration program was running out of funds. The Mars 94
mission, 1n which the French space agency CNES has already invested substantial development funds, is in danger of can-
cellation. Even if other nations can supply the money to keep Mars 94 alive_ the mission will likely be delaved until the 1996
launch window, Mars 94 15 (o include the first Flll.rl."':. to land on the Martian surtace SINCeE Y I]'-II'IL 2 touched down in "“'_rl',[.ﬂn_
| ber 1976
Rosetta and FIRST

The European Space Agency (ESA) has selected its next two “cornerstone” science missions. Rosetta will be launched in
2003 to carry out the first Jﬂ!lg_ term rendezvous with a comet. Earlier cometary probes hke ESA's Giotto flew past their tar-
gets at high speed, but Rosetta will actually land an experiment package on the comet's nucleus — exactly which comet is to
be decided later. Originally Rosetta was to return samples of the nucleus to Earth, but cuts in FFS.-‘&'!-‘-IhL:IdgL'I forced the |
agency 1o tnim the spacecraft’s capabilities. The year 2006 should see the launch of FIRST, the 3-meter-wide Ear Infrared
Space Telescope

Joratian MeDowell v an asironomer af the Harvard-Smithsosian Cender Tor A sirophivsics and writes a weekly electronic newsletter on the

SIRACE PRERE Rt
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In the December 1993 AAS Newsiel-
fer Bradt reports that nearly half the re-
spondents said they would support a
switch to 81 units as long as a handful of
supplementary measures, including the
astronomical unit and the stellar magm
tude, could be used as well. Bradt him-
self now espouses this view. He points
out that the International Astronomical
Union recommended such an approach
in 1988 but that astronomers have large-
Iy ignored it

“I'm not rabid on this 1ssue,” Bradt
told Skv & Telescope. “The point was
just to smoke oul some discussion and
sensitivity.” He plans to tabulate and an-
alvze all the comments he has received

AHTOAIE

and pass the results along to the AAS

Council. iy

MlSS"J" UPDATE “’ By Jonathan McDowell

Clementine
[ As this 1ssue went 1o press, an unusual space probe was due for launch from
| Vandenberg Air Force Base in California. The Deep Space Program Science Ex-
penment, nicknamed Clementing, was developed by the Ballistic Missile De-
fense Organization, the Naval Rescarch Laboratory. and NASA 1o expose sen-
sors and other systems to high radiation doses. Interplanetary flight is an eas)
way o get such exposure, so the small, 225-kilogram spacecrall will orbit the
Moon for three months, then in May fly outward o the asteroid 1620 Ge-
ographos. This 2-kilometer-wide rock orbits the Sun at distances between (L8 and
1.6 astronomical units, crossing Earth’s orbit twice on each circuit. Clementine
will carry infrared. ultraviolet, and visible-light cameras as well as a laser altime-
ter; the success of scientific observations with these imstruments 15 meant (o de- : _ ; :
termine whether they are suitable for the missile-defense applications for which LI';"'"“:I".'." spacenmit will srbil Fus N
: : Jore flying past the Earth-crossing aster-
they were originally developed oid 1620 Geographos. Courtesy BMDO. |
Rosal and ASCA
One of the gyroscopes on the Rosat X-ray observatory failed on November 18th, sending the spacecraft into electromic hiber-
nation. The gvros help determine and maintain the direction in which the satellite points. After a week of tests, operations re-
sumed using the two remaining gyros, one of which has behaved erratically in the past. Fhight controllers report that any further
gyro failures will start to reduce the observing efficiency of the telescope, but software exists to allow continued observations
uL{:ll if both remaining gyros fail. In December the High Resolution Imager became the primary Rosat instrument, with the Po-
sition Sensitive Proportional Counter reserving the last vestiges of its gas supply for observations one week every month
Mysteriously, the Japanese X-ray astronomy satellite ASCA encountered a gyro problem the same day Rosat did. Its observa-
tions resumed in December using a spare unit
Compton Gamma Ray Observatory
The final phase of the reboost of the Compton Observatory ended successfully on December 17th. In all, the thruster firings
raised the spacecraft’s orbit by 100 km, back to the 450-km altitude 1 had mitially after launch in Apnl 1991. A 10-vear-old
Tracking and Data Relay Satellite in geostationary orbit has been moved over a recently completed ground station in Australia
(o increase the fraction of time that Compton's instruments can transmit their data to Earth. Compton continues to make obser-

EEWY

After its scheduled January 25th launch the

vations of gamma-ray bursts, quasars, and other ligh-cnergy sources
Cosmic Background Explorer

Its scientific mission complete. NASA's Cosmic Background Explorer (COBE) has ccased operations. Launched in Novembes
U89, COBE made two of the most dramatic observations in the history of space astronomy when it confirmed the blackbody
spectrum of the cosmic microwave background radiation and found indications of minuscule fluctuations n 11s lemperature. The
liquid helium supply for the satellite’s far-infrared spectrometer ran out in September 990, The remaining instruments contin-

ued to operate until December 23, 1993, when they were sw itched off by ground controllers.

Forathan MeDewell spectalizes in mufiiwavelength sindies of extrogatactic obyecrs al e Harvard-Smithsontan Center fon Astraphivsics
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carbon, oxveen, and n rogen In nearby
nebulae are below the solar '-:||'.I._'*~ In &
recent 1ssue ol Astrophvsical foural Lel-
ters steigman writes, “Perhaps the Sun s

Many models of galactic
chemical evolution rely
on the »un having a
lj.:l:r'lr::l -:'|rrr|.'|11'|.-u'l:|'|::11. A

recently published sur-

g
HIFHOECIECHEY ey ol almost 200 dwaref

In a related paper in Astronomy and  stars strengthens this
Astrophiysics, Bengl Edvardsson (Upp- assumption, just when
sala Astronomical Observatory) and his  other research ques-
colleagues find cause for reassurance in  tions it. This white-light
i image of the solar disk

a llkvear survey of - and (r-tvpe stars. :
' 3 *} was made with a 130

I'hey -.'~..5|1|||5|;d_ I8Y dwarfs at very high T I
spectral resolution and detected signifi- — physies refractor work-
cant trends in thewr chemical composi-  ing at 16 and a

tons. When the Sun’s age, distance from  Ye-second exposure on
the galactic center, and heawy-clement Kodak Technical Pan

f . 2415 film. Courtesy Cror.

don =arcia,

content are accounted for, Edvardsson's
team finds the Sun to have a normal ele
mental makeup. Further study may rec-
oncile these discordant resalis, L

MISSION UPDATE

Near Earth Asteroid Rendezvous

NASA has begun development of its next planetary mission, the Near Earth
Asteroid Rendezvous (WNEAR). The first close-up views of munor planets were
obtained by the Galileo spacecraft when it sped past the main-belt objects 951
Craspra and 243 lda en route to Jupiter (S& T December 1943, page Y). Alter 1ls
February 1996 launch, NEAR will swing by another such object, 2968 Iliva. But
more important, beginning in December 1995, it will match is course with that of
433 Eros for a year-long study of this body’s surface, structure. and composition.
Eros has an unusual Amor-type orbit that carries it near the Earth. Some Amors
might be extinct comet nuclei, but Eros seems to be an ordinary asteroid per-
turbed out of its original orbit.

