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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.




NEWS NOTES

100 hight ywearg '
1

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
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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.

18 Sky & Telescope August 1994

=
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.

5
A%

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.

| McePowell sindies thic vy ol guectsinrs e the bistory of the spnce pricr@rain @l e Hirverd -Sevrhiiooan COenter For .I.l.r||-||l.l'||.-.r| N

L = = -
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echptic latitudes are moving much fastes
on Earth
In other words, they behave just like the
solar wind.

Ulysses was launched from the Space
Shuttle Dviscovery in October 1990 and
passed withim 450,000 km of _||_||‘ii'.;_-1 I
February 1992, The planetary flyby pro-
pelled the spacecraft out of the ecliptic
plane and back toward the Sun. Ulysses
will pass over the Sun’s north polar re
gion from June to November 1995, and
with any luck it will still be operating in
2000 and 2001 when two more solar
polar flybys will take place. These coin-
with the next the
sunspot cycle, by which time the coronal
holes of 1994-95 will have shrunk dra-
matically.

than those encountered here

crde maximum of

Interstellar Laughing Gas

It's no joke. Astronomers have found
nitrous oxide (N,0). commonly known
as laughing gas, near the center of ous
galaxy. (Denntsts sometimes use this col-
orless, sweel-smelling gas as an anes
thetic.) This discovery provides an 1m-
portant clue to the evolutionary state of
interstellar matter in the Milky Way and
allows astronomers to test their under-
standing of interstellar chemistry

A team led by Lucy M. Ziurys (An
zona State University), Mike Hollis,
(NASA-Goddard Space Flight Center),
and Lewis E. Snvder (University of 11l
nois) detected four discrete millimeter-
wave emissions from N,O while pointing
the National Radio Astronomy Observ-
atory's |2-meter antenna toward Sagil-
tarius B2, a giant molecular cloud 25,000
hght-yvears away. The team reporls 11s
results in Astrophysical Journal Letiers
for December 1, 1994,

Unitil now the only molecules found in
space with a nitrogen-oxygen bond were
nitric oxide (NO)) and the mitroxyl radi-
cal (HNOY). The addition of N.O to the
Inventory supports chemists” belhel that
the reactions that produce NO and HNO)
should also produce laughing gas. Fur
thermaore, 1t enables researchers (o com-
pare the relative abundances of the three
species with predictions from chemical
models. In Sgr B2, at least, the observed
ratios best fit the theory for young clouds
whosc abundances of
haven't vet stabilized. Observations ol
N.O in additonal sources will help de-
termine whether the molecule 15 a reli

G

chemical species

able indicator of ¢loud age
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MISSION UPDATE

Wind

In the predawn hours on Novem
ber 1st NASA launched s Wind
spacecraft to probe the solar wind
and Earth's outer magnetosphere
I'he satellite imtially had a 200-by-
495, 000-kilometer orbat, but it was
due 1o fly past the Moon in late De-
cember for a gravitational slingshot
farther out into interplanetary space
In 1997 Wind will settle into a halo
around the L, Lagrangian
point, where the gravity of the Earth
and Sun balance.

The probe carnes a battery of de-
tectors to measure the velocity, den-
sily, temperature, charge, and mass
of solar-wind ions and electrons, as well as the properties of interplanetary radio
waves and magnetic fields. Wind also carries two gamma-ray instruments: the
Transient Gamma Ray Spectrometer (TGRS) and Konus. These will study myste-
rious gamma-ray bursts and other high-energy transients, such as those associated
with solar flares. TGRS will search for gamma-ray emission {eatures at very high
spectral resolution, complementing the much larger Compton Gamma Ray Ob-
servatory, which detects fainter bursts but with poorer energy resolution. Konus 15
the first Russian instrument to fly on an Amencan satellite,

Astro 2

I'he second flight of the Astro Spacelab observatory is scheduled for late Febru-
ary. Astro 2 will carry the Hopkins Ultraviolet Telescope (HUT), the Wisconsin
Ultraviolet Photopolarimeter Experiment (WUPPE), and the Ultraviolet Imaging
lelescope (UIT). These will remain in the shuttle’s cargo bay and be operated by
astronauts in the crew cabin as well as by controllers on Earth. UIT takes pictures
at the same ultraviolet wavelengths as the Hubble Space Telescope but with a
much wider field of view (40 arc minutes compared with 2%). WUPPE measures
the polanization of radiation from hot stars in the same waveband, The 0.9-meter
HUT, largest of the three telescopes, reaches shorter ultraviolet wavelengths.

I'he nine-day Astro | flight in December 1990 included a fourth instrument, the
Broad Band X-Ray Telescope (BBXRT). This time BBXRT's place will be taken
by an Extended Duration Orbiter pallet that will allow the shuttle Endeavour to
stay in orbit for two weeks.

crr b

Stationed between the Earth and Sun, Wind
will monitor the solar-wind plasma and
Earth's magnetosphere during its 3-year mis-
sion. Courtesy Martin-Marietta Astro Space.

Extreme Ultraviolet Explorer

EUVE begins its third yvear of general observations this month. Launched m
June 1992, EUUVE first carried out a six-month, all<ky survey in four wavebands
between 60 and 740 angstroms, generating an witial catalog of 410 sources (Sdef:
December 1994, page 36). Since then the mission has focused on observations with
IS spectrometers.

In recent months astronomers have pointed EUVE at stellar coronas, pulsars,
white dwarfs, planetary nebulae, and cataclysmic vanable stars. CCD detectors
like those on Japan's Advanced Satellite for Cosmology and Astrophysics (ASCA)
can make out some spectral lines at higher X-ray energies, but they are less suec-
cessful in the energy range that overlaps with EUVE's spectrometers. which allow
many individual “soft” (low-energy) X-ray features to be distinguished for the first
time¢. The EUVE results prove that the soft X-ray spectrometers planned for fu-
ture missions will enable scienusts to probe the physics of hot plasmas in galactic
stars and nebulae and in remote active galaxies.

W Dorweell e falizes in mulitwaveleneth siudies of extragaloctic objects af the Harvard-
Setitfronian Center for Astrophysics




NEWS NOTES

i Ken-

no evenlt nas tedn

ship 1n 1648, or a farmer killed
tucky 1 1879 but
authenticated beyvond a significant
doubt. However .|._'-,_'-1|-_||11_y_ to Chinese
written histories, renown for their reli-
able accounts of such events as solar
eclipses and comet apparitions, mete-
orites have killed humans
a lot of them.

Kevin K. Yau, Paul R. Weissman. and
Donald K. Propulsion

apparently

Yeomans  {(Jet

007, a large stone reportedly it a
house, crushing an entire family. Perhaps
most alarming 15 the report of a mete-
orite shower in 1490 over Ch'ing-yang of
the Shansi Province when “stones fell
hke rain” and Kkilled more than 10,000
people. The event appears in several
records. mmcluding the official history of
the Ming Dvnasiy — a strong indicator
that the

though the latter report makes no men-

shower truly did happen —

Laboratory) report in Meteoritics for
November 1994 that from 700 B.C. on-
wiard Chinese more
than 300 meteorite falls. Of significance
WL nstances i mMeltearnics
causing fatahties over a period of 13 cen-
turies. In one madent, on September 5,

tion of the casualties.

The scientists also note that relatively
few falls were reported dunng the 15th
ceniury, when interest in meteorites
waned. However, the frequency picks up
markedlv between 1840 and 1880 — con-
sistent with observed falls in Europe. &2

‘-l..'1'||"|."‘- recorded

Deadly showers of stones are the stuff of
legends — as depicted in this 16th-century
woodeut, Mustration from Conrad Lycos-
thenes” Chronicles of Prodigies (1557).

MISSION UPDATE “.»

X-ray Timing Explorer

NASA is preparing another astronomy satellite for launch this fall. The boxy, 3-
ton X-ray Timing Explorer (XTE) will ride a Delta 2 rocket into Earth orbit.
XTE’s two main instrumenis are the Proportional Counter Array (PCA) and the
High Energy X-ray Timing Experiment (HEXTE). The PCA covers the “tradi-
tonal” X-ray energy range of 2 to 60 kiloelectron volts (keV), while HEXTE can
sense photons with energies up to 200 keV. The mission’s main goal is to study
the time variability of the brightest and most energetic X-ray sources, including
neutron-star binaries. black-hole candidates, and active galactic nuclei.

Linlike the X-ray observatories already in orbit or scheduled for launch later
this decade, XTE will not make images of the sky. Instead it will count all the X-
rays from a 1° area. This makes it difficult to study faint sources, since more than
one 15 hikely to be in the field of view at once. However, XTE's large detectors
and specially designed computer will let it obtain well-exposed spectra in just a
few minutes and accurately measure varnations i the sources’ emissions on lime
scales of a few microseconds

ATE will also be able to slew rapidly to catch X-ray novae in outburst. And, in

SEVEN

By Jonathan McDowell

The X-ray Timing Explorer will monitor

contrast with the current generation of X-ray telescopes, it will sport movable
solar panels to let it point opposite the Sun. enabling it to observe the same “local
midmght™ part of the sky that ground-based telescopes are studying.

changes in high-snergy emissions firom cos-
mic sources. Courtesy MASA-Goddard and
Advanced Technology & Research Coip,

Vovagers 1 and 2

| Sixteerryvears ago this month Voyager | made a close encounter with the planet Jupiter, inaugurating a series of spectacu-
| lar flybys of the outer planets. Although their cameras are now dormant, both Vovagers are still sending back data on ener-
genhe stars from their ultraviolet spectrometers. Also functioning are the particle-and-held detectors aboard, which continue
to search for the boundary where the solar wind ends and true interstellar space begins. The detectors measure the solar
wind, radio and plasma waves, and interstellar cosmic rays. Voyager 1 1s now 87 billion Kilometers from Earth, while Voy-
ager 2 15 “only” 6.7 billion km away.

Galileo

The Galileo spacecralt is on the final leg of its 6-year voyage to Jupiter. The last of Galileo’s images of the impact of
Comet Shoemaker-Levy 9 were transmitted to Earth earlier this vear, as the craft closed to within 1 astronomical unit of its
target. Now the focus of the mission shifis to Gahleo’s arnval. The next big event 15 the separation of the atmospheric probe
from the orbiter on July 13th. The orbiter will then alter its course to just miss Jupiter and will fire its braking rocket in De-
cember to enter Jovian orbit. (This sohid-fueled rocket, a Star 48, has the same basic design as the Delta rocket’s PAM-D
third stage. It has an extensive flight history but has never been used after such prolonged exposure to the harsh space envi-
ronment.) On December Tth the probe will have an hour of glory as it plummets through Jupiter's atmosphere.

Jonathan McDowell i an astronower af the Harvard-Sovithsomian Center for Astrophyvsics and writes a weekly elecironic newslefier on the

SR PEOEREmm
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rent of gamma rays al encrgies between
25 and 130 kiloclectron volis splashed
Burst and Transient
source Experiment (BATSE) and the
burst monitors aboard the Ulysses inter-

over Compton's

planetary spacecrafi. Occasional high-en-
ergy photons registered in the EGRET
detectors for another 10 minutes until the
Earth occulted the source. At that point
astronomers lgured they'd seen the last

MISSION UPDATE .

of the bursts picked up by BATSE are
also visible to EGRET. Still, the bizarre
behavior of GRBY40217 suggests that
whatever and wherever the bursters are,
some of them may have counterparts that
linger long enough to permut their detec-
tion at other wavelengths i

By Jonathan McDowell

Space Infrared Telescope Facility

The Space Infrared Telescope Facility (SIRTF) has been redesigned again,
this time incorporating a major technical advance, During its first few weeks in
solar orbit the telescope will passively radiate thermal energy into space, thereby
chilling down to about 507 Kelvin. From then on, the optics will be kept cold by
gas evaporating from the small amount of liquid helium still needed 1o cool the
detectors themselves. In reducing the size of the cooling system, this strategy
saves so much weight that the B5-centimeter telescope can be lofted by a Delta
7920 rocket rather than by the more expensive Atlas launcher envisaged in the
previous design (S&T: June 1993, page 14)

The SIRTF mission will last 2% vears and will emphasize a handful of “key
projects” involving studies of substellar objects, protoplanetary disks, ultralumi-
nous galaxies, and highly redshifted radiation from the early universe. SIKTF
will obtain images at wavelengths from 12 to 160 microns, low-resolution spec-
trophotometry from 50 to 100 microns, and higher-resolution spectra from 4 to
40) microns.

Infrared Imaging Surveyor

Another significant change to SIRTF s expecied to be finalized in the coming months: the third SIRTF instrument, the
Infrared Array Camera (IRAC), will fly instead as IRAC-J on a planned Japanese satellite called IRIS (Infrared Imaging
Surveyor ). IRIS will also boast an 85-cm aperture but, unlike SIRTF, will fly in a 900-kilometer-high polar orbit around the
Earth. [t dall obtam nearanfrared images between 4 and 8 microns and conduoct a far-infrared survey, Both SIRTF and [RIS
could be launched around the year 2001, :

Hubble Advanced Camera for Exploration

NASA has selected Ball Aerospace to build the third-generation instrument for the Hubble Space Telescope. The Hubble
Advanced Camera for Exploration (HACE) is actually three cameras. The wide-field channel incorporates a huge, 16-mil-
hon-pixel CCD array with a field of view 3.3 arc minutes square; it will make images in red hight. The high-resolution chan-
nel operates at near-ultraviolet, visible, and near-infrared wavelengths from 206K angstroms to 1 mmmn,hu,h;m the [ar-ultra-
violet “solar-blind™ channel works from 1150 to 1700 angstroms. The high-resolution and solar-blind cameras use
1.024-by-1 .E:'24-|'|]:~;L'J CCDs with 0.03-arc-second pixels to take full advantage of Hubble's r:.-*-in]".iJI_Ll power. All three cameras
will be four to eight tmes more sensitive than the two currently aboard Hubble. Principal investigator Holland C. Ford
(Johns Hopkins Uiniversity) suggests that HACE will detect all luminous galaxies along a given line of sight.

NASA's Space Infrared Telescope Facility is
targeted for launch into solar orbit around
the year 2001. Courtesy the Jet Propulsion
Laboratory.

On Hubble's second servicing mission, in early 1997, shuttle astronauts will install the Space Telescope Imaging Spectro-
graph (STI5) and Near-Infrared Camera and Multi-Object Spectrometer (NICMOS), both now being built at Ball. HACE
will be sent up on the third shuttle servicing mission, now planned for late 1999, S§TIS, NICMOS, and HACE will each in-
corporate corrective optics to compensate for the telescope’s spherical aberration.

Wellowell smudies the phyvsics of quasars and e history of the space program of the Harvard-Smichsonian Center for Astrophysics
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recent star formation emit te
I'he L17-micron image cle
the partial nng
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recorded previi sly  al

shiows

radio wavelengths, Several bright “hot
Spols probably correspond 10 associa-
hons of young stars and supernova rem-
nants. Emission aside the nne 15 weak.
there 13 o evidence for

{hie

howewver
current star lormation mn
MNGC 7552

And therein lies the rub

1Y

nucleus of

Theory and

observation suggest that ealactic interac-
tions and the Presenme of hars lead direct-
|'- to increased
that
in the nucleus. Forbes and his coworkers
note that NGC 7552 has all the prerequi-
active nucleus
cdges implying a previous interaction, a
Lramspon -'II-.|.|i."||i|.: 4
ward the nucleus. a sizahle pool of molec-
ular gas, and a nuclear bar '-,l;m then is

ICHVILY I a galaxy, and

this activity should be concentrated

[Or an distoried

SIes

large-scale bar to

e

this galaxy’s nucleus inert?

Perhaps, as Forbes and his colleapgues
wnite in the September 20, 1994, Asfro-
phvsical Journal Leners, the d:.'l'thil::'. of the
material the nucleus sn't high
snough to tnigger star formation. Or

Inside

mavbe the inflow of material occurs in cy-
cles and NGC 7352 is in a dormant phase
A Tfuture search for other nuclear
bars mav reveal the true reason why
NGC 7552% active nucleus really 1sn't, &=

TTUMY,

By Jonathan McDowell

MISSION UPDATE ¢

Advanced X-ray Astrophysics Facility

Opticians at Hughes Danbury Optical Systems finished polish-
ing the four pairs of grazing-incidence mirrors for the Advanced
X-ray Astrophysics Facility (AXAF) in January, four months
ahead of schedule. Once coated and assembled. the mirrors will
be transferred to NASA's Marshall Space Flight Center for cali-
bration tests. AXAF will be launched on the Space Shuttle in
1998, then pushed into a high orbit by an upper stage and its own
propulsion module, The observatory will do high-resolution imag-
mg and spectroscopy of cosmic X-ray sources.

International Ultraviolet Explorer

The International Ultraviolet Explorer (IUE) satellite continues
its extraordmary mussion, which passed the 17-year mark in Jan-
uary. [UE is so far the only astronomical observatory to be placed
m a 24-hour synchronous orbit., which allows efficient real-time
observing. Advances in computer technology now allow astrono-
mers to observe remotely from their home instinutions via the In-
ternet, rather than by traveling to a control center in :"-.L|1'_1.J;|r||j Or
Spain. IUE should operate at least until September; next vear's
funding remains uncertain
| Mir

On February 6th the Space Shuttle Discovery made a historic
rendezvous with the orbiting Mir complex. paving the way for
joint American-Russian missions that will lead to construction of an international space station. Meanwhile, the Mir cosmo-
nauts continued their record-breaking expedition, with 52-year-old physician Valeriy Polyakov having set a new space-en-
durance mark on January 9th, his 367th consecutive day in orbit. Flight engineer Yelena Kondakova, who has been aboard
Mir for more than four months, holds the women’s record. No American astronaut has been in space for more than 84 days
at a stretch, but in March NASA’s Norman Thagard was due to depart for Mir on a mission scheduled to beat that record by
10 days.
Astrid

Sweden’s Astrid microsatellite was launched on January 24th on a Kosmos 3M rocket from Plesetsk, Russia. The 28-kilo-
gram spacecrafl was designed. built, and launched for only S800,000. It carries a trio of instruments to study atoms and elec-
lrons in Earth’s magnetosphere and ionosphere,
[ SPARTAN 204

On its February flight Discovery carried the latest SPARTAN (Shuttle Pointed Autonomous Research Tool for Astrono-
my) satelhite. SPARTAN 204 was the first in the senies to be funded by the Department of Defense rather than NASA; it
carried a far-ultraviolet imaging spectrograph built at the Naval Research Laboratory. Optimized for studies of diffuse
sources, the instrument observed intersiellar gas in the Milky Way as well as in other galaxies. It was recaptured by the

The Advanced X-ray Astrophysics Facility uses nested
paraboloidal and hyperboloidal grazing-incidence mir-
rors, one of which is shown here before getting its reflec.
tive coating, Courtesy Hughes Danbury Optical Systems.

Shuttle after a two-day free flight

Galileo

I'he orbit-insertion engne on the Jupiter-bound Galileo spacecrafi 15 not a Star 48 solid-fuel motor as [._-p.;rn.;d in my

¥arch column (page 16), but rather a German-built hquid-propellant engine.

=

WeDowell is an astronomer af the Harvard-Smitfsonim Center for Astrophysics and writes a weekly electronic newslerter on the space program. |
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The Whirpool Galaxy’s Tidal Evolution
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MISSION UPDATE “4.»

Astro 2

launch of the Space Shuttle

ultraviolet telescopes were

The second and final fhght of Astro began with the
Endeavour on March 2nd. The observatory’s three
mounted on a special pointing system in the shuttle’s cargo bay, During the Astro |
mission in December 199, astronomers had trouble aiming the telescopes accu-
rately and revising theiwr comphicated obsérving schedule when probléems arose. Im-
proviements to both hardware and software avoided such difficulties this time
In addition, a new optical coating allowed the Hopkins Ultraviolet Tele-
e Wisconsin Ultraviolet Photo
Polarimeter Experiment and the Ultraviolet Imaging Telescope also benefited from
upgrades, and a small Australian ultraviolet reflector in the cargo bay added to the
harvest of data. Another gain on the Astro 2
ed Duration Orbiter pallet, which a lowed the mission to last 16
week longer than Astro 1 and a new duration record for the shuttle program

around

SO tx observe fainter tarsets than before.

[light was the presence of an Extend-

davs, near |:'- i

Lunar Prospector

NASA has selected a new Discovery-class space mussion. Lunar Prospector will be
launched in June 1997 and fly into a low-altitude orbit around the Moon. The drum
shaped, 126-kilogram spacecraft will study the composition of the lunar crust as well
as the strength and structure of the Moon's magnetic and gravitational helds. It wall
also hunt for minute traces of gases escaping from the surface: one goal is to scarch

for water frozen in shadowed craters near the lunar poles. In an unusual triple sweep

Astro's three ultraviolet telescopes, all on
a common mount, peer from the cargo
bay of Space Shuttle Endeavour during
its historic 16-day flight in March. Cour-
tesy NASA.

by a sinele COMpany., Lockheed Missiles and ""1.|‘-.||_'|_' Company will not only build the satelhite and the launcher bul also will lead

the science team. Lockheed will control Lunar Prospector from its space-science research laboratory, which has been active in

colar and maeneiospheric phyvsics since the late 1950k, Lockheed™s LLV-2 rocket. which wall propel the spacecraft into a translu
ar and 1 [

nar trajectory from Cape Canaveral, Florida, has not yet flown

Clementine

T'he Clementine probe has turned out to be a hardy survivor. In early 1994 Clementine, operated by the Naval Research
.aboratory for the Ballistic Missile Defense Organization, orbited and mapped the Moon (S&T: August 1994, page 20). I

then returned to Earth orbit in preparation for an asteroid fiyby but in May 1994 suffered an accidental programming error

I et
that lefi

it unable to control its course. When Clementine was flung out of Earth orbit last July 20th, ||.1_l_1|1'| cantrollers

thoueht it was trulv “lost and gone forever.” Nevertheless, in February the Deep Space Network pomted 115 giant radio-

telescope ears to listen in the direction where Clementine was expected to lie, and they successtully picked up transmissions

from the spacecrafl. Further attempts 1o contact the probe were due to be made this spring

Nt e D .._l crreciatines o mbiinvaveleH e S i o extraraldoiic eDpecrs

if the Harvard-Spnthsonian Cerler for
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fraction of its hydrogen atoms that are
stripped of their electrons, and hence

unable to absorb starhght, must be
known. By placing a lower limit on this
fraction, recent ultraviolet observations
from Earth orbit have provided a key
piece to this interstellar puzzle.

An allsky photometric survey by the
orbiting Extreme Ultraviolet Explorer
(EUVE) revealed that the giant B-type
star Adhara (Epsilon Canis Majoris)
shines more than 15 times brighter than
any other star at wavelengths near 600
angstroms (S&T' December 1994, page

36). Since neutral hvdrogen “atoms are

readuy womzed by photons with wave-
lengths below 912 angstroms, this makes
the star at the Great Dog's hind foot
largely responsible for the Local Cloud’s
wmization. 1ts dominance reflects both its
mtrinsic brightness and the peculbarly
low density of neutral interstellar matter
in the direction of Canis Major.

John Vallerga and Barrv Welsh (Eure-
ka Scientific, Oakland, CA) used spectra
taken by EUVE to estimate that the star
has a [‘I.l-.'l».l‘u.hl_'. temperature between
17,0007 and 18,000° Kelvin, nearly three
times the Sun’s, and that it robs 15 to 19
percent of the Local Cloud’s hvdrogen

stoms of their electrons. Vallerga and
Welsh describe their analysis in the May
10th Astrophvsical Jowrnal.

While the researchers have quantified
Adhara’s ability to 1onze the Local
Cloud, this alone cannot constrain the
cloud’s mass nor the ionization state of its
principal constituents Should the Local
Cloud prove even more highly charged
than the 15 to 19 percent Adhara can ap-
parently provide, another antagonist —
the passing shock wave from a recent,
nearby supernova or the million-degree
bubble surrounding the Local Cloud —

must be responsible. =

By Jonathan McDowell

MISSION UPDATE

! Infrared Telescope in Space
|  The Infrared Telescope in Space (IRTS) was launched on
March [8th aboard Japan's Space Flyer Unit. The 15-centimeter,
liquid- helium-cooled telescope exceeded 11s three-week design life
and surveyed more than 10 percent of the sky. A joint Japanese-
| American effort, the IRTS carries four photometric and spectro-
| scopic instruments that operate at infrared and submillimeter
| wavelengths. Its targets include galactic molecular clouds, solar-
| system and interstellar dust, and the cosmic background radiation,
| The Space Flver Unit was carried into orbit on the third flight of
Japan's H-2 rocket and will be retneved by the Space Shuttle Ar-
lantis at the end of 1995,
International Extreme Ultraviolet Hitchhiker
The International Extreme Ultraviolet Hitchhiker (IEH) is due
1o make its first fhight aboard the Space Shuttle Endeavonr on mis-
sion STS-69 in July. IEH is a joint Italian-American experiment to
be carried in Endeavour's cargo bay as a secondary payload. It will
make far- and extreme-ultraviolet observations with two tele-
scopes. The Solar Extreme Ultraviolet Hitchhiker will measure the
absolute intensity of radiation from the Sun, and the Ultraviolet
apectrograph Telescope for Astronomical Research (UVS1AR)
will obtain spatially resolved spectra at wavelengths from 500 to 1250 angstroms. One of UVSTAR's prnimary targets i1s the lo
plasma torus, a cloud of 1onized gas around Jupiter associated with the planet’s volcanically active moon.

Spartan 201

In Julv Endeavour will also carry the Spartan 201 satellite, which will be released into free flight for two days and then re-
covered by the orbiter’s robot arm. Observations from the tny satelhite, which carmes an ultraviolet coronagraph supplied by
the Smithsonian Astrophysical Observatory, will supplement studies of particles and ficlds in the region of the Sun’s north
pole being made from Europe’s Ulysses space probe. Spartan 201 first flew m Apnl 1993 and then again last September dur-
ing Ulysses' south-polar pass

The Infrared Telescope in Space (IHTS) peers from one
side of Japan's Space Flyer Unit. A joint Japanese-Ameri- |
ean instrument, the IETS surveyed solar-system dost,
molecular clouds and the cosmic infrared background
during its March-April flight. Courtesy H. Okuda and the
Institute of Space and Astronautical Science.

VLEI Space Observatory Programme

The VLBI Space Observatory Programme (VSOP) spacecraft will be launched in 1996 by Japan's Institute of Space and As-
tronautical Science (ISAS). The &-meter radio telescope will be placed in a 1.000-by-22 (M)-kilometer orbit using [SAS's new
M-5 rocket. VSOP will be linked with a network of ground-based radio telescopes using the techmique known as very long
baseline interferometry (VLBI). The combined system will act like a single radio telescope much larger than the Earth and will
map quasars with an unprecedented angular resolution of X microarcseconds. VSOP will observe at wavelengths of 1.4, 6, and |
18 centimeters. There have been some earlier feasibility tests of space-based radio interferometry using NASA's Tracking and
Data Relay Satellite as well as the KRT 10 telescope on the Soviet Umon’s Salyut 6 space station in 1979, but V3OP will be
the first operational space VLBI observatory. A Russian counterpart, Radioastron, is also planned for later this decade.

WelDowell studies the physics of quasars and the history of the space program al the Harvard-Smithsonian Center for Astrophysics
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No Anomalous Redshifts?

Do some galaxies and guasars display
mysterious, “noncosmological” redshifis
that have nothing to do with their dis
tances or the expansion of the universe?
For decades certain astronomers have
argued that they do. The evidence: al-
leged associations between low- and ]1.',1_1h-

redshaft objects. Conventional mterpreta-
tions say such objects must be at vastly
different distances, merelv projected on
the same line of sight, and therefore un
related to each other. If they are in fact
related, unknown “weird physics™ would
be required to explain the anomalous
redshifts (S& T December 1994, page 32).
Other have concluded
that the associations are just statistical
flukes — merely what yvou would expect
to turn up when sifting through large
numbers of galaxies randomly scattered.
But the dissenters remain skeptical.
Score another point now for the tra-
ditionahsts. A study of 382 galaxies in
Y2 compact groups has found no ew

AslronoImers

dence for anything but chance projec-
tions in the numbers, sizes, magnitudes,
and morphological types of the 45 dis-
cordant-redshift galaxies that the groups
appear to contain. The discordant galax-
ies were as small and faint as would
be expected if theiwr redshifis truly de-
noted distance, {A catalog of compact
groups was reviewed on page 57 of the
Julv ssue.)

The study did turn up one twist, how-
ever. High-redshift galaxies are concen-
trated somewhat more strongly toward
the centers of the groups than chance
alone would predict. "OUne of the possi-
ble explanations for this discrepancy,”
writes Claudia Mendes de Oliveirra (kBu-
ropean Sguthern Observatory), “is that
compacl groups can acl as gravitational
lensés, causing the brightening of hack-
ground galaxies that would otherwise
fall below the 113:|;_'11|[||Llu.- cutofl of the
group™ (July 1ssue, page 11).

In one group, Mendes de Oliveira was
able to find the distances to the discord-
ant pair NGC 4173 and 4175 independ-
ently of their redshifts. She used the
[ully-Fisher method, which is based on
the
galaxy's absolute magnitude and its ro
lation velocity. Each of the two galaxies
far away as s redshift
suggests. Her paper 15 in the March 1st
lI|.f|--rJ|'|'.'l". Wohees of the HI'I:. 1l Asiro-
nomical Society. r?

reélabion  between a H]“'flr.1|

close

proved to be as
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MISSION UPDATE '“.# By Jonathan McDowell

leuln.\phtrir ['.llnl:n'atnr:r
for Infrared Astronomy
NASA's proposed 1996 bud-
under by Con
gress, includes funds to begin
construction of SOFIA, the
stratosphenic Observatory for
Infrared Astronomy. This col-
laboration with the German
space agency, DARA, fealures
a modified Boeing 747 airplane
carrying a 2.5-meter telescope.
With its hugh spectral and angu-
lar resolution, SOFLA will com-
plement the superior broad-
band sensitivity of orbiting
infrared observatories. It will
operate at an altitude of 13
kilometers, far higher than
mountaintop observatonies and
above wvirtually all the atmo-
sphere’s infrared-opaque water
The diffraction-limited
telescope will provide the high-
est-resolution far-infrared images vet — better than 10 arcseconds at a wavelength |
of 100 microns. The telescope will observe in a wide spectral range from the near
infrared to millimeter wavelengths If approved, SOFIA will start flying around the
year 2000, However, continued German participation is not assured if the program
fails 10 get a po-ahead in Discal 1996,

gel, TEVIEW

NASA hopes to begin work on the Stratospherie
Observatory for Infrared Astronomy (SOFIA)
next year, to replace the aging Kuiper Airborne
Observatory by the turn of the century. SOFIA
will carry a 2.5-meter telescope and its associat-
ed infrared instrumentation to a stratospheric al- |
titude of 13 kilometers. Courtesy Jerry Flumb,

Yo Or, MNASA-Ames Research Center.

Granat

Russia's Granat observatory was launched in 1989 and made observations of hard
X-ray sources with its French-built Sigma telescope. The satellite ran out of attitude-
control propellant last September and is now carrying out an all-sky survey that
takes advantage of its uncontrolled spin. Since the onentation of the spacecraft is
unknown, making sky maps requires recognizing some previously cataloged sources,
and the high scanning speed means that only the very brightest ones can be seen.
Granat takes shightly over four days to crcle the Earth: its highly eccentric orbit is
gradually being circularized by gravitational perturbations from the Sun and Moon.
Clementine

'he MNaval Research Laboratory reestablished regular communications with its
Clementine space probe this spring. almost a year after contact was lost. Launched _
in January 1994 to test out lightweight sensors, Clementine orbited the Moon from |
February to May 1994 (July i1ssue, page 31). The spacecraft then returned to an eéc-
centric orbit around the Earth until July, when 1t entered an orbit around the Sun.
However, a programming error led to the unexpected loss of attitude-control pro-
pellant and the cancellation of a planned visit to the asteroid Geographos. Unable
o point its solar-cell arrays toward the Sun, Clementine soon exhausted its batter-
1es and shpped into an electromic coma. This spnng, the probe’s more favorable
angle to the Sun partially recharged the batteries NASA's Deep Space Network
picked up Clementine’s famt signals in February and regained full control on Apnl
10th. What little fuel remained was dumped in an unsuccessful attempt to slow
Clementine's departure from Earth. Further engineering tests are planned over the
next few months Clementine's current orhit around the Sun i similar (o the
Earth's, with a perthelion of 102 astronomical units and a penod of 387 days

WeDowell stwdies the physics of quasars and the history of the space prrogram al the
Harvard-Smithsormian Center for Astrophysics.
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smooth out the universe's wrinkles

lohn D. Barrow {(Unmiversity of Sussex
England) argues that first
L™ second after the Big Bang. gravity

transmutting particles called gravitons en-

during the

joved close thermal contact with the rest
of the primordial soup. In such an envi-
ronment they would expenence an even-
handed division of energy. called equipar
tion, known to operate today in famuila
systems hike gases and semiconductors

Just as the fastest-moving particles in a

themselves 1n one unusually warm cor-
ner, eravitational thermodynamics would
tend to drnive the fle delineg umverse to .:|"
roughly the same i al
Iromically, this opposes the

WAl direcnons
conlrast-
enhancing role gravity has plaved during
the cosmos’s subsequent evolution
Harrow's calculations
the March

predict

|“'-:."'~'. nica 1n
.Ir-l_ |.||

ditter

..;”' |'.I.|I-'.'\-||..| Hieview

munisculs

LE 'II|".".I'|.II..
ences in the microwave background at

the tens-per-mullion level seen by the

(5& T October 19494, page 25)

As Alan H. Guth (MIT), one of infla-
tion's early proponents, points oul, Bar-
row’s model assumes the universe's fio-
mogeneity (widely separated locations i
space starting oul the same) and invokes
gravitational equipartiion to explain its
(all directions looking the same
from a given point). Thus, while taking a

(TR R A

first step around mmflabon, Barrow's

provocative proposal has vet (o account
fully for the surpnising smoothness of the

room full of air are unlikely 1o sequester

Cosmic Background Explorer satellite

early umverse. Ly

By Jonathan McDowell

Hubble Space Telescope

|

Planning for the second service call to the Hubble Space Telescope i

| shuttle mission STS-82. is well under way. In May NASA chose astro- |
| nants Mark . Lee Steven L. Smath, t'ul'.;_gnl'} J H~|"|".1I_|-__'E1_ and Joscph
| R. Tanner to be the flight’s space walkers. A commander, pilot, and fifth
| mussion specialist will be named soon. STS-82 15 now scheduled for Feb

ruary 1997 ,

The space walkers hope to replace gvroscopes, tape recorders, and a I

[ine-guidance sensor to ensure the telescope’s continued good health.
Ihey’ll also replace Hubble's hirst-generation spectrographs with two
new instruments. The Near Infrared Camera and Muln-Object Spec
trometer will take pictures and medium-resolution spectra at
lengths from 0.8 to 2.5 microns. The Spacc Telescope Imaging Speciro-
graph has visible-lhght and ultraviolet detectors that will be used, along
with an array of gratings, to dramatically improve upon Hubble's cur
rent spectrographc capabihities.

WA

The Hubble Space Telescope drifis into the dis-
tance as Space Shuttle astronauts back away
after completing extensive repairs in December
1993. A new team of space walkers is training for
Hubble's second service call, due in February
1995, Courtesy MASA.

Submillimeter Wave Astronomy satellite

The failure of a Pegasus winged booster on June 22nd has generated
a senous backlog ol small satellites w aiting for their turn to fly. NASA's
Submillimeter Wave Astronomy Satellite (SWAS) was originally sched-
Or September at the latest
ed to record Jupiter as a calibration target. But recent tests show that its
instruments are sensitive enough to use the fainter planet Saturn as a calibrator, extending SWAS’s launch window to the |
'“u;gllﬁl‘.il};__' of December. Whether Pegasus will be requalified by then remains unclear. A description of SWAS and its pay-
load APPCars on page 16 of the Novembe
SACH

Argentina s prepanng its hirst astronomical satellite tor launch in October, but it oo could face a lengthy delay because
of the Pegasus problems. SAC (Satelite de Aplicaciones Cientiticas) B will carry three astronomical instrumenis. Argeniina’s
Hard X-ray Spectrometer will study changes in the spectra of gamma-ray bursts and solar X-ray flares. NASA's Goddard -
ray Experiment will study softer (lower-energy) X-rays from the same sources, while a Pennsylvania State Umversity instru-

uled for launch in June - because 11 necd

:‘i!..l-l.ll il [

ment will map the X-ray sky to study the background radiation emanating from the galaxy and the universe

High Energy Transient Experiment
HETE

identify the

is scheduled to share SAC B's ride to orbit on a Pegasus XL rocket. The goal of its three-yvear mission 15 to help
mysterious gamma-ray bursters. HETE carries a wide-field monitor 1o detect X-rays from gamma-ray burst
sources, locating them to within 6 arcminutes on the sky. A coaligned camera will search for counterparts at ultraviolet
wavelengths. It can detect flashes as faint as Tth magnitude over a 40° held, yielding positions good to a few arcseconds,
Mir

In June 1995 NASA astronaut Norman Thagard broke a 2
115 days in orbit mostly aboard Mir
1974 by three Skylab astronauts. Bui Thagard's endurance record has been eclipsed by more than 30 Russian and

O-year Amerncan record for the longest stay in space. He logged
before returning to Earth on July 7th. The previous record of 84 days was sel mn
IFebruary
Soviel cosmonauls, The world record-holder is Valeriy Polvakoy, who spent 437 days in space in 199495,
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Clementine’s examination of the Moon at 7500 and 9500 angstroms in the near-
infrared has vielded this Lea by o of iron abundance. Red areas on the near side
right) mark iron-enriched mare basalts. But large portions of the far side show lit-
tle evidence for irom — a clue' to the Moon's origin and early evolution. Each globe
is labeled with its central-meridian longitude. Courtesy Paul Lucey.

be topped by a floating “scum”™ of silicate
rocks devoid of iron. However, Clemen-
ting’s own measurements of lunar gravity
{Julv issue, page 33y contradict this notion

of a "magma ocean, arguing instead for
a spotuer covenng of molten rock.

One key compositional insight con-
cemns the huge South Pole-Aitken Basin

MISSION UPDATE

on the far side. an impact so large that
1t has probably excavated portions of the
Moon's upper mantle. According to Lu-
cev and his colleagues, the ron valoes
mnside the basin cluster near 10 percent.
implving that the Moon’s intérnal com-
position 15 unlhike that of Earth's mantle
{20 1o 30 percent iron ). Such a mismatch
appears 1o rule out two othér theones
for the Moon's origin: that it formed
along with the Earth, or that it tore away
from an Earth spinming too fast to re-
mam in one plece.

While the Clementing data lean to-
ward forming the Moon via colhsion, a
final verdict requires a more definitive
gauge of iron content — the kind that
will come from a gamma-ray spectrome-
ter aboard the pending Lunar Prospec-
tor mission or, wdeally, from more sam-
ples of the surface itself. G

By Jonathan McDowell

Calileo

The Jupiter-bound Galileo spacecraft passed an imporant milestone at
5:30 Universal Time on July 13th, when the orbiter and atmospheric probe
parted company. Alter verifying that the probe was in good working order,
mission controllers commanded the orbiler to spin up from 3 to 10 revolu

| wons per minute, sever an umbilical cable, and use springs to gently set the
probe free. (As expected, this separation maneuver failed to shake open
Galileo’s main communication antenna, which has been stuck partway oul
since April 19%1.)

The 339-kilogram probe, which has no propulsion system of its own, will
remain dormant until just & hours before i penetrates the lovian atmos-

phere about 6 north of the equator on December 7th. Accelerometers will
| then trigger the first transmissions of data from the probe’s six instruments,
[ which will be relaved to Earth via the orbiter. During 115 descent the probe
will determine the physical and chemical propertics of Jupiter's cloudy
upper atmosphere. It should reach a pressure level of at least 20 bars betore
il succumbs to heat or pressure, its battery 15 exhausted, or the relay link to
the orbiter ends

Cralileo was launched from the Space Shuttle in October 1989 and has
[lown past Venus, Earth (twice). and the asteronds Gaspra and Ida en
route to its rendezvous with Tupiter.

Ulysses

[he European Space Agency’s Ulysses spacecraft began the final phase of its primary mission in June as it arched more

Been here before launch and without its heat
shield, the 1.25-meter Galileo atmospheric probe
will plow into Jupiters clouditops on December
Tth. Courtesy NASA-Ames Research Center.

than 7(¥ north of the Sun's equator to begin 110 days of intensive scrutiny of the solar north pole. It reached latitude B(.2
north on July 31st. The only operational problem aboard the probe as it completes its fifth yvear in space is a wobbling caused
by thermal expansion and contraction of its experiment boom. This wobbling means that, when Ulysses 18 near perihelion,
{light controllers need to contact the spacecrall conunuously to keep its antenna pointed at Earth. A year ago Ulysses passed
beneath the Sun's south pole and discovered that the solar wind blows twice as fast there as it does at the Sun's equator.

X-ray Timing Explorer

As this issue went 1o press the X-ray Timing Explorer (XTE) was at Cape Canaveral, Flonida, awaiting an August 31st
launch on a Delta 2 rocket. Developed at NASA's Goddard Space Flight Center, XTE will study rapid variability in celestial
X-rav sources for two to five yvears in a 380-kilometer-high, low-inclhination orbit
werekdy electronic newsleller on the
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Cosmic coincidence? June (1) Astronomy & Astrophyvsics

Crosses mark the lies hetween high-redshtl (UASATS and

| 4 T = I
- I“*"“f""‘;" two 20th low-redshilt galaxies, if proven. would
magnitude guasar : :
NGC 4248 gnitude quasars on o dermine much of 20th-century cosmol-
opposile sides of the .
" oey. Most astronomers, however, consid-
: nucleus of the active : ;
— . galaxy M106. Their er it likelier that such arrangements are
182,000 kmisec redshifts correspond comncidental, given the numerous quasars
to recession velocities and galaxies scattered on the ij'.. Galax-
far exceeding that of ies also act as eravitatbional lenses Hlll__'_!"lll'_'.
the galaxy. Martin C. heightemng the visibihiy of very distani
Cluasar P o & = ; A e - -
96,000 kmisec T"'h“‘l:f_"" ‘r'_l‘“' » 'f"" objects behind them. On the other hand.
: inch £5 reflector for ; . i
; : i ; Burbidee notes that the cases where high-
WAi0E this 10-minute GRG0 | | | | v | =
R sure on hypered redshill quasars and low-redsnit Zatlaxies
Kodalk Technical Pan seem associated often involve active _I:".1|-
2415 film. North is up.  axies hke M106 (seen at left). i

MISSION UPDATE ‘f :’" - By Jonathan McDowell

Cxalilen
| Alter six vears i space en route to Jupiter, the Galileo orbiter has fired its
| main engine for the first time. The spacecraft uses a German-built S4K liquid-pro-
| pellant engine ongmnally developed for geostationary communications satellites;
these engines are normally fired only during the first few weeks of a satellite’s life.
On July 23rd, 10 days aner the release of Galileo’s aimospheric entry probe (see
last month, page 16), ground controllers ordered a 2-second test finng to confirm
that the svstems were working. Then. on .|I.I|'- 27th. the rocket ignited for 5.1 min

'h'h

utes and changed the orbater’s veloaity by 220 Kilometers per hour enough 1o

ensure that it will not accompany the probe in a suicidal plunge into Jupiter's at-
mosphere. Gialileo wall fly just 1060 km from the moon Lo betfore another engine
burn on December 8th eases the craft into ortat around the pant plangt
assini

The recently released environmental impact statement for the Cassini Saturn
orbiter claims that there 1s less than one chance in a million that onboard failures
will lead to accidental reentry of the spacecraft during its August 1999 gravity-
assisted flyby of Earth. This danger largely results from the risk that Persend mete-
oroids will disable the propulsion system dunng the encounter. In contrast, the
chance that Cassini will be lost during its launch in Cxctober 19497 because of a fal
ure in its Titan-Centaur rocket 15 a comparatively huge 5 percent. NASA beheves
that even in thal case there 1s only a one in S(K) chance that any of the radioactive
material in the probe's thermoclectnic generators will be released

In the firsi few years after launch, Cassini will fly past Venus (twice), Earth, . 2

and then 1|,||1.Igr 1o pick up speed. Five months after arnving at Saturn in July '_TI“' Galileo spacceraft is "'_ih”w“ undergo-

ing prelaunch tests before its October 1989

departure for Jupiter. Courtesy NASA-Jet
Propulsion Laboratory,

2004 for its d-vear-long survey mission, the orbiter will dispatch the European
Space Agency's Huvgens probe to the surface of the moon Titan

Compion Gamma Kav Observatory

[he Compton Observatory began its fifth vear in space in April. The Burst and Transienl Source Experiment team recently
released its third catalog of gamma-rayv bursts. which contains data on more than 1.100 events detected through September
904, Astronomers are eagerly sifting through it for clues to the onigin of the mysterious bursts. Compton’s other three instru-
ments continue to operate well, though the Energetic Gamma Ray Experiment lclescope 1s runming low on spark-chamber

oas and will henceforth operate 1in a restncted mode

SURFSAT
As this 1ssue went to press, an unusual student-built satellite was scheduled tor |lL.1'Il.|' in Seplember from Vandenberg Aar
Force Base in California. SURFSAT w | Carry T who beacons that will simulate a distant plane Lary probe o test |

new high-frequency communications e chni 1|u-" for M "‘ﬁ- "u Deep Space Network. SUREFMAT al Is0 carries Lwo Ir: ansponders
tor test the very long baseline interferometry stations that will be used dunng the Japanese V50OP and Russian Radioastron
space-based radio-astronomy mussions. The pavioad consists of two boxes attached to the second stage of a Delta rocket that
will be wsed to loft a Canadian remote-sensing satclhite. SURFSAT was developed by students from a dozen u-ll:;»__‘cw._ pri-
marily participants in Caltech’s Summer Undergraduate Research Fellowship program.

l||I |'I: well spe o LT ,_-__'.-_I..I |-.-.|-.:\,"I-. gichiee of ¢ -'.'-'...|I||.I it evhrecty il the .I'I"l el "'-"-'-'I""'|"'|"|I||' ['.-l”. r Frag .'.I'lllu'l"|r:|-|l GiEy
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| A detector on the the Jovian magnetosphere and become
f Galileo orbiter has true “charged particles.” while I:uy_-_-r
| recorded three long-

lasting “storms” of dust

ones are affected less by magnetic

1 (55 = L] ) i !
00 e : : v reach escape velocity.
: Galileo’s Dust /| particles within the last 07ces and never reach escape velocily
: Detections | vear (arrows). The In turm, Douglas P Hamilton and
| | 5-."|1.'|||:'|=|:'r:|f'r firzl noticed .J-.'l'-|.'|"h %. Burns (Cornell 1 'ﬁl".l.'l'ill:'. |
1 ruJE | an increasing particle countered that the outer section of
T I ’ - f :
o F I “‘I;'“‘ in June 1994, Jupiter’s tenuous nng 15 4 more hkely
E - J ! when it was abowat 250 q : . '
< f ¢ | . T source of microscopic dust, as it offers a
= F | million kilometers from | b o | ! i
) P - I atch . Blec L e
i oo b | | Jupiter. The vertical icller mald 0 1 I|.. cjechion specds e
Lijj F | hand l"l"Pl‘!"\ill"ﬂt.'q ';i'l“.' k!.li.'L '..I Lrom I- |:'|'\l""-'a.""'- Lll.l!-\.i
nd i g : three-week period L omei ""ll'll.'".'rl'l.'l.]'«.l."l-l.l,,"‘.:. 9 cant be
z | when Galileo’s probe ruled out either, Griin savs, though coin-
; 10 E I ;‘“"‘ T"-'I*'i""‘:'l‘l and the vestigator Hamner Riemann (MPI) points
] | etector’s data could r -
> ; . | - i out that the first — and strongest — de-
= not be relayed to Earth., | b Ui bl th
— ' - 5 i 1 i ] - Wit -
| | ".l}l.:lrlfl'!i:l.' Eberhard LECLIE ]S ¥ Vaals ULLUlTeL LHE [ =
i b I Giriin and Hainer comet broke up
= | ¥ . s .
s Iln, | Riemann. Ihe particles” high wvelocities have
I upped opimon n favor of lo as the
| source. But the other two have not been
- 2 | - i =
by Tiin b ruled out, and a full explanation will have
1994 1995 1995 to wait until Galileo reaches Jupiter. &

By Jonathan McDowell

A Very Busy Launch Schedule

Beginning in early November and for several months thereafter, a fur-
ry of large- and medium-size space-astronomy missions are due to gel
under way

First up is the European Space Agency's (ESA's) Infrared Space Ob-
servatory, one of the most significant missions of the mid-1990s, 15O will
be the first major infrared observatory in space since the Infrared Astro
nomical Satellite (IRAS) flew in 1983, Although I50°s (LA-meter tele-
scope 15 no larger than IRAS's, the new spacecraft’s detectors are more
sensitive and have larger Nelds of view. Thus astronomers expect 150 10
produce significant advances in our understanding of star-forming regons,
zalaxies, quasars, and the center of the Milky Way. ISO wll be launched
on an Anane 4 rocket from French Guwana into an unusual ¢lhptical syn-
chronous orbit that ranges from 1,000 to 70,000 Kilometers in alutude.

{50 will be followed by NASA'S A-ray lim'm;.l, l'.x;’rlﬂl:'t;l‘. sel tor launch  The Solar and Heliospheric Observatory, SOHO,
from Cape Canaveral atop a Delta rocket. XTE will study rapid time is about to begin its exploration of the Sun and

variations in bright X-ray sources its effects on the Earth's electromagnetic envi:
: ; ronment. Courtesy the European Space Agency.

Hard on XTE's heels comes the Selar and Heliospheric Obsery atory, a
oint ESA-NASA project to study the Sun and the solar wind. After
launch on an Atlas rocket, SOHO will be positioned in solar orbat some 1,000,000 km from Earth in the direction of the
Sun. At this so-called L, Lagrangian point, the gravity of the Sun and Earth almost balance, allowing SOHO to maintain its
position with minimal fuel expenditure

Four more European scientific satelliles to be launched in early 1996 constitute the Cluster project. This quartet will mon-
itor energetic particles and electne and magnetic fields in the Earth’s magnetosphere. The satellites will be placed in highly
elliptical orbits during the first test flight of Europe’s giant Arnane 5 rocket.

Three small astronomical payloads that were stranded on the ground by problems with the Pegasus XL air-launched rock-
et should also reach orbit soon. Orbital Sciences Corp. traced its winged booster’s June 1995 failure to human error. Assem-
bly workers installed a connecting ring between two stages in the wrong posiiion, preventing the second stage from operat-
ng correctly. If all goes well with the _:~|:|r||1-;..| mid-Uctober Pegasus launch of a LS. Air Force satellite, NASA will move to
dispatch in rapid succession the Submillimeter Wave Astronomy Satellite and High Energy Transient Experiment. Argenti-
na's first X-ray astronomy satellite, SAC B, will ride into space on the same Pegasus as HETE (September 1ssue, page 16).

Vo Diawell is an astronowmer al the Harvard-3mithsonan Center for Astrophivsics ard wriles a weekly electronic mewsietter on the space pro-

rraert favailable on the World Wide Web ar hopsdhea-wwwoharvard. edw’ O E DT oy space/jsedse.hitmi )

K ¥
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MISSION UPDATE 4, - By Jonathan McDowell

I'his month's expanded column looks at the science launches planned for the coming year. For up-to-date information as
[ 1996 marches on, consult this column monthly and visit each mission’s World Wide Web home page. Active links to these
and other missions can be found on SKY Online at http://www.skypub.com.

Human Space Flight
Following its historic first docking with Mir last June and the planned delivery of a special docking module in November,
space Shuttle Auanris is scheduled 1o link up with Mir a third time in March. Aboard will be astronaut Shannon Lucid, who
will begin a long-duration stay aboard the Russian space station. Two more 1996 flights by Adantis will replace Lucid by
| Jerry Linenger and then Linenger by John Blaha. Meanwhile, crews of two Russian cosmonauts will be stationed on Mir,
being replaced on Soyuz flights in the spring and winter, This year should also see the launch of the Priroda (“Naturc™)
Earth-observing module to complete the Mir complex.

Space Science

In February the Tethered Satellite System will get its second shuttle flight. On its first mission i 1992 the tether
snagged partway out. If it reaches its full length of 20 kilometers this time, TSS will usher in a new era in uppeér-atmos-
pheric studies.

In April the European Space Agency's Claster quariet will be launched on the first Ariane 5 heavy-lift booster ( Decem-
ber issue, page 16). The satellites will momitor particles and fields in near-Earth space. The Fast Auroral Snapshot Explorer
should rnide a Pegasus XL rocket into orbit in the summer. FAST was originally scheduled for launch i 1994, but problems
with the small, winged booster delayed it

Astronomy

As 199 dawns the European Space Agency’s Infrared Space Observ-
atory (150 and NASA's X-ray Timing Explorer (XTE) should both be
spaceborne.

Japan's VLBI Space Observatory Programme (VSOP) will inaugu-
rate the age of practical space-based radio astronomy after the launch
of the MUSES B satellite on the first flight of Japan's new M-5 rocket.

Argentina’s SAC B X-ray astronomy satellite and the LLS. High En-
Crgy Transieni E.:\']h:rinli.:ll.l (HETE) are scheduled to be launched by a
single Pegasus XL in February.

The Submillimeter Wave Astronomy Satellite (pictured at right) s
due for launch later in 199 on vet another Pegasus XL. SWAS will
study emissions from cool gas and dust in the galaxy, as well as the
chemstry of molecules in star-forming regrons.

Shuttle mission 5T5-80 in late 1996 will deploy the SPARTAN 201
free-flyving solar observatory on its fourth mssion. It will help calibrate

The Submillimeter Wave Astronomy Satellite un-

i - b . dergoes a preflight checkout in anticipation of
the Solar and Heliospheric Observatory (50HO), which was due for  jts 1996 launch on a Pegasus XL winged rocket.

launch in late 1995, STS-80 will also carry the ORFEUS-SPAS ultravio- Courtesy NASA.
let spectrometer on i1ts second fhght to study the mterstellar medium.

Planctary Exploration

This vear is a crucial one for the future of planetary exploration, As-
suming its arnval at Jupiter goes as planned in December of 1995, Galileo
will spend all of 1996 looping past the Galilean moons. (Last October sei-
entists were relieved to find that the orbiter’s tape recorder was not bro-
ken as feared. An carhier ghtch was caused by a weak section of tape that
has now been safely wound onto 18 [;1kq_'-up reel. where 1t will stay. )

First up among new launches is the Near Earth Asteroid Rendezvous
{(NEAR), to be launched on a Delta rocket in February into solar orbit
en route 1o a rendezvous with minor planet 433 Eros in January 1999,

MASAS Mars Pathfinder ( MPF) and Mars Glohal Surveyvor {MGS) will
depart for the red planet in November. Pathfinder will deliver a lander to
the Martian surface in July 1997, The lander will deploy a robotic micro-
rover called Sojourner (pictured at left) to explore the Ares Vallis landing

_ area. MGS carnes backup Mars Observer instruments. After entering Mar-
If NASA's Mars Pathfinder ”“w"‘_'“f"u-"' lands on i, orbif in August 1997, 11t will use aerobraking 1o lower its altitude and
the red plnnl'.! next year after its planned .IME- then map the planet from pole to pole with a L"E]:I-'Il:.‘fi:l and spectrometer
1996 launch, it will deploy the Ssjourner micro- __ : ; o P - ULy o)
e b bt M voike mul-wil Ok Finally Russia™s Mars 96, an orbiter and two landers, will depart in
the Jet Prupl.:].-ni-m Laboratory. " mid-November on a Proton rocket for arrival at Mars in October 1997,

Wi |ri'. rivell v fif G TFerrREReF Gf e Har :|r.|'- "l-'F.'.'.'.I'I'-- WG L eEnrer ol .'Iar.l'.--,'r.':l KRR |IrI|II Wwirtler a weekiy |'.".;'| Tranpife r;._".'."..l'q-'rrr'.r i .'.rzr 1.|r.l“.;'q' P

FRT FWordd Wide Webh LIR] .l'l'l_.'l Hera-waew fnervarrd, e L:'.II' T Ll 1vrdier bl
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NEWS NOTES

se1 a précedent many astronomers find
unpalatable. In addition, wide-field im-
aging and photographic surveys would
have new artificial
salellite outshining the many already in
orbit.,

For his part, Razavi hopes that the ar-
tificial stars

o comtend with a

will interest in
space as well as funding for educational
activities. Although launch could occur
by the end of 199, the 520 million re-
L|1Ji;r-.'d tor finance the project 1% shill I'u:in!_-
sought.

Milestones

& The International

genct ate

Lin
ion's Minor Planet Center has honored
Gieorge Lovi, Sky & Telescope’s former
Rambling Through the Skies colummist,
by naming a minor planet after him
Lovi died in 1993 (S&T" August 1993,
page 39). The object now known as 5943
Lovi was discovered by Edward Bowell
at Lowell Observatory in 1954, An inner

Astronomical

belt astercid on a moderately eccentric
aorbit, 5943 Lowvi 15 5 (o

i CTOSS

||| J-..illllﬂl;l-:_'l\

* Pioneer 11, which left Earth on April
3, 1973, saw 1ts scientific mission come
1o an end last September 30th. Pioneer
|l visited Jupiter and Saturn. discover-
ing the later planet™s F and G rnings in
1979, Mow 44 astromomical units (6.6
billion kKilometers) distant, the craft will
be tracked occasionally for engincering

Purposes

* The six Sun-tracking stations of the

Global  Oscillation  Network  Group
{(GONG) began working as a unit last
October 53h. GONG'™s mission 1s Lo

monitor spundwavehke oscllations on
the Sun’s surface that enable phyvsicists
to probe physical conditions in the solar
INLETIOT.

*# Lerard de Vavcouleurs died last Octo-
ber in Austin, Texas, at the age of 77. A
long-time student of galaxy properties
and dhstances, de Vaucouleurs was per
haps best known for providing evidence
for a rapidly expanding, and hence very
YOUNE, Universc

ternative 1o Edwin Hubble's galaxy clas-

||;_' .-.|~.|| -_'r-.-.|1-.'k| an ._:-|-

stfication svstem and coauthored the en-
cyclopedic Referemce Catalogue of Bright
Crafacies with s first wife and collabo-
rator, Antoinette. De Vaucouwleurs taught
al the University of Texas untl his re
tirement m 1988 L
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Mars Surveyor 1998

NASA has selected the in-
struments for two robotic mis-
sions 1o Mars scheduled for
launch in 1998 and 1999. The
Mars Surveyor 98 orbater will
essentially be a weather satel-
lite for the red planet. It will
carry a |-kilogram imaging sys-
tem containing one camera for
capturing wide-angle views and
another for scrutinizing surface
details as small as 40 meters
The orbiter will look for sea-
sonal and weather-related
changes in the planet’s atmos-
phere and on its surface. An
infrared radiometer will track
the temperature and humidity
of the Martian atmosphere.

The Mars Survevor U8 lander will be the first probe to land in the 1cy Marhan
polar regions. It will take pictures of the surface as it descends toward the south
polar cap. After touchdown, the 250-kilogram lander will deploy a package of
stereo cameras and weather sensors, as well as a soil analyzer to study samples
dug up by a small robotic arm. NASA managers have also invited the Russian
Space Agency 1o supply an instrument, perhaps an atmospheric dust analyzer or
a device to make soundings of subsurface structure.

As the next stage in its exploration of Mars, NASA
plans to launch the Mars Survevor "S558 orbiter and
lander in 1998 and 1999, respectively. Courtesy
Lockheed-Martin Astronautics.

Midcourse Space Experiment

Scheduled for a March launch into polar orbit aboard a Delta rocket, the Bal-
listic Missile Defense Organization’s Midecourse Space Experiment (MSX) will
use a M-centmeter infrared telescope and an ultraviolet imager to track missiles
and satellites and to measure the background radiation from the Earth. Scientists
at the Air Force Phillips Laboratory and Johns Hopkins University will also use
MSX to make an infrared map of the galacue center with H-arcsecond resolu-
tion and to scarch for the postulated ultraviolet background from decaying neu-
trinos. MSX's telescope 15 unusual in that it 15 cooled with frozen hydrogen at
8.5° Kelvin, instead of the liguid helium used by previous cryogenic lelescopes.

International Ultraviolet Explorer

Last Sepiember 3ith NASA transferred all science operations for the Interna-
tional Ultraviolet Explorer (IUE) to the European Space Agency (ESA). For more
than 17 vears, control of the spacecraft was exchanged daily across the Atlantic,
with ESA’s Vilspa ground station near Madnd in charge for 8 hours and NASA's
Gioddard Space Flight Center in Maryland in command for the other 16, IUE is in
an elliptical, geosynchronous (24-hour) orbit inclined 35° to the equator and drifts
back and forth in longitude across the Atlantic. The orbit was recently adjusted so
that the spacecraft remains permanently visible from Vilspa. IUE's 45-cm telescope
contimues to return ultraviolet spectra of comets, stars, quasars, and other objects
SUKFSAL L -

The SURFSAT 1 test satellite (S&T: November 1995, page 16) rode into orbit
on November 4th. Built largely by participants in Caltech’s Summer Undergradu-
ate Research Fellowship (SURF) program, SURFSAT 1 is designed to simulate
transmissions [rom o l..l.-l_‘l_'l‘.l-*i[tlt,.'l.' i*rni’*u, allowing NASA 10 understand the cfiects
of atmosphenic distortions on the upgraded Deep Space Network. SURFSAT 1
will also test key communication links for the forthcoming Japanese VSOP radio- |
astronomy satellite.

Wil .|I.|r i .'|'.|| TR ek’ |'|I.'|' _|'.IIII Rk
Smuthsowian Center for Astrophiysics
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In Brief

* Bernard M. (Barney) Oliver, a re-
nowned engineer and astronomy enthu-
siast, died of heart failure on November
23, 1995, He was 79. Oliver directed re-
search at Hewlett-Packard Co. for dec-
ades and is perhaps best known for his
role in developing HP's hand-held calcu-
lators during the early 19705 But he was
also a devoted student of astronomy and
a longtime supporter of the search for
extraterrestrial intelhgence (SETI). At
s death he was a semor scentist and
board member at the SET] Institute in
Mountain View, California.

s Observations by George Gliba, Hiroshi
Koyama, and others reveal that Nova
Cassiopeiae, discovered by Japan's Mi-
noru Yamamoto last July, brightened
further late last vear. The nova hovered
around 9th magnitude through October
and early November, rose 1o magnitude
8 in late November, and reached visual
magnitude 7.2 i an outburst between
December 4th and 15th. Equinox 2(NX)
coordinates for the nova are nght ascen-
sion 1" 05 05, declination 54° (00" 40°,

* The most massive white dwarf known
has been discovered by an international
team led by Martin Barsiow (University
of Leicester, England). As reported in
the Monthly Notices of the Roval Astro-
nomical Society for December 1, 1995,
the object, designated as RE JO317-853,
turned up in a search with an ultraviolet
detector aboard the Rosal satellite. At
1.35 Suns. the white dwarf's mass lies
tantalizingly close to the Chandrasekhar
limit (1.4 Suns) past which gravity forces
such objects 10 collapse into far denser
neutron stars

* Last October 30th Harvard physicist
Paul Horowitz and his principal sponsor,
the Planetary Society, upgraded their
equipment for seeking alien radio bea-
cons. The new cffort, called Project
BETA (Billion-channel Extrarerrestirial
Assay), uses a surplus 26-meter radio dish
and sophisticated electronics to monitor
250 million frequencies at which inter-
stellar communication is presumed to be
most likely (S&T: February 1988, page
142). From its Harvard, Massachusets,
site Project BETA can cover about 75
percemt of the sky. It supersedes Project
META., which scanned 8.4 million chan-
nels for 10 years without detecting any
obvious extraterrestnal transmissions. G

By Jonathan McDowe

MISSION UPDATE %

Stardust

As NASAS fourth
Discovery mission,
the space agency has
selected a plan 1w
collect dust from Pe-
nodic Comet Wild 2.
The Stardust space-
craft is slated for
a February 1999
launch into a helio-
centric orbit, return-
ing to Earth for a
gravity-assist  flyby

Ratractable dusl
collectar .
aa

NASA's Stardust spacecraft will collect samples of Comet
Wild 2 and return them to Earth in the year 2008, Courtesy
the Jet Propulsion Laboratory.

| 23 months later. It

will then encounter the comet in December 2003, snapping images while racing
past at 6 km per second and coming within 100 km of the nucleus. Stardust wAll
scoop up dust grains from Wild 2's coma. trapping and preserving the tiny parti-
cles in a material called silica aerogel. In January 2006 the spacecraft will again
swing past Earth, ejecting a capsule bearing the precious cargo of cometary and
interplanetary dust for a planned landing in Utah. Stardust’s science team, led by |.
Donald Brownlee { University of Washington), chose 81P/Wild 2 because 1t is a
relatively fresh comet with a 6.4-year period. The comet first entered the inner
solar system in 1974 after being deflected by the gravity of Jupiter. Its perihelion
{closest approach to the Sun) now lies just inside the orbat of Mars.

X-ray Timing Explorer

NASA’s X-ray Timing Explorer seemed a reluctant space traveler at the end of
last year. The satellite’s launch was originally scheduled for the summer of 1995,
but problems with another mission’s Delta rocket delayed it until the beginning
of December. Then followed a long battle with the weather at Cape Canaveral,
Florida. Finally a “go” was given on December 18th, only to result in a dramatic
on-pad shutdown when the main engine failed to ignite. A hquid-oxygen valve

| stuck closed, preventing oxidizer from reaching the engine. XTE was finally

launched on December 30th. The satellite wall track rapidly varying X-ray ens-
sions from black-hole candidates, active galactic nuclei, and other high-energy
sources (S&T: March 1995, page 16).