NEAR, to be built and operated by the Johns Hopkins University’s Applied
Physics Laboratory, is the first in a proposed series of low-cost planctary missions  The Near Earth Asteroid Rendezvous (NEAR)
known as the Discovery program. In the 1960s NASA had two regular planelary  probe will approach within 24 kilometers of
series, Mariner and Pioneer, whose last descendants are the Voyager and Galileo  minor planet 433 Eros. Courtesy the Johns
probes, respectively. Their successors, the Planetary Observer and Mariner Mark Hopkins University.

Il series, were abandoned after only one mission of each kind was funded (Mars
| Observer and the Cassini Saturn orbiter, respectively). It remains to be seen whether the Discovery series will fare better.

By Jonathan McDowell

Mars Observer

The review panel studying the loss of the Mars Observer has concluded that a fuel leak probably caused the spacecraft to
tumble out of control. Timothy Coffey (Naval Research Laboratory) and his colleagues suspect that the leak occurred when the .
probe tried to pressurize its fuel tanks prior to firing its engine to brake into Martian orbit last August. NASA now plans 1o
launch a new mission to the red planet in 1996 if funding permits, and Russia hopes to dispatch its Mars %4 probe this year.
Infrared Space Observatory _ : :

| I'he stunning success of the Infrared Astronomical Satellite (IRAS) in 1983 marked the opening of the far-infrared frontier.

| Scientists continue to produce exciting new results using data in the IRAS archive. Despite years of work on a planned successor

| called the Space Infrared Telescope Facility, NASA has not yet won approval 1o build it. The Eururl-:aln Space Agency (ESA)

! will fill the gap with its Infrared Space Observatory (150), now scheduled for launch in September 19495, IIn"r'lul.u.._- IRAS surveyed

| the whole sky, ISO will study individual targets in detail and obtain high-resolution images and spectra. It carnes an array cam-
era. long- and short-wavelength spectrometers, and a multiband photometer. These will cover the infrared spectrum from 2.5 to
2000 microns. ISO's supply of liquid-helium coolant is expected to last 18 months. et .

Some observing time will go to the European scientists who built the mstruments, but two-thirds of it will be available to
astronomers worldwide on a o ympetitive basis. Thanks to a recent agreement between NASA and If!*i-.-"'.., L. S astronomers will
also have special access 10 |50 for an average of 30 minutes gach day i exchange for IS0's use of a NASA ground station. Pan
of this extra time will be devoted to four large projects 1o st udy stars, galaxies, protoplanetary disks, and quasars.

fonathann MeDowell specializes in multiwavelengin stteelies of exragalactic objects ar the Harvard-Smithsomian Center for Astrophysics

16 Sky & Telescope April 1954
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When it rounded the Sun in late 1992
Periodic Comet Swift-Tuttle exhibited
a strong infrared emission believed
due to the organic compound metha-
nol, which apparently comprises
about 7 percent of the comet’s
gaseous exhalations. This visible-light
image, acquired by James V. Scotti
with the D.89-meter Spacewatch tele-
scope, shows how Swift-Tuttle’s coma
appeared on October 18, 1992, two
mionths prior Lo perihelion. At the
time the comet was Tth magnitude.
Stephen M. Larson and Scotti (Uni-
versity of Arizona) tracked the move.
ment of distinet jets and found that

but 15 also responsible for much of the
broader peak centered on 3.4 miCrons.
Details appear in fearus for October 1993
and i Monthly Notices of the Rovyal As
tronomical Society for December 15th.
For years a comel’s volatiles were
thought to be 80 percent water, with the
remainder monoxide, carbon
dioxide (C0),), and hitle else. But Susan
Hoban (Hughes STX and NASA-God-
dard Space Fhght Center), who partici-
pated in both Swalt-Tuttle observations,
says all the newly found CH,OH implies
that hydrogen played a bigger role than

once [hought n comet-lorming [e R

carbon

the nucleus rotates every 2.8 days, as
had been deduced from obssrvations
made during the comet's previous
visit in 1862, fl:rurtl.-.ﬂ;l.' Seolll.

MISSION UPDATE “4.»

Mars Surveyor

I'he Clinton administration’s proposed fiscal 1995 budget includes money to
develop Mars Surveyor, a series of small probes to orbit around and land on the
[t approved by Congress, the imtal pair of orbiters will probably

of the primordial solar system. “Metha-
nol,” she says, “appears to be an equal
partner n carbon chemustry that should

not be ignored.” =

By Jonathan McDowell

red planet
carry backup -.'.\.'l‘u_'l'ir'l'u..'l'.la built for the lost Mars Observer. The first of these will
head off in November 1996, as will the Mars Environmental Survey (MESUR)
Pathfinder, which had been planned as a precursor to a more ambitious series.
Future MESUR spacecraft will likely be superseded by Mars Surveyors.

The new plan calls for two launches in every Mars window. This return to
196{}s" practice means that a single failure will not ruin the program, as it did for
Mars Observer. In addition, each spacecraft will be launched on Deltas or small-
er rockets, so the cost of the probes and their launchers will be manageable.

[he 1996 Survevor will send data from Martian orbit for up to five years and
operate independently of Pathfinder, which will land on the planet in 1997. The

Duplicates of some instruments on the ill-
fated Mars Observer (shown herel could
orbit the red planei beginning in 1997 as |
part of MASA's new Mars Surveyor program.
Courtesy General Flectric Astro Space.

1998 and 2001 Mars windows will also see the launch of orbiter-lander pairs.
Rosat

The Rosat X-ray observatory was beset by attitude-control problems in late
1993 and early 1994, Hn_'|n_".|[-.'-.|’.!:-. in December and early Januarv the German- .
American-British spacecraft drifted from its intended pointing direction and auto :
matically entered the electronic hibernation state called safe mode. Eventually telescope controllers put the craft in an extended |
safe mode while they attempted to understand the problem.

Rosat wbuld lose its aim when its intended target in the sky was blocked by the Earth while the satellite passed through the |
planet’s shadow. At such times, with Sun sensors rendered useless. magnetometers are used to supplement attitude information !
from the gyroscopes: by finding the local direction of the Earth’s magnetic ficld the onboard computer can guess where the t1ele- |
scope is pointing. Previously unrecognized problems with this approach were resolved in early February, and partial operations |
resumed shortly thereafter
ALEXIS i

When contact was lost with the Array of Low-Energy X-ray Imaging Sensors after its launch in April 1993, the project’s fu-
ture looked bleak — especially after dramatic video images transmitted from the Pegasus rocket showed a solar-cell panel break
loose during the ascent to orbat. But ALEXIS has gamned a reputation as the Comeback Kid of space astronomy. and at the
American Astronomical Society meeting in January, Jeff Rloch (Los Alamos National Laboratory) presented the first astronom-
ical observation from the satellite. He and his colleagues were able to reconstruct where the spacecraft was pointing well enough
to obtain an extreme-ultraviolet image of the Moon, ALEXIS’s small telescopes have such low angular resolution that the Moon
Appears as a point source to them, but the 1mage 1s an encouraging sign and suggests that eventually the wobbly motion of the

damaged satellite will be understood well enough to create wseful sky maps.

fevrrerificn WD eomwer! sfiedies if RS el SO - PFOEFERT fIEOry of rhe Harvard-Smithsornien Center fon .-||-.|'r|-ll-|i.".'-.'|_ 5

16 Sky & Telescope May 1994



NEWS NOTES

Halley Halfway Out

Although 1t wouldnt win a prize for Best Picture, this CCD
image of Comet Halley is, nonetheless, historic. It captures the
comet amid star trails at a record distance of 18.8 astronomical
units from the Sun — about as far away as Uranus, Since it
rounded the Sun in February 1986, the comet has traveled
more than halfway toward the farthest point in its orbit. Olivi-
er Hainaut (European Southern Observatory) and an interna-
tonal team of astronomers successfully identified the 26.53-
magnitude speck on CCD images made last January |lth
through the ESO's 35-meter New Technology Telescope.
Shown here is a composite of nine 25-minute exposures. The
apparent absence of a coma suggests the comet’s surface is en-
trely frozen. Halley will reach aphelion 30 years from now,
when 1t will be 53 hilhon kilometers from the Sun and 15

: : 3 R k=2 times (3 magnitudes) fainter. However, for the first time in his-
v : Cotaroeaiegd tory, it should be within range of earthly telescopes. -
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By Jonathan McDowell

Advanced X-ray Astrophysics Facility

KK_-*"I.E ".'.!|| |'l‘i.' [l'll.' first dedicated L. 5, ""-;-I._J:. aslromormy 4:.!1&;\_'1'..;.||:|_:|['.| ui['||_'||_=
the Emnstemn mission of 197881, Stll on schedule for a I.*J\H launch. AXAF
will build on the research carmied ouwt by the European- and Japanese-built
spacecraft Exosat, Rosat, and ASCA. The first of its grazing-incidence mirror
assemblies passed a critical design review in |:'l..'|"1'llill.:l.'; all four mirror pairs
have now been ground, and polishing will continue over the next year. A spe-
cial X-ray test facility at NASA's Marshall Space Flight Center in Alabama will
be used to check out the assembled telescope and its instrumenis starting in
1997 AMAF aill Carry a |1il__'|‘1 resolution camera, 4 CCD ir'|1._|_F|r1g speclromeler,
and two spectroscopic gratings. It will return the sharpest _"-.'.-|;-1_'.. pictures and
most detailed X-ray specira of high-energy celestial sources to date
Koronas |

The Nedgling Russian Space Agency's first astronomy satellite was launched
on March 2nd from Plesetsk in northern Russia. Koronas [ carries a diverse set
of solar-physics instruments provided by scientists from nine countries. Among
them is a copy of the Terek solar X-ray spectrometer first flown on the failed
Phobos 1 probe. Koronas 1 is the first of two similar satellites and is the latest
incarnabion of a small-satellite desien that dates back to Kosmos 1 in 1962

An antomated grinder-polisher figures the

Hubble Space It-ll:wupu_ _ largest of AXAF's grazing-incidence mir-
[he Hubble Space Telescope has resumed science observations following  rors. Courtesy Hughes Danbury Optical
last December’s successful repair mission. The lengthy post-repair checkout, Systems.

called Servicing Mission Obscrvatory Verification (SMOV), went extremely
smoothly and was essentially complete by the end of March. During SMOV, observations were made to locate precisely the
sclenuhc-mstrument aperturés that had been altered by the addition of corrective oplics, Other observations were made to
measure the instruments’ sensitivities. One highlight of SMOV was the successful turn-on of the Goddard High Resolution
Spectrograph’s short-wavelength detector, which had been inoperative for two years. The reactivation was made possible by
| mew wiring installed by the astronaut repair crew
Magellan
'he Magellan Venus mapper continues operating in a low-altitude orbit around the planet. NASA's Jet [J|-Ul~.|_l]~_,|4_"-, Labo-
ratory is conducting the mission on a shoestring budget. The project’s limited funding was recently extended until Septem-
ber, which will permil scientists 10 map the gravity held over 90 percent of the planet. Magellan was launched in 1989 from
the Space Shuttle. After four vears spent making a radar map of Venus's surface. the probe used aerobraking last vear to
lose altinude and begin measunng local vamations i gravily i j

fevaifarnt MeDowell i an asirogrenner af e Harvard-Sruthsenim Cenler for Asir -||:|'l_'| cicy amel writes a weeklv electronic newsleifer on e
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o measure the mass

lohe radio sourees,

with the Very Large

jets and radio-bright
lobes in MB4, a rela-
tively nearby galaxy
in the Virgo Cluster.,
Courtesy NEAOALTL