MNear Earth Asteroid Rendezvous

The Near Earth Asteroid Rendezvous spacecraft arrived at Cape Canaveral on
December 6th in preparation for launch in the second half of February. NEAR
will become the first probe to rendezvous with an asteroid when it loops around
433 Eros in February 1999 (S& T: April 1994, page 16). Built by the Johns Hopkins,
Applied Physics Laboratory, NEAR is the first of NASA's new Dhiscovery plane-
tary missions (S& 7> September 1945, page 6). It will use an Earth flyby in January
1998 to alter its orbit for the Eros approach. NEAR should remam in the vicimity
of the 40-kilometer-wide asteroid for at least a year, eventually closing to within 35
km of its surface. The Discovery senes will continue with Mars Pathfinder (S&T:
April 1995, page 15), Lunar Prospector (S& I June 1995, page 16), and Stardust.
Konus A

The Russian military satellite Kosmos 2326 was launched on December 20th
by a Tsiklon rocket from the Baikonur spaceport in Kazakhstan. The satellite
carries a secondary astronomical payload, Konus A, developed by the loffe Inst-
tute of St. Petersburg. Konus A is a gamma-ray burst detector and spectrometer
similar to experiments carried on Soviet Venus probes and the Granat X-ray as-
tronomy satellite during the 1970s and 19805

MeDowell an asiroeioaner af the Hanvard-S5mithsorman Cenler for .a'l.'ifr'rlpu"l_'u'.\'h:".'. WD 21 £
fine newsletter on the space program: htlpfhea-www harvarad. ed/'Q E O ffemyspaceqsrfsehiml
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Dunham (International Occultation Tim
ing Association) and Alan D. Fiala (U5
Naval Observatory). They have studied
saolar-lmb data dermved from eight solar
:.'l:.']ip!-c..‘h (both total and annular) be
tween Oetober 1976 and f";.u._'}'-l-._'|'.|"1;_"
1987. As Dunham 1old Skv & Telescope,
“Preliminary analysis indicates a varia-
tion in the Sun’s size possibly synchro-
mzed with the period of the sunspot
cycle, but more resecarch is needed 1o be
certain.” By analvzing timings of Baily's
Beads from the l_'l.lp_'."h of the echpses’
tracks, Dunham and
arcsecond variation in solar radjus.

In Brief

= An super-
novae hillions of light-years away has lo-
cated eleven such beacons, four of
which he at record-setting distances
saul Perlmutter (Lawrence Berkeley
Laboratory) and his colleagues caught
the extragalactic explosions with the 4-
meter reflector on Chile’s Cerro Tololo.
As noted in IAU Circular 6270, the far-
thest of the bunch — with a redshift of
(65 — was caught in Pisces atl magni-
tude 2127 shortly before reaching peak
brightness. These supernovae will aug-
ment the database for determining the
rate at which the universe s expansion 15
slowing down (January 1ssue, page 27).

Fala found a 0.1-

international search fon

¢ A high-resolution spectroscopic study
has pegged Omega Centauri as the most
massive globular cluster known. At mag
nitude 3.6, the skyv's brightest globular
now appears (o have the mass of 5.1 mul-
lion Suns. This estimate, given by Euro-
pcan astronomers in the November (111)
1995 Astronomy and Astrophysics, was
denived by the line-of-sight

speeds of stars within a few

MEASUring
Arcminules
of the cluster’™s core. The data were ob-
taimmed with the Damish 1.3-meter
tor at La Silla, Chile.

reflec

* Margaret W. Mayall, head ol the
American Association of Vanable Star
[}-_'-

md-

|.I||.'i:.
age 93, In the
the AAVSD was asked to

sever its direct association with Harvard

Observers from 1949 g 1973
cember O, i""".:". it

149305, when

Observatory, she guided the organiza-
tion's transition (o viable independence
An expert on spectral classification, May
all was involved in the editing and au
thoring of numerous popular books and
(=

articles about astronomy
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Tethered Satellite System

The Tethered Satellite Sys
tem, scheduled for deploy-
ment in February from the
Space Shuttle Columbia, con-
tinues a joint American-Ital-
1an project to study the orbital
dynamics of a 20-kilometer-
long., electrically conducting
tether. The Kevlar line takes 6
hours to unreel to its full
length. A small satellite on its
end is to measure electromag-
netic effects during two days
ol experiments before asiro-
nauts rewind evervthing back
into the cargo bay. On the first
I'S5 mussion in 1992 the wether
snagged on a bolt after un-
winding only 260 meters
Infrared Space Observatory

Following its launch last No-
vember, the European Space
Agency's 150 spacecraft s
completing 115 n-ortt check-
out with flving colors (Febru
ary issue, page 11). All four instruments have been sending back data; the only
significant problem reported so far 18 that the Long Wavelength Spectrometer's |
sensitivity may be affected by an unexpectedly large number of cosmic-ray- |
induced glitches [SO's detectors are used for 16 hours each day as the spacecraft
swings out to 70,000 km from Earth; they must be shut down during cach pengee |
pass through the Van Allen radiation belis. |

The Tethered Satellite System hit a snag during
its deployment on a mid-1992 Space Shuttle mis-
sion. Astronauts were to give it another try during
Columbia’s 19th Might, scheduled for February
Courtesy NASA,

X-ray Timing Explorer

As reported last month (page 17). the XTE satellite reached orbit on Decem-
ber 30th. By the first week of January its two main instruments had made their
first observations of X-ray sources, including a pulsar, the Crab Nebula, and a
Seviert galaxy. The All Sky Monitor, however, was temporarily turned off to ana-
lyze problems with two of its three detectors,
Solar and Heliospheric Observatory

The European SOHO satellite trimmed its orbit with several rocket firings on
January 53th, when 1.4 milhon km from Earth. and arced away from the Earth-
Sun hne The spacecraft was due to réach 11s maximum deviation at the h-Egm-
ning of February before falling back toward the L, Lagrangian point 10 enter a
“hale” orbit in mid-March. Meanwhile flight controllers worked to check out
SOHO's scientific instruments. They took their first helioseismological Doppler
image on December 20th. This was followed by their first coronagraphic and ex-
treme ultraviolet images of the Sun,

Pioneer 6

The world’s oldest working spacecraft, Pioneer 6, completed 30 years in solar
orbit last December. In the late 1960s Pioneers 6 through 9 returned information
on the solar wind, and during the Apollo Moon landings they provided hourly
reports on the dangers posed to astronauts by solar tlares, NASA's Deep Space
Metwork still checks in with Pioneer 6 every few months to verify that it's in
good working order

WeDowell specializes in mulibwavelengih stwdies of extragalaciic arjects af the Harvard-
Smithsonian Center for Astrophysics. |
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Resolving Red Giants

In recent years optical astronomers
have routinely resolved the disks of giani
stars, thanks to improvements in inter-
ferometnc imaging (Sde 7 October 1991,
page 36l January 1992, page 29). Now
Chns A. Haniff (University of Cam-
bridge), Michael Scholz (University of
l'll..'llJl_‘H'-L'l'l.',b. and Peter G, Tuthill (Ulna-
versity of California, Berkeley) have
painted a revealing picture of how these
stars actually look

In addition to reviewing other recent
imagery, the team tracked the diameters
of 10 Mira-tyvpe variables over a two-
vear period. They did so by using an
aperture mask to divide the William
Herschel Telescope's 4.2-meter mirror
mto scparate zones. They then analyzed
the resulting interference patterns with
mathematical methods originally devel-
oped for radio interferometers such as
the Very Large Array

Unlike main-sequence stars such as
the Sun, which are round and sharp-
edged, giants are fuzzy. Their edges are
gradually dimmed by increasingly pro-
nounced limb darkening. Moreover, the
largest, coolest ones, including red su-
perglants and Mira-type vanables, are
proving to be lumpy, irregular gashags
that squirm and puff

As the astronomers note in the Sep-
tember 15, 1995, Monthly Notices of the
Royal Astronomcal Society, many Mi-
ras become elongated at times Take R
Cassiopeiae, for example. The enigmatic
star has swelled by as much as a third
more in one dimension than in another
This ellipticity changes in orientation as
well as in degree. Miras also display
smaller, more complicated changes in
shape and brightness.

The photospheres, or light-emitting
surfaces, of the 10 Miras that Haniff's
team studied were all at least 1.8 astro
nomical units i radius large enough
to encompass the orbit of Mars As it
happens, theory shows that Miras this
large that have 1 to 1.5 times the Sun’s
mass cannot pulse in the simplest, fun
damental mode. Rather, they engage in
first-overfene  pulsations, wherein  the
star’s inner and outer halves together ap
proach, then recede from, an intermedi-
ate zone. Such behavior has been seen n
Cepheid vanables (5& T October 1994,
page 14). At the same time, other astron-
omers describe evidence that these com
plex stars do in fact pulse n the funda-
L

mental mode.
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| ject Spectrometer (NICMOS) and

MISSION UPDATE

Hubble Space Telescope
Preparations are intensifyving
for the February 1997 Space Shut-
tle mission 1o service the orbiting
Hubble telescope (S&T: Septem-
ber 1995, page 16). Highlights of
this visit will include installation
of two new mmstruments, the Near
Intrared Camera and Multi-Cb-

the Space Telescope Imaging Spec-
trograph (STIS). Looking ahead
to the third servicing in 1999,
NASA has decided to replace
Hubble's solar-cell panels again.
I'he flexible blankets installed in
December 1993, while expected
to last until the vear 2002, contin-
ue to plague the spacecraft with
unwanted wvibrations. S0 in No-
vember 1999, if the current sched-
ule holds, astronauts will swap
them for rigid panels hke those
used on some communication satellites Meanwhile Hubble science operations
continue normally, except that one of the satellite’s three tape recorders got
stuck and had to be turned off. New solid-state recorders will be ferned to Hub-
ble next year along with STIS and NICMOS.
Near Earth Asteroid Rendezvous

The NEAR space probe was launched on February 17th from Cape Canaver-
al, Florida. A three-stage Delta rocket sent NEAR out toward the main asteroid
belt, where it will fly past minor planet 253 Mathilde in June 1997, 1t will then
swing back in and graze the Earth only 500 kilometers above the surface, using
our planet’s gravity to put it in an orbit matching that of the near-Earth asteroid
433 Eros. After entering orbit around Eros in E"::hrl.l:;]r'_l.' 199 the bﬂx-shﬂped
craft will take pictures, measure magnetic helds, and use an X-ray spectrometer
to determine the elemental composition of the asterod’s surface,

During its December 1993 servicing by shuttle
astronauts, the Hubble Space Telescope re-
ceived the new pair of solar-cell “wings” shown
above. These flexible blankets will in tum be
replaced by rigid panels during the shuitle
visit now planned for 1999, Courtesy NASA,

Satellite per Astronomia X

Scheduled for launch in late April by an Atlas-Centaur rocket from Cape
Canaveral, SAX 15 Italy’s first X-ray astronomy satellite. Its telescope has 30
nested murrors that can make images with 1-arcminute resolution at energies be-
tween 10 and 10,000 electron volis This covers both the “soflt™ (low-energy ) X-
ray range séen by Rosat and the “harder” range observed by ASCA (see below).
The satellite also carries detectors (o monitor higher-energy X-rays within a 1°
ficld around the target. These will enable astronomers (o simultaneously study
the full spectrum of X-ray emissions from cosmic sources for the first ime.
Advanced Satellite for Cosmology and Asirophysics

Jlapan’s ASCA X-ray astronomy satelhte began 1ts fourth vear of observations
m February. It continues to operate well, but, as expected, the cumulative effect
of multiple daly passages through the Van Allen radiation belts has damaged the
CCD imagers. Such damage is minimized by using only one of the four chips at a
time at the expense of limiting observations 1o a smaller field of view. Targets for
February Y96 included the nearest star system, Alpha Centaun: quasar 3C 274,
which recently flared; and supernova remnant SNR 1006, where ASCA recently
discovered evidence for cosmic-ray acceleration.

Woeldowell, an astroneoner ar the Harvard-Smithsormian Cenfer for Astrophysics, writes @
weekly elecironic newslefrer on the space program (avaifable on the World Wide Web at
htpAhea-wwn harvard edi'Q E D Triomydspace e jsr.htmi ),




ph}ls'icﬁ.} reporls in the January 20th As-
trophysical Journal, our galaxy contains
490 = 110 bilhion Suns’ worth of mass
within 160,000 hght-years of its core

In Brief

* Quarks may not be the indivisible
building blocks of nuclear matter after
all. Fermulab physicists have analvzed the
debris created when protons and antipro-
tons are forced nto high-speed head-on
collisions. And, as Frank Wilszek (Insi-
tute for Advanced Study) discusses in Na-
fure for March Tth, doing so has revealed
a subtle excess in the highest-energy de-
bris particles. This excess may be evi-
dence that quarks are built of yet-smaller
pleces, just as protons and neutrons are
built of quarks, and atomic nuclel, in turn,
are built of protons and neutrons. How-
ever, several more sedate explanations
are also viable: the interactions between
guarks may be incompletely understood,
or there may bae an unknown “vecior
boson™ affecting the shortest-range forces
between neutrons and protons (S&T: De-
cember 1987, page 582).

.

* Geminga's parallax has been meas-
ured with the Hubble Space Telescope.
As Patrizia A. Caraveo (Institute of Cos-
mic Physics, Milan, Italy) and her col-
leagues report in the Astrophysical Jour-
nal Letters for Apnl 20th, the emigmatic
gamma-ray pulsar had already been
known to evince a high proper motion
But its newly measured parallax the
first determined for a neutron star at vis-
ible wavelengths — has pil'u'll_'{] down Lthe
object’s distance at 510 light-years, give
or take 30 percent. This will enable sci-
entists to determine Geminga's absolute
luminosity, testing theories for neutron-
star emission mechanisms in the process.

* Dhio State Universityv's “Big Ear”
radio telescope will be shut down by the
end of next year. Utilizng a rectangular
reflector larger than three football fields,
the huge instrument has been used 1o
conduct the longest-running search for
extralerrestnal radio transmissions. But
the facility rests on land currently slated
for residential development and a golf
course. The Big Ear’s designer. John [
Kraus, notes that its pioneering 1970k sky
survey discovered thousands of sources,
including many high-redshifi
and quasars. A similar survey now under
way should be completed before the tele-
scope 15 decommissioned o

galaxies

By Jonathan McDowell

MISSION UPDATE <

Tethered Satellite System

The second attempt to fly
the shuttle-based Tethered Sat-
ellite System ended in debacle
on February 25th when the 20-
kilometer-long tether snapped
just before reaching s full
length. Mevertheless, the joint
NASA-Ialian Space Agency
experiment achicved its main
objecive: proving that space
tethers can generate electrici-
tv. The shoelace-thin cord car-
ried a half ampere of current and a potential of several thousand volts as it sliced
through Earth's magnetic field at an altitude of 295 km. The experiment also in-
advertently demonstrated the ability to launch a satellite into a higher orbit
without using rocket fuel. When the line broke, the satellite and tether recoiled
into an orbit with an apogee 100 km higher than the shuttle’s However, the long
tether's surface area caused so much atmospheric drag that the satellite re-
entered the Earth’s atmosphere on March 19th.

International Ultraviolet Explorer

For the world’s oldest operating astronomy satellite, the International Ultravi-
olet Explorer, the end is finally in sight. IUE will be switched off September 30th
after more than 18 vears in synchronous orbil. The move follows cuts in the
European Space Agency’'s science budget; NASA funding for the satellite was
curtailed last year. IUE"s ultraviolet spectrometers provided a generation of as-
tronomers with an unprecedented window on high-temperature stars, mass-
exchange binares, and the interstellar medium.
Galileo

The Galileo spacecraft reached the farthest point (apojove) in its first orbit
around Jupiter in mid-March, at a distance of 19 million km from the gant plan-
el. The orbiter fired its rocket engine to raise the future closest approach (pen-
jove) from 185,000 to 670,000 km and o prepare to pass within 1,000 km of the
moon Ganymede on June 27th.

Pegasus XL

NASA's Small Explorer program is back on track now that Orbital Sciences
Corporation’s air-launched Pegasus XL rocket has made a successful flight. Fol-
lowing failures on its first two attempts. the third XL placed a US. Air Force
wnospheric-research satellite into a polar orbit in March.

Hubble Space Telescope

Astronomer-astronaut Steven A. Hawley, who hifted Hubble out of the shuttle
[hscovery's cargo bay in Apnl 1990, will join the crew of the second telescope-
servicing mission next February. Hawley temporanly left the astronaut corps two
months after the Hubble deplovment to become an administrator at NASA's
Ames Research Center, then returned to Houston in 1992 to help direct flight-
crew operations.

This video frame shows the 20-km-long cord from
the $440 million Tethered Satellite System flying
away from the Space Shuttle Columbia after snap-
ping unexpectedly in February. Courtesy NASA.

Polar

NASA’s Global Geospace Science project is well under way following the
launch of the Polar plasma laboratory on February 24th. Similar in form and
function to its companion Wind spacecraft (S&T: February 1995, page 16), Polar
was placed in an elongated orbit with an apogee 3L, km above Earth’s north

| pole. From this vantage it will study charged particles, electromagnetic fields, and

the aurora.

| McDowell is an astronomer at the Harvard-Smithsonian Center for Astrophivyics and wries
| @ weekly electromic newsletter on the space program {hupdhea-www harvard edw'QEDT/

jerespace/jsrdsr kil )
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The astronomers will further test this no
ton with images obtained durnng last
April’s total lunar echpse (June issue,
page 10) from the sland of La Palma

In Brief

* Physicists

have finally svnthesized
metallic hydrogen, an exotic form of the
ubiquitous element that is thought to
dominate the interiors of the outer plan
ets. As detailled in Physical Review Let-
fert ftor March 11th, Samuel T. Weir,
Arthur C. Mitchell, and William 1. Ncllis
(Lawrence Livermore National Labora-
tory) achieved the long-sought result by
placing liquid hydrogen in a high-pres
sureé gun and momentarily squeezing it
to a pressure of 1.4 milhon atmospheres
(1.4 megabars). Its electrical resistance
dropped at a lower-than-expected pres-
sure, implying that gas-giant planets har-
bor even more metallic hydrogen than
had been thought.

* A second extragalactic source of very
high energy gamma rays has heen discov-
ered with the Whipple Gamma-Ray Ob-
servatory, As Michael Catanese (lowa
State University) reported to an audience
in ltaly, gamma rays with energies above
300 billion electron volts have
tected a0

galaxy 400 milhon light-yvears away in
Hercules. Markarian 421, the first source,
lies at a simular distance. Gamma rays
with such energies pass through orbiting
instruments undetected: they can be indi-
rectly observed only when they induce
ephemeral flashes in the Earth’s atmos-

been de-

from Markanan an achve

phere (5& T September 1995, page 20).

* According to a Pars
group, long-sought Flanet X could be

Ohservatory

discerned by precisely timing the pulses
from rapidly rotating neutron stars. Is-
mael Cognard and colleagues note in
Astronomy and Astrophvsics for April
(I} 1995 that a massive 1(th planet or-
Biling our Sun [1'IJ_E|'I[ be r::~p::-n-|l'-l~; for
unexplained uming residuals in PSR
1937421, a milhsecond pulsar in Vulpec-
ula, José Mavarro (Natonal Radio As
tronomy Observatory) does warn that
small errors in the mass or mohon of the
already-known planets could mask or
mimic the gravitational effects of Planet
X. At the same time, he notes, discover-
ng more millisecond pulsars and timing
them for a few decades could in pringi-
ple reveal an unknown massive membei
of our solar system Ly
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Far Uliravioletl Spectroscopic
Explorer

After surviving a very close
brush with cancellation (S&T:
December 19%, page 16), the
simmed-down Far LUlltravio-
let Spectroscopic Explorer s
now on track for a late-1998
lannch. FUSE
the abundance of deutcrium
(heavy hvdrogen) both in the
Milky Way and in extragalac-
tic space, testing theories of
Big H.‘l'l'l.!: nucleosynthesis. It
will also map our galaxy's
hot interstellar medium and
survey ultraviolet emissions
from molecular hydrogen in
star-forming regions. The satellite’s lone instrument, a far-ultraviolet spectro-
graph, consists of four coaligned telescopes that direct light onto a set of high-

will measure

Astronomers saved the Far Ultraviolet Spectro-
scopic Explorer (FUSE) from NASA's budget ax hy
irimming the satellite to the bare essentials. FUSE
will probe the interstellar medium and star-form-
ing clouds. Courtesy Scott D. Friedman, Johns
Hopkins University.

| throughput diffraction gratings. The gratings have been assembled by the French

space agency, which is collaborating with NASA on the mission. FUSE will be
operated from a control center at Johns Hopkins University in Baltimore, Mary-
land. The spacecraft will be built by Orbital Sciences Corporation and nide to
orbit aboard a Delta 7320 rocket.
Cassini/Huygens

Preparations are well under way for the launch of the Cassini mission to Sat-
urn, now scheduled for October 1997, At the Jet Fmpu!sian Lahcrratnr}' in
Pasadena, California, engineers have begun installing science instruments in the
orbiter. And Cassini’s propulsion module has been test-fired at White Sands,
New Mexico. Meanwhile, in Germany, assembly is proceeding on the Huygens
probe, which Cassini will drop off at Saturn’s moon Titan. The European Space
Agency has completed vibration testing of one model of Huygens, subjected an-
other o simulated hightrmung strikes, and dropped a third from a balloon to test its
parachute system

Cassini/Huygens will be launched on a Titan-Centaur rocket from Cape
Canaveral, Florida, and will make two flybys of Venus and one of Earth before
heading for the outer solar system. The spacecraft will pass Jupiter on December
30, 2000, and arrive at Saturn in the summer of 2004, Huygens will descend into
Titan’s atmosphere that December
Rossi X-ray Timing Explorer

NASA has renamed the X-ray Timing Explorer after Bruno B. Rossi, a pio-
neenng X-ray astronomer at MIT who died in 1993, Launched last December,
RXTE is operating well. Shortly after launch its all-sky momtor malfunctioned
and had to be shut down, but by late March it was restored to health, The satel-
lite 15 generating a sleady stream of AU Circulars reporting transient and flar-
INg X-ray Sources.
Solar and Heliospheric Observatory

[he SOHO spacecrafl entered a “halo™ orbit around the L, Lagrangian point
on the Sunward side of Earth, where solar and terrestrial gravity balance, on
February 14th (not in March as reported in my April column). A month later its

| regular observing program was mterrupted for a few days so the satellite could

focus on plumes of gas coming from the Sun's south pole.

MeDowell is an asironomer at the Harvard-Smithsonian Center for Astrophyvsics and wriles
a weekly electronic newslelter on the space progrant Hr.'.'f:l.'.-'-"nl:':'.rl-H."H'I-l.'..lrrJ'rl.'ﬂFd.{’dw’{:iEﬂT."'
fomdspace s s il




NEWS NOTES

ing the moon’s surface crater free re
quires at least two such eruptions per
month. (One recently caught by the Hub.
ble dpace Telescope is descnibed on page
10 of the February 1ssue). Planetary ge-
olomsts hope to catch other spoutings
with the Galileo spacecraft, which 1s now

in orbit around ,EL,]"i!.I_'I'.

In Brief

* The most circular orbits known belong
to the pulsar J2317+1439 and its white-
dwarf companion. As reportad in the
April 20th Astrophysical Jowrnal, Fer-
nando M. Camilo (Princeton) and his
collecagues timed the spin of this neutron
star in eastern Pegasus very precisely
with the Arecibo radio ||_'|L"-I_'“LI|'I-L'. |-|"|..':-.
conclude that the eccentricity of its 2

day orbit 15 less than 12 parts in 10 mal-
lion (¢ < 1.2 = I0r"). Princeton’s doseph
H. Taylor attributes the circulanty to
“very efficient damping in the distant
past.” when the white dwarl's progemitor
wis a swollen red giant shedding matter
onto the neutron star. Salurn’s moon
lethys may follow an equally circular
orbit, but current data can limit its ec
centricity o only 10 parts per millhon

¢ A collision with Earth may be i the
future for 433 Eros, a 4i-Kilometer-long,
|4-km-wide asteroid whose 1.8-year orbit
currently reaches penthelion at a distance
of 1.13 astronomical units Researchers
led by Patrick Michel (Cote d'Azur Ob-
servatory) modeled Eros's orbital behav-
ior over the next two mailhon vears As
the group reports in Namire for April
25th, an orbital resonance with Mars has
a roughly 40 percent chance of making
an Earth-crosser out of Eros sometime in
the next mulhon years Once that hap-
pens, the astermd wall be able 1o hit the
Earth. “Such a colhsion,” the researchers
write, *is likely in the far future.”

= According to David C. Jewitt {Univer-
sity of Hawan), submillimete:
tions of Comet Swalt-Tuttle may reveal

LAV Y il -

Perseid meteors being born. As he wriles
in the Astronornical Jowrnal Tor Aprl, the
lames Clerk Maxwell Telescope captured
thermal radiation from large dust part-
cles near the comet’s nucleus The 30 tons
of dust released each second during
Switt- Tuttle’s 1992 pernthelion, writes Je-

witt, are “destined to populate the Per-

SIrean

August.

seid meteor

-,'lfi:l:-.:_l_l I, '-..L:-.
Ly

waichers eacl
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Microwave Anisotropy Probe

lThe Cosmic Background Explorer
{COBE) was among NASA's most suc-
cessful mussions. Launched in 1989, 1t
made the first reliable measurements of
the spectrum and anisolropy (nonuni-
formity) of the microwave background
radiation believed left over from the
Big Bang (S5& T January 1993, page 4).
In May two new, complementary mis-
stons were selected to build on COBE's
success. They will both seek smaller-
scale amisotropes, the presumed seeds
of the large-scale structure we observe
in the umiverse today.

The Microwave Amsotropy Probe
IMAP) will be NASA's next Mid-Size
Explorer, or MIDEX. After launch n
the year 2000, MAP will become the
nrst spacecraft to orbit at the Sun-
Earth L, Lagrangian pont, 1.5 mallion
kilometers from Earth in the direction opposite the Sun. This unique vantage
will enable the spacecraft 10 point simultancously away from the Sun, Earth, and
Moon and thus avold their natural and (in the Earth's case) artificial microwave
emissions. which would interfere with cosmic signals. MAP will aim to measure
differences in the intensity and temperature of the cosmic background in differ-
ent directions on the sky 1o an accuracy of 20 millionths of a degree Kelvin.
MAPs 1.5-meter microwave dishes will be able to discern fluctuations only %"
across, compared with COBE's 7 resolution.

COBRASASAMBA

An advisory committee has recommended COBRASSAMBA as the Euro-
pean Space Agency's next medium-class science mission. This represents a merg-
er of the proposed Cosmic Background Radiation Anisotropy Satellite (CO-
BRAS) and Satellite for Measurement of Background Anisotropies (SAMBA).
After launch in 2004, COBRAS/SAMBA wall map the sky at an angular resolu-
tion of only 10 arcminutes and detect temperature fluctuations of just 6 mil-
honths of a degree Kelvin, near the limit at which emissions from our own galaxy
prevent us from seeing details of the relic fireball. Like MAP. COBRAS/
SAMBA will be sent to the L, point.

Imager for Magnetopause-to- Aurora Global Exploration

Another newly funded MIDEX program 1s the Imager for Magnetopause-1o-
Aurora Global Exploration (IMAGE). This NASA satellite will study ultravielet,
radio, and neutral-atom emissions from the aurora borealis and the properties of
the polar wnosphere, Due for launch in late 1999, IMAGE will operate in an
clongated polar orbit [or two years.

BeppoSAX

OUn April 3Uth an Atlas-Centaur rocket placed Italy’s Satellite per Asironomia
a raggi X (SAX) into an equatorial orbit 500 km above Earth, Mission managers
then tested the spacecraft’s pointing and control systems. In May the satellite
was renamed BeppoSAX in honor of Giuseppe “Beppo”™ Occhialini, a pioneer in
high-energy astronomy. BeppoSAX was scheduled to begin observing targets
with its main X-ray telescope in June, obtaiming simultaneous specira at energies
from (L1 to more than 200 kiloelectron volts. [t will also conduct a survey of the
_:',.:I.u'li-. |'l|.L|'|I_'.

The 595-kilogram Microwave Anisotropy
Probe, a joint project of NASA's Goddard
Space Flight Center and Princeton Uni-
versity, should begin its 15month mis-
sion in the year 2000, Courtesy NASA.

We Dowell specializes in mdibwaveleneth studies of extragaiactic objecty ar the Harvard-
Smithsonian Center for Asir '.".Il"n VK
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MISSION UPDATE .7

Cluster

On June 4th four wdenncal satellites L'-;_'-H-;_'L'“[l'u.ul_'q.' known as
Cluster were lost when the rocket meant to carry them into
orbit exploded. The ill-fated launch was the first for Ariane 5,
the European Space Agency’s next-generation, heavy-lift rock-

et. Thirty seconds after liftoff Ariane’s onboard computer mis-

takenly ordered the vehicle to turn sharply, causing it to break
apart. Automatic systems then destroved the rocket and its pay-
load some 3.4 kilometers above the launch complex at Kourow,
French Guiana. ESA officals suspect flawed computer soft-
ware and were 1o present the results of an inquiry in mid-July.

Cluster was part of ESA’s Cornerstone | science project.
Anane was meant to deliver the payload 1o an equatorial
geostationary transfer orbit 1o demonstrate the rocket's
commercial suitability. The satellites would then have used
their own engines to mancuver 1o entirely different. much
higher polar orbits Cluster was intended to studv the
Earth’s magnetosphere using magnetometers, ion spectrom-

| eters, electric-field probes. and particle imagers. On July 3rd,

ESA managers decided to build a single replacement satel-
lite to be launched next year.
Tethered Satellite System

NASA's Tethered Satellite System failure review board
has reported s findings. The [tahan-built satellite was at
tached to a 20-kilometer American-built cable. On its first
fhght i 1992 the cable .-:.nn!:_m;r.l after only two hundred me
ters of deployment and had to be recled in. Earlier this year
the svstem got a second flight, during which the electrical
properties of a long, conducting space tether were success-
fully measured. However, the tether snapped just as it ap-
proached its full length, and the satellite was flung into a
higher orbit from which it has since reentered the Earth’s at-
mosphere (June issue, page 17; July issue, page 109),

The tether remnant and deplover were returned to Earth,
where inspection revealed contaminating metal and plastic
debris. Some of this debris presumably caused a small hole in
the tether msulation. Electnical arcing across the 3.5(00-volt
potential drop between the tether and the deployer resulled,
burning through the Kevlar that held the tether 1ogether.
Infrared Space Observaton

Astronomers had a brief scare on May 30th when the
crvogenically cooled Infrared Space Observatory accidental-
ly spent two minutes looking at the Earth, sending its on-
board temperature shooling up to a “sweltering™ 10" above
absolute zero. The emergency happened near perigee. when
the satellite was out of contact with the ground station. Au-
tomatic software pointed the telescope away from Earth,
and science operations were able to resume two days later
when the instruments were restored to their normal temper-
ature below 47 Kelvin. Only a small amount of the hgud he-
lium coolant seems 1o have been used up during the mishap.
In September ESA mission controllers will order 150 1o ad-
just its elliptical orbit slightly so that it remains synchronous
with the Earth's rotation

The first flight of Europe's Ariane 5 rocket on June 4th ended
in disaster when the vehicle strayed off course and was de-
siroved. Lost in the accideni were four identical satellites, one
of which is shown here, that were intended to explore Earth's
magnetosphere. Courtesy ESA.

Galileo

The Galileo orbiter flew past Jupiter’s moon Ganymede
on June 27th (Umversal Time) as it completed its first trip
around the giant planet. During this so-called Ganymede |
encounter, the spacecralt skimmed only 832 km from the
moon's surface, 70 umes closer than Voyager's nearest ap-
proach. The pictures taken by Galileo will be relayed over
the next few months and are expected to reveal details of
Ganymede's complicated geology. Galileo's second pass by
Jupiter itself came 18 hours later, at a distance of 11 Jovian
radi. During the week-long encounter period, Galileo exam-
ed Jupiter’s magnetosphere and auroras, as well as the
moons Europa, Calhsto, and lo.

Galileo’s second orbit of Jupiter is much shorier and
will end with the Ganymede 2 encounter on September 6th.
At that time the spacecraft will pass even closer ta Gany-
mede and will exploit that body's gravity to lower its or-
bital inchnation
VLBI Space Observatory Program

The Mu Space BExpenment Senes B satellite is being pre-
pared for launch from Japan’s Kagoshima Island spaceport.
Muses B, which s the space segment of the VSOP (VLBI
Space Obscrvatory Programme) mission, will carry an 8-
meter-diameter radio telescope into a 22000-km elliptical
orbit around the Earth. Muses B will be aboard the first flight
of Japan’s new M-3 rocket, whose four stages have never
flown before, and comphcations have causcd the launch to
shp to February 1997, Signals garnered by the satellite will be
combined with those from ground-based radio telescopes to
produce an unprecedented baseline larger than the Earth. &2

fr addinion to fis work ai the Harvard-Smithsonian Center for Astrophysics, MeDowell prepares o weekly electronic newsletier on the space
program (Warld Wide Web URL: hupafhea-wwwharvard edw/ Q ED T/ femdspace/fan/jsehimi)
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cach find that Tau
sight velocity shifts sinusmdally every
3.3 days. If the variation. some 470 me

ters per second in .:|:1|'-||I1||_|._, 15 causaed

Bodhis A's |III-._ -] -

* Ihe Hipparcos mission has released
s first astrometnic resulis on specific
stars. As noted 1n Astronomy and Astro-

phryvsics for June 10th, the spacecraft has

per limits on the stars’ wobbling mo-
tions. In turn, this limits the masses of
their substellar companions. (The spee-.

:|'l"‘--.'l.'l|“"]-\'..' Wors that Il.."-l_'..l:ll_'d '||'.|IZ'I.‘1'I._" COm-

by an unseen companion, then that ob-  enabled astronomers to quantify the panions places only lower limits on the
masses. ) With 1ts crcular orbit and a
mass between 2. 22
Ursae Majons B “satis-

fies the semantic criternon for classifica-

ject must have at least 3.9 times Jupi-
ter’s mass and circle Tau Bootis A from
a mere W05 astronomical unat
bit eight times smaller than "u.h_-r-._-m_x'a.

parallaxes of 47 Ursae Majoris, 70 Virgi-
s, and 51 Pegasi. In addition to refin

ing these stars’ distances [(now 46, 59.