MISSION UPDATE

Cosmologist Ruth Daly
i'lil.'\- I:IE'\'iHl'il. BN TR W 'I'I.'.il;||'

density of the universe
using ohservations of
high-redshift, doohle-

[his false-color radio
image, made al a wave-

length of 6 centimeters

Array, shows the twin

arguments that the universe is precisely
balanced between eternal expansion and
eventual recontraction

Another recent attempt to use the an-
pular sizes of radio sources to infer the
cosmic density came up with a number
more In ling with theorsts cxpectations
{(S& 1 September 1993, page 12). But, as
usual, many astronomers refused to be-
heve t because of hkely confusion by
evolutionary ctfects. It remains to be scen
whether Daly's result will fare better. She
cautions that she won't teel too confident
in 1t hersell unul 1t mcorporates data on

al least 100 galaxies i

By Jonathan McDowell

Relativity Mission

Lockheed Missiles and Space Co. has begun building the Relativity Mission
satellite, designed to make the first test of a subtle effect prudictu-.l by Ein-
stein’s general Hhi'-ll'_'- of relativity. A massive, rotating body such as the Earth
should cause the space-time around it to rotate slightly as well a phe
nomenon known as frame dragging — and this should cause the delicate 2yro
scopes on the satellite to precess (S&T: October 1990, page 367). The effect is
munuscule, and to detect it the gyvroscopes must operate near (° Kelvin in an
ultrapure vacuum and a negligible magnetic field. Formerly called Gravity
Probe B, the Relauvity Mission was developed by researchers at Stanford LU ni-
versity. The 3-ton pavleoad is scheduled for launch in 1999 on a Delta rockel.
hl'm'jt}.' Probe A, n June 1976, was a suborbital flight of an atomie clock to
test the equivalence of gravitational and inertial mass, another key element of
Einstein’s theory of gravity .

Magellan

Fhght controllers at the Jet Propulsion Laboratory have once again lowered
Magellans orbit around Venus. With several thruster firings in March and April,
the probe dropped from an average altitude of 360 kilometers to only 305 km. This
will allow more detailed mapping of the planet’s gravitational Geld. After Magellan
completes its mission at the end of this vear, it will burn up in Venus's atmosphere.

Wind

MNASA has postponed the launch of its Wind spacecraft to study the solar wind. Part of the International Solar-Terrestri-
al Physics program, the satellite will My past the Moon twice and then settle into orbit at the L, Lagrangian point 1% mil-
lion Kilometers from Earth in the direction of the Sun. A similar orbit was used by the International Sun-Earth Explorer 3
in 1978, before it was renamed the International Cometary Explorer and sent off to chase Periodic Comet Giacobini-Zin-

In 1998 the Relativity Mission, formerly
known as Gravity Probe B, will perform a
new, highly precise test of Einstein's theory
of gravity. Courtesy MASA,

ner. Manufacturer Martin Manietta is making some last-minute changes to Wind following the losses of three of the com-
pany’s spacccraft last year. NASA officials have threatened to cancel the mission if it cannot be completed within its cur-

rent budget.
Astro 2

I'he Astro 2 Spacelab flight has been bumped from December 1994 to January 1995 and switched to the Space Shuitle
Endeavoiir. The shuttle Cedfumrbia, which was to have carried the mission’s ultraviolet telesa wpes, 15 being taken out of serv-
ice for a seven-month refurbishment. Astro 2 will extend the studies of hot stars, nebulae, and galaxies begun on Astro 1 in

December 1990 (S&T: June 1991, page 591).
Mars

The Russian government has decided w delay the planned Mars 94 mission to 1996, and Mars 96 to 1998, because of

funding problems. The planetary program’s budget was used up in an unsuccessful attempt to keep the Mars 94 effort on

schedule for launch in October. Mars 94 (now 96) will circle the red planet and release several small landing probes, The

Soviet Union launched 16 spacecraft to Mars between 1960 and 1988, and nearly all of them failed.

fonaitian MWellowell iy an astromnomer gf the Harvard-Smuthsonian Center fou .'|'-I'|"-"|"|!I'|. stes and writes @ weekly elecironic newsletier on the
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NGC 3690 1n 1993 :‘-:-. researchers al the
University of Califormia, Berkeley. Two
supcrnovac i two vears rom the same
ealaxy lends credence 1o the starburst
theory, though this experiment can’
rule outl the l.".i'-ll.'.'ll.'l._' ol black |'||l||_- al
these galaxies cenlers. Ly

Mar. 5, 18962

Dec. 27, 1993

I'wo infrared images taken a month apart
in 1992 reveal a supernova {arrowed) near
the core of the starburst galaxy NGO S650.
However, al magnitude 166 the exploding
star was so faint that its identity was sus-
Pl A Décember 1909 'im:-||_=|'1' made with @
more powerful camera showed that the
source had l'\-llr'l'||:lll'11'|_;l|' faded, thus confirm-
ing its supernova nature. Courtesy Caltech
and the Jet Propulsion Laboratory.
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=
The SPARTAN 201 §
astronomy satellite =
orhits Earth in
April 1993 before
being retrievied by
the Space Shuttle,
Courtesy NASA.
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SPARTAN 201

NASA's SPARTAN 201 satellite is due to make its second fight in September, It
will be released from the Space Shuttle’s cargo bay to fly solo for several days,
making ultraviolet measurements of the Sun. lis first mission was in April 1993
The new flight is specially timed to coincide with the study of the Sun’s south pole
by the European Ulysses spacecraft. SPARTAN will make detailed speciroscopic
measurements while Ulysses senses the properties of the polar wind, SPARTAN,
which stands for Shuttle Pointed Autonomous Research Tool for Astronomy, is a
program designed 1o modify simple sounding-rocket experiments for use in orbit.
Fhes launch will be the fourth in the seres.
SROSS C2

India’s space program look a step forward on May 4th with its fifth successful
satellite launch. The small SROSS C2 (Streiched Rohind Satellite) ip."gu‘_“;_'n;_'g';gf1 rosclie
the fourth Augmented Satellite Launch Vehicle on its first fully successful flight.
SROSS C2 is similar to SROSS C, which was stranded in a low orbit and reentered
the atmosphere after only two months in space in 1992, Two carher SROSS satel-
tes were lost in the Bay of Bengal shortly after leaving their Snhankota [sland
launch pad. Reflecting the strong tradition of astronomy in India, one of the two
expenments aboard SROSS 2 detects celestial gamma-ray bursts. While it does
nol match the sophistication of detectors aboard NASA'Ss Compton Gamma Ray
Observatory. it offers Indian scientists a chance to gain experience operating a
Space .|-lrunn|t13 instrument.
Fast Auroral Snapshot Explorer

The Fast Auroral Snapshot (FAST) Explorer is due for launch this fall aboard a
winged Pegasus booster, which will be dropped from a converted Lockheed L-1011
airliner. One of NASA's Small Explorer series. FAST will carry four instruments to
study electrons and 1ons in the Earth’s auroral oval. Many spacecraft have studied
the polar ionosphere and magnetosphere: FAST is distinguished by its ability to
record extremely rapid changes in charged-particle flux and the structure of auroral
electromagnetic helds
Cassini

MNASA has decided that the Cassini mission to Saturn will be lofted on a Titan 4
Centaur rocket after all. Earber this year the agency looked at the possibility of
using two shuttle launches mstead. One would carry an Inertial Upper Stage. and
the other would carry Cassini; the payloads would be joined in orbit. But the study
concluded that this approach would be nskier than launching evervthing on a single
litan. The st two launches of the Ditan 4 Centaur were successful this spring
after nearly two years of delays. Cassini will orbit Satum early next century and de-
liver the European-built Huygens probe to the surface of Titan

lenathan MeDowell studies the phvsics of guasars and the history of the NPNICE PFOErant il
the Harvard-smithsonion Center for Astrophviics
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temperatures of 60" kelvin and ligher
Instead, the JPL team found that much
of the infrared radiation comes from
broad areas spanning thousands of
square Kilometers. These regions, which
do not correspond to known topograph-
ic features, 0T K are
100" warmer than lo's average
daytime temperature

The new data help explain a long-
standing mystery about lo's

average and

SOIME

:'M."‘-l"ll""l'l‘hl_'
when echipsed by Jupiter. The moon ex-
hibits a sharp drop in infrared emission
as 1l enters shadow and a steep rise
when it reemerges into sunlight. To ex-
plain this behavior, theorists had pro
posed a surface covered with a fuffy
layer of dust, which would not retain
the Sun's warmth for very long. But
Veeder notes that broad areas actually
stay warm well into each eclipse and re
main hotter than predicted by the Nuffy-
dust model.

Veeder suggesis that the steep in-
frared light curves are due to a previ-
ously overlooked contnibution from the
volecanic calderas: though already hot,
the nearly black lavas inside them readi-
ly absorb sunlight at all wavelengths
during the day, raising their temperature
and thus Io’s total infrared output. As
soon as the moon enters shadow, this
contribution vamishes. The 5Sun’s reap-
pearance raises the heat level once
again

All evidence points to a solid surface
for lo, but one made of what? More
than a decade ago some Voyager scien-
tists interpreted the moon's colorful,
variegated surface as evidence for out
pqu1|ringu of hquid sulfur. But hguid sul-
fur cant match the highest eruption
temperatures observed subsequently
from Earth. Nor is there likely to be
enough sulfur on or within Io to account
for the estimated 550 culic kilometers
of volcanic material that spews onto the
surface each vear.

Instead, the JPL team believes the
lavas must be predominantly molten sil-
icate rock, Caleulations by Michael Carr
(L. 5. Geological Survey) on the energy
released by cooling silicate lavas, when
rate of wvolcamsm,
are roughly consistent with the total
heat output observed. And a sudden n-
frared outburst witnessed in early 1990,

combined with In's

presumably due to a fresh eruption.
cooled from 1.200° to 700° K in about

three hours — almost exactly the rate

Carr predicted. o
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[ Burst and Transient Source Ex-

MISSION UPDATE "¢ s By Jonathan McDowe

Compton Gamma Ray
Observatorn

[he Compton Observalory
has begun 1s fourth vear In
orbit with all instruments func-
tioning well. On May 27th the

periment (BATSE) recorded its
LiMkh gamma-ray burst, an
event celebrated in Minneapols
a few days later at a meeting ol
the American Astronomical 5o-
ciely. At the same gathering the
Energetic Gamma Ray Expen-
ment Telescope (EGRET) team
distnbuted a CD-ROM filled
with images and tabular data
from its survey of the gamma-
ray sky at energies above (00
mullion electron volis.
Pluto Mission

Despite early, optimistic pro-
nouncements by NASA admin-
wirator Damiel Goldin, hopes
tor a robotic mission to Pluto and its moon Charon have waned due Lo deepening
cutbacks in the space agency’s budget. Now there is talk that NASA and the Rus-

The Gamma Ray Observatory, later renamed to
honor high-energy physicist Arthur Holly Comp-
ton, begins its mission with deployment from the
Space Shuttle Atlantis on April 7, 1981, Couriesy
MNASA.

sian Space Agency could undertake such an exploration together. The Planetary |

Society has paid a Russian firm to study using a Proton rocket to launch a 100-
kilogram L. 8. craft. It would reach Pluto in just seven years, perhaps dropping off
a small Russian probe while zipping by at a range of 20,000 kilometers. NASA
managers are taking an independent look at prospects for bilateral and multilater-
al missions
Infrared Space Observator

The European Space Agency's Infrared Space Observatory (1SO) reached two
important program milestones in June: the completion of the instrument module
and the call to astronomers worldwade to submit uhﬁ-.!l"ring proposals. 150 18
equipped with a 60-centimeter, liquid-helium-cooled telescope. During its 18-
month mission it will take images and detaled spectra of astronomacal targets at
wavelengths from 2.5 to 240 microns. Launch is targeted for September 1995, with
a backup opportunity the following spring. Because the satellite’s highly elliptical
orbit will precess only slightly, Earth will continuously block part of the sky. If
50 is launched on schedule, this “hole™ will fall in Orion; if the launch is delayed
until spring 199, [SO will instead be unable to observe the galactic center in
Sagittarius,