S and lupiters, write

an or- the authors, 47

and 50 light-years, respectively), “’i"r'*"'"
tion as a massive planet.” -

arcund the Sun.

cos's positonal measurements place up

MISSION UPDATE 4. By

Jonathan McDowell

BeppoSAX .

ltaly’s BeppoSAX X-ray astronomy satellite
made its first observations in June. It stared at the
A-ray binary source and black-hole candidate Cye.
nus X-1 for three days (see the illustration at j;r
right). In July it looked at the Seyfert galaxy NGC
4151. All the instruments are operating well, and
the telescope 15 producing images with better than
l-arcminute resolution.
Cluster 5

Four scienufic satellites called Cluster were losl
when their Arane 5 launch vehicle was lost in
June. a potenuially devastating blow to European
space scientists (September issue, page 18). The European Space Agency
(ESA) has decided to combine the Cluster project’s structural test model
with sparc subsystems and launch it as Cluster 5 Under the new program,
nicknamed Phoenix by the media, ESA is also considering building the
three addinonal spacecrall that are needed to make four-poini measure
e nts the key feature of the Cluster concept. The options are to build
three smaller Lhat
would carry only some of the original Cluster instruments.
Grravity Probe B

MNASA has decided to continue development of the Gravity Probe B
relativity mission. GP-B i1s designed to carry a telescope and special super-
cooled gyroscopes 1o precisely measure, with respect to a star, the satel-

This first-light image from the BeppoSAX X-ray
satellite finsef) shows Cyvgnus X-1 at energies be-
tween 1 and 10,000 electron valts. This view was
taken on June 22nd using the satsllite’s Low-Ener-
gy LUoncentrator Spectrometer. The fwo spots in
the corners are internal calibration sourees, Cour-
tesy ESA and the Italian Space Agency.

additional Cluster satelhites or three mirmsatellites

lite's orientation as it orhits the Earth. Einstein’s general theory of relativ
| ity predicts that the gyroscope-pointing direction will change relative to the star by (L042 arcsecond over the course of a vear
because of the Lense-Thirring effect, which describes the dragging of space-time by a moving mass.

Space Infrared Telescope Facility ,

The .‘";-FHIL'-..' Infrared '|;'||.‘--|._'1'|]'u_' Facility (SIRTF) moved a step closser s n_-aiil:., this summer when NASA awarded Lockheed
Martin a contract to build the spacecraft. Ball Aerospace, a veteran of the IRAS project, will build the liguid-helium dewar for
the supercold telescope. NASA's Jet Propulsion Laboratory will oversee the project. SIRTF will be launched into solar orbit by
a Delta rocket in 2001. Its (L.85-meter bervllium primary mirror will have a mass of only 14 kilograms and will be cooled to 2.8°

| kelvin above absolute zero. It wall focus infrared light onto a camera, a spectrometer, and an imaging photometer.

X-33

Lockheed Martin received more good news i July when Vice President Albert Gore announced that the aerospace firm
had been selected to build the X-33 experimental rocket plane. Although it will not be able to flv into orbit itself. the X-33
will demonstrate technologies needed for a totally reusable launch vehicle. A series of suborbital missions should start in
March 199, The craft will use a lift-generating fuselage and a revolutionary motor design. Its Rocketdyne liquid-hydrogen/
liquid-oxygen engine uses a tapering nozzle, called an acrospike, instead of a conventional bell-shaped rocket one. The new
engine’s internal parts are more conventional, using designs taken from NASA's Saturn rocket program. The X-33 will
aunch vertically from Cahfornias Edwards Air Force Base and land on runways in Utah or Montana. The Boeing 747 Space
shuttle carnier will then return it to Edwards for its next flight.

I'lrl |r| WP B ST AXTFENTEArREF G ER
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* The lowest-mass white dwarf known
has been wdentified in orbit around the

dwarl’s surface temperature and surface
gravity; i turn, these quantities mply a

milbsecond pulsar J1012+5307 in Ursa mass of 0.16 Sun. The white dwarf’s

Major. The 19th-magnitude white-dwarf
companion was “weighed” with spectra
[0-meter Keck 1 reflecton
on Mauna Kea. As Marten H. van Kerk-

iaken at

progenitor presumably shed much of its
mass onto its neutron-star companion.

# Another dwarf galaxy's proper motion

ondal galaxy LL:liiug back to the 195k The
diffuse. 10th-magnitude assemblage of
stars appears to follow the Large Magel-
lanic Cloud’s orbit around the Milky Way
at a speed of 204 kilometers per second.
Iracking such satellites helps astronomenrs
“weigh” our galaxy’s dark-matter halo.

wijk (Caltech) and colleagues report in
the Astrophysical Journal Letters for

August 2Uth, spectra reveal the white

MISSION UPDATE

has been refined by astronomers at
Yerkes Observatory. Andrea E. Schweit-
zer and her colleagues scanned photo
graphs of the Ursa Minor dwarl spher-

These findings were reported at this
summer’'s meeting of the American As-
ronomical Society. L

By Jonathan McDowell

Mir 1

In August NASA astronaut Shannon Lucid passed the
five-month mark in orbit aboard the Russian space station
Mir, sigmificantly excecding Norman Thagard’s 115-day flight
last year. Launch of the Space Shuttle Arfanris to bring her
home and deliver her replacement, John Blaha, was delayed
from mid-August to late September because of problems
with the sohd rocket boosters More than two dozen Russian
cosmonauts have spent more time in space than has Lucid,
though she does now hold the cumulative-duration record
for a woman, surpassing Yelena hondakova's 1649 days.
Fast Auroral Snapshot Explorer

NASA’s Fast Auroral Snapshot Explorer (FAST) finally
made it to orbit after a two-year delay caused by problems
with the Pegasus XL winged rocket. On August 21st a re-
designed Pegasus was dropped from an L-1011 carrier air-
plane 13 kilometers above the Pacific Ocean. A few seconds
later the three-stage rocket 1ignited to boost FAST into orbit.
The satellite uses four sensors to monitor electromagnetic
fields and particle acceleratnon i the aurora on very short
lime-scales.
Mars Global Surveyor

Mars Global Survevor (MGS) arnved at Cape Canaveral
in August. The box-shaped spacecraft carries spare instru
ments left over from the ill-fated Mars Observer project.
(Observer failed just before reaching the planet in 1993
MGS i1s scheduled for launch on November 6th by a Delta
rocket: it should reach the red planel next September. MGS
will then aerobrake (dip into the Martian atmosphere o
slow 1tsclfy and lower its orbit from a highly ¢longated loop
to a tight circle only a few hundred kilometers in altitude.
| MGS will study Mars’s geology and chmate. A camera will

make a detailed surface map and study changing weather

patterns, a laser alumeter will measure surface heighis, and a

spectrometer will analyze the crust’s chemical composition.
Mars Pathfinder

A second NASA probe, Mars Pathfinder, also armived at
Cape Canaveral in August. In early December it will ride an-
other Delta rocket on a fast trajectory that will deliver it to
Mars next July 4th. Then a lander will separate from the
craft and parachute to the surface, where a cluster of giant
airbags will cushion its impact. Alter coming to rest, the

lander will deploy cameras and a small weather station and

Mo Dowell iv an asironomer al the Harvard-Swathsonian Cenler for Astrophyvsics and writes a weekly electronic newsletter on the SECE -

wrenrit {iorresd e g -wewenl frarva . ed i l':_-'." L jcmyspace s g faead |
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Russia's Mir space station sails over the Pacific Ocean in March
1996, A few months later another research module was added to
the complex. Courtesy MASA,

set loose a wheeled robot called Sojourner. This small, 11-
kilogram rover will visit nearby rocks and measure their
chemical composition. It is nor equipped 1o search for evi-
dence of microfossils hke those reported in a Martian mete-
orite i August {October issue, page 18).
Cerise

A French mibtary satellite has been damaged by orbital
debris in the first documented case of two known objects col-
hding in near-Earth space. On July 24th a small piece from an
Ariane rocket stage collided with Cerise at nearly 50,000 km
per hour, sending the satellite tumbling end over end. The
booster was launched in February 1986 and exploded into
hundreds of fragments in November of that vear, when left-
over propellants accidentally ignited, Flight controllers have
been able to restabilize Cernise, and it appears that its mission
{measunng radio noise in orbit)} can continue. Meanwhile the
LL5. Space Command’s catalog of satellites and debris frag-
ments in Earth orbit recently logged its 24 0D0th entry.
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spond well to some of the objects ob-
served in HST's detailed views of the
Orion Nebula.

In Brief

* What does fighting cavities have in
common with planetary nebulac? Ac-
cording to three Belgian scientists, each
depends on an unstable giant star in its
past. In Astronomy and Astrophvsics for
July 20th, a group led by Nami Mowlawvi
(Université Libre de Bruxelles) points
oul that Muorine s produced by nuclear
fusion during the thermal pulsés that in-
termediate-mass stars undergo as they
swell up and become giants.

* The constancy of Newton's gravitation-
al constant () has been reaffirmed by
studies of the masses of neutron stars, As
Stephen E. Thorsett (Princeton Univer-
sity) explains in Physical Review Letters
for August 19th, the Chandrasekhar limit
depends on the value of G That limit —
the largest mass a white dwarf can bear
without collapsing to form a neutron star
— 15 about 1.4 Suns. Thorsett tabulated
the masses of five neutron-star binaries
with ages from 30 million to several hil-
lion years. This enabled him to deduce
that {7 has changed by at most 0.4 per-
cent per bilhon years — a limit several
limes more stringent than those set by
other studies (April issue, page 13).

* The coolest isolated dwarf star yet
known has been discovered in Taurus. L
Davy Kirkpatrick (UCLA) and his col-
leagues uncovered eight cool, red dwartfs
with an infrared camera on the Kitt Peak
1.3-meter reflector. Spectra were then
taken with the Palomar 5-meter (2(M)-
inch) telescope to classify these objects
In the December 20th Astrepliysical Jour-
nal, the scientists attribute an extremely
cool (2000°-2.500° Kelvin) M1+ V spec-
tral type to IMASP JO345432+254023,
GD 165B and Gliese 220B (a substellar
brown dwarf) are the only starlike bod-
1es known to be cooler and intrinsically
dimmer, and each orbits a brighter pri-
mary star.

¢ The International Ultraviolet Explorer
satellite was shut down as scheduled on
September 30th. The observatorys 4o-
centimeter telescope provided ultravio-
let spectra of celestial targets for 18
years, six times its anticipated hfetime.
Data acquired by the 670-kilogram de-
vice will be reprocessed and archived
for continuing scientific use. i
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MISSION UPDATE

DC-XA

The DC-XA (“Chpper Graham™)

reusable rocket was destroyed in a

landing accident onm July 31st at the
White Sands Missile Range i New
Mexico. After eight flights of the DC-X
took place under military sponsorship
in 1993-1995 (S&T' February 1994,
page 36), NASA refurbished the rocket
and renamed it DC-XA. The cone-
shaped craft flew once in May and
twice in June. Its fourth and final flight
went perfectly until the moment of
touchdown, when one of its four land-
ing legs failed to deploy. The rocket
toppled over and burst into flames. The
DC-X program demonstrated precise
computer control of rockets, vertical
landing, and rapid reusability.
Galileo

On September 6th the Galileo Ju-
piter orbiter zipped past Ganymede
for the second time, skimming a mere

I « By Jonathan McDowell

All four of the IMC-XA's landing gear
tended properly at the end of this
in June. But the rocket fell
burned the following month w
touched down on only three legs. Cour-
tesy NASA.

1

8

262 kilometers (163 miles) over the

giant moon’s surface. That's less than one-third the distance of the pass in late
June and closer than the Space Shuttle orbits around Earth. A computer glitch
on August 24th had caused a temporary “safing” of spacecraft systems. Bul
Galileo was up and running again well before the flyby, during which it mapped

| Ganymede's north polar region and probed that moon’s gravity field and recent-

lv discovered magnetosphere (September issue, page 11). Over the next 24 hours
the spacecraft also mapped lo, Amalthea, Europa, and Callisto, but in each case

| from a distance of hundreds of thousands of kilometers. Galileo made its third
| close approach to Jupiter itself 18 hours after the Ganymede pass. then headed

out toward apojove. Galileo's next encounter, on November 4th, features a
1,200-km flyby of Callisto — one-tenth the approach distance achieved by either
Voyager probe.
Advanced Earth Observing Satellite

Japan has launched a large scientilic spacecrall to study the ozone layer and
the greenhouse effect. The Advanced Earth Observing Satellite (ADEOS) car-
ries Japanese, American. and French instruments including a wind-speed monitor

| and an ocean-color imager. ADEOS rode an H-2 rocket 1o orbit from Tane-

gashima Space Center on August 17th. The satellite’s main thrusters failed o op-
erate correctly, but by early September ADEOS had reached its operational
orbit using smaller thrusters
Interbol

Russia's main space-science launch of the year was the Interbol Auroral
Prabe, which flew inio orbit from Plesetsk in late August. The auroral probe and
its sibling Interbol Tail Probe, launched last year, are successors to the Prognoz
series of solar-terrestrial probes. Each Interbol probe ejected a Czech-built Ma-
gion minisatellite. The twin Magions enable scientists o distinguish temporal and
spatial vanations of Earth's electric and magnetic fields. The tail probe is in a
highly elongated orbit within our planet’s magnetic wake, while the auroral
probe, as 11s name suggests, remains closer to the Earth in the region where au-
roral electrons are accelerated.
Mo Drowell studies the phvsics of guasars and the history of the space program af the Harvand-
Smithsonian Center for Astrophysics.

=




NEWS NOTES

N“SSIBH UPI]ATE A *"' By Jonathan McDowell

This expanded column looks at science launches planned for the coming
year, which marks the 4(th anniversary of the dawn of the Space Age. For up-
to-date launch schedules and other information, consult this column monthls
and visit each mission’s World Wide Web home page. Active links to these
and other missions can be found on SKY Online at http/fwww.skypub.com.
Human Space Flight

The continuous presence of humans in space, unbroken since 1989, persists
mto 1997, A succession of American astronauts will join Russian cosmonauts
for months-long stays aboard the space station Mir. Then in November comes
one of 1997's most important launches, when the FGB Space Tug rockets into
orbit from Kazakhstan. Paid fgr by NASA but built in Russia, the g is the
core around which the huge International Space Station will grow. As the
vear draws to a close, the Space Station Endeavour will rendezvous with the
FGB, and its crew will begin the giant station's construction by attaching US.-
built Node One to it

The upcoming Space Shuttle fhght most anticipated by astronomers is that
of STS 82, due in February. This is the second service call on the Hubble
| Space Telescope, during which astronauts aboard Discovery will replace some

wom-oul equipment and add two powerful new scientific instruments: an

Due for launch next October, NASA's Cassini or-
) 4 hiter will deliver Europe's Huygens probe, illus-
imaging spectrograph and an infrared camera. trated here, to Saturn's giant moon Titan in
Planctary Missions 2004. Courtesy NASA.

As described last month (page 24), three robotic probes will reach the
red planet in 1997, NASA's Mars Pathfinder will land in July and dispatch a small robotic rover, Sojourner, to investigate the
composition of nearby rocks. Mars Global Surveyor will orbit the planet to study its topography and weather. And Russia's

Mars 96 will fire two small penetrators into the planet’s surface.

The main interplanetary launch of the year, due in October, is that of NASA's Cassini
spacecraft, which will become the first to orbit Saturn when it arrives in 2004, Cassini will
also deliver the European Space Agency’s Haygens probe to Titan, Saturn’s largest moon,
from which it will transmit information about the atmosphere and surface. October also
brings the launch of NASA's Lunar I'rmpﬂ:tm It will orbit the Moon from pole 1o pole
and make geologic maps. One of the mission’s prnonties s to search for water e, thought
by some to line the bottoms of permanently shadowed polar craters. Japan will also send a
probe to the Moon in 1997, Lanar A will release three penetrators designed to bury sa-
entific instruments in the Moon's crust. These devices will measure the flow of heat un-
derneath the surface and record vibrations from moonguakes

Galileo's explorations in orbit around Jupiter will continue in 1997, beginning with
four visits to the icy moon Europa. Galileo will also return to Ganymede and Callisto
twice each before completng its primary mission at the end ol the vear. Meanwhile, in
the asteroid belt between Mars and Jupiter, the Near Earth Asteroid Rendezvous probe
will fly past minor planet 253 Mathilde in June Then it arcs back for a gravity assis

Lumar Prospector will orbit the

Moon later this year to search for

resources that might support future " ; : \ 3 ; _

piloted missions. Ilustration cour- [rom Earth in early 1998 before pressing on toward a rendezvous with 433 Eros in 1999,

tesy Lockheed Martin, And, out beyond Neptune and Pluto, Voyagers 1 and 2 mark their 20th anmiversary in
space, and Pioneer 10 its 25th, as they continue their lonely journeys 1o the stars,

Astronomy and Space Science

[he vear begins with two important astronomy launches Japan's VLEBI Space Observatory Program (VSOP) will place the
first practical radio tclescope in space. It will operate in conjunction with ground-based antennas to make radio maps with un-
precedented angular resolution, VSOFP will be followed by NASA's Submillimeter Wave Astronomy Satellite. [t will make the
first space observations at submullimeter wavelengths, which remain largely unexplored to date. The Transition Region and Coro-
nal Explorer (TRACE), due for launch in September, will take ultraviolet and X-ray close-ups of the Sun to see how magnetic
fields link the incandescent surface with its 10,000,000° corona. TRACE will work in conjunction with Europe’s Solar and He-
liospheric Observatory (5OHQ), launched i 1995, 50HO wall be jomned at the L, Lagrangian point between the Earth and Sun
in late 1997 by the Advanced Composition Explorer. ACE will measure cosmic rays and will provide early warning of solar
flares. It will also measure the con iposition of the Sun’s corona by catching solar-wind particles. Finally, the ULS. Aar Force satel-
lite: ARGOS. 1o be launched in August, will include a telescope to study, lep:ldh VATYINE X-Tay sources ]

WelDlowell io an axtronomer af the Harvord-Siithsonion Center for Astropfesios and writes o weekly elecironie iewsleiter on fe SEMICE -
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abovementioned finds by floating frecly
in space, rather than in a cluster or bina-
Ty system.

Yet other brown dwarfs may be orbit-
ing several Sun-like siars whose line-
of-sight, or radial, velocities have been
tracked with the help of the Doppler
formula. Unlike the objects descnbed
above, these candidates remain unseen.
Their presence is inferred by the reflex
motion they induce in the visible stars
they orbit (S&T: August 1996, page 201).
Two such objects, HD 29587B in Per-
seus and HD 1409138 in Corona Bor-
ealis, have masses that may be as low as
0.05 Sun, well within the brown-dwarf
realm. However, as discoverers Tsevi
Mazeh (Tel Aviv University) and David
W. Latham and Robert P Stefanik (Har-
vard University) stress in the Astrophys-
ical Joeurnal for July 20, 1996, dynamical-
ly deduced masses are only lower limits,
and the candidates may be extremely
feeble stars, not brown dwarfs.

In Brief -

e On September 5, 1996, the Chilean
Senate ratified legislation that spells out
Chile’s relationship with the European
Southern Observatory. E5U) operates nu-
merous telescopes at its La Salla site and
15 building a quartet of &-meter reflectors
on Cerro Paranal, a remote mountamtop
in the Andean nation’s northern desert.
Relations between ESO and its host
country were shaken in 1994 by a dispute
over Paranal’s ownership.

* Big Bear Solar Observatory will soon
change hands from Caltech to the New
Jersey Institute of Technology, as will an
array of solar radio telescopes in Cali-
fornia’s Owens Valley. Telescopes have
monitored solar activity from their perch
in Big Bear Lake for more than a guar-
ter century. But BB5SOYs longtime direc-
tor, Harold Zirin, 15 nearing retirement,
and Caltech — a principal user of the
Keck and Palomar observatories 15
concentrating on nighttime astronomy.

* ‘A new 4-meter reflector will be built
near La Serena, Chile, by a consortium
of American and Brazilian institutions.
According to the US. National Optical
Astronomy Observatories, a partner in
the project, the Southerm Observatory
for Astrophysical Research (SOAR)
will incorporate active optics and enable
remote observing via the Internet. The
telescope should see first light in 2001,

MISSION UPDATE

Missions to Mars

NASA's Mars Global Surveyor was
launched successfully last November
Tth, after a one-day delay caused by

| bad weather. The spacecraft had some

trouble fully extending one of its two
solar-cell panels, but fhight controllers
believe this problem will work itself
out. All of the spacecraft’s other sys-
tems are operating -well. MGS will ar-
rive at Mars in September (S& 0 De-
cember 1996, page 24).

November's second launch to the red
planet ended in disaster. Russia’s Mars
96 hifted off on schedule on the 16th,
but a problem with the upper stage of
its Proton rocket caused the instrument-
laden probe to reenter the atmosphere
over the South Pacific Ocean.

After two days’ delay, Mars Path-
finder was lofted on December 4th, Its
landing is planned for July 4th.
SAC-B and HETE

Two astronomy satellites were also
lost in November when they failed 10
scparate from their Pegasus rocket’s
third stage. NASA’s High Energy Iran-

sient Experiment (HETE) was to have followed up the gamma-ray-burst studies
of the Compton Gamma Ray Observatory, using X-ray and ultraviolet detectors to
pin down the locations of these mysterious events. Its companion satellite, Argenti-
na's Satelite de Aplicaciones Cientificas-B (SAC-B) would have siudied gamma-
ray bursts and mapped the sky's energetic X-rays. Although all three stages of the
Pegasus XL booster fired perfectly on November 4th, a battery failure left both
satellites attached to the rocket. This prevented them from pointing their solar
panels toward the Sun, dooming them to power starvation within hours

Advanced X-ray Astrophysics Facility

The cylindrical optics for NASA's Advanced X-ray Astrophysics Facility
. [AXAF) have been assembled and were delivered to the Marshall Space Flight
Center in late November to begin several months of testing and calibration. A
special suite of detectors will measure the mirrors’ characteristics, making sure
the optics produce sharply focused images The two focal-plane instruments, the
High Resolution Camera (HRC) and the AXAF CCD Imaging Spectrometer
(ACIS), are also nearing completion. AXAF is scheduled for launch by the

Space Shuttle Columbia in late 1998,
Rosctta and Champollion

€ _# By Jonathan McDowell

Workers at Kennedy Space Center load
Mars Global Burvevor into its payvioad
canister in preparation for its success-

ful launch last November Tth. The gray
sphere at bottom is part of the Delta I1

rocket's upper stage. Courtesy NABA.

The United States has pulled out of its commitment to supply the small |

Champollion lander on Europe’s Rosetta comet mussion. A second lander, Ger-
many's Roland, may still fly on Rosetta, and Champollion is to be reworked into
a separate technology-development mission. Rosetta is slated to be launched in
2003 by a giant Ariane 5 rocket. It should arrive at Comet 46P/Wirtanen in 2011
after one flyby of Mars and two of Earth. Unlike the Comet Halley probes of
the 1980s, Rosetta will not zoom past the comet; rather, it will rendezvous with it

for a prolonged investigation.

McDowell is an astranomer al the Harvard-Smithsonian Center for Asrophysics and writes
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s¢its. (Only one star's motions had been
tracked before.) Along with the binary’s
mierferometrically  determined angular
separation (0,13 arcsecond on average).
these data enabled the astronomers to
establish the cluster’s distance, Their es
timate of 15615 hght-years dovetails pre
-L'i:«..‘!fr' with recent values based on the
moving-cluster method.

* The identity of the stellar object in
Cygnus X-3, one of the sky's brightest X-
ray sources, has been firmed up with new
infrared spectra. Cyvgnus X-3, whose stel-

tron star, was tracked with the William
Herschel Telescope on La Palma and
the United Kingdom Infrared Telescope
atop Mauna Kea. Writing in Astronomy
and Astrophysics for October 10, 1996,
Marten H. van Kerkwijk (Caltech) and
his colleagues identify Cygnus X-3's visi-
ble component as a Wolf-Ravet star, the
hot, helium-rich core of a massive star
that had shed 11s outer lavers

* The Hubble parameter, H, has been
constrained anew by timing light varia
ttons in the twin quasar, Q0957+5361 in
Ursa Major. Using data from the Apache

Point Observatory, a team led by Edwin
L. Turner (Princeton) determined that
the light in the southern component of
the gravitational mirage takes 417 days
longer to reach Earth than does Light in
its northern twin. Along with measure-
ments of the foreground galaxy that
bends the guasar’s light, this delay im-
plies a Hubble parameter of 63%12 kilo-
meters per second per megaparsec, in
line with the latest estimates from the
Hubble Space Telescope’s observations
of Cepheid variables in relatively nearby
galaxies.

lar component sheds material onte a neu-

MISSION UPDATE

Mars Pathfinder

NASA now has two probes en route to the red planet (S& T December
1996, page 24). Mars Pathfinder hifted off on a Delta rocket before dawn
last December 4th. The second of NASA's “faster, better, cheaper” Discov-
ery spacecraft, it will test new landing technologies, including airbags to
cushion its relatively abrupt touchdown. On July 4th Pathfinder will be-
come the first ULS, spacecraft 1o land on Mars without first going into orbit
around the planet. It will then deploy a small rover called Sojourner.
Pathfinder's systems are working well except for a malfunctioning Sun sen-
sor. a problem flight controllers believe they can work around. Meanwhile
NASA's Mars Global Surveyor, launched on November 7th, remains on
target for a September arrival and the start of its tasks in Martian orbit.
Mars 9%

More details have come to hght concerning the farlure of the Russian
Mars Y6 mission last November (February issue, page 19). The Proton rock-
et’s fourth stage successfully placed the spacecraft into a parking orbit
around Earth on the 16th, but it then failed to restart and boost the probe
to Mars as planned. Subsequently Mars % scparated from the launcher and
fired its own engine, but this was not powerful enough to get it out of Earth
orbit. The spacecrall reentered the atmosphere a few hours later; witnesses
n northern Chile saw its fiery demise. Parts of Mars 96 may have landed in
Chile or Bolivia, and a search is under way for 18 radioactive fuel pellets,
each carmyving 15 grams of plutomum dioxide. The Proton's upper stage
reentered over the South Pacific on the 17th, causing confusion when US.
officials misidentified it as the spacecrafl.

Space Infrared Telescope Facility

The Space Infrared Telescope Facility (SIRTF) has taken a cnitical step
forward. LLS. astronomers have been pushing for the project since the suc-
cess of the Infrared Astronomical Satellite (IRAS) in 1983, Orniginally con-
ceived as a shuttic-borne telescope, it soon evalved into a free-flying “Great

Observatory™ like the Hubble Space Telescope. But, as NASA's budgel projections dwindled, SIRTF never got off the drawing
board. At last NASA has granted “Phase B” approval to a scaled-back version; this provisional go-ahead should lead to full de-
velopment beginning next vear. The 85-centimeter telescope will be launched into solar orbit in mad-2002.

ORFELUS 2

The German Astro-SPAS (Shuttle Pallet Satellite) has made its third Space Shuttle flight. carrying the Orbiting and Re-
trievable Far and Extreme Ultraviolet Spectrograph (ORFEUS) for the second tume. Colurnbia’s November mission was the
longest shuttle flight ever, allowing ORFEUS to make observations for a full 14 days. The instrument’s |-meter primary mir-
ror focuses light onto two spectrographs that cover wavelengths from 4 to 125 angstroms. A separate 18-centimeter tele-
scope feeds an experiment that uses Doppler shifts 1o measure line-of-sight motions of the nterstellar medium as small as

1.6 kilometers per second.

WeDowell specializes in mudtivavelength studies of extragalactic objects ar the Harvard-Smithsonian Cenler for Asirophysics
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Technicians prepare Mars Pathfinder for its sue-
cessful December launch at the Hemnedy Space
Center. The lander and rover are enclosed in the
cone-shaped entry module at top. Just below that
are the disk-shaped cruise stage and the Delta
rocket’s upper stage. Courtesy NASA.
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cles are commonly known for their abil-
ity to move through matter largely un
hindered, in the hot, superdense core of
the exploding star, they are more easily
reabsorbed. But when some tau neutrinos
L‘.hjir'lgr to their electron-flavored coun-
terparts, energy 1s returned to the stellar
core because the latter kind don’t move
as far as the former before being reab-
sorbed.

F'.1‘|u||_".. the provocative theory posits,
the magnetc lields affect where the neu
trinos change flavor, producing an asym-
metric cascade

In Brief

= As teams of scientists continue to de
bate whether ancient microscopic fossils
permeate the Martian meteorite ALH
S4001 . two recent meteorite anctions of-
fered a sense of what pieces of the red
planet are worth. On December 10th a
/.6-gram shce of the Zagami meteorite,
which fell on Nigeria in 1962, fetched
$11.000 — close to $1,500 per gram. But
the November 20th auction of a 498.5-
gram trio of Martian stones yielded a
“no sale.” (The top bid of $1.1 million
fell short of the owner’s undisclosed min-
imum price.) According o Arlan Ei-
tinger, president of Guernsey’s auction
house, the trio may vet be sold privately.

* Veteran newscaster Walter Cronkite,
often recalled for his gripping commen-
tary during the Apollo missions, now has
a namesake in outer space. Astermd 6318
has been given the name Cronkite by
Eleanor F. Helin (Jet Propulsion Labo-
ratory), the astronomer who discovered
it in 19%). The 2- to 3-kilometer object
orbits the Sun every four vears, ils eccen-
tric path crosses the orbit of Mars and
about 50 million km of
Earth's, At such times astermd Cronkite
brightens to 17th magnitude.

comes within

¢ Feeding quasar nuclei the matenal thesy
nced to powel their COCTECMC u-.'li'-it_‘.'
may depend critically on the structure of
red-mant stars. As Philip J. Armitage and
Melvyn B. Davies (Cambridge Universi-
ty) and Wojciech H. Zurck (Los Alamos
National Laboratory) write in the Asrro-
physical Journal lor October 10, 1996,
red giants hold on to their extended out
¢r atmospheres only feebly. As a result,
these stars’ gases are more easily stmpped
off when they pass through the accre-
tion disk surrounding a quasar’s centra

black hole.
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Stratospheric (Ohservatory
for Infrared Astronomy

MNASA given the
Universities Space Re-
search Association the go-
ahead to acquire a Boe-
ing T47-5P jumbo jet lor
the Stratospheric Obsery-
atory for Infrared Astron-
omy, or SOFIA. The air-
craft will be modified 1o
house a 2.5-meter (100-
inch) telescope and should
make its first observation
al thght in 2001, DARA,
the German space agency,
is providing the telescope.
SOFLA wall fly at an alu
tude of 13 kilometers (43,000 feet), above most of the atmosphere’s nfrared-
absorbing water vapor. It replaces the Kuiper Airborne Observatory, which flew
between 1975 and 1995 carrving a 0.9-meter (36-inch) telescope (S& I° February
1996, page 13).
Advanced X-ray Astrophysics Faclity

With the AXAF spacecraft less than a year and a half from launch, testing of
its X-ray telescope is now under way at NASA’s Marshall Space Flight Center in
Huntsville, Alabama. The instrument’s four nested. near-cylindrical mirrors are
sealed in a large vacuum chamber at the center’s X-ray Calhibration Facility. Vari-
ous sources of high-energy radiation shine down a 500-meter-long evacuated
tunnel to illuminate the telescope, Specially developed cameras and other detec-
tors are being used to characterize the resulting X-ray images and 1o make sure
that AXAF’s optics do not suffer from any unexpected aberrations. Experiments
have been running 24 hours a day since before Christmas, and results will be
made public soon.

ABRIXAS
To follow up their successful Riontgensatelll (Rosat), German astronomers

has

The Stratospheric Observatory for Infrared Astrono-
my (SOFIA) will carry a 2.5-meter telescope in a modi-
fied 747-8SP aircraft beginning in 2001. Artwork cour-
iesy NASA/Ames Research Center.

are developing ABRIXAS; the acronym stands for A Broadband Imaging X-ray |

All-sky Survey. This spacecraft will view the sky in “hard” (high-energy) X-rays,
whereas Rosat’s instruments recorded relatively “soft” ones. The three-year-long
mission will provide our first comprehensive look at the cosmos at energies
around 10 kiloelectron volts (wavelengths near 1 angstrom). ABRIXAS will
have seven small X-ray telescopes, each with a 40-arcminute field of view and 3(-
arcsecond resolution, It thus complements AXAF's narrow-field, very high reso-
lution imaging. ABRIXAS will be launched into orbit from northern Russia on a
Cosmos rocket in carly 1999,
Fioneer 10

March 2nd marks the 25th anmiversary of the launch of Pioneer 10, the first
spacecrall to cross the asterond bell. PFioneer 10 also made the hirst flyby of Jupiter,

| in December 1973. Since then it has been heading into interstellar space. On Janu-

ary 1st it was more than 9.8 hilhon Kilometers (66 astronomical units) from the

| Sun. The probe’s nuclear power sources are running down, and flight controllers

swilched off its charged-particle detectors on December 30th last year. Bul the
CGreiger Tube Telescope (a radiation counter) and ultraviolet photometer continue
to transmit data about the outer solar system across the 9 light-hours 1o Earth. 4

Mo Doweldl is an astronomer at the Harvard-Smithsonian Center for Asrophivsics and wrines

a weekly efectronic newsletter on the space program (hapdhea-www harvand edw'QE DT/ jcmy

sparce/jseisr huml)




NEWS NOTES

orics (ke those involving cold dark mat-
ter) that take a |-.||1|‘ time to bumld | large
structures. A few quasars have been de-
tected at redshifts higher than 4.5, when
the universe was somewhere around 10
Hut 1t now
seems likely that the cosmos had at least
two billion years within which to build
the rest.

percent of its present age.

In Brief :

* Dynamical evidence for a
sive black hole in NGC 44868 has been
found n spectroscopic measurements
Irom the Canada-France-Hawan Tele-
scope on Mauna Kea. The galaxy, a small
elliptical satellite of M&7 in the Virgo
Cluster, has a double nucleus much like
that in the Andromeda Galaxy, which
also bears a black hole (January issue,
page 13). In a submission to the Asiro-
phyvsical fournal Letters, a team led by
John Kormendy (University of Hawaii)
mfers that a dark, compact object, 40 to
S0 million Suns in mass, resides at the
| 4th-magnitude

SUpCrimas-

galaxy's core.

* The mfrared appearance of our gal-
axv has been used to refine the Sun’
distance from the Milky Way's mid-
plane. In the Astrophysical Journal {or
September 10, 1996, Henry T. Freud
enreich (NASA/Goddard Space Fhight
Center) sets that distance at 51 light
vears toward the north galactic pole —
agreeing with previous studies for the
once-elusive number (54T March 1996
page 16). Freudenrcich utihized data
from the Cosmic Background Explorer
satellite to map the distnbution of red-
giant stars, which are expected best
trace the overall shape of a galaxy hke

the Milky Way.

* Fomalhauwt™ age has been estimated
million years, give or take 50 per-
by applving numerous

Grliese 879, the 6th-magnitude
star that shares Fomalhaut's
through space. As Dawvid Barrado y
mavascues (Harvard-Smithsonian Cen
ler for Ast ||:-1h'-.h||.h| and his colle; 1ZLES
In

at 2i)
tests 1o
K-type
Moo

CEenlt.

nolé the Astrophvsical Journal 1ol
January 20th, Fomalhaut {Alpha Piscis
Austrinl) appears to be encircled by a
disk of dust. Yet the ag i-type stars
ke Fomalhaut lhe
resull suggests thal disks can endure for
hundrec
i Tal®

formation of pl

&5 ol

are hard 10 assess,

s of mithons of vears around

voung stars possibly favoring the

Ineks
22
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MISSION UPDATE

€_+ By Jonathan McDowell

VLEI Space Observatory Programme

Japan's VLBI Space Observalory
Programme (V50P) got under way on
February 12th when the Muses B satel-
ite hifted off from Kagoshima Space
Center atop the first of the nation’s
powerful M-5 rockets. Once in space
the craft was renamed the Highly Ad-
vanoed Laboratory for Communications
and Astronomy, or HALCA. When the
acronym 15 pronounced in Japanese it
sounds hke haruka (“far away”). a nod
tor the 21,000 -kilometer-high apogee of
the satellite’s very elongated orbit.

HALCA's s-meter-wide radio anten-
na will serve as one element of a very
long baseline interferometer with a di-
greater than that Earth,
Ground-based antennas on five conti-
nents will also participate in the VSOP
observations, scheduled to begin in May
after the satellite is fully checked out.
The telescopes will make high-resolu-
non radio images of sources 10 galactic
star-forming regions and in the centers
of other galaxies.

ameter il

The Highly Advanced Laboratory for
Communications and Astronomy (HALCA),
an Smeter radio telescope, heads into
space aboard Japan's new M-5 rocket
last February 12th. HALCA will observe
in unison with Earthbound instruments.
Courtesy the Institute of Space and As-
tronautical Science.

space Interferometry Mission

NASA is planning ahead for its Origins program. designed in part to search for
planets and life elsewhere in our galaxy beginning early next century. A possible
Space Interferometry Mission (SIM) now under ﬂ.ludx would use rnulhph: visible-
light telescopes in the same way that VSOP uses multiple radio telescopes to build
up a high-resolution image. The precision required for visible-light interferometry
1s much higher, though, because the wavelength of the radiation is so much smaller.
For SIM to work, astronomers would have to know the distance between its light-
gathering elements 1o the nearest hundred-millionth of a millimeter.

As currently conceived, 5IM would measure the positions of stars as fainl as
magnitude 15 with an accuracy of a few microarcseconds, enabling it to detect
tiny motions induced in them by the gravitational pull of orbiting planets.
Minisat 01

Minisat 01, the first of Spamn’s Minisat O research satellites, was being readied for
launch on a Pegasus winged rocket as this 1ssue went to press in March. The space-
craft carnies two astrononomical instruments, an extreme ultraviolet spectrograph
(EURIDY) and a low-energy gamma-ray imager (LEGRI). EURD will attempt to
detect diffuse background radiation from the interstellar medium and to search for
evidence of decaving massive neutrinos. The Spanish-British LEGRI telescope will
make X-ray images al energies from 10,000 1o TOOLNE) electron volts over an 11°-
wide hield.

['he Lockheed L-1011 carmer awrcrafl that will deploy the rocket will take off
from Torrepon Air Force Base near Madrid and head out over the Atlantic Ocean
to launch Minisat. This will be the first satellite launch from western Europe and
the first flight of Pegasus since the loss of the SAC-B and HETE astronomy satel-
lites last November (February issue, page 19). The rocket will also carry a small
payload for Celestis Incorporated containing the cremated remains of 24 people,
including 1960's won Timothy Leary, Mar frek creator Gene Roddenberry, and
space-colomzation proponent Gerard O'Neill =

MeDowell studies the physics of guasars and the history of the space program ar the Harvand-
Smithsorian Center for Astrophysics
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plain in Nanere for January 30th, the most = :
likely cause for such diametric polariza- MISSIUN UPDATE ; N B'p' Jonathan McDowel
tion is a strong magnetic field. Rav’s team
plans to monitor the T Taun S outflow
as 1t expands away from the star, perhaps

Midcourse Space Experiment

The infrared telescope aboard the
Midcourse Space Experiment (MSX)
has made a detailed map of the galac
tic plane. Stars and nebulae crowd Lo

geiting the chance to observe other as-
pects of the star-formation process.

I“ Brie'[ gether so closely in this region that the
Infrared Astronomical Satellite was
* An international team of specialists has unable to tell them apart during its
found no evidence for a S-meter-wide 1983 all-sky survey. M5X's higher-reso-
impact crater in Honduras, despite re lution observations thus provide our I
ports to the contrary following a spectac- | Iirst comprehensive census of infrared I
ular bolide last November 22nd (March objects along the plane of the Milky
issue, page 12). According to Jiri Borovic Way. In January, M5X scientists pre-
ka (Ondfejov Observatory) and Maria sented spectacular wide-angle views of
Cristina Pineda de Carias (National Au- | the galactic center (see the example at .
tonomous University of Honduras), that right). Unfortunately the satellite’s in- '
fireball had a peak apparent magnitude | frared observations have now come to '
of =19 to 21 — roughly a thousand times | @ halt; the telescope’s solid-hydrogen
brighter than the full Moon! The event coolant ran out on February 26th.
probably resulted in sizable meteorites | Mars Global Surveyor
near the Honduras-Guatemala border NASA's Mars Global Surveyor is
though none has been recovered yel, now about halfway to its destination. §
* The US Naval Observatory plans 1o | llk-.,q-i.lml;:l:l:;h.r.[ T':“F o :’“Hm‘m i %
add a leap second to the world's clocks ey R L e o I-I.':-'“-I-”-h~ &
:1:1" I|L1r1:- -‘-Fllllh 2 e et e after the July 4th landing of F'.e:lh.flnuu_r. s
: . : _ also now en route to Mars, Survevor's £
scconds Coordinated Universal Time | opary poe passed several tests during &
(LITC) :"rlr::'..:.' 1972 I""""l:' scconds have its :'I'I1l_“l'|l|,.;:l'|.t.'1i-ll"'- l:rlli"l'-.'.hll'i'ir'lg pictures :_:
been added to the world's atomic |_-|l.!-l'k."'\ ol thie Pleiadus and aiho targets. ﬁ
when needed to account for the Earth's Mir : =
slowing rotation. According to USNO, 50 o ; s =
=g ' S L he Russian space station’s 12th =
the last leap second was added in 1995 s bi ;e La's .3
vear in orbit got off to a shaky start in
= Further evidence for intergalactic stars Februarv when an oxveen eenerator £ . s E
has been winnowed from !‘Hu‘ Fornax caught fire in the Kva |1-I5|:"{_};J.|i1ll.l:nl"l T AR Sah:.lhtc e th.“ S -
: : : 1 of the galactic center at infrared wave-
Cralaxy Cluster with the help of the New astrophysics maodule. Although the lengths between & and 20 microns. Emis- |
[echnology Telescope n Chile. Tom blare was extinguished quckly, the sions from stars, warm dust, and cool
[heuns {University of Oxford) and Ste- cabin filled with smoke and the six dust have been colored blue, green, and
phen J. Warren (Impenal College of Sa Russian, American, and German crew  red, respectively. The brightest spot is
ence, Technology, and Medicine, Lon- members had to don oxygen masks the nucleus of the Milky Way.
don) have found what appear to be 10 temporarily. Then. in March, other life-
planetary nebulae (the halos of dving support equipment broke down and a robotic supply ship failed to dock with the
low-mass stars] between the cluster's station. All these problems forced the crew to breathe oxygen from their reserve
galaxies. In the January 215t Monthly No- supply as they awaited the arrival of another cargo ship in April. -
rices of the Roval Astronomical Society, Galileo
the researchers infer that as many as 4i) NASA has extended Galileo's tour of the Jupiter system for another two

percent of the cluster’s trilhons of stars vears, Aller its primary mission ends in December, Galileo will concentrate on |
lie between, rather than within, 1ts galax exploring icy Europa, with several close [lybys planned.
1es. This parallels Hubble Space Tele- Since last November, when the orbiter flew by Callisto, it has made almost |
scope findings in the Virgo Cluster (May | monthly passes near the giant planet’s moons. Galileo visited Europa for the first
1s5uc, page 1) tume on December 19th. swung around Jupiter in Januvary, then encountered Eu-
ropa again in late February. Ganymede was due for successive visits in April and
Mav. After another {lvby ol Callisto in June, Galileo will head farther out to ex-
plore Jupiter's magnetotail before returning to the inner satellite system in Sep-
tember. The extended mission will end in 1999 with a close pass ol lo. C

* Princeton Limversity’'s Robert H.
Dicke died at age 80 on March 4th. A
multifaceted physicist who made funda- |
mental contnibutions to the develop

ment of radio astronomy, Dicke was S i : ey
in astremiewiier af the Hamvard-Smithsonian Center for Astrophysics, McDowell writes a

| weekly elecironic mewsleiier o the FPICE  PROgra .-J'.-rrlr- hea-vwww harvard |'|f.'r.-"l:_||‘ EDTY

perhaps best known for formulating al
ternatives o Einstems general theory
ol relativity
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Cassini

NASAs Cassini orbiter is being readied
for its planned October 6th launch to
ward Saturn. The spacecraft survived a
grueling series of “shake and bake” tests
in Febroary. Engineers at the Jet Propul
sion Laboratory in California subjected
the spacecraft to extreme vibrations and
temperature swings like those to be en

if all goes as planned, Cassini will dispatch the Huygens probe
(left) in Movember 2004, Huygens will spend 2 to 2V hours de
scending through the atmosphere of Titan. Courtesy NASASIPL.

countered during its launch and flight
through the solar system. Having with-
stood the engineers’ abuse, Cassini was
sent to the Kennedy Space Center in
Florida, arriving on April 21st. There it
will be joined 1w the l'.uH||_1-;:.1r| Space
Agency's Huygens probe. Once the com-
bined spacecralt reach Saturn in i|||:.'
2004, Cassini will go into orbit around
the planet and Huygens will be dropped
into the dense, smoggy atmosphere of
the giant moon Titan.

Meanwhile, February 23rd marked an
other crucial milestone for the project.
Launched that day for the first time was a
Titan IV-B rocket, which features new,
more powerful solid-fuel boosters than its
predecessors. The rocket’s second trial will
be the launch of Cassim and Huygens.

Pioneer

dcience operations with the Pioneer
space probes have been abandoned afier
a continuous run of more than 3 vears
On March 31st NASA cut support for
the occasional tracking of Pioneers 6, 7,
and 8, which orhit the Sun between

MISSIONVEDATE

Venus and Mars. Pioneer 6 was the old-
est operating spacecraft, launched in De-
cember 1965, 1t and three successors
amassed an unmatched record of the
solar wind and the interplanetary medi
um. (Pioncer 9 failed in 1983.) Also shut
down were the particle detectors on Pio-
neer 10, a distant 66 astronomical units
— 9.9 billion kilometers from the
Sun. Launched in 1972,
Pioneer 10 was the first
probe to pass through the
asterond belt and to fly
past Jupiter. As Proneer 10
heads out toward the
stars, its transmissions will
continue to be used for
training tracking-station

— but no more
scientific data will be re-

Llj'-'l.'l AlOrs

turned.

HALCA
A Japanese satellite named
HALCA (Highly Advanced
Laboratory for Communi-
cations and .-hrrunmm |
made its first radio obser-
vations in March with the
detection of hydroxyl (OH) maser lines
from the 51.1|.h.|i.. nebula W49N. In early
April HALCA was teamed with radio an-
tennas on Earth to observe test targets si
multancously using a technique called
Viery I_nng Baseline Interferoametry
(VLBI). These data should resolve radio
sources with the resolution of a single
diuh 1|:||:|'|_|'-..l|'||_1~. of kilometers across, Test
ing was suspended in the weeks therealter
because the satellite was periodically pass-
i:|!.: |E1rHIlH|'I the Earth's
shadow, reducing the
amount of power avail-
able. HALCA 15 the satel
lite component of a major
international effort called
the VLBl Space Observato
ry Program

Originally designated MUSES
B during its development,
Japan's HALCA radjo-astron-
omy satellite has an antenna
B meters across. Courtesy In-
stitute for Space and Astro-
nautical Science.

BeppoSAX

Launched in 1996, lialy's BeppoSAX ob-
serves X-ray sOurces over a very wide
energy range. But the satellite encoun-
tered gyroscope problems early this year,
which forced a three-week observing
hiatus in February. These devices meas-
ure and control where the spacecraft is
pointing, and those of similar design
have been a source of trouble on other
missions. Two of BeppoSAX’s six gyros
have already failed. However, the project
has developed software to operate the
satellite even if all of them should mal-
function. Only a week after coming back
onling, the satellite made a crucial dis
covery: it identified the X-ray source »
counterpart 1o @ gamma-ray burst.

Cluster Il

The European Space Agency has ap-
proved construction of four Cluster 11
spacecraft o replace those lost in 1996
when the inaugural flight of Ariane 5
ended catastrophically seconds after
launch. The first replacement, called
Phoenix, will be fashioned from existing
spare parts. Then Daimler-Benz Aero-
space in Germany will build three identi-
cal satellites from scratch to complete the
set. To save money, the Cluster 11 satellites
will be launched in pairs on two Russian-
built Soyuz rockets. ESA hopes to carry
out both launches in the year 2000. <&

An astromomier af the Horvard-Smuthsonian
{.enter for .-'|-:.'r.||"|'n w105, [omaTHAN Mol owgELn
writes @ weekly electromic newsletter on the

SPECE [PROETERn | .|I|'.’_rl.-" ".lén, - Wenew i rvard. ed
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As part of the Mars Pathfinder mission, the
Sojourner rover will ramble across the Mar-
tian surface and probe the landing site. Cour
tesy NASA/JPL.

Mars Pathfinder

If all goes well on July 4th, Mars Path.-
finder will become the first craft o land
on the red planet since the Viking mis-
stons of 1976, thus ending a hiatus of
more than two decades. This mission
also marks the first attempt by NASA 1o
land on Mars without orbiting the plan-
et first. Pathfinder will enter the thin
Martian atmosphere at high speed and
slow down thmugh a combination of
drag, parachutes, and retrorockets. Then,
rather than set down gently, it will
thump onto the rough and ruddy sur-
face cushioned in air bags and bounce to
a stop. A stereo camera and a suite of
meteorological sensors are to character-
ize the landing site, which is located in
the mouth of an ancient river channel
named Ares Vallis. The spacecraft will
then deploy a six-wheeled, 11.5-kilogram
rover called Sojourner, It carries a stereo
camera of its own, along with an X-ray
spectrometer to make crude composi-
tional analyses of the rocks and soil
within 10 meters of the touchdown site.
Longer excursions may be attempted
later in the mission.

Minisat 01

Spain’s first astronomical satellite
was launched successfully on
April 21st. An aircraft carried
the Pegasus rocket from
Gando Air Base in
the Canary Islands
out over the At-
lantic Ocean and
dropped it. The
rocket ignitn‘] a few seconds later and
roared westward into space, l,}irinj: Mimi

MISSION

UPDATE

sat 01 an orbital inclination of 1517

the highest ever. (Orbital inclinations
are measured relative to due east at the
equator, and most satellites are launched
eastward to take advantage of Earth's ro-
tation.) Minisat carries an expenmental
gamma-ray telescope and an extreme ul-
traviolet spectrograph.

Discovery

Five missions have been selected by
NASA for further study as possible Dis-
covery interplanetary missions. The pro-
posed missions, chosen in April, focus on
the inner planets, comets, and the solar
wind. Two of them are designed to returm
samples to Earth: Genesis would pick up
material directly from the solar wind,
while Aladdin would collect pieces of the
Martian moons Phobos and Deimos.
Vesat would orbit Venus and study its at-
mosphere, following up the Pioneer
Venus mission of 1978, A craft called
Messenger would orbit Mercury and map
it completely (Mariner 10 flew past the
planet three times and made a partial
map in the 1970s). Finally, the Contour
mission would visit three comets. In Oc-
tober NASA managers will select one or
two of these missions for actual L‘]:.".'L"ll‘lp-
ment. Existing missions in the Discovery
series are NEAR (MNear-Earth Asteroid
Rendezvous), Mars Pathfinder, Lunar
Prospector, and Stardust.

Minisat 01 orbits the Earth "backward™ as
it studies cosmic gamma rays and ultravi-
olet emission. Cour-
tesy Instituto Ma-
cional de Tecnica
Aeroespacial.

Compton Gamma Ray
Observatory

NASA's Compton Gamma Ray Observa-
tory, which has been in orbit for six
vears, started its second boost to a high-
er orbit in April. Since the last reboost in
December 1993, CGRO had come only
20 kilometers closer to Earth. That is
]'['ILI.'.'l:'I |li"!1:‘i I:I'I.‘I.TII l||'|'I:' I'.‘I.FI:'I-F" !]'I.H'l. I:!lf-i.'UI'I'L'Ij
during its first three years, when height-
ened solar activity caused Earth's upper
atmosphere to bloat and thus increased
the amount of drag. This time the orbit
is being raised higher than ever before,
from 430 to 500 km. Five firings of the
main thruster raised the orbital apogee

Flight controllers have raised the orbit of the
Compton Gamma Ray Observatory, seen here
being deployed by the Space Shuttle. The sat-
ellite has been detecting high-energy emis-
sion for more than six years. Courtesy NASA.

(high point). Further firings in June

were scheduled to raise the perigee (low
point ). Une of Compton’s instruments,
OSSE, recently discovered a concentra-
tion of positron emission near the galac
tic center, a matter-antimatier “fountain™
that reaches 15° north of the galactic
plane (Tuly issue, page 19]. =3
ini astromomer af the Harvard-Smithsorian
Center for Astrophysics, JoxatHany McDowew
weekly electromic

Writes & newsletter on the
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Fussia's Spectrum-X-Gamma, scheduled for launch in 1999, will carry a wide assortment of
telescopes from many countries for ultraviolet, X-ray, and gamma-ray studies of the cosmos.

Spektr-Rontgen-Gamma
The Russian Space Agency is preparing the first of a new series
of Spektr ("Spectrum”) astronomical observatories for launch
in early 1999, Spekir-Rontgen-Gamma will ride a Proton rocket
into an orhit with an apogee of 200,000 kilometers. The mas-
sive spacecraft will carry an international array of ultraviolet,
X-ray ("rontgen’ ), and gamma-ray instruments, cach fed by
their own optics. The Joint European Telescope for X-ray
Astronomy ( [ET-X) has two 4-meter-long retlectors tor high
resolution CCD imaging. The Soviet-Danish Rontgen Telescope
SODART ) wses two thin-fodl retlectors to focus X-ravs onto
proportional counters and a spectroscopic grating. MART-
LIME, an [ralian-Russian collaboration, will make imaging and
SPECiTOSCOPI observations with a & held of view, Los Alamos
Mational Laboratory’s Monitoring X-ray Experiment (MOX]
will watch for outbursts from hundreds of X-ray sources
known to flare erratically. Finally, the Tel Aviv Ultraviolet Ex
:_"'-.'I'il'l'l.':l' TALUVEX) and the Swiss-led Far Ultraviolet Imagimng
Telescope Array (FUVITA| together have five 20-centimeter

telescopes for observations at ultraviolet wavelengths.

Mars Global Surveyor
\fter a 10-month interplanetary cruise, NASA’s Mars Global Sur
vevor reaches Mars on September 12th. The spacecraft will fire
its braking rocket for 25 minutes to drop into a highly elongated
path around the red planet. It will then begin the tedious process
of lowering 115 peak altitude from 56,(KK) kilometers to just 400
km, where it will map the planet from a circular orbit. Surveyor
will do so by repeatedly dipping into the Martian upper atmos
phere, bleeding off speed with each pass. This procedure, called
aerobraking, will be especially tncky because one of the probe’s
solar-cell panels got stuck 20° short of its fully deployed position
Flight controllers worry that air pressure could cause the panel to
foald I'l.\,ll\,, k up agaimst !!'-\; by ol I|'._' SbCecTalt, o [TEWE it this
the 3'4-meter-long panel will be rotated 1807 so that its solar cells
face into the wind; in this position a small motor will be able to

|
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counter the force of the onrushing Mart-
ian air, To avord overheat ng or otherwise
damaging the delicate solar cells, aero-
braking will be carried out more gradually
and gently than onginally planned. High
resolution mapping will begin in March
1998, about two months behind schedule,

Lunar A

The launch of Japan’s Lunar A mission,
origimally scheduled for August 20th,
will be delaved until February or March
1999 because of design problems. Once
in orbit around the Moon, the spacacraft
is to release a trio of penetrators that
will free-fall into the lunar regolith at
300 meters per second and reach a depth
of roughly 5 meters. But vibration tests
conducted in March showed that the re-
lease mechanism is not rigid enough,
which might have sent the meter-long,
40-kilogram probes into the Moon's surface at the wrong
angle, destroying them.

X-ray Multi-Mirror Satellite

The first X-ray telescope for the European Space Agency's X-
ray Multi-Mirror (XMM) spacecraft is undergoing testing in
Germany. Scheduled for launch by an Ariane 5 rocket in 1999,
XMM will carry three telescopes, each with 58 nested, cylindri-
cal mirrors. The trio will produce both images and spectra of
cosmic X-ray sources. Although these instruments will have
lower angular resolution than those on NASA's X-ray Astro-
physics Facility (AXAF), they will have much greater sensitivi-
tv, mainly because XMM's highly elongated orbit will tacilitate
ong exposures, A tourth telescope will provide simultaneous
lII“u,,'l"‘-.:.: 1TEE Al '.Im'll.q; i3l |I||I'.|'.'i|1|l._'1 '.'..i'.-q_'||;||¥hl_|'._~\..

|| wWATHAN Mcollowrn . b JEIFORORERST e .' _f.-.l_": ||r||'- -;,-:n;fr_l;n...;:nr“';,:”
Cerrter for Asfrophesics, wriles a weekiy eectronic nowsletter on the spice

prig furtpedMea- waw rarvand. ed i/ QED T femyfspacesjsrisrhiml |,

The first of three telescope modules for the European Space Agency's
¥-ray Multi-Mirror (XMM)| satellite is now being tested in Germany.
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A collision in June damaged Mir's Spektr module (arrowed) and has
made the complex's future uncertain. This preaccident view was taken
in September 1996, Below: Shuttle commander Charles ). Precourt
{left) greets his Mir counterpart, Vasiliy V. Tsibliev in May 1997.

;
Mir

Forty years have passed since
”"|'LI|...i|-. | rocketed imto orbit on
COictober 4, 1957, For all our sub-
=\.|"'.I-. - _'n,_;'-!:_:

"\-l\.'l\.ll.l\. 1l SRCCEESES 1T

ation, the task can at times seem
as dithicalt and risky as ever. It's
been a particularly tense year
.'|l-.|.-|g§ the Mir orbital station,
On February 23rd commander
Vasiln

mates faced a hife-threatening cri

[sibliev and five crew

sis when a lithium perchlorate canister ignited and spewed
foot-long flames inside the Kvant astrophysics module. As the
complex hlled with black smoke, the crew donned gas masks
and used fire extinguishers to keep the interior walls from
catching fire. The canister, whose contents react to provide
breathable oxyvgen, burned itself out after 15 minutes and the
smoke slowly cleared, But stress 1o the life-support equipment
triggered numerous hardware failures in the following weeks.
Shuttle
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can crewman lerey Linenger with Michael Foale, then another

tal accident occurred on June 253th. [sibliey was testing
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FIRST and Planck

In the wake of a major -1|!||j:'.'l crunch, the | uropean Space
Agency has announced its intention to merge two Hagship proj-
ects. LInder this plan the Far Infrared and Submillimetre Tele
scope and a second mission named Planck would share a single
spacecraft, FIRST is destined for the L, Lagrangian point be-
vond the Moon. Its telescope and three proposed instruments
will study radiation from high-redshift galaxies and the inter-
stellar medium at waveleneths between 85 and 600 microns,
hlling the spectral gap between E3As Infrared Space Observa-
tory and ground-based radio telescopes. Planck | formerly
COBRAS/SAMBA] 1s a smaller spacecraft with a cryogenically
cooled far-infrared telescope and dish-shaped submillimeter
telescope to study irregularities in the cosmic microwave back-
ground, The new plan calls for Planck’s telescopes to ride
alongside FIRST on a shared service module. A hnal decision s

expected next vear, with launch to follow around 2005.

Lunar Prospector
MNASA 15 readving the third spacecralt in 15 Lhscovery series
for a deep-space journey. On September 24th Lunar Prospec-
tor will be launched from Florida on a new Lockheed Martin
Launch Vehicle 2 rocket. After a five-day trip to the Moon, the
spacecraft is to settle into an orbat 110 kilometers high. There
15 keen interest in Lunar Prospector's neutron spectrometer,
which will search tor evidence of frozen water in permanently
shadowed craters in the polar regions. The spacecraft also car-
ries 4 gamma-ray spectrometer to map the elemental composi
tion of the terrain below. Completing the payload are an

alpha [Tk cle spectrometer to detect radioactive Bids EsCaping
from the surface, and a magnetometer to map the Moon's
magnetic field. Lunar Prospectos won't be the first P:l»:-h-: in a
polar orbit around the Moon: Lunar Orbiter 4 and Explorer 35
preceded it in the 1960s, but at much higher altitudes,

.

[ovdaTHAM MoDwepl if art astrarasier af the Harvard-Senithsonngn Celler

or Astrophivsics drd wrifes @ weekly slectronee newsielier on Hhie space Brogmim

Lunar Prospector may determine once and for all whether water ice
lies hidden near the Moon's poles, Courtesy Lockheed Martin,
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Infrared Space Observatory

.J"u.'u.'ul’diﬂg to the J'.Lll'u['u';l:ll apace Agency, the Infrared apace
Observatory (150} completed its nominal 18-month mission in
Mﬂ:.', However, the |ic|ui|,‘.- helium wsed to cool the satellite's op-
tics and detectors is lasiing much
longer than expected. By August
150 had already operated two
months beyond its planned life-
time, and it may well survive until
next March. To stay cool so long,
[SC) has avoided looking in a large
part of the sky near the Earth. Be-
cause IS0 has a highly elliptical
orbit that precesses very slowly,
this “forbidden rone”™ has hidden
the same stars since launch in No-
vember 1995, S0 mission planners
had to make the unenviable
choice of ]-:Hillg either the E.1|L1-..'li..
center or the Orion region, both
of prime interest to infrared as-
tronomy. Orion drew the short
straw, but now that constellation
is at last emerging from the for-
bidden zone, and 150 scientists
plan to make the most of this un-
expected bonus opportunity,

Loaded with more than 2,000 liters of superfluid helium before

launch, the Infrared 5pace Observatory has operated longer than ex-
pected. Courtesy European Space Age ney.

Voyagers 1 and 2
The twin Voyager space probes recently celebrated 20 years in
space. Voyager 2 left Earth on August 20, 1977, Voyager 1 fol-
lowed on September 5th, using a faster track that overtook its
sibling and delivered 1t to
[upiter in March 1979,
I-’Lt'.:k||i|:.}' Saturn in 19840,
Voyager 1 laid the ground
work_ for the Cassini mission
by swinging past Titan. This
redirection forced it out of
the ecliptic plane and left the
remaimng glory to Vovager
2, whose flvbys of Uranus in
1986 and Neptune in 1989
had not been part of the of-
ficial plan at launch. Both of
these robotic emissaries con-

finue fo operafe well, Thev're

Voyager 1 rockets into space on
September 5, 1977, aboard a
Titan I Centaur launch vehicle,
Its twin had left Earth 16 days
later. Courtesy NASA/JPL.

November 1997 | Sky & Telescope

now beyond the orbit of Pluto at heliocentric distances of 10.1
and 7.9 bilhon kilometers, respectively.

Notably, these enduring craft were not NASA's first choice.
The agency had initially proposed an even more ambitious
Grand Tour mission, during which two pairs of spacecraft
would visit all five outer planets by exploiting a once-in-150-
vears alignment. But the tight budgets and uncertain technolo-
gv of the early 19705 resulted in a pair of smaller craft, which
— initially — were to visit only Jupiter and Saturn. They took
shape as the Mariner Jupiter-5Saturn (M]5) project, oversize
versions of spacecraft that had visited Mercury, Venus, and
Mars in the 1960s and 1970s, and cousins of the large Viking
orbiters. The ambitious design included an articulated plat-
form bearing a battery of cameras and other instruments.

The y also carried powerful but largely unproven X-band radio
transmitters, a critical design decision that made the Uranus
and Neptune flybys possible,

5T5 85
August’s 12-day Space Shuttle
mission, STS 85, was devoted
largely to tending a free-fly-
ing satellite for studies of
Earth’s atmosphere and

testing a robotic arm in-
tended for the Interna-

tional Space Station.
But Discovery also car-
ried a healthy comple-
ment of astronomical
payloads. One was the
[nternational Extreme
Ultraviolet ”|1|.'|‘||'|:i|~:|.'l'. a
point NASA-Italian project
making its second Hight.
IEH 2 included the UVSTAR
spectrograph, whose
main target was the torus

of ionized plasma that fills lo’s orbit around Jupiter.
Another telescope in the package, SEH (Solar EUY
Hitchhiker), measured the absolute ultraviolet out-
put of the Sun; it operated in concert with DATA-
CHASER, which recorded the solar disk at ultravio-
let and soft-X-ray wavelengths.

Elsewhere aboard STS 85 were a Belgian instru-
ment to measure the Sun’s total energy output, and
A COSITIC I.|I.I.'-|. |_|,||||_'|_'||;'|r |I.'H:ll..|ll_'-:j 4] Ihl.' ]ilp.l.ncﬁr_' =
botic arm. The crew also ogperated the Southwest Ul-
traviolet Imaging System (SWUIS), a 7-inch Maksu-
tov telescope optimized for ultraviolet studies, It
recorded more than 300,000 images of Comet Hale-
Bopp during nine viewing sessions.

astronemer

fomarHan McDoweLy, an the Harvard-
Smithsonian Cenfer for Astrophysics, writes a weekly elec-
tronic newsletter about the ipace program '.'-IHF"'-"r'II:'H W

harvard edu/QED T fem/space/fsrijsr. html)
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Advanced Composition Explorer

Launched by a Delta rocket on August 25th, the Advanced
Composition Explorer (ACE) is NASAs newest sentingl for
studying the compaosition of the solar wind. The spacicraft
will take roughly three months to reach the L Lagrangian
}1-:=il1l. 1% million kilometers
from Earth in the Sunward
direction. Here terrestrial
and solar gravity, as well as
other torces, are in halance,
so only occasional rocket
bursts are needed 1o keep
ACE in 1ts “halo” orhbit
around the | point. { The
SOHO solar observatory oc-
cupies this same region of
space.) Built by the Applied
Physics Laboratory of Johns
Hopkins University, ACE
represents the last of NASA's

relatively expensive Delta-

The Advanced Composition Explor-
er weighed 785 kilograms at launch
and has a "wingspan” of 5 meters.
Courtesy JHU/APL.

class Explorer missions, Its
nine mass spectrometers and charge analyzers will characterize
the elements and ISOTOpEs ﬂll'-'-m[; outward from the Sun and
arriving from deep space as cosmic rays.

Lewis
The first satellite in NASA's Small Spacecraft Technology Initia
tive, Lewis was meant to demonstrale a “faster, cheaper™ approach
o mission design and operation. Unfortunately, three days after
liftoff on August 23rd aboard a Lockheed Martin Launch Vehicle
(LMLV 1), an imbalance in the craft’s attitude-control thrusters
sent 1t into a rapid tumble. With its solar |'l:|r'u'|l. pointed away
from the Sun, its batteries rapidly discharged and the brand
new spacecraft fell silent. NASA expressed hope that attempts to
revive Lewis would be successful, but the spacecraft reentered
the atmosphere on September 26th. Beyvond its main Earth
observing payload, Lewis had onboard the Ultraviolet Cosmic
Background (UCB) experiment, which would
have studied diffuse ultraviclet radiation from

the interstellar medium and distant galaxies.