Solar and Heliospheric Observatory

The European Space Agency and NASA are preparing the Solar and Helio-
spheric Observatory (SOHO) for launch next year. SOHO will be the most ambi-
tious solar-physics mission for NASA in many years. It will orbit at the L, La-
grangian point about a million kilometers from Earth in the direction of the Sun,
where terresirial and solar gravity balance. SOHO will carry ultraviolet and visi-
ble-light telescopes, particle detectors. and an experniment to measure small oscilla-
tions in the Sun's radius. The main solar observatory currently in space 1s Japan's
Yohkoh, which takes X-ray images of the solar corona,
In addition to his research at the Harvard-Smithsonian Center for Asirophysics MecDowell
prepares a weekly electronic newsiefter on e space program.
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A New Piece of the Moon

The 13th known lunar meteorite was
discovered December 11, 1993, by &
team trom the Antarctic Search for Me-
teontes (ANSMET) project. It was
found near the top of the Beardmore
Glacier about 750 kilomceters south of
Mchurdo Station. All lunar meteoriies
excepl one (from Calcalong Creek, Aus-
tralia) have been found in Antarctica

Only 5 by 2 by 2 centimeters In size,
the meteorite weighs 21.4 grams and s a
fragpment of a larger body. In the field
it exhibited characteristics ok a lumar
sample. “We knew what it was by the
salt-and-pepper texture of its interior and
its frothy green fusion crust,” said team
member John Schutt. This identifica-
tion was later confirmed at the Smith-

The latest lunar mete-
orite, recovered |ast
yvear in Antaretics, is
approximately 2 inches
long and weighs 0.75
ounce, [is ﬁ-a!t-nlidv';rp-
per interior is visible at
lower left, where the
fusion crust is broken.
Courtesy Marilvn Lind-
girom, NASA-Johnson
Space Center.,

NASA-Johnson Space Center in Texas.
The new lunar specimen, technically
called an anorthositic brecgia, is one of
8558 meteorites collected in Antarctica last
scason by ANSMETL According 10 co-
principal nvestigator Ralph P Harvey
(University of Tennessee), “it 15 similar in

found in 1989 at the MacAlpine Hills
about 80 km away. If the falls are paired.
they may indicate that a shower of lunar
rocks occurred over Antarclica sometime
in the past.” Searching will continue
under the ANSMET program, headed by
Harvey and William A. Cassidy (Univer-

sonian Institution in Washington and the

MISSION UPDATE

ALEXIS

Despite a pronounced wobble caused by a damaged solar-cell panel, the ALEXIS
satellite continues to return data on the extreme-ultraviolet sky But the 800
megabytes recorded so far will be useful to scientists only if they can figure oul
where the telescopes have been pointing. In May the ALEXIS team ook a crucial
step forward by reconstructing an image of a swath of sky that includes the white
dwarf HZ43 and the Moon. The computer program used to generate this view
should eventually produce a coarse map of the whole sky.

most respects to two lunar speaimens  sity of Pittsburgh). iy

Ulysses

After a four-year odyssey that took it out to Jupiter and back toward the Sun, the
European Space Agency’s Ulysses spacecraft has begun its primary science mission
The study of charged particles and magnetic fields emanating from the Sun’s south
polar region officially began on June 26th, when the craft reached an ecliptic latitude
of 70r. By September it was slated to reach #0)°. Although Ulysses remains more than
one astronomical unit from the Sun, its unique vantage provides a rare opportunity

o examine energetic phenomena associated with regions of the Sun unobservable
from Earth.

Hubhble Space Telescope
The Hubble Space Telescope, in high gear since its repair by shuttle astronauts last
December, shifted into neutral on July 5th. In the middle of a camera exposure a

As the ALEXIS satellite wobbles, its low-
energy X-ray telescopes sweep out 30°-
thick doughnuts on the sky. This view
from April 1994 incluodes the Moon and
the white dwarf HZ43. Courtesy Los
Alamos National Laboratory.

memory unit in the main computer failed, causing the observatory to point away

from the Sun and await further instructions. After idhng tor 14 days while controllers reconfigured the computer to use
coprocessor memory added durning the repair mission. Hubble suddenly closed s aperture door in response 1o a signal that it
had lost all its pointing-control gyroscopes. But the gyros were fine: the problem was traced to a bug in the program that moni-
tors their health, which caused a mathematical error after exactly 2¥ days. The bug was fixed, and the telescope resumed normal
science observations on July %th, one week belore beginning 1ts intensive study of Comel Shoemaker-Levy 95 crash into Jupiter.

| Scout, Pegasus, and DC-X
Many small astronomical satellites were lofted 1in recent decades by Scout rockets, the last of which flew in Mu;}'. Scout™s suce-
| essor is the air-launched Pegasus, which first flew into orbit in 1990 [rom under the wing of a B-52 bomber. The prototype of an
improved version, the Pegasus XL, was released from an L-1011 airliner on June 27th but went off course and had to be de-
stroved. With delays in the Pegasus XL program and no more Scouts, the Small Explorers and other astronomy payloads may
have to wait longer than expected for their tickets to ride. Meanwhile, the DC-X expernimental reusable rocket survived a dra- |
matic midflight explosion on June 27th and landed safely in the New Mexico desert with a gaping hole in its side.

WeDowell stndies the phvsics of guasars and the history of the space program ai the Harvard-Smithsonion Center for Astrophysics.
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nomical phenomena. Astronomers have

COMPTEL Gamma-Ray
Bursts

also known for some time that below a
certamn brighiness the number of bursts
abruptly falls off

S0 far two possible explanations have
been developed, but both have shori-
comings. The burst sources could be as
uniform in brightness as they appear, so
that beyond a certain distance bursts are
simply too dim to detect. Or there may
be a repulsive gravitational force at work
in the cosmos, something Albert Einstein
proposed and later rejected. If such a
force did exist the universe’s rate of ex-
pansion would be accelerating, having

the effect of “dropping off” what can be

A strong burst of gamma rayvs on March 15t was nearly coincident with another from the %% at the farthest reaches of the ll:ll_l-
previous yvear, implving that some bursis repeat. Coartesy Mare Kippen. VErse &

By Jonathan McDowell

Submillimeter Wave Astronomy Satellite

NASA’s next Small Explorer, the Submillimeter Wave Astronomy Satel-
hite (SWAS), 15 now assembled and ready for testing. SWAS will point at
dense molecular clouds i the Milky Way to detect telllale radiation from
gas clouds that are just beginning to collapse under their own weight. Such
clouds should warm up as they contract, eventually reaching a stable con-
figuration. Yet apparently they keep collapsing to form protostars.