Japan

The lapanese space program has been going
through rough times lately, A 14 percent cut in
long-term funding for the National Space Devel-
opment Agency (NASDA) has forced both a re
duced size and a delay for the HOPE spaceplane,
the combination of the Selene lunar orbiter and
lander into a single spacecraft, and downsizing of

other satellites, Meanwhile, several Programs now

Unlike its predecessors, which borrowed heavily from
American technology, the H Il booster is an all-Japa-
nese product that generates 700,000 pounds of thrust
at liftoff. Courtesy NASDA,

December 1997 | Sky & Telescope

under way have run into stumbling blocks. First came an 18-
month postponement of the ambitious Lunar A mission [Sep-
tember issue, page 26), being developed by the Institute of
Space and Astronautical Science. Because of design concerns,
that launch is now scheduled for February 1999, In July the
large ADEOS Earth-observing satellite failed after only a year
in orbit. Worried that the COMETS communication satellite
maght sutfer the same fate because it utilizes so many ADEQS
components, NASDA managers have postponed its launch
until next February.

Not all the news is thum: however, Tests of a robot arm in-
tended tor the International Space Station went well during the
thght of the Space Shuttle Discovery in August (November issue,
page 28). A pair of Engineering Test Satellites and the Tropical
Rainfall Measuring Mission are still scheduled for November
launches. And the ASCA
l'". ra I| A5ironom :|' :‘uikll:."”it{'
continues to work well

after four vears in orhit,

Cassini-Huygens

In order to explont favor-
able planetary alignments
and reach Saturn in 2004
as planned, the Cassini-
Huygens mission needs
to leave Earth between
October 6th and No-
vember 4th. Over the
summer, a threat to the
first-available launch
date was averted when
{‘i'lgil'lr.'l.'l'\ 1.!'.JI|.'L|1' fixed

If all goes well, in late 2004 an instru-
mented probe called Huygens will de-

scend through Titan's murky atmosphere
and relay its findings to Earth via the

Cassini orbiter, Courtesy European Space
Agency,

leaks found in the
Ttan/Centaur aunch
rocket. However, at the
beginning of September a major blunder forced a delay. The
refrigeration unit within the launch vehicle's payload shroud
was turned up too high, damaging insulation on
the Titan-bound Huygens probe. The spacecraft
had to be removed and disassembled 1o remove
any pieces of insulation that might have contam-
inated its delicate interior. At press time, NASA
had rescheduled the departure for the MOTAING
of October 13th, Meanwhile, antinuclear activists
had demanded that the launch be canceled be-
cause Cassini is powered by radioisotope genera-
tors, which use heat from the decay of plutoni-
um to provide electricity. The generators are in
canisters designed to survive even a catast rophic

launch q'\.pluniun

JorxarHax MeDowere ts an astronomer at the Harvard
Struthsomian Center for Astrophysics and writes a weekly
electromic newsletter on the space program (hitp:/ihea-

wwwt harvard. ed i/ QED T fem/space/sriise hitml ),
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Astronomy Satellites

The centerpiece of NASA's 1998 space-astronomy Pro-
gram will be the launch of AXAF, the Advanced X-ray
\strophysics Facility. This revolutionary orbiting tele-
scope will join Hubble and Compton as the third of
the agency’s Great Observatories. Last vear, ground
tests of its mirrors confirmed that AXAF should pro
duce much sharper pictures than any previous X-ray
mission, with subarcsecond resolution comparable to
images obtained in visible light by ground-based tele-
scopes. AXAF also carries gratings that disperse the
X-rays into a spectrum; it will be the first mission to
study the X-ray universe with both sharp images and
]1I:_’,|1 -1'|L'-.1|'.+| resolulion,

'he observatory, whose final assembly began in late
1997 in TRW's factory near Los Angeles, will fly into
orbit in August 1998 aboard the Space
Shuttle Columbia. Then astronauts will re
lease AXAF into a circular 300-kilometer-
high orbit on the first step of a much
lomger journey. Unlike Hubble, AXAF will
be placed far from the Earth, where it can
make long observations without our plan-
et getting in the way. Two solid-fuel rock
ets are to fire shortly after AXAF is de-
ployed, taking the observatory 60,000 km
from Earth. AXAFs own propulsion sys
tem then takes over, and after several days
the Spacec raft will have a perigee of more than 10,000 km and
an apogee of 140,000 km. Several weeks must elapse while
trapped gases that could contaminate the mirrors leak away
into the vacuum. Only then can the aperture door be opened
and the commassioning of the observatory begin.

A smaller astronomy observatory will fly in October on a
Delta rocket. The Far Ultraviolet Spectroscopic Explorer
(FUSE] carries a 64-cm teles o that covers the - to 1200

angstrom ultraviolet range. The telescope will direct hight onto

sky & Telescope

January |1'99a

Above. After its launch by the Space Shuttle in Sep-
tember 1998, the Advanced X-ray Astrophysics Facility
will ascend to a high orbit for its detailed, sensitive
observations of cosmic sources., Left: AXAF's optics are
the largest and most accurately shaped X-ray mirrors
ever built, When X-rays glance off one of the four
nested surfaces, each a precisely tapered cylinder,
they are brought to a focus.

a very high resolution spectrograph to allow astronomers to
study the precise composition and temperature of stars and
gas clouds, as well as use Doppler shifts to measure line-ol-
H.':_-'_:'II 'l.-.'||l|. ihes accurately,

NASA's Small Explorer program continues to sulfer delays,
with infrared and submillimeter observatories originally sched
uled for 1998 shpping to 1999, However, the | RACE ( Transition
Region and Coronal Explorer) X-ray solar observatory is sched-
uled to take ot in March aboard a winged Pegasus rocket.

Solar-System Exploration
January sees the first planetary encounter of the year — and
the larget s Earth! The MNear Earth Asteroid Rendezvous
(NEAR) spacecraft returns home briefly for a gravity assist
after its two-year trip to the asteroid belt. The flyby will redi-
rect NEAR toward its final destination, minor planet 433 Eros,
with an arrival in early 1999, Galileo, still in orbit around
Jupiter, will be making approaches to the Jovian moons lo and
Europa throughout the year, while Lunar Prospector is expect
¢d to be in orbit around the Moon.,

In April, the Saturnbound Cassini probe makes its first
planetary tyby on a convoluted seven-year journey to the

ringed planet. Cassin will gain speed without UsINg precious

The Cassini spacecraft fires its engine to brake into orbit around Sat-
urn in July 2004, Four months later it will release the European Space
Agency's Huygens probe for a plunge into the dense atmosphere of
the giant moon Titan.

R T
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rocket fuel by slipping past our neighbor planet Venus, taking
that opportunity to test its cameras and other instruments. It
will make another pass of Venus in 1999 before heading back
to Earth and then to the outer solar svstem

luly sees the inaugural launch in NASA's New Millennium
program, which focuses mainly on tests of advanced technolo-
gies rather than scientific goals. The first probe, Deep Space 1,
will fly on a new, lighter version of the Delta rocket usi 18 only
three strap-on solid-fuel boosters and a smaller third stage. DS
1's key experiment is its propulsion system: it will be the first
probe to utilize solar-electric propulsion, or “ion drive,” as its
main engine. Other tests include a lightweight combined cam
era and ‘hl"l.'q.lr'-ll'l'.l.'h.'l'. and the use of solar concentrators in-
stead of traditional solar-cell panels to provide electricity. In
1999 D5 1 will fly past minor planet McAuliffe {named for
teacher Christa McAulitfe, who died aboard Space Shuttle
{ -'.'-'“I'.-I'I'-'I'.:-"" on its way to visit Mars and Comet West-Ko-
houtek-Tkemura in the year 2000.

In December, the Mars Survevor 1998 lander will escape
Earth’s gravity aboard a Delta rocket. It and a companion or-
biter, to reach the red planct
in 1999, will be described in
this column in the months to
come. Then, at vear’s end, the
Mars Global Surveyor should
be nearing its hnal orbit
atter almost a vear of aero-
braking — and preparing o
make the most detailed maps
of the Martian surface ever,

Space Technology

[he coming vear will see the

Mars Global Surveyor (MGS] is
repeatedly dipping into the red
planet’s upper atmosphere 50
that air friction will lower its orbit.
Problems with one solar-cell
"wing" in October caused some
concarn (see page 32).

beginning of transition be
tween the Mir orbital complex
and the new International
apace Station (1553, Provided
no more serious failures oc
cur, Russian astronauts wall
maintain their presence on

Mir throughout the year, but

the American presence is coming to an eénd. David Woll will

be replaced by Andrew Thomas in January, but when Thomas

returns to Earth in lune he 1s not currently expected to be re-

placed; Americans and Russians will next fly together in 1999

on the first 155 crew. The station’s assembly begins in June

with the launch of the Functional Cargo Block, a Russian-built

module, Sevei

al Space Shuttle missions will bring up other

COMPpOnents o join i, Culminating al vears ¢ I'I-.l '.'|Z||'I ||'I:,' IETV-

e Module, a copy of M

:
ous problems witl

rs core unit. There have been numer-

the financing of the Service Module, whose

schedule problems caused a six-month delay in the whole [55
program. NASA is having an Interim Control Module built

stateside, which could be launched instead if needed. The only

GOl Shuttl

rodab scien
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Sky & Telescope

The X-34 spaceplane is slated to make its debut in 1998. This robotic,
single-angine rocket will drop from a wide-body jet, accelerate to eight
times the speed of sound and a peak alitude of 80 kilometers (50
miles), then make an automated touchdown on a conventional runway.
MASA planners hope that the X-34% successors will dramatically lower
the cost of transporting cargo and people to and from Earth orbit.

coast, used by the alians since the 19%60s. But that platform
always stayed in one place and could be used to launch only
very small satellites. Among other new launch vehicles 1o be
tested are Orbital Science’s X-34, an air-launched rocket simi-
lar in concept to its smaller Pegasus that introduces a |1'a:|L1id-
fucled engine developed by NASA, and the Bocing Delta 3,
with a new liquid-hydrogen upper stage. Provided nothing
goes wrong on its second test flight, Europe's mighty Ariane 5
should begin regular launches.

Jomaran MceDiowery, an astrovomier aft Bhe Horvand-Seutisorman Cen-
ter for Astrophysics, writes a weekly electromic newsletter on the space

prrogram | herp:/fthea-www harvard edw/QED T/ fomyspacedjsrijse himi).

The International Space Station (155) will begin to take shape in the
latter half of 1998. First up will be Russia’s Functional Cargo Block (at
left), which will then be joined by NASAs Mode One (at right]. Cver
the next few years a giant research complex will be assembled
around this modest core,
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Mars Pathfinder

On November 4th project managers at the Jet Propulsion Lab-
oratery announced that the Sagan Memorial Station on Mars
had fallen silent and was presumed dead. The last full trans
mission from Mars Pathfinder’s base station came in on Sep-
tember 27th; thereafter only faint, brief signals on October 2nd
and 7th broke the silence from Ares Vallis. Commands will
continue to be sent to the lander at least once per month in
the hope of regaining
contact. But apparently
the internal battery that
helped keep the station
warm has given out, as
predicted. If so, repeat-
ed exposure to the cold
Martian night have like-
lv have caused the land-
er's electronics ta fail,

FIT"l.III."lH.I'FI.:I.' Permanc t |"|

The rover Sojourner awaits instructions
for approaching the large rock “Chimp”
to its right. The rock's elemental compao-
sition was obtained a week later, just
before Mars Pathfinder fell silent on
September 27th,

Since the rover So-
INUFET commumcales
to Earth via the lander,
it too is out of touch,
Still, Mars Pathfinder
lasted much longer
than its modest one-month objective; it also validated the air-
bag landing method tor rocky sites, determined the composi-
tion of rocks and the properties of dust in its vicinity, and
strengthened the idea that liquid water was common on the
Martian surface in the past.

Lunar Prospector

MNASA hopes there will be no further delays to preclude the
January 5th launch of Lunar Prospector, the next mission in its
Discovery series. The probe’s departure has already been post-
poned twice because its new Athena 2 rocket had not been
tully tested. This will be the first launch from the Spaceport
Florida Authority, a new commercial site at Cape Canaveral
with a single converted Trident missile launch pad. Lunar
Prospector will survey the Moon from orbit and hunt for
water at the lunar poles, Its data will complement the global
mapping done in 1994 by the Department of Defense’s
Clementine spacecraft. Meanwhile, a second Clementine mis-
sion, which would have explored several near-Earth asteroids,

recently fell victim to President Clinton's line-item veto.

BeppoSAX

A fter a.pq-ndiﬂg two months 1 sate mode H:ulhr'.v:in:,; multiple
gyroscope failures, the ltalian BeppoSAX X-ray observatory was
revived in August to test new attitude-control software that re
quires only a single working gyro. Normal science observations
resumed on August 14th, and by early September approval was
given to resume observing “targets of opportunity” on short
notice. This quick-response capability is particularly important
for tracking gamma-ray bursts. However, as of mid-November,
no new bursts had been observed since BeppoSAX's return to

February 1998 | Sky & Telescope

service. One was nearly seen on
Octaber 29th, when the space-
craft's gamma-ray burst moni-
tor spotted an event 1n Gemini.
But the source was located 20°
outside the view of its wide-
feld X-ray camera.

Explorer 1

NASA, Caltech, and the Jet
Propulsion Laboratory all plan
40th-anniversary celebrations to
commemaorate the first U.S,
satellite, Explorer 1. Rushed 1o
completion in response to the
soviet Union's Sputnik success-
es, the 3-kilogram payload was
launched into a 360-by-2,570-
kilometer orbit by a Jupiter C
rocket on January 31, 1958
(February 1st Universal Time).
Explorer’s charged-particle de-
tector discovered trapped radiation around Earth that became
known as the Van Allen belts.

The jubilant tric of JPL director
William Pickering (left), physi-

cist Jamies Van Allen, and rock-
etear Wernher von Braun hold

a model of Explorer 1 and its in-
tegrated Sargeant rocket stage
after the satellite's 1958 launch.

Ariane 5

Officials at the Furopean Space Agency breathed a collective
sigh of relief when the second Ariane 5 heavy-lift rocket placed
two dummy satellites in orbit at the end of October. {The first
Ariane exploded seconds after launch in June 1996, destroying
four Cluster satellites.) While largely successful, this second trial
was marred by a sensor problem that triggered a premature
shutdown and left the satellites in an orbit thousands of kilome-
ters lower than expected. Like the Space Shuttle, Ariane 5 has a
main engine fueled by liquid hydrogen and two huge solid-pro-
pellant strap-on boosters. This “stack” is then topped with a
conventional upper stage and a payload. Ariane 5 was originally
designed to carry the Hermes spaceplane, but European govern-
mients have since lost interest
in piloted space flight and
most Ariane 5 flights will now
loft heavy communications
satellites into orbit. Future
European astronomical satel-
lites will also rely on Ariane 5,
the first of which will be the
X-ray Multi-Mirror ( XMM)
observatory in late 1999, &

lonarHaw McDoweLL is an as-
trongrer af the Harvard-Searth-
sovtian Center for Astrophysics amd
wriles a weekly electronic newslef-
fer on the space program (hetpodf
fea-www harvard. edu/QEDT/
jem/spacelsrfsr htmt ).

An Ariane 5 booster roars from its
launch pad on October 30, 1997.
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Advanced X-ray Astrophysics Facility

Iq.'l-\.ll'!l\.ll of the l'|l\.|'-_|!_|_;..\.i l'-‘.-|'|!l| ",-,I;.Lll'l:'“_'\.ml\. I_-|' ||l |"|"\I.I III.I
MASA's “Great Observatories,

one of
may be delaved shightly because its

clectrical integrataon 1114l lesting are behind schedule ".|I;".l.-'.|:_.:ll the
observatory itself is almost completely assembled and its pertorm-

ance was checked oul extensively in calibrations last vear, more 1ests
are needed to ensure that the satellite will carry out commands cor
rectly. Builder TRW had contracted to deliver AXAF by June 1st, in
preparation for its launch aboard the Space Shuttle Columiia at the
end of August. But delivery may now be a little later than planned

MASA has not determined what effie aunch

t this will have on the
date, but the project’s astronomers are still optimistic that they will

be seeing data from AXAF by the end of the year

SPARTAN 201

The fourth flight of this Shuttle Pointed Autonomous Research
Tool tor Astronomy on mission STS 87 was a dramatic failure.
The free-tlying spacecraft carries an ultraviolet coronal spec-
trometer and a white-light coronagraph to study the outer at-
mosphere of the Sun. On last November's flight it was to help

recalibrate the imstruments on the Solar and I-E;Iiu-nrltq:'lq Oh

servatory (SOHO), which has been in space since 1995, Howey-

er, SOHO suftered a systems fallure on the day Columiia head
ed into orbit and was ||'|c|p._-r.=|'-|{ for a couple of davs. delav ng
the joint experiment. With that issue resolved, SPARTAN was
LE-.-]‘-|-1'|.¢'1'. on November 21st. But as NASA scentists waited for
the spacecraft to perform its orientation maneuver, nothing
happened. An attempt to recapture SPARTAN with the shuttle’s
robot arm also failed and, worse, left the spacecraft tumbling
Three days later spacewalking astronauts grabbed SPARTAN
with their gloved hands, and it was returned to Earth undam-
aged. An investigation showed that the satellite was working
perfectly but that a crucial command to switch it on never
reached the craft. As this issue went to press NASA had not yet

determined if the astronauts were responsible.

The SPARTAN 201 solar-
i- observing spacecraft ap-
o - pears at the end of
: Space Shuttle Colum-
bia's robot arm. Its coro-

nagraphic telescope ks
2.3 meters long. Cour-
tesy NASASISC.

Technicians at TRW in Redonde Beach, California, assemble the AXAF
spacecraft. Courtesy AXAF Science Center.

Small Explorers

MNASA officials have approved two new Small Explorer mis-
sions for development. The High Energy Solar Spectroscopic
Imager (HESSI) combines simultaneous imaging and spec-
troscopy of both gamma rays and X-rays. It will monitor the
energy release in solar flares on time scales down to 10 mil-
liseconds, and its elescope will localize the emission to within
a few arcseconds. GALEX, the Galaxy Evolution Explorer, will
use a S0-centimeter telescope to carry out the first detailed all-
sky survey at ultraviolet wavelengths and a deep search for dis-
tant galaxies. The satellite’s cameras and spectrographs will
measure redshifts, dust extinction, and ultraviolet luminosity
in 100,000 galaxies closer than redshift z = 2. It should also de-
termine whether the rate of star formation changes rapidly in
galaxies and the kinds of stars that form at various times in

L
[REIr ey I5-|'.I|I-|II.

Discovery Missions

NASA has also selected two more planetary missions in the
Yiscovery program. Genesis (formerly Suess-Urey) will spend
two years collecting particles from the solar wind at the L, La-
grangian point on the Earth-5un line; 1t will then return the
samples in a sealed capsule to the Utah desert, The goal is to
determine the original chemical and isotopic composition of
the solar nebula.
us Tour) 15 an ambitious project to visit comets 2P/Encke in

3

2003, 73PISchwassmann-Wachmann 3 i 2006, and 6P/d Ar

he second mission, Contour [Comet Nacle-

rest in 2008, Contour will fly close to the nuclei of these well-
known periodic comets, recording spectra and analyzing dust
coming from them. These new Discovery missions comple-
nent ane already selected, Stardust, which will return dust
from Comet 81P/Wild 2 to Earth in 2004. NASA's new empha-
sis on its Origins scientific theme comes out clearly in these
recent selections. The emphasis on cometary exploration
marks a big comeback from the agency's refusal to launch a
Hallev s Comet probe i the 1984s,

| y
[omaTHAN McldoweLL 5 an astronommer at tee Harvand -5Sonthsantan

Ysfrophysics wio -_I"l.-.'lli-l-'-T"' i exiragalactic objects. He
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UPDATE

BY JONATHAN McDOWELL

Lunar Prospector

F::Ei::‘--'iny. its spectacular nighttime launch on January éth,

NASA's Lunar Prospector i1s now collecting data in orbit

Earth

around the Moon. This mis

Launch s10n 15 the culmination of two Orbital capture

Equator-5

A new space-science satellite was launched last December 2nd

to round out the International Solar-Terrestrial Physics pro-

gram, complementing results from the 50HO, Polar, Geotail,
and Wind satellites already in orbit. The Max Planck In-

a6 decades of work by space ac- 2 i 850 ¥ stitute for Extraterrestrial Physics in Germany devel-
tivists to build support for a 105-hous P oped the small Equator-S satellite to study Earth's
Emi.,lr-llrl‘rilin':; satellite to sar coas” k",l .:|||,:~|h:-:'|.u| EI1.I:,_'|IEI,'|I.:-"1ir|'1I:'r-;', n;pl.n.iu:?', a more ambi-
vey the Moon's resources and =~ Moon “.4 tious mission canceled by NASA in the 1930s. Equa-
search for water at its poles, / ! Final tor-5 carries instruments to understand the etfects
In the early 1990s the II-" _".I'I‘t:-i:lbl;!nl of the Sun on the space environment near Earth,
Unlike the years-long MUSSIONS  proponents, | f a5 f particularly the “plasma sheet” in the geomagnetic
cruises of interplane- led by principal inves- ) tail and the magnetosphere's outer boundary (the
tary spacecraft like tigator Alan Binder, at- magnetopause ). The Max Planck science team will
Galileo and Cassini, tempted to obtain pri Irvitial J study how the
Lunar Prospector re- vate funding withowt ZR2E N /" solar wind interacts

quired only a few days
to reach its objective,

26

the

lunar-orbiter concept gained popularity

success,  However,
with NASA's revised emphasis on small,
cheap missions, and in 1995 Prospector was selected as part of
the Discovery program (S5&T: September 1995, page 6.
Prospector's launch was delayed by six months, but finally the
first tlight of Lockheed Martin's Athena 2 rocket placed the
spacecraft in a temporary parking orbit after lifting off from a
commercial pad at Cape Canaveral. Firing a final, solid-fuel stage
then put the probe on a
four-day coast to the Moon.
On January 11th Prospec-
tor's own engines placed it
in elliptical orbit around
the poles, Repeated firings
over the next few days were
used to maneuver the
spacecraft into a low orbit
just 100 kilometers abowe
the lunar landscape. The
satellite, also built by Lock-
heed Martin, carries instru
ments to measure alpha
particles, neutrons, elec
troms, and SAImMIME Faays €1m
anating from the surface;
others will map the mag
netic held and gravity of
the Moon. [ts spinning
cvlindrical body, reminis
cent of the communica-
tions satellites of the early
| 9805, is simpler and
cheaper than the three-axis
stabilization system used on

most modern spacecraft.

The scientific findings of NASA's Lunar Prospector, seen here prior to
its January launch, will complement the data gathered in 1993 by
Clementine — a Department of Defense mission.

Apnl 1998 | Sky & Telescope

with this protective
“bubble” around the
Earth, which 15 consid-
ered similar to the plas-
ma boundaries in many
astrophysical objects
Equator-5 was
launched piggvback
with a communications
catellite into geostation-
ary transler orbit by an
Ariane 4 rocket, then it

fired a small motor 1o

Equator-5 carries seven scientific instru-
ments in a spinning, 230-kilogram pack-
age measuring 2.3 meters in diameter.

double its apogee
height to 67,000 km

Ulysses

'he European Space Agency’s Ulysses, launched in 1990, is the
first and only spacecraft to have traveled over the Sun's polar
regions. Since completing its north-polar pass in 1995 (S&T;
March 1996, page 24), Ulysses has been arcing back down to-
ward the ecliptic plane. It reaches aphelion at 5.4 astronomical
units, near the orbit of Jupiter, in late April. ESA communicates
with Ulysses via NASAs Deep Space Network, and science data
15 still streamuing in. In January Ulysses began an experiment
called MIDAS (Multi-Project Investigation During the Align-
ment of Spacecratt), conducted jointly with the Advanced
Composition Explorer (ACE) launched in 1997, The pair are
studying high-speed clouds of plasma released into space from
the Sun’s atmosphere, called coronal mass ejections (CMEs), as
well as variations in plasma believed to be of interstellar origin.
ACE is stationed at the Lagrangian point on the Sunward side
of Earth, while Ulysses reached opposition, aligned with the
Earth-5un line, on February 26th. With Ulysses so miach fir-
ther away, an impressive baseline can be obtained 1o study the
evelution of CMEs and other solar-svstem-wide events.
[omaTHAan Moelowerr, an astronomier af the Hoarvard-Smithsomnian
Latnter for AStropHysics, writes a wi ckiy electrante mevsletter on the spalce

prograrm { nitpshea-wawwharvard edw/QED T cmyspace/ise/jsr. hitml)
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This month's column highlights a quartet of astronomy mussions that have been proposed

as part of NASA's Origins program to search for planets around other stars.

Deep Space 3

[0 be launched around the year 2001, 125 3 is part of NASAs
NMew Millennium technology-development series and would
consist of three satellites launched into orbit around the
Sun. The satellites would stay in an equilateral triangle a
few hundred meters on a side, with their relative dis
tances measured accurately by lasers and maintained
by small thrusters. Two would use flat, | 2-centimeter-
wide mirrors to retlect hl.lT|i§‘_|1I to the third S raft,
called a combiner. The combiner would use adjustable
optics 1o keep the length of the two incoming light beams
constant 1o within a few nanometers (tens ol angstroms). Com-
|1-i|1_i|:'|:;: the beamis in an -:|PI§u._‘.'|| interferometer would then !.':d-:|
images with a resolution of a milliarcsecond or less. Such ca
pability could resolve a truck’s headlights from the distance of
the Moon. However, it's important to realize that DS 3 and
other proposed planet hunters will have only a very small field
of view — s0 none¢ of them will replace Hubble's ability to re-
turn spectacular images of nebulae and galaxies.

Space Interferometry Mission

I'he let Propulsion Laboratory 1s also developing the Space In-
terferometry Mission, which unlike Deep Space 3 will be a sin
gle satellite. Its 10-meter-wide interferometer will afford a res-
olution of 10 milliarcseconds over a (0.3-arcsecond held of
view. The individual “siderostat™ tele SCOPES W ill he mowvable to
keep the light path stable
tor about 10 angstroms.
SIM's main task is to
search for wobbles in the
posihions of stars, thereby
indicating the presence of
planets around them, [t
will alsoy be able to meas-
ure parallaxes of bnght
gtars out to Bl D0 |i;_:|'!1
vears (25 kiloparsecs), at
last putting the galactic
distance scale on a firm
looting. Finally, its high-
resolution images of the
nearest active galactic nu
'\.\_l:\,i -|'|1||_||-:| |'-ru'.'i\|.q Ll
VInCIng €\ ldence or | oF
against) the presence of
massive black hales in

I_|'||'-.;_' 1||'|i|__-._l1..

MNASAS Space Interferometry Mission may reach orbit as early as
2005. Prototypes of its high-precision truss were tested aboard the
Space Shuttle mission 5TS 85 last August. Courtesy NASASIPL,

26 May 1998 | Sky & Telescope

The ambitious Terres-
trial Planet Finder will fly in
a yet-to-be-chosen heliocentric
orbit somewhere between the Earth
and Jupiter. One wersion under study,
shown here, will orbit near Earth and carry a
guartet of telescopes with apertures of 4 to 6 meters.

Terrestrial Planet Finder

The most ambitious mission now being considered by NASA,
the Terrestrial Planet Finder would be a spaceborne infrared
interferometer poweriul enough to obtain infrared specira of
terrestrial-sized planets around other stars. These spectra
would be good enough to resolve absorption features in the
planets’ atmospheres, thus identifying candidates for habitable
worlds, TPF could become a reality by the end of the nexi
decade, but the technelogy required to cancel out a primary
star's light completely enough 1o allow this kind of observa-
tion is still some way off. Its propoesed successor, Planet Im-
ager, would actually resolve surtace teatures on extrasolar plan-
ets by having several TPF-class interferometers flying in a
&,000-km-wide formation and observing in concert. Although
an exciting challenge, for now Planet Imager remains a gleam
in the NASA administrator’s eye

Next Generation Space Telescope

Currently envisioned for launch around 2008, the NGST
waltld be a general-purpose large (6- o B-meter) space ob-
servatory that in some ways would replace the Hubble Space
lelescope. However, NG will abserve prinmrilv at infrared
wavelengths, as its primary task is to study high-redshift galax-
ies and protogalaxies. [t would be launched by an Atlas-class
launch vehicle, probably to an orbit beyond the Moon, and be
much less massive than HST despite its larger aperture. The
mirror itself may unfold in space, since none of the current
launch vehicles have pavload fairings large enough to carry it
up whole. A Sun shield will then deploy 1o keep the mirror
cool. [n addition to its cosmological studies, NGST would ob-
serve star-forming regions and survey asternids in the Kuiper
Belt. The new telescope may be preceded by three demonstra
tion missions around 2001 to 2003: an inflatable Sun-shield
test, a study of the effects of weightlessness on large mirrors,
and possibly a test of an unfolding mirror.

Jomarian MeDoweLl, ai astronomer af the Harvard-Sinthsonian
Center for Astrophysics, works on scrence planmmyg for the forthcoming
VCAF mission. He writes a weekly electronic newsletter on the space pro

eram [ hitp:thea-www harvard edw/ QED T omspace/isrfizr hetml).
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Advanced X-ray

Astrophysics Facility

MASA has selected the crew that will
deploy its AXAF X-ray observatory.
Space Shuttle mission ST5 93 will be
commanded by Eileen Collins, the first
woman in charge of a space-flight
crew, Together with rookie pilot Jeff
Ashby, she will fly NASA's oldest shut-
the, Columbia, into orbit. Then French
mission specialist Michel Tognini and
NASAs Cady Coleman will join veter-
an Steven Hawley [ who also deploved
the Hubble Space Telescope in 1990)
in placing AXAF in space.

In contrast to other shuttle-
lavinched I!-.'|L'~i-.1:-p-.-~. like HST and
Compton, AXAF's relcase won't use
the Canadian robot arm.
Instead, AXAF will be
stored backward in the
payload bay, with its tele-
sCOpe aperiure connecied
to a solid-fuel rocket
I'_'IIL'I-IZ'IH.H'['. ﬂ'H."I'I_EI'ItI."{i i a
pivoting circular belt.
Once Columbia's crew
opens the bay doors, the
contraption will swivel
upward with AXAF's rear
instrument compartment
pointing well out of the bay. Then the belt will swing open as
springs and small explosive charges push AXAF and its booster
clear of the shurtle. Collins and Ashby must then back off well
clear of the satellite, as an automatic imer counts down to ig-
nite the |.1rg1: firework that will propel AXAF to high orbat

Launch of 5T5 93 is now planned for early December.

Mars Surveyor 2001
With preparations for the Mars Surveyor 1998 orbiter and land-
er well under way, detailed planning has begun for Mars Survey-
or 2001 missions. [ts lander will carry the Mars Environmental
Compatibility Assessment to analyze surface dust for potential
hazards to human explorers. Specifically, it will check acidity.
electrical conductivity, and the presence of toxic chemicals.
The In Situ Propellant Production will assess whether future
explorers might use atmosphenc gases to create tuel for their
return from Mars instead of bringing it with them. Also
aboard will be an advanced rover that could range over a hun-
dred kilometers from the landing site.

Following the NASA administrator's recent
intervention to reverse an order o shut down
It will be early 2002 before the Mars Surveyor 2001
lander and rover (in the box at left) touch down
on the red planet.

June 1998 | Shky & Telescope

Air Force pilot Eileen M, Collins (left)
will head the mission to launch the
Advanced X-ray Astrophysics Facil-
ity, NASA's next Great Observatory.
Assembly of AXAF was completed
in March with the installation of s
solar panels. In February scientists
tested the flow of data between in-
struments, the spacecraft, and the
AXAF control center.

advanced planning for human plane-
tary exploration, the selection of the
Mars 2001 experiments represents a
clear victory for those in NASA wish-
ing 1o lay the groundwork for an
eventual voyage by astronauts to the
red planet.

X-ray Multi-Mirror Mission
The European Space Agency's next
mission, XMM, will be launched a
year after AXAF. In February ESA
publicly unveiled its largest-ever as-
tronomical spacecraft, which ts un-
center in the Netherlands. The satel-
lite has three mirror modules, each
with 58 nested X-ray mirrors, provid-
ing more light-gathering capacity
than AXAF at the expense of less
sharply tocused images. Two of the
mirror modules have grating spec-
trometers behind them for high-reso-
lution spectroscopy, and all three have
CLIY cameras. A separate optical mon-
itor telescope will provide simultane-
ous measurements of the visible
brightness of targets. The German-
built satellite consists of a service

module, the mirror modules, a ]ung
telescope tube, and the instrument
compartment. [t will be launched by an Ariane 5 rocket into a
highly elliptical orbit toward the end of 1999.