Astronomers believe the clouds cool by emitting submulhimeter radiation
from atoms of carbon and molecules of water, carbon monoxide, and oxy-
gen. But these emissions cannot be observed from the ground because
Earth’s atmosphere blocks them. SWAS carries a half-meter-wide mirror to
concentrate radiation from a 4-arc-minute patch of sky onto two receivers
that will measure the intensities and shapes of five key spectral Ines al'  From an arbit 800 kilometers above Earth, the Sub-
wavelengths between 540 and 625 microns. The relative strengths of the  millimeter Wave Astronomy Satellite will probe
emissions from the atomic and molecular “coolants™ will not only test star-  chemical processes in galactic molecular clouds.
formation models but also will provide crucial new data on chemical proc-  Courtesy Ball Aerospace and Scott Kahler.
esses in molecular clouds. In addition, gas motions inducing Doppler shifts
as small as 1 kilometer per second will be detectable in the spectra, Built by Ball Aerospace and the Smithsonian Astrophysical
Observatory, SWAS is scheduled for launch next spring aboard a Pegasus XL rocket.

Solar, Anomalous, and Magnetospheric Particle Explorer

NASA's first Small Explorer, the Solar, Anomalous, and Magnetosphenc Particle Explorer (SAMPEX), recently passed its
secomd anniversary in orbit. Launched aboard a Scout rocket in July 1992, the satellite carries four experiments to detect high-
energy particles from cosmic ravs, solar flares, and the Earth’s magnetosphere. In May 1993 the SAMPEA team reporied find-
ing a belt of so-called anomalous cosmic rays — oxygen, helium, and other hight nuclei — trapped by our planet’s magnetic field.

Fasit Auroral Snapshot Explorer

I'he Fast Auroral Snapshot (FAST) Explorer was to be NASA's second Small Explorer, but its launch has been delayed one
vear hecause of the loss of the first Pegasus X1 rocket (October ssue, page 16). 1he booster w ill be ready to '-|". éig."él'il'l later this
year, but FAST has to be launched in the summer, so SWAS (see above) will be launched first. The apogee of FASTs ¢longat-
ed orbit must be over the Northern Hemisphere at the time of a ground-based auroral-monitoring campaign scheduled to take |
place in the dark Arctic winter. FAST will study auroral electric and magnetic fields and energetic electrons and ions. Iis four ex-
tendable equipment booms will measure 60 meters tp to tip.

Clementine

I'he Clementine spacecraft has completed its lunar-mapping mission and is now orbiting the Sun. Following the accidental loss
of attitude-control fuel, the planned flyby of an asteroid had to be canceled {August issue, page 20). Instead, Clementine made
one last lunar flyby on July 20th — the 25th anniversary of the Apollo 11 Moon landing — and entered solar orbit

Wl mwell specializis i mddwaveleneth stiedies af ectraeloactic obecis af R Hearvard-Smithsonian Center fon .'1-r|’:{.“|'i".'-rr"-.
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Using Planetary Nebulae
to Weigh a Galaxy

Astronomers have discovered a new
use for planetary nebulae, the shells of
dust and gas cast off in the death throes
of low-mass stars. These objects can be
used as a sort of cosmic bathroom scale
for distant galaxies.

laking advantage of the special prop-
erties of planetanies, Magda Arnabold:
Gnidica and Kenneth C. Freeman
( Mount Stromlo Observatory) led an in-
ternational research effort to find the
mass of the mant L'Jll[ﬂil:-i?l galaxy
NGC 1399, some 50 mulhon hght-vears
away in the Fornax cluster of galaxies.
Many mant ellipticals reside near the
center of galaxy clusters, and astrono
mers have always suspected that these
galaxies are extremely massive. But be-
cause they are so far away (NGC 1399 js
oneé of the closest), mass measurements
have been next to impossible

The hght from planetary nebulae has
offered new hope. At NGC 1399's dis-
tance, planetaries are exceedingly faint
— challenging detections for even the
largest telescopes. But most of their ra-
diation is the characteristic green light
given off by doubly iomzed oxygen
atoms. Viewed through a filter that iso-
lates these emissions, the planetaries are
more easily identified. It then becomes
possible to measure the Doppler shifts
of the oxvgen ions as they orbit their
parent galaxy.

Arnaboldi and Freeman used the
multi-object spectrograph on the Euro-
pean Southern Observatory’s 3.5-meter
New Technology Telescope in Chile. A
metal mask allowed the planetary nebu-
lag in NGC 13995 ouskirts 1o shine
through but blocked most of the other
hght coming from the galaxv. Two 5-
hour exposures allowed the observers to
determine the wvelocihies of 37 plane-
taries. The objects are moving so quick-
lv that they would fly off into intergalac-
e space unless NGC 1399 contains
about 10 times more mass than we see
as stars and brnght gas

This discovery fortifies the growing
evidence  Lhal UNIVETSE  CONsists
largely of invisible “dark matter” that
continues to elude detection or casy
explanation. Arnaboldi, Freeman, and
their colleagues plan 10 apply their new
technigue to more giant ellipticals to see
if they oo contain much more mass
than meets the eve. =

Ol
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Mars Pathfinder

NASA's Mars Pathfinder 15
slated to touch down in the
red planet’s Ares Vallis region
in July 1997, The landing site,
selected by scientists at the
Jet Propulsion Laboratory in
September, is an ancient. sedi-
ment-covered floodplain  lo-
cated al west longitude,
194" north latitude, 850 kilo-
meters southeast of the Viking
1 site in Chryse Planitia. It lies
al the mouth ol the Ares Val-
lis, a large canyon that streich-
es southeast all the way (o the
equator, To be launched on a
Delta rocket in November
1996, Mars Pathfinder will
sample atmospheric gases as if
parachules to the planet’s sur-
face. Once on the ground it
will deploy a 63-centimeter-long, 9-kilogram “microrover” carrying a multispec-
tral camera and an X-ray spectrometer o determine the composition of rocks.
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After landing on the red planet in July 1897, Mars
Pathfinder will deploy a small robotic rover to ex-
plore the Ares Vallis foodplain. Courtesy NASA
and the Jei Propulsion Laboratory.