Infrared Space Observatory

The Infrared Space Observatory, a European F-p-.u;n: Agency
astronomy mission, is nearing the end of its life. Originally ex-
pected to last only 18 months before exhausting its liquid-helium
coolant, 150 has been in orbit for more than two years, and the
helium may last until May 1998, The extended lifetime has been
a boon to its scientific studies. When 150 was launched, its orbit
prevented observations of some particularly interesting targets.
But over time the orbit has precessed enough that the remaining
areas of sky are now visible. The star-forming regions in Orion,
previously in the hidden zone, could be viewed beginning in
March. Other recent 150 observations include a long scan of

several ui-.'gl«.'i'w tao either side of the L'-.!.lphr ]1].|.m' at 90 t:t:|ipti-l:

longitude, a survey of interstellar dust near the cloud Lynds
| 642, and studies of the Small Magellanic Cloud and the Tri-

angulum spiral galaxy.

loxaTHAN McDowELL 15 an astronoster af he
Hurvard-Smithsoran Center for Astrophysics and
WSS 01 W |'|'I'-.'..'. |'.||"-: IR HMa -|'.l'.lr|_'r M !ll.':' -Il'l.'!:'t'
et hea-www harvard. edu/QEDTY
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Transition Region and Coronal Explorer
NASA's third Small Explorer satellite reached orbit on
April Ind and attained first light on April 20th.
TRACE will carry out high-resolution imaging of
the Sun at several diagnostic ultraviolet wavelengths,
[ts 30-centimeter Cassegrain telescope is unusual in
that each quadrant of the primary mirror has a differ
ent coating. Three quadrants have coatings matched 1o three
distinct extreme-ultraviolet emission lines from iron ions in
the solar corona. The fourth quadrant collects a broad range
of longer ultraviolet and visual wavelengths; filters select sever-
al hydrogen, carbon, and iron emission lines from this broader
spectral swath. Scientists will choose the desired sector of the
primary mirror by using a shutter at the Sunward end of the
tube. TRACE has an B.5-arcminute field of view and should
yield arcsecond-resolution images of a significant fraction of
the solar disk.

The satellite, launched by a Pegasus rocket from Vandenberg
Air Force Base, will follow an orbit above the day-night termina-
tor, so that TRACE can lock at the Sun all the time without
Earth getting in the way. If our planet were a perfect sphere, an
orbit around 1t would normally stay fixed relative to the stars and
thus shift relative to the Sun during Earth's vearly trek. TRACE'
orbital height and inclination, combined with the gravitational
effects of the Earth's tlattened poles, cause its orbit to shift by
exactly the amount needed to compensate for Earth’s orbital
motion, keeping TRACE in its so-called Sun-synchronous path.

Far Ultraviolet and Spectroscopic Explorer

MNASA announced this spring that launch of the FUSE satellite
on a Delta rocket has been delaved from October until at least
next February. Although the Far Ultraviolet and Spectroscopic
Explorer is running only a couple of weeks behind schedule, the
Delta pads at Cape Canaveral are so fully booked with commer
cial and Mars-probe launches that no schedule slot was available
for several months. FUSE 15 another ultraviolet observatory
using mirror segments with different coatings, but 1t has a rather
different design and a very ditterent program ol planned obser-
vations. [ts four mirror
segments are physically
separate, off-axis com
I."LH'IL"'I]' 5 that reflect
light onto very-high
resolution spectrographi
gratings. FUSE will ex
ll.'ll-;i- HI.JI";"i'L' ~.‘.I..{|:-;_'~. '::'[.
stars and the interstellar
medium to the 900- to
| 200-angstrom ultravi-
olet band, where mam
mare spectral lines can
be observed. An impor-

tant cosmological meas-

The FUSE spacecraft must now wait until at least next February be-
fore its ultraviolet studies can commence.

28  July 1998 | Sky & Telescope
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Guide telescope
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Quadrant The Transition Region and

bt
g Coronal Explorer has different coatings

on the four quadrants of its primary mirror to
permit chservations of the Sun at specific ultraviclat
wavelengths. Courtesy NASA-Goddard Space Flight Center.

urernent planned for FUSE 15 to find out how much deuterium
“heavy” hydrogen ) exists in different cosmic sources, in order to
pin down conditions present shortly after the Big Bang. FUSE
will be operated by a team at Johns Hopkins University,

Space Infrared Telescope Facility
NASA Admimstrator Damel Goldin has approved the start of de-
sign and development work on SIRTE, the fourth and final Great
Observatory. (The other three are the Hubble Space Telescope,
Compton Gamma Ray Observatory, and Advanced X-ray Astro-
physics Facility.) Historically, NASA projects
first go through many vears of paper studies
termed Phase A and Phase B) before receiving
this key go-ahead for hinal development and con-
struction (Phases C and D). Orginally planned
as a multibillion-dollar, shuttle-launched mis-
sion in a low-altitude orbit, SIRTF has evolved
into a Delta-class payload that will orbit the
Sun. SIRTFs 85-cm-diameter infrared tele-
scope will build upon the stunning successes
of its predecessors, the IRAS mission (1983)
and the just-completed Infrared Space Ob-

below!)., Laundch is

servatory mission (see

scheduled for December 2001. "

Infrared Space Observatory

As anticipated ( June issue, page 24), the Infrared Space Ob-
servatory ran out of hiquid helium on April 8th. Observations
were halted when the ll.'ll._"lil.'l.rl,‘.ll._'l\ lll,,"ll,‘l._'ll'lrh oG :!hﬁ'ﬂ: -1-"

Kelvin, The final image was of the galaxy NGC 1808, the last
of more than 26,000 observations made over 28 months of op-
eration {compared to the planned 18 months). Project man-
agers at the European Space Agency then began a month of en-
aineering tests on the satellite, during which 150 acquired some
near-infrared spectra of stars using detectors that do not require
cryogenic temperatures, In any case, 150 story is far from over,
with many of the observations still to be analyzed and published.
Calibration and analysis of the data 1s only now reaching maturi-
ty, and completion of the science archive will take several years.
lonatHax McDoweLL, an astronomer ai the Harvard-5Smithsonian
Center for Astrophysics, writes a weekly electronic mewsletter om the space

Progran l'|.'|'|". hea-wiw frarvard. eduw O Il.ll.f'll'“.'-":‘-ll'-‘lh I.-.l':l.'r-.l"'\-r. frpaed )
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Hubble Space Telescope
Following a decision to operate the Hubble Space Telescope
|:"lfl"'.lf_'hl'l El"'-\. l.'I:l.l il ||1:' next decade, MASA has B VETH |i"-§'\-| 11 .||
to be added to Hubble
in 2002. The next Hubble-related Space Shuttle tlight 1s the
Hubble Cirbatal Svstems Test (HOST

for a new Wide Field ¢ amera | W EL
in October, thane wath

LL5. senator and pioneering astronaut John Glenn and Spartan
201 (see below)

-.u-n]ing: systemn for the Mear Infrared Camera and Mult-Obiect

[t will test a replacement computer and a new
spectrometer (NICMOS). In 1999 the Servicing Mission 3
flight will install the Advanced Camera for Surveys (ACS)
which is really three cameras providing imaging from mid-
ultraviolet wavelengths all the way to the near-infrared. ACS
will replace the European Space Agency s (ESA) Famnt Object
Camera, the last of Hubble's original instruments.

In 2002 Servicing Mission 4 will carry WFC3 and the Cosmic
Origins Spectrograph (CO8S]) to the observatory. WFC3 will pro-
vide the first wide-held, near-ultraviolet imaging, down to 2000
angstroms. The COS 15 derived from the spectrograph on the Far
Ultravaolet HI"'I.'I.':IIIﬁl..'.ll"':.l, |'\p||-ur FUSE}, r|'|lL|E|| it will not
reach FUSE's far-ultraviolet wavelengths. It also reuses the struc-
tural parts of Hubbles old Goddard High-Resolution Spectro-
graph, which was returned from space in 1993, COS will be able
to take spectra of much fainter targets than the Space Telescope
Imaging Spectrograph (STIS) now operating on Hubble, The or-
biting observatory’s current plans call for operating eight adda
tional years using STIS, WFC3, NICMOS, ACS, and COS with-

out further shuttle visits until Hubble returns to Earth in 2010

Cassini
The Cassini probe to Saturn made its first gravitv-assist flyby
on April 26th, when it passed 284 kilometers above the surface

of Venus. Two short rocket burns to trim the profe s course

- . . - " LT e :
wiere canceled as unnecessary, Most of Cassint's science mmstru

ments were not switched on during the flyby, 1o save on the

The Cassini probe periodically picks up speed on its way to Saturn

through close encounters with other solar-system bodies.

Sugust 1998 | Sky & Telescope

The solar observatory Spartan 201 will make its ffth flight on the
Space Shuttle in October,

cost of operation and data analysis. However, a radio antenna
did conduct a search for emissions trom possible Venusian
lightning, and calibration tests of the spacecraft’s radar used
Venus as a target. In March ESA's Huygens lander attached 1o
the main probe was successfully checked out. Cassini will re-

turn to Venus next vear and will reach Saturn i 2004,

Spartan 201

NASA has approved a plan to refly the Spartan 201 solar satel
lite on an October Space Shuttle mission. On its fourth flight
last November, Spartan failed to switch on atter being de
ploved. An inquiry determined that astronaut Kalpana Chawla
forgot to send the computer command that would have acti-
vated the spacecraft. An attempt to recapture Spartan with the
rabotic arm sent the satellite into a tumble. Although astro-
Nauts |:_'._|_-'--._||_'|._| it a |'|_'-'-. |,:|._1'.'- later. no observations WCre !'|‘..,'|-;,!|;'
with the satellite’s two instruments. On the forthcoming 5T5
95 flight, Spartan will make observations to help calibrate the
Solar and Heliospheric Observatory (SOHO) satellite.

Deep Space 1
Launch of the Deep Space | mission has been delaved from
by the delayv of the FUSE mission ( July 1ssue, page 28). The

slip for Deep Space 1 was forced by the redesign of solar-array

fuly until October, :_n.ll!i._' a Delta launch slot recently treed I.il,'l

electronics and the elimination of artihcial-intelligence soft
ware from the mission's control system in favor of older-style
programs. The new launch date rules out a planned Mars flyby
5 the hirst of NASAs Mew Mil-

lennium missions, which are intended mainly to test new tech

and comet visit. Deep Space

nology rather than do science. New asteroid and comet targets
tfor [5 1 will be named this summer.
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Space Telescope Science Institute

On June 8th, NASA Administrator Daniel 5. Goldin an
nounced that the Space lelescope Science Institute has been
chosen [0 manage science operations for the torthcoming Next
Generation Space Telescope (NGST). Located at Johns Hop
kins University in Baltimore, the institute opened in 1983 to
support astronomers using the Hubble Space Telescope. The
new assignment means the institute will continue to function
after H5T's mission ends in 2010. Unlike Hubble, the NGST
will observe primarily at intrared wavelengths. Design studies
are under way, with a projected launch in 2007.

International Space Station

Already behind schedule, the space station faces another delny
this fall. In May the launch of the first module, named Zarva
{“dawn"}, was postponed from the summer to November. Also
known as the Functional Cargo Block, Zarva is a
Russian-built tug with a cluster of docking
ports. It is similar in shape and mass 10 Mir's
add-on modules, like the Spektr laboratory
1.1;3I'|'|:l|_.'.-:.'l.3 in last vear's collision. In December a
!"].‘!Il.'l-.' "‘*-I" llr.lli.' |.|il_'.i‘.!|l 15 slated to ‘|'|,-'r'||J|_'_.-:'.-e'-|_:_x with
;-"'..I.r:r.l and connect ]'h'l-_'il'rh..'h':-. |:'|'||‘.:| I,_ZII-LLIIJF node
10 it. Unity has six connection ports, and by
2003 1t will link Zarva with the U.S. laboratory
module, an airlock module, a solar-panel truss,
another docking node, and a “cupola”™ viewing
dome. These components form only the L-.;;.[::_,|
section of the final space staton. [n April 1999
the Russian Service Module will dock at Zarva's
free end, and shortly thereafter a Soyuz ship will
deliver the station's first crew. However, the Sery
ice Module is behind schedule, as the Russia Il government has
tailed to deliver the money for workers' wages. Although Zarva
and Unity are both ready to fly, many observers |:_'-.p;_-.~|\ the ||+.,-.
launch to slip yet again, into the early part of next vear

Rontgensatellit
Cermanv's Rosat X-rav observatory has
completed eight years in orbit. On
April 25th Rosat reverted to “safe”
(standby) mode when it over-
heated arter tod MUCH EXPOSLre
to sunlight. A few davs later,
when the spacecraft was
commanded to resume oper-
ations, its star camera failed

tor work. There is a second

unit on Rosat's Wide Field

Camera telescope, and al-

Four nested sets of mirrors, each a
combined paraboloid-hyperbaloid,
form the heart of Rosat’s optical sys-
tem. The largest mirror set s 84 centi-
mMeters across,

Septermber 1998

Sky & Telescope

Above: The Space Shuttle Endeavour prepares to join the Unity docking
node in its payload bay with the Russian-built Zarya module. This first
step in the assembly of the International Space Station may occur late
this year, Left: Astronauts Robert Cabana, Nancy Currie, and Richard
Struckow (from left) examine Unity as it awaits launch.

though the WFC itsell was damaged vears ago when accidentally
pointed at the Sun, its star camera may be pressed into service
to support the primary X-ray telescope. Meanwhile, assuming
that the observatory will soon be restored to operation, astrono-
Mers are r-.'.:d'.'lllg their proposals for the 1999 observing season

Galileo
The Galileo orbiter successfully completed another flvby of
lupiter's icy moon Europa on May 31st, the fourth so far in the
spacecralt’s extended mission, Galileo passed 2,500 km above
Europas equatorial region, then flew within 600,000 km (8
Jupiter radin} of the planet’s cloudtops. On June 1st, during its
outbound g, the spacecraft looked back at the volcanoes of lo
before beginning a new two-month orbit. Only three days ear-
lier, however, Galileo lapsed into a safe mode because of a soft- |
ware error, and controllers scrambled to transmit new com- .
mands tor acquiring the lo observations. These
modifications permitted full use of the gyroscopes '
that turn Galileo to point at various targets like
lo and Jupiter as it skims in close to the giant
planet. Similar troubles arose in December
1997, when magnetospheric radiation dam-
aged a computer chip and caused the
gyros to start acting up. The new com-
mand software sidesteps the problem.
Galileo's three previous extended-mission
flvbys of Europa took place in December,
February, and March. Four more are
planned through next February.

loMaTHAR MCDOWELL i5 an gstronomer af fhe
Harvard-Smithsomian Center for Astrophysics and
writes a weekly electronic newsletter on the space program
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Solar and Heliospheric Observatory

SOHO, a joint European-UL.5. mission, was lost on June 25th
dhl'iﬂ;-_.k a routine orientation maneuver [ September issue, p Ee
201, The spacecralt re Pl.'-.lh‘x“'- entered an eMmergency sale mode
before going entirely silent. In July an inquiry board tentatively
concluded that the craft's operators had caused the failure by
‘\.L"|'|L|i|'|!'l the WTang commands and x'.-.'||._.'|:|'|5. off a '.1.||r|\;|r':|l1 TV
roscope. Despondent solar physicists held out little hope that
the mission could be saved. However, on July 23rd radar anten-
nas detected the spacecraft slowly tu '11.:'1.i|'; and radio contact

was soon reestablished. By early August the observatory,
though still operating in spurts as the solar panels wrned to
face the Sun, began to return to life. Project engineers must
now recharge SOHO's batteries, thaw its hydrazine fuel, and
determine whether the delicate scientithe  instruments were
damaged during the prolonged power outage. SOHO was
launched in late 1995 and serves as astronomers’ main facilin

tor studying the Sun from space

Advanced X-ray Astrophysics Facility

On June 25th the five-member crew of Space Shuttle mission
5TS 93 visited the AXAF Science Center in Cambridge, Massa-
chuseus, which will serve as the mission's research hub once
the spacecraft is launched aboard Columbia in late January.
Commander Eileen Collins noted that this will be the heaviest
shuttle launch mass to date (112,500 kilograms) and tha
AKAF’s deployment is planned for the first day in orbit, when
crew members are still adjusting to microgravity. Pilot Jeffrey
Ashby, a Navy Gulf War veteran, will be on his first mission.
Flight engineer Steven Hawley is the most experienced crew
member (tour prior tlights) and the only astronomer aboard.
Catherine ("Cady”™) Coleman will be in charge of deploying
AXAF and its Integrated Upper Stage booster. She will be
backed up by Michel Tognini, a French astronaut who visited
Mir in 1992, Tognini could also be called upon for an emer
gency spacewalk if needed. Once
n operation AXAF will send its
data through the Deep Space
Metwork to the control center
which is run by the nearby Har-
vard-Smithsonian Center for As-
trophysics and Massachusetts In
-|i|:|t|_' ol |;._'|.i'!|'||'--=-.l:_._'|'.. ||.;|'|-._r.;

being distributed to researchers.

Mars Surveyor
b '\-'l'|1'||'l|||'|il.||i!'||: dnienmna on
the Mars Polar

aged during a test on June 30th

Lander was dam
when it banged into the space
)

Technicians attend fo the Mars Sur-
wveyor 1998 arbiter, which is scheduled
te rocket into space on December
10th. Its companion lander should be
launched 18 days later.

October 1998 | Sky & Telescope

S0HOD'S last hurrah? This inage was taken on June 24th — the day before
contact with the spacecraft ended. Acquired at the extreme-ultraviolet
wavelength of 304 angstroms, it shows gases in the Sun's lower corona
at a temperature of about 80,0007 Kelvin.

craft’s solar panels, which were folded up at the time — not
extended as they would be in flight. The antenna is undergo-
ing repairs and should be reinstalled in time for the lander's
lanuary launch as part of the Mars Surveyor 1998 mission.
Meanwhile, plans for future spacecraft in the series are being
scaled back because of budget and development problems. The
let Propulsion Laboratory had hoped to build on the success
of Sojourner by flying a larger rover on the Mars Surveyor
2001 mission, but that has been postponed until 2003, The
2001 thght will now carry fewer experiments as well, though a
smaller rover, Sojourner’s backup, may be added to the pay
load. Money problems also threaten the ambitious plans for a
sample-return mission, which would leave Earth in 2005 and
return from Mars i 2008.

Nozomi (Planet B)

A Japanese M-V rocket took off from Kagoshima Space Center
on July 3rd (Universal Time) carrying a small, instrumented
w:'.uh.;x:.llﬁ destined for Mars, Before r;..._hin;; its destination,
however, Nozomi ("Hope™ ) must complete some preparatory
maneuvers. A high-apogee orbit will carry the craft close by
the Moon twice to build up speed. Then a rocket burn during
its final perigee pass in December will shoot the crafi into so-
lar orbit. Nozonu's long interplanetary cruise will end in Octo-
ber 1999 when the craft reaches Mars. From its elliptical orbit,
Nozomi is to study the planet’s atmosphere, charged particles,
and magnetic held. Its payload consists of experiments from

lapan, the LLS., Germany, Canada, and Sweden

JonarHaN MclDowere, an astronoreer af the  Harvard-Seenthsonian
Cenler [or .:|:"!||:Ir I.'l SI0%, WIS & W I'|";..I. :'|'-:'|'r.'|-ri|| FIEWSIETIET i THéE _'\.|'=|i.e ¢
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MISSIONUPDATE

In May (page 26) Mission Update covered missions planned for NASA's Origins program, Here are some proposals

i the space agency’s complementary Structure and Exploration of the Universe (SEU,

Advanced Radio Interferometry
between Space and Earth

The proposed ARISE project would build upon the experi-
ments conducted recently by Japan's HAL
&I September 1997, In like manner,

ARISE would be arrayed with ground-based radio telescopes to
create an interferometer, but
50 to 100 times fainter than its precursor. Proposed for launch
n 2005, ARISE would use an inflatable, 2
like the one tested on the Spartan 207 satellite in 1996. Placing
the spacecraft in a 40,000-kilometer-apogee orbit would allow

A radio-astrononmy
satellite (5 page 16).

it would be able to I.‘I-:_'Il,_'q,_l SOUrces

F-micher-w JM.IL' A Tenma

:'I:|.I|1|'IIII=:'_ IR ]”-I'I':IL[I.?.II'.H.'I.I.H!I.' scales, .IIZ"[L"‘-l"III'.III"IL" oy b

[ects -1n]j.' a tew light-vears across at cosmological distances

Constellation X

Constellation X is envisioned as a set of six X-ray telescopes in
high-altitude orbits working together as a single observatory
The abservatory would study X-ray sources with more sensitivi
ty than will be possible with either NASA's Advanced X-ray As
trophysics Facility or Europe’s X-ray Multi-Mirror mission. Each
member of the sextet would utilize a telescoping tube, stowed
during launch and extended once in space, to provide the long
focal length needed for two detector modules. The Spectroscopy
X Falh .I..i.'lL'HLUI"L' will resolve ﬁl'.t1:ﬁ|| detail down to about 15 arc-
seconds and identify the spectral features of many phenomena;
the Hard X-ray Telescope will offer a spatial resolution of 1 arc-
minute in the energy range of 10,000 to 40,000 electron volts

Laser Interferometer Space Antenna

LI5A would be the first space mission to search for gravita-
tional radiation, tiny ripples in space-time that are predicted
by Einstein’s general theory of relativity but to date have elud-

ed detection. LISA would consist of three satellites in orbit

around the Sun. They would form the corners of a huge tri-

angle about 5,000,000 km on a side, their exact separations

determined to within the size of an atom by a laser interfer

ometer. Free of the shaking and seismic effects experienced by

ISA should be able to detect radiation

instruments on Earth, |

[ToIm neuiron
stars, white dwarfs,
and massive black

'Ill:'. - 1

The triad of widely
separated detectors
in NASAS proposed
Laser Interferometer
Space Antenna [LISA)
would create an enor-
moLs gravity-wave
detector in space.

yovember 1994

aky & [elescope

II'].I"E WIFEn,

NASA's success with this 14-meter-wide inflatable mirror during a
1996 Space Shuttle flight has paved the way for ARISE, an ambitious
radio-interferometer concept.

Gamma-ray Large Area Space Telescope

As a successor to NASAs Compton Gamma Ray Observatory,
GLAST is intended to study gamma-ray emissions from active
galactic nuclei and the galactic plane. It will also attempt to
identify the unknown sources discovered by Compton's

EGRET telescope. Thanks to recent instrumentation advances
GLAST should be able 1o re-
cord gamma rays with energies from 10 million to more than
10 heV to 100 Gl )
bright sources to within a few arcminutes. Its single telescope
will use metal foils to convert gamma ravs into electron
positron pairs, which will then be tr; I.|'h ped by particle detectors
AST to be loft-

ed into a low-altitude wrbit sometime in the next decade

1n |."-.'II'1'|-..'|;. .I|.l.|.'|.'l:_'1.'|1|ll l._||_'-‘.|.-\,_[|rr=.

1} Billion electron volts and o locate

and calorimeters. NASA's timetable calls for GL:

Orbiting Wide-angle Light Collectors

'he OWL project has been designed to observe the highest-

those with almost a tril

\ few of these
ugh-energy particles have been detected from the ground, yet

'.|1'.--.I‘~.-'~ are hard pressed to explain how they are -..I|._.1|_1.1_]. In

pair ol (WL satellites will look diown

cnergy :.U'.'Tulﬂ.l Tavs and COsSimic Favs

-i-"l times the rest EMErEY of a proton (107 ¢¥V)

AT I:h:"lg"l t nnd o, &

instead of up Spolting |::4|1-'. Hashes caused when these high
energy particles smash into Earth’s atmosphere. The resulting

air showers™ of lower- *-'-'“-'.:-'\." sECondar DArticies and ;1|'|l.'|_-,1!'|:~
L
wilt ol |:55|I

a5 a stereo camera in orbit, OWL will s2¢ 32 much larger part of

radiate a meg; tor a few microseconds. Operating
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BY JONATHAN McDOWELL

MISSIONUPDATE

Launch Failures
[he space industry was recently hit
with a streak of four launch failures
I.I..I'!'II';_'L-\.l month ||||‘_;_1 interval. The
dismal roll call began on August 12th
with a spectacular, billion-dollar fire
works display over Cape Canaveral. A
Lockheed Martin Titan [V-A suffered
a momentary power failure 40 seconds
after liftoff, causing its guidance com
puter o reset itself and command the
huge rocket to tip over. The vehicle
disintegrated, and a large military-in
telligence satellite was lost, Next came
the debut of Boeing's Delta 11 rocket
on August 26th. It also fell
victim to a guidance failure
this time caused by poor
modehng of the rocket's dy
namic response. The con

trol system was unable to
damp out an oscillation and
ran out of fuel, dumping a
communmications satellite

inta the Atlantic Ocean. At

the end of August North

Korea clasmed to have

The 1

payload in orbit, however. It now seems likely that the satellite,

Lll_ll'lq._l'-q._'d its |:'|"‘1| sdte -il:_. |-E|_'-.| Sltates ._|I|I|l.| Ikl '.|'|q.| I!'||_'
which reportedly was broadcasting the revolutionary songs of
Kim Il Sung, came to rest on the Pacific seabed. During the
fourth fatlure. on sepl cmber 9th, a pavioad of 12 welephone-
relay satellites was propelled at high speed 1nto the Sitbenan
tundra when a Zenit rocket launched from Kazakhstan shut

; F 2] = I !
down too early. Although none of these four vehicles are slated

ton carry future astronomacal satellites, the indirect effects ol
|'|'-._i'|'.'.1 new [aunch slots for '||:,:|'| priority commercial pay-

loads may cause some x'.L'l."- Iint |"'..'Ii'\-.||!“i'_' SCICICE TISS10T1E,

Mars Surveyor 1998
MAS A Mars | |: iate Ovrbiter ( MOCO
preparation [o

|lll\.|\.l\.|

[} .|. - 'IE-_I ONSIers, w I“ |"|.'I.l.

arrived at { ape CANAY :\.!-\.Il

I i
L1eh o its launch on December

0on AEpiemine

[0th

A three-stage Delta 1l

the 3,100-kilogram spacecralt
nto orbit around the Sun
After that, the hrst critical
pancuver for MCO will be to
deploy its solar panels Its
wecursor, Mars Global Sui
The Mars Climate Orbiter will
study the red planet’s surface and
atmosphere with a high-resalution
color camera and an infrared

radiometer,

The ill-fated flight of a Titan IV-A rocket
and i1ts classihed payload on August 12th
lasted just 40 seconds,

fortified with four st dp-01,

veyvor, had problems with this task.
"hen on December 25th MCO's main
Chgimne will redirect the trajectory to-
ward Mars (the initial path will be a
deliberate “miss” so that the Delta
rocket stage can 't contaminate the
Martian surface). The launch of
MCO's companion, Mars Polar Land-
er ( MPL), will follow on January 4th
with a simular sequence of events.
MCO is to reach the red planet in
September 1999, with MPL arriving

;
three months later.

Advanced X-ray

Astrophysics Facility

Soon to be renamed by NASA, the
forthcoming AXAF satellite complet
ed its main prelaunch tests in August
and was shipped to Florida from
[EW’s California factory in late Sep-
tember. During vacuum testing earh
r this year, a

door on the CCD Imag-

ing Spectrometer camera faled to
open. Engineers made some quick
hardware modifications and 1m
proved operating procedures, and the
door passed a retest with thving colors and preserved a January
21st launch date aboard the Space Shuttle Columing. Mean-
while, the five-member crew continued to tram tor the mission
Uctober 155ue, page 28}, After this shuttle orbiter flew in ?'.1-.1}.'.
its Spacelab module and long-duration equipment were re-
moved to make room for the X-ray telescope. In October
MNASA begins stacking the shuttle’s Solid Rocket Boosters in the
huge Vehicle Assembly Building, and on December 4th Columina
will be howsted up and balted o the boosters and external tank,
before being rolled out to the launch pad a week later. AXAF
will be connected to its Inertial Upper Stage booster and then

loaded into Columbia on the launch pad.

Solar and Heliospheric Observatory

[he slow recovery of the SOHO satelhite continued carly this fall.
Having reestablished contact with the spacecraft after a month's
silence (October issue, page 28), on August 13th ground con-
trollers began a slow, careful thawing of the craft's frozen hy-
drazine fuel. They then warmed the rest of the propulsion system.
['he thrusters returned to hie on September 16th, pointing the
craft back at the Sun and allowing the instruments to warm up.
The next step will be to begin turning on the scientific instru-
nents, whose electronic health remains unknown. The space
craft’s uncontrolled tumble alternately heated and cooled the

science module, and some detectors may have been a.|.'||'|'|-'IE:.I-'-:'._

[omarHan MoDoweLy, an astromomter at the Harvard-Smithsonian
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MISSIONUPDATE

The space calendar for 1999 laoks eerily like the one for 1998, with the troubled International Space Statton and a

number of astronomy missions suffering delays over the past few months. The coming year also features a renewed

assault on Mars, with no fewer than four missions active around our neighbor planet.

28

Mars “Attacked”

As 1999 begins, Mars Global Surveyor
has resumed its once-per-orbit dipping
into the red planet’s atmosphere, a proc-
ess (termed aerobraking) that lowers the
spacecratt’s altitude without using fuel.
By March the craft’s orbit should be cr-
cular and about 400 kilometers Ini_ﬁ,
This path will run almost directly from
pole to pole and be Sun spnchromized,
such that the landscape below can be
mapped at the same local time on each
successive orbit. Only then will the MGS
craft which reached Mars on Septem-
ber 12, 1997 — be able to begin its in
tended mapping mission

The space year will be inaugurated on
January 3rd by the departure of Mars
Polar Lander (MPL) from Cape Canaveral,
Florida. Following hard on the heels of the Mars Climate Orbiter,
launched the previous month, MPL should arrive at the planet’s
south-polar ice cap next December. As it approaches Mars, the
MPL craft will release a pair of Leep Space 2 penetrators, These
2-kilogram probes will bury themselves in the ground 1o conduct
surtace studies. Unlike the Mars Pathfinder mission, MPL has no
airbags — it relies instead on a retrorocket system at touch
down like the one used by the Viking landers in 1976.

In September, the Mars Climate Orbiter (MCO| joins Glob-
al Surveyor in orbit around the red planet. MCO will use aero-
braking as well as rockets to reduce its speed and circularize its
path. The final orbit, also Sun synchronous, will be achieved in
early December, in time to be used as a radio relay for the
lander at the south pole. The Mars Chimate Orbiter's main mis-
sion 15 to study Martian weather.

Mars Pathfinder e
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Sky & Telescope

The Japaness spacecraft Nozomi (formerly
Planet B) acquired this image of the Moon
during a close swing-by last Septembaer 24th.
In October the spacecraft reaches Mars to
study the interaction of the planet's magnet-
ic field with the selar wind. Courtesy Tadashi
Mukai (Kobe University].

Meanwhile, Japan's Nozomi probe,
launched last July, reaches Mars in Octo-
ber 1999, The probe will fire its engine
to enter an elliptical orbit with a closest
approach of 150 km. No
aerobraking is planned, so
MNozomi will spend most
of its time much further
from the planet than
NASAs orbiters. The
focus of Nozomi's inter-
national payload of in-
struments is how the
solar wind and interplan-
etary gas affect the fringes
of the Martian atmos-
phere. The planet’s weak magnetic field offers much less pro-
tection against solar-wind encroachment than ours does, nor
does it form trapped belts of charged particles or auroras.

Other Interplanetary Probes -
In January the Near Earth Asteroid Rendezvous spacecrafi
completes its three-year journey to minor planet 433 Eros and
takes up a close orbit around it. Another asteroid mission,
[}eep Space 1, was launched in October 1998 and should fly
past minor planet 1992 KD in July if its experimental ion drive
15 successful. In February, NASA's Stardust space probe will be
sent into orbit around the Sun, Stardust will fly past Comet
81P/Wild 2 in 2004 and return to Earth with a sample of
comet dust two vears later,

lapan’s sole scientific launch of the year will be Lunar A,
now set tor August or September. Japan has flown spacecraft
past the Moon before, but Lunar A will be its first to achieve
orbit there. The 520-kg probe carries a set of “penetrator”
rockets, which will be fired at the lunar surface to punch in-
strumentation deep into the dusty regolith.

In August the Saturn-bound Cassini/Huygens probe SWIngs
past Earth at a distance of 1,000 km to pick up speed before

If all goes well, at least nine missions will be flown to Mars between
1996 and the end of the first decade of the 215t century.
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5|'-.'.IL|'.I‘:1,' off to the outer solar svatem. Fi-

I'I-.I-:|:-'- in October the Galileo spacecraft

. a
L k'l-fl'l'l".-l."ll.[r. IS FOUr-vear ¢ '-.','l||l|',||||||' 0] -
: : Jania
the Jovian satellite svstem with a close i
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[rass of the valeanic moon lo. January
Jamuary
- % Februa
Astronomical Satellites m“
a1x Earth-or |_'|i|_i]'|:_1 AStrONOMY MIissions " oy
# : : _ arch
are scheduled for launch in 1999 The
Submillimeter Wave Astronoims Satellite
R : June
(SWAS) was placed in storage severa i
years ago when its Pegasus launch vehi-
d . i B
|."|4.' Fan i }1r|:|i‘|||.'l‘.'|-\.. In mid-1998 gt
MNASA managers gave the go-ahead to - ' " ’
Z o : tember
reactivate the program, and the SWAS as
leam began racing to meet a December
A gl {ctaber
launch slot, Howewver, that now seerms Mﬂbﬂ'
likely to slip into January, following o
5 rembar
more problems with Pegasus. SWAS is o
: December

study long-wavelength emissions from
interstellar molecules in our galax

Crermany s ABRIXAS X-ray satellite
will be lotted by a Russian-built Kosmos
3M rocket from a launch base near Vol-
t_',l'lg,l'.‘u:l in Februarv, An ac TOIY M for “A Broadband fmaging X-
ray All-sky Survey,” ABRIXAS will make the first high-resalu-
tion studies in “hard™ [ very high energy) X-ravs, thus
complementing the “soft” X-ray survey done by its predeces
sor, Rontgensatellit (Rosat ). This marks the first astronomy
mission developed by the integrated institutions of the former
East and West Germanies.