Magellan

The Magellan orbiter, its Venus-mapping mission complete. performed a “wind-
mill” experiment in September. Beginning on August 25th Magellan was lowered
into a 172-by-390-km orbit, causing it to dip into the planet’s upper atmosphere at
penapsis. Then the spacecraft was turned to face its solar-cell panels “into the
wind.” The resulting pressure on the panels was then measured by the force need-
ed to stop the spacecraft from spinming like a windmill. This information will be
used in designing future probes to Venus. After some final measurements of the

| planet’s gravity held, Magellan was lowered deeper inte Venus's atmosphere —
| and to a fiery end — on October 11th.

Far Uliraviolet Spectroscopic Explorer

The Far Uliraviolet Spectroscopic Explorer (FUSE) faces a drastic redesign in
an effort w lower its cost. FUSE was Lo be the last of the large Delta-class Explor-
er satellites, which NASA managers want to ax in favor of a new line of midsize
Explorers (MidEx). FUSE was to have a (.64-meter-wide telescope and a high-
resolution spectrograph for observations in the spectral region defined by the hy-
drogen atom's Lyman continuum (912 angstroms) and Lyman-alpha hine (1216
angstroms). Principal nvestigator Warren Moos (Johns Hopkins University) says
he is optimistic that a large fraction of FUSE' science could be accomplished
within a new, much smaller budget for the program.

Lidar In-space Technology Experiment

Flown aboard Discovery during Space Shuttle mission 5T5-64 in Seplember, the
Lidar In-space Technology Experiment (LITE) bounced laser light off particles
suspended in Earth's upper atmosphere and back up to a telescope in the shuttle’s
cargo bay. This so-called lidar {optical radar) system made wse of a 96-cm
Cassegrain receiver telescope originally built as the engineenng model for the
Goddard Experiment Package on Orbiting Astronomical Observatory B
Launched in November 1970, OAO B failed to reach orbit due to problems with
s Adlas-Centaur rocket. The prototype telescope languished forgotien for two
decades until it was refurbished for Discovery’s mission,

WeDowell i an astronomer at the Harvard-Smithsonian Center for Astrophysics whao
writes a weekly electranic newsletter on the space program.
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At radio wavelengths the
giant elliptical galaxy MB7
in Virgo consists of two
faint lobes and a bright jet
sguirting more than 20
arc seconds (5,000 light-
vears) from the nucleus.
The two knots identified
in the expanded view of
the jet appear to be mov-
ing 2% times faster than
light. This Very Large
Array image was made af
2 centimeters wavelengih,
Courtesy the National
Radio Astronomy
Dbservatory,

Iy in all directions

Earth

nucleus
For Biretta, the most surprising fea

MISSION UPDATE

Wide-Field Infrared Explorer

In mid-September NASA selected two new Small Explorer missions for
astronomy (MNovember 1ssue, page 16). The Wide-Field Infrared Explorer
{WIRE), set for launch in Ociober 1998, will carry a Mkcentimeter infrared
telescope. It will make deep images of the sky at wavelengths of 12 and 25
microns to search for distant galaxies, Unlike the earlier Infrared Astro-
nomical Satelhte and Cosmic Background Explorer, which used higuwd-
helium coolant, WIRE will use solid hydrogen to cool iis optics and detec-
tors below 207 Kelvin. Two infrared-detector arravs 128 pixels square will
obscrve the same hall-degree patch of sky simultancously. The survey
should reveal more than 30,000 starburst galaxies at redshifis between ¥ and
1; WIRE will also seek luminous protogalaxies at much higher redshifts.

including toward ture of the discovery s MB7's relative
proximity. Fast cases of superluminal
molion have mvolved high-redshift gal-

ixies and quasars, but ME7 is the second-

as 11 flows out from the galaxy's

closest galaxy with a radio-bright jel
‘Here we see superluminal motion that
15, in cosmic terms rnight m our hiving
room,” he says “This suggesis that the
phenomenon may he more commaon than
we thought.”

Many astronomers believe that jets
like M&T's arc composed of clectrons and
other subatomic particles acceleraled by
supermassive black holes in the centers
of galaxies. Imaging and speclroscopic
observations with the Hubble Space Tele-
scope recently unearthed strong evidence
for such a beast in MST iself (5&T Au-
gust 1994, page 13). Biretta says that the
discovery of superluminal motion sup-
ports the black-hole model. *We know of
little else,” he says. “that could accelerate

jet material to relativistic speeds.” Lo

By Jonathan McDowell

Transition Region and Coronal Explorer

NASA'S other new >mall Explorer is scheduled to reach orbit in %97
The Transitton Region and Coronal Explorer (TRACE) will use a 30-cm
telescope to make far-ultraviolet images of a thin zone between the Sun's
chromosphere and corona in the hight of ionzed carbon. In this transition

Spartan 201

X-ray Mirror Mission

region, temperatures rise a hundredfold over just a few hundred kilometers. High-resolution images in the light of ionized
iron between 170 and 280 angstroms will show the solar corona, where the gas lemperature is séveral million degrees

The Spartan 201 solar observatory (August issue, page 18) successtully completed its second mission. Released from the
Space Shuttle Discovery on September 13th, it studied the Sun’s south pole with an ultraviolet coronal spectrometer and a
white-light coromagraph. The observations were timed to coincide with the passage of the Ulysses space probe over the solar
pole. After 48 hours astronauts retrieved the satellite with Discovery’s robotic arm. The payload will be refurbished for a
third mission in mid-1995, when Ulysses will loop over the Sun's north pole

After launch on a Pegasus XL rocket in 15998,
the Wide-Field Infrared Explorer will probe for
high-redshift galaxies, Artwork by Glenn Allred; |
courtesy Helene Schember.

The I'I.L|'ﬂ|'-q-:||1 fﬁp.n.'u Agency plans to launch 115 X-ray Mirror Mission (XMM) near the end of the century. The 3-ton

satellite will carry a trio of X-ray telescopes equipped with CCD cameras (o make images with an angular resolution of 30
arc seconds. Two of the telescopes will also contain grating spectrometers (o obtamn “soft” (low-energv) X-ray spectra. The
most unusual feature of XMM s that it will also carry a 3-cm optical-ultraviolet telescope to monitor the same field that
the X-ray telescopes are looking at. This wall allow observers to correlate i1]"!il:;|| flares with X-ray outhursts in vanable
sources, but optical space telescopes are in short enough supply that it may prove useful in its own right. The XMM saiellite
will be launched by an Ariane rocket into an elliptical orbit with a 24-hour period, making it the first astronomical observa-

tory since the International Ultraviolet Explorer to be geosynchronous.
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