I'he Far Ultraviolet Spectroscopic Explorer (FUSE) will take
over Pad 17A at Cape Canaveral as soon as the smoke clears
from Mars Climate Orbiter’s departure and ride its Delta rock-
et into orbit in February. The Wide Field Infrared Explorer
{ WIRE) 15 the next astronomy mission in the Pegasus queue.
Like SWAS, it is part of NASA's Small Explorer program. Once
it reaches orbit in March, WIRE will study the sky at mid

intrared wavelengths.

The Advanced X-ray Astrophysics Facility (AXAF) should finally reach
orbit this spring and begin its study of a wide variety of X-ray-emit
ting objects. Courtesy NASA.
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Astronomy and Planetary-5cience Highlights in 1999

Lacation Evert
Cape Canaveral, Florida Lawnch: of Mars Polar Lander
433 Eros Weaar Earth Asternid Aendezvaus at Erds

Vandenberg AFE, Caléomia
Cape Canaveral

Eapustin Yar, Bussia

Cape Canaveral

Launch of Submillimeter Wave Astronomy Satelkte
Stardust launched toward Comet Wild 2

Launch of ABRIXAS X-ray satellite

Launch of AXAF X-ray observatory

Venus Cassini makes second Venus flyby

Earth orbit AXAF begirs regular observing

Earth Cassini makes Earth fyby

Kourou, Guyana Launch of X-ray Multi-Mirror telescope

Lunar orbit Lunar A fires penetrators at Moan's surface
Mars orbit Mars Climate Orbiter enters orhit

Mars orbit Hozomi reaches Mars

I Galilea makes io flyby

Wallops Island, Virgirda Launch of High Energy Transient Experiment £
Earth arhit Shuttle Cofwmbin services Hubble Space Telescope
Martian south pole Mars Polar Lander touchdown

Mote: if 40 years of space flight have taught us anything, it's that space flight is ungredictable. Thas the dates in this
tahle are tentative Mo indarmation gk almios a8 the Hsipd miscions is aealahie on the Waorld Wide Web._ Links to

the appropriate sites are avalfable ot hopu S skypub oony,

[he hi_gl.;._-xl, astronomy mission of the yvear will be the Ad-
vanced A~y 'II""'I'l"P!"!"""'"‘ Facility, now scheduled to ride the
Space Shuttle Columbia sometime in the early spring. AXAF's
launch was delayed twice because ground testing took longer
than expected. Once the spacecraft is safely in orbit, engineers
at the AXAF control center will spend a couple of months
checking and calibrating the observatory's systems. If all goes
well, its long-awaited studies of the high-energy cosmos will
begin during the summer. For the first two months of obser-
vations, AXAF will mostly stare at bright stars to check the
focus of its images, and at the Cassiopeia A supernova rem
nant and the Coma cluster of galaxies, both of which have
been well studied by other satellites. Two additional months of
observations will be made by scientists directly involved with
the AXAF program betore the telescope 1s put into the service
of astronomers worldwide (for example, I'll be using it to look
at the nearby galaxy Messier 33).

In 1996 the High-Energy Transient Experiment was placed
i orbit, but this X-ray satellite was unable to separate from its
rocker stage. A replacement, HETE 2, has been built at MIT
from spare parts and is due to fly in October. The design of
the experiment, which is intended to locate gamma-ray bursts,
has been improved following the recent successes in this held
with BeppoSAX and other satellites; an extrasoft X-ray imager
has joined the payload

(ther Hights imitially scheduled tor 1999 have heen PisE-
poned. The European Space Agency’s X-ray Multi-Mirrror

MMM mission has -||'p|u'-.| a few months, while the :;.ru:kjru_un-
%-Gamma observatory remains an underfunded ._'J|-1I.!|[‘_r' ot
Russia s economic problems and will not be ready for at least
two vears, Nevertheless, barring accidents it looks as if 1999
will be a busy year that clears the backlog of astronomy satel-
lites waitl 14, 1ol their ride to Space

i

lowaTHan McllowEerr, an astronorrer af the Harvard-Smithzodian

cnler | isiraphivarcs, wriles o weekly electronne newserter on i
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Rontgensatellit (Rosat)

The German X-ray observatory known as Rosat has completed
its eight-year scientific mission. Launched on June 1, 1990,
Rosat carnes an X-ray telescope equipped with two German
detectors called position-sensitive proportional counters (PSPCs)
a high-resolution imager (HRI) supplied by U.S. scientists, and
a British-built wide-field camera (WFC) for recording objects
at extreme-ultraviolet wavelengths. Last April 28th Rosat's
main star tracker failed, and scientific observations slowed to a
trickle while engineers learned to use the WFC's star camera
for guiding instead. On September 20th Rosat was accidentally
aimed too near the Sun, which severely damaged the HRI im
ager. By October 23rd, when
an attempt to observe Cygnus
X-1 tailed, it became clear that

the camera was no longer us

the PSPCs ended during an
carlier accidental Sun point
ing, and the gas supply on the
other ran out several years
later. S0 scientists at the Max
Planck Institute tor Extrater
restrial |'|‘|‘_."1i1.'.'-. [MPFE) were
torced to declare the scientific
program over, some end-of-
life tests included checking the
HEI's ultraviolet calibration
and its door mechanisi,

along with observations using

able. Observations with one of

A Rosat composite image of
M31, the Andromeda Galaxy,
showing bright X-ray sources in
its core (center) and spiral arms.
Spoke-and-wheel artifacts are

due to the imaging system.

Triana

U.5. vice president Albert Gore proposed Triana in 1997 as a
craft to be stationed at the gravitationally stable |

Lagrangian poant ﬂl'-|||:,"_ the Earth-Sun line and

-. i > - ‘.
relay live images of our

hemisphere. Although the Trmana con
W many

MANAS

cept was not taken seriously |

NIty I 15 1now |'.'.I| (611

|.:-I[!| II."\-'I"H. SEFIES Ol TEMOIe-SEns-

IAOE IMISSI0NE and
e ;
been selected Francisco
!"~|,:'|'|1x Instiitution] wi
.
'-i..'l|"':I'|-..I'|| ] iranas

which will include

The Triana spacecraft is intended to
bring real-time images of Earth to com
puter users worldwide. Apollo 17 image

courtesy NASA
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February 1959

planet’s sunlkit

ts pavlioad has
"-..|||_'|'||

II .'Ii ':;I

natruments,

1 color camera

the remaining PSPC gas.
Rosat stands as the ||||1!;-;_'x’. .9
'-I:- III:-\.|FIIIE.'. INESE PO S%ET
flown, and it leaves behind a
rich scientific archive (5&T:

A

ugust 1945, page 32

and a radiometer to meas
ure Earth's global radia-
tion budget. Meanwhile,
MASAs Goddard Space
Flight Center is building
the spacecraft itself. Triana
will be launched in Decem
ber 2000 from the Space
Shuttle, using an upper
stage to reach the I

I.-\.I‘I__'I dilglall |"'||II'.|.

The Mars Express mission will
carry an instrumented lander

Mars Express

NASA's robotic emissaries
to the red planet will have
some company early next
century, as the European
Space Agency recently approved funding tor its Mars Express
project. To be launched in June 2003 on a Russian Sovuz rock-

named Beagle 2, seen here as a
full-size engineering model.

et with a Fregat upper stage, Mars Express will reach its desu-
nation six months later. The orbiter is intended to accomplish
many of the scientific objectives of the failed Mars 36 mission.
It carries a stereo color imager, an infrared mapping spectrom-
cter, a radar altimeter, and atmospheric analyzers. Also aboard
will be Beagle 2, a small, British-developed lander whose sen-
sor package will search the surface for evidence of life. Beagle
2 will have a panoramic camera, a miniature laboratory for gas
and soil analyses, and a robot-arm “mole” that will get soil
samples from under rocks by using a small drill developed by
a dentist! The lander will have a mass of only 60 kilograms.

Deep Space 1
The advanced-technology probe Deep Space | rocketed into
solar orbit on a Boeing Delta rocket in October. Built to test
various hardware and software innovations, DS 1 is the first
spacecraft to use a beam of electrically accelerated xenon ions
as its main propulsion system. The craft is expected to use this
“ion drive” to modify its orbit around the Sun for a flyby of
the high-inclination Mars-crossing minor planet 1992 KD next
July. However, duning its hrst trial, the drive
switched itsell off after onlv 4", minutes. Engi-
neers at [PL have since restarted the balky
drive but have vel 1o solve unrelated
problems with a star tracker. D5 1 i3
the first craft in NASAs New Millen-
num series; Deep Space 2 involves
simall surface penetrators that are
to be launched aboard the Mars

Polar Lander in early lanuary.

forathan McDowell @5 an astronomer
al the Harvard-Sirtthsoran Center for
'|"~|'."|:|"'II|'| SICS, IIII:' VIITES il I'|'|:'|_'I:'II" |_'|Il_'|
tronic pewsletter on the SACE Progrdy
'I!!|'.I" Yhea-wwns harvard. edu/ QED T rerrd
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Galileo ber after tumbling out of control earlier in 1998 (5& T: October
Encounter Hmm Hm [he Galileo orbiter, which was B page 281 SPARTAN 201 15 l.'.;'.ll|"|"I.'LE tor study the |'I-:.'.5.i.il'|5..'.
{UT) Distance launched in 1989 and reached of the solar corona and the acceleration of the solar wind.
(km) Jupiter in December 1995, is en
o’ 1005 Dec 7 go7 tering the final year of 11s mission HST Orbital Sﬁl'ﬂEl"l"IS Test
Ganymede 1996 June 27 815 around the giant planet. During Wso aboard Discovery was a package that tested a new comput-
Ganymede Sept. 6 261 1998 it made six flybys of Europa  er for the Hubble Space Telescope, a cooling system for its
Callisto Nov. 4 1.136 (see the table), But on two of NICMOS intrared camera, and a replacement solid-state data
Eurcoa Dec. 19 693 these, including November's, al- recorder. Unexpected radiation upsets in HST's electronics and
EHI'WBJ 1997 Jan. 20 217,419 most all data was lost when the the premature l.l".l" etion of NICMOS's [guid |Ji||1:—5c1| coolant
Furoga Feh. 70 586 onboard computer unexpectedly prompted this test flight of the new hardware, which will be
Ganymede Apr, 5 1 102 thres the '-.-_"|| |_|_|_' iako a u,]l::;“ ||'|~11,.||-I-'|.| in r|'||._' observatory next i]-:".'q"l't‘ll':-l_"T. [ The coolant in
Ganymede May 7 1,603 (standby| mode. Gyroscope prob NICMOS ran out in November 1998, ending its observations
Calfisto June 7% 418 lems marred a third. Galileos re- at long-infrared wavelengths. ) During HOST's operation, the
Callisio Sept. 17 535 cent results include evidence of cryogenic cooler for NICMOS eventually bottomed out at 73°
ELrapa Kov. 6 2,043 variable magnetic ficlds on Callis-  Kelvin, and the data recorder reportedly was unaffected by
Furopa Dec 16 I to and Europa, suggesting that charged particles encountered along the shuttle's 460-Kilome-
Europa 1998 Feb. 10 1557 both may have subsurface oceans,  ter-high orbat
Furopa Mar. 29 1644 and finding that some of lo’s vol
Furapa May 31 2514 canic eruptions reach tempera Submillimeter
Furopa luly 21 1 834 tures of 1.400° K. In 1999 Galilea  Wave HEHDHDH’I}’
Furopa’ Sapt 26 1443 will make one last visit to Europa, Satellite
Furopa Koy, 27 21 fly past Callisto tour times, then SWAS is a Small Ex-
Furapa 1999 Feh, 1 1495 make two long-anticipated close plorer mission and
Callisto May 5 1,311 tivhbys of lo part of NASAs Origins
Calfisto June 30 1,050 program. The satellite
Callisto hug. 14 2,188 SPARTAN 201 has a telescope 60 cen-
Calfisto Sept. 16 1053 This version of the Shuttle Point timeters in aperture to
lo Ocl 1 500 ed Autonomous Research Tool for collect energy at wave
b Nav. 26 300 Astronomy made its fifth flight lengths of .35 to 0.61
e . last November on :hlc 5TS 'J:'1I mis |:'.i||ir11L-tl-|' corre- | | s
s e A R s ki sion. Although '-:"-_L'r‘-.'l.l-\.l-!-'-'-.'l'x. b x}_*l 'n-.l_llla_.:' to frequen T'echmclans install an aerodynamic fair-
o the presence of 77-year-old crew cies of 5350 1o 490 giga-  ing around the 5WAS spacecraft two
Limated data gathered due to wafe mods Ll = i :
s member John Glenn, SPARTAN's hertz, respectively ). weeks before its December launch
s SRR ISt . 153 G e reflight was important for NASA. This submillimeter aboard a Pegasus XL rocket.
Chn ils previous mission, proce- band is rich in spectral
dural errors resulted in the observatory not being switched on lings from molecular clouds, and SWAS will be used 1o study
before it was released in space. This ime everything went well, the clouds’ cooling rates and sites of star formation. To reach
as h':"l"hl"“'l Robinson used Dhscovery’s robot arm to dy |"-|||'. e arbit, SWAS and 15 Il_'!_|".,'|xi,|_"-. XL rocket were hirst carned b',- a
autonomous payload and recapture it safely afier two days of converted L-1011 airliner to an altitude of 12 km over the Pa-
observations. Data from the ultraviolet coronal spectrometer cific Ocean near the ¢entral Calitormia coast, The aircraft
and white-light coronagraph will help calibrate the Solar and dropped Pegasus, which ignited its rocket motor 5 seconds
Helwospheric Observatory, which resumed operations i Octo later just after local sunset {3:57 Universal Time on December

tth). The spacecraft is now operating as
planned in a circular, 660-km-high orbit
with an inclination of 70°,

Iomarnan MeDiowerl, an asfromomer af the
Harvand-Smithsontan Center for Astropfiysics,
WrItes @ weekly electronic  mewsietler on Bhe
space program | hetps/thea-vwwo harvard. edi

QEDTfemdepgcerarfse il |
1

The SPARTAM 201 payload howvers in free
flight after its release by the Space Shuttle’
robotic arm in November 1998,
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Solar and Heliospheric Observatory
After returning from the brink of disaster
last summer, the F uropean
Agency's SOHO resumed its observa-
tions of the Sun just in time to coor
dinate with the SPARTAN 201
flight last October. However, on
December 21st SOHO's last anti-
tude-controlling gyroscope failed,
and solar physicists were left once
again without data from their
outpost at the Earth-Sun La-
grangian point. This time SOHO
remaned under ground control
while in safe mode, and it s being
pointed at the Sun (to keep the solar
pancls fully illuminated) using fuel-
squandering thruster firings. Mission sci-
entists had already been developing sofrware
that

Space

would allow SOHO to make observations

without gyros — but it had not been uploaded before the sur-

prise fatlure in December, nor had it by early February.

Submillimeter Wave Astronomy Satellite

Launched in early December as part of the Small Explorer
program, SWAS completed its initial calibrations in only a
couple of weeks. Tests of its various observing modes included
a method in which the whole spacecraft 15 “nodded” a few de-
grees back and forth about once a minute to provide back-
ground data. {In the more conventional “chopping” mode,
only the secondary mirror is toggled.) By New Year's Day,
SWAS was well into its scientific
observing program and perform
ing exceptionally well, Principal
investigator Gary . Melnick
{(Center for Astrophysics) reports
“water, water evervwhere,” with
strong detections of H,O lines in
all molecular-cloud targets, in-
cluding a strong outtlow from
the BN/KL object in the Orion
molecular cloud. SWAS has also
mapped the Orion complex
using infrared emissions from
neutral carbon and "“CO mole
cules. 5o far, the young molecular
clouds observed by SWAS dont
show any emission from molecu-
lar oxygen. Melnick hopes future
observations will reveal its pres-
ence in older clouds, thus provid
ing a direct test of models of in-

terstellar chemical evolution.

Last December 21st, about 4'/ hours before a criti-
cal gyroscope failure, the S0HO observatory
recorded this false-calor view of the Sun in

the light of ionized helium (304 ang-
stroms). Courtesy NASA,

Wide Field Infrared Explorer

Another Small Explorer is sched-

uled for launch in late February.

WIRE utilizes the same basic de-

sign as SWAS and carries a 0.3-

meter telescope that will be cooled
by solid hydrogen to 7.5° Kelvin. It
will survey large areas of sky at 12-

and 25-micron wavelengths for dis-
tant, infrared-bright galaxies in the
throes of vigorous star formation. The
main WIRE survey is expected to pick up
from 30,000 to 70,000 galaxies at a typical red-
shift of around 0.5. Interesting candidates will be
studied spectroscopically at some future date by the forthcom-
ing Space Infrared Telescope Facility (SIRTF). WIRE will also be
used to search for protostars in nearby molecular clouds, small
asteroids, and the debris trails of comets. Small missions like
this one, with modest resolution (0.5 arcrminute in WIRE's case)
and wide helds of view (0.5%), are a crucial complement to more
capable observatories such as SIRTF and the Hubble Space Tele-
scope, whose narrow fields of view preclude survey work.

Nozomi

Japan's Planet B space probe, renamed Nozomi (*Hope™) after
launch, ran into engine trouble in December that will cause it
to reach Mars four years late. The craft had already been in
orbit around Earth for six months in an elliptical track that ex-
tended beyond the Moon. A lunar flyby on September 24th had
redirected Nozomi into an even larger loop out to more than
1.7 million kilometers. On December 18th a second lunar pass
flung the spacecraft inward, and it skimmed 1,000 km above
Earth's cloudtops just two days later. At that moment the probe
fired its main engine to target it for Mars, but the engine’s per-
tormance was well below expectations. A large make-up hnng
the tollowing day preserved the Mars encounter but not the
planned rendezvous date in October. To conserve what fuel re
mains, Japanese space officials decided to delay the craft’s ar-
rival until December 2003, Nozomi is to enter orbit when it fi-
nally gets to Mars, from which it will photogragh the planet
and study the charged particles and electromagnetic fields in its
vicinity. Japan's two previous interplanetary craft, Sakigake and
Suisei, studied Comet Halley in the mid-1980s,

lomarmanw MeDowerr, am astropomer af the Harvard-Smrethsonian
Center for Astrophysics, writes a weekly electronic newsletter on the space

prograrm | Riepy hea-vewse by Erid .;.:h.'-'L‘:III'..I M r-:'.-lI.-"*-i_r'nI.r'-"|:-r'-'":-|..|.'.'rl|.r|,

The Wide Field Infrared Explorer is prepared for its February 26th launch aboard a Pegasus XL rocket. WIRE is
similar in design to the Submillimeter Wave Astronomy Satellite, Courtesy David Shupe (IPAC/Caltech).
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Stardust

Launched on February Tth, Star

dust will be the first mission to re
turn samples to Earth from be-
vond the Moon. The spacecraft s
now in a solar orbit, and a flyby of
Earth on January 15, 2001, will
~.|il|gnl1n| Stardust through the
inner asteroid belt in late 2002, At
that time its ultralow-density
aerogel collectors will trap tiny
particles of interplanetary and perhaps interstellar dust. Then,
on MNew Years Day in 2004, Stardust is 1o pass only 100 km
from the nucleus of Comet 81P/Wild 2 at a speed of 6 km per
second, and once again the aerogel collectors will trap material
for study. Two years later the probe returns to the vicinity of
Earth, its sample-laden capsule screaming into the atmosphere
at 12 kilometers per second toward a landing in Utah.

Chandra X-ray Observatory

The CXO is being prepared for a July 9th launch from
Kennedy Space Center after overcoming several setbacks over
the past vear that caused the
launch date to slip from Janu-
ary to April to midsummer.
Early this year, with only
'-1.|;l,_'|-.'-. 10 g0 b ire A handra
was to leave the factory of
TRW, its manutacturer, engi-
neers decided to replace some
suspect electronics. The ob
servatory was flown to Florida
on February 4th, but NASA
managers decided to push
Chandra’s launch aboard 5TS

The well-protected Chandra X-ray
Observatory arrives at NASA's
Kennedy Space Center.

93 back in the queue.

Mars Global Surveyor
In orbit around the red planet since September 1997, Mars Global
Suarveyor finally completed the aerobraking phase of its mission
in February with a bit of drama. Flight controllers had to
make a crucial rocket firing to end aerobraking and raise the
low point of the orbit to a sate height. Just over a day before the
burn, however, a broken water main flooded Lockheed Martin's
mission control center in Denver, Colorada, putting it out of
action. Fortunately, the Denver facility
came back on line in lime to execute
the crucial commands. The spacecraft
assumed its hnal orbit about March
Ist, at which time detailed mapping

and other experiments commenced.

Internet users can get a real-time update of
Mars Global Surveyor's location over the red
planet at httpe/ mphaww.arcnasa.govimgs/
riealtime 'mgsrt.html.

May 1949 "'ﬁ::,l & T4=|=‘,"'f.|'r:-p4',r

Stardust will encounter Comet Wild 2 and collect micron-size
samples of dust about three months after the comet’s perihe-
lion passage. The key to Stardust’s stash-and-dash collection
technique is an ultralight material called gerogel displayed
here by project investigator Peter Tsou. A thousand times lass

dense than glass, the aerogel will capture and hold cometary particles
striking it at 6 km per second.

Lunar Prospector

Somewhat overlooked amid all the current missions to Mars is
Lunar Prospector, which has been circling the Moon since Jan-
uary 1998. In December controllers lowered the spacecraft’s
orbital altitude from 100 to 40 km, and they dropped it again
on January 29th such that at its dosest Lunar Prospector was
skimming only 15 km above the cratered surface. lrregularities
in lunar gravity soon made the orbit more circular, and as of
mid-February it vaned in altitude from 20 to 40 km — far
lower than a satellite would be able to orbit Earth. Prospector’s
new flight path will let scientists map the gravity field of the
Moon in much better detail

Solar and Heliospheric Observatory

SOHO 15 once again back in operation. After last summer s
cTisis, when the spacecraft was lost for more than a month,
trouble hit again in December when the last gyroscope failed.
But after some late nights by software developers the observatory
resumed taking data on February Ind, controlling its onentation
using backup systems.

Inamya 2.5

When the Progress-M 40 cargo ship undocked from Mir on
February 4th, it was supposed to unfurl the Znamya 2.5 space-
TLFTOE LXperiment. Cosmonauts on Mir \\'11!.]'!’.1 1|'||:F'| UsE & re-
mate-control joystick to point the 25-meter-diameter Mylar sal
and reflect sunlight onto darkened arcas of Earth. But a proce-
dural mistake by ground controllers caused the spinning sail o
become snagged and torn on an antenna during the deploy-
ment attempt, and the spacecraft was dumped in the Pacihic
Ocean the tollowing day. The Znamya experiment, ostensibly
intended as a prototype for systems to
iluminate Arctic cities, drew Criticism
fromm astronomers concerned about the
potential tor hght pollution { Februan

issue, page 19).

lomaTHAN MolWYWELL, an dsfromoiner af
the Haorvard-Smuhsonian Center for Astro
,".'.".'ml.._-. wEiles @ waidkl it TFOFTIC e LT
ter on the space program (hitp/hea-wwn

harvard. edw QEDT fjem/space/sriysrhiml
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UPDATE

BY JOMATHAN McDOWELL

HST Servicing
Mission

The Hubhble = pace Tele
sCcope 15 Just one gyro-
scape faillure away from
shutting down, and
NASA managers are
worried that it will not
keep  working  unti
Space Shuttle
nauts make a scheduled

LA ]

“house call” for Tepairs

next year. So in October Discovery will conduct an extra servicing
mission. The spacewalking |'|,'p.1ir crew will consist of astronauts
Steven Smith (who tlew on the second HST servicing mission in
19977, |ohn Grunsfeld, Michael Foale, and Swiss astronomer
Claude Nicollier

1993), They will replace all six gyroscopes and install some

h‘hl::l WAas 0n Zl'l-:_' rlll'-\.'! sErvicing mission In

equipment originally planned for next year’s flight, like a new
computer and data recorder that were tested last vear (March
1ssue, page 30). A replacement camera, a cooling system for the
infrared camera now on board, and new solar-cell panels must
wait until the previously scheduled visit, which now will proba-
bly slip until late 2000. HST's gyroscopes are based on a design
that has been used since the 1970s with mixed success; the ones
that failed recently fell well short of their expected lifetime. The
n.'-ph.;cn'url'ﬂ units should last longer once in orbit.

Advanced Research Global
Observation Satellite

After vears of delavs, the U.S. Air
Force launched 1ts ARGOS saen-
tific research satellite on February
23rd. It mow occupies an 845-kilo
meter-high polar orbit. The main
payload is an electric-propulsion
system, but also aboard are atmos
pheric experiments and an X-ray
astronomy detector provided by
Weighing about 27/, tons,the  the MNava
Air Force's Advanced Research  This Unconventional Stellar As-
Global Observation Satellite  pect (LU/SA
carries an X-ray telescope of a large array of traditional X-ray

amang its many experiments.

“I."u,,' '||.I.\_.I-I I .'ll_'l-.'\ll'.'lrn.ll"'\-.

X i"':..’ IMEeNT CONsS1sis

proportional counters, with an
‘effective arca” of 2,000 sguare cen-
timeters. USA's detectors originally flew in 1985 on the shuttle-
borne SPARTAN | spacecraft and were refurbished after their
return to Earth, Like the Rossi X-ray Timing Explorer, LU'SA will
study the variability of bright X-ray sources in our galaxy. Rossi
looks at many targets for relatively short periods, while USA

will make verv long observations — up to a month — of a few

sources. The ARGOS launch also placed two small satellites in
.||:"|:|_ SLUMsAL :1-_|:'5: ||. stuctents o "\-Il._| 1 '-.lm_!' Ln Versity 1 "‘*-l:l!:|:
Africa, and Orsted, a Danish payload that will map Earth’s mag
MASAS 1979 Maesal mussion

netic held tor the first tme sinc

hine 1969

Sky & Telescope

Left: The Space Shuttle made its previous Hubhle Space Telescope house call in February 1997, Center: Astronauts
Steven 5mith (left] and Mark Lee approached Hubble to begin work. Right: Smith grappled the Goddard High Resolu-
tion Spectrograph after removing it from the telescope,

Astro E
Japan’s next X-ray astronomy satellite, called Astro E for now,
will be launched in February 2000, It employs thin-foil X-ray
telescopes similar to those of its predecessor, ASCA {Astro D), to
vield a spatial resolution of about | arcminute. The five ASTRO
E imaging telescopes will have a longer focal length of about 4.5
meters, thanks o an optical bench that extends after launch.
Astro E has four X-ray CCD imagers similar to the ones pio-
neered by ASCA and used on Chandra, as well as a hard X-ray
detector. However, its flagship instrument is the XRS, the first X-
ray solid-state microcalorime-
ter, which can obtain X-ray
spectra at much higher energy
resolution than can CCDs. The
liquid-helium-cooled calo
rimeter works Dy measur-
ing temperature rises of about
0.001% Kelvin in the detector

caused by absorbing single X-

ray I_"'Ir"il.l|ll||"\-. [he XRS was built
by NASAs Goddard Space
Flight Center in collaboration
with Japans Institute of Space

and .lll."'l.||:'..|.1|.;.r||-\.hll SCHEMCE.

Japanese and American techni-
cians examine XRS5, the spec-
trometer that will be installed
aboard the Astro E spacecraft.

Wide Field Infrared Explorer

Evervthing was “go” on the night of March 4th, when the Wide
Field Infrared Explorer headed into Sun-synchronous orbit
aboard its Pegasus XL rocket. But soon thereafter the telescope’s
cover was prematurely ejected before the satellite could be stabi-
::r'L'..:.. "-[.‘:'l:lu_; L-.I?Ei1|l5.lll |".EI'.".I.'-.1 'Ia."ar.' '.t'||."-L'l'l['ll:' :J]'Il.1 L.’:I:I'-.l.'l.j SOMme Iill-
its solid-hydrogen coolant to boil off, causing WIRE to spin
faster and faster. The tumble was o fast for onboard systems to
counteract, and days later the remaining cryogen and battery
power both ran out. The mission had been meant to last four

months [ April g 81, WIRES 30-cm infrared telescope
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much larger Space [nfrared Telescope Facility planned for launch
in 2002, a replacement for WIRE is unlikely to be funded.

JoMaTHAN Moldowerr, an astronomer at the Harvard-Smiithsosian
Center for Astrophysics, writes a weekly electromic newsletter on the space
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Whean
Planck and FIRST satellites will be abaut

11 meters tall and weigh 4.7 tons.

Planck and FIRST

After surviving several budget hurdles, the space observatories
known as Planck and the Far Infrared and Submillimeter Tele-
scope |FIRST' have been approved for development by the Eu-
ropean Space Agency. Astronomers are relieved that this mis
sion, which combines both spacecraft into a single payload. now
seems on track for a launch in 2007 aboard an Anane 5 rocket.
Planck will survey subtle irregularities in the cosmic back
ground radiation left over from the Big Bang and thus provide a
definitive test of :_'-.ll.l.'-'.'n'
formation theories. Its
1. 5-meter-aperture tele
scope should map these
down to

aunched in 2007, the stacked

fluctuations
scales of 10 arcminutes.
The
built by a French- and
[talian-led consortium
ot 40 institutions, will
cover the
spectrum from U3 [0
10 millimeters in wave-

detectors, to be

MICTOwWae

length and  identify
temperature deviations
of just two parts per
million Meanwhile,
FIRST is the successor
to ESA’s highly success-
ful Infrared Space Ob-
servatory. With a pn-
mary mirror 3.5 meters
FIRST will be
the largest infrared telescope yet flown in space. It will carry
enough liguid helium to cool its instruments for 4% years, and
it will obhserve at wavelengths from 20 to 670 microns. Planck

ACTSS,

and FIRST will occupy the L, Lagrangian point, 1% million kile
meters from Earth in the anti-Sunward direction.

Cassini

[he Saturn-bound Cassini spacecraft makes its second flyby of

Venus on June 24th. Launched from Earth on October 15,
1997, Cassini first swept past Venus in April 1998 at a distance
of 284 km and used a g
of 1.6 astronomical units (240 milhon km). Junes flyby, a pass
just 598 km from the Venusian cloudtops, will stretch Cassini's

ravity assist to give 1ts orbit an aphelion

arbit out to 2.6 a.u. from the Sun and into the asteroid belt.

The 60-meter-tall Zenit 35L
towers abowve 1ts oceangoing
platform, 5ea Launch Odyssey,
and the rocket’s contral ship,
Seqa Launch Commander. The
rocket is stowed horizontally
during its transport to the
laumch site on the equator in
the Pacific Ocean.

Juby 1955

Shky & Telescope

During its upcoming flyby
of Venus, the Cassini

spacecraft will be oriented
£0 that Its 4-meter-wide
communications antenna

canserve as a sunshade

The new trajectory will be temporary, though, since a close
pass by Earth this August will redirect Cassini toward a Jupiter
flybyy in late 2000 and its eventual arrival at Saturn 4 years later.
Fight of the 12 instruments aboard Cassini — including its vis-
ible and infrared imagers — will take data as Venus zips by.

Mars Express

In March the European Space Agency signed a contract with
Matra Marconi 5Space, which will design and build Mars Ex-
press for launch in June 2003. Conceived as a replacement for
the failed Mars 96 mission, which carried several European-
built instruments, Mars Express will be launched by a Russian
Soyuz booster and a Fregat upper stage. The spacecraft uses
technology developed for the Rosetta comet mission to be
Hown the previous vear. Mars |!'.‘(E1r|.'~|.--.~| orbiter wall map the
Martian landscape, search for subsurface water with radar, and
act as a commumcations relay for its lander and for other Mars
missions. Dubbed Beagle 1, the lander will carry experiments
to study Martian surface chemistry and to search for life (Feb-
ruary issue, page 30).

Sea Launch

From its floating pad in the Pacihc Ocean, Boeing's Sea Launch
enterprise carried out its first mission on March 28th and
placed a dummy satellite in a 5-:_"|l~i[4|[i_-||‘_|._=|t:. transfer orbit. The
Sea Launch Crdyssey, a converted oil rig, and its companion ship
and control center, S5ea Launch Commander, are based in Long
Beach, California. Prior to March’s test the two vessels sailed to
a point on the equator at 154° west longitude, near Kiritmati
[formerly Christmas Island). Such equatorial sites are optimum
for launching communications satellites destined for geosta

orbits. 5ea Launch’s Zenit 35L rocket was built by
Ukrainian and Russian contractors. The first two stages also
12 satellites in its first
commercial flight last year. That spectacular and costly failure
made a test launch of the
Lenit 351 necessary.

Lonary

comprise the Zenit 2 rocket, which lost

[oMaATHAN MolDowELL 5 an as-
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A Broadband Imaging X-ray All-sky Survey
Un April 2Bth Germany's ABRIXAS satellite enjoved

idlli'll.l'l on a |ﬂl.l.'\""".'\.llll l"-\.l.!""-'.l]ll‘\. _‘11'.| M EEl

periect
bt sonm ran nto

trouble. The satellite separated from the rocket’s second stage
11N I'r|:'||-Li||I:1'|g'|q|-"||:L_'|; |'-||'-_| .|:'|_| d IFTaCcE |':__ AR IALE] .'i. L-. .: |.!_l
its signals. Initial euphoria evaporated when the satellite’s bat
tery system failed and the vehicle fell silent ¢ KCepl Tor we ak sie
nals received whenever sunlight shone on the solar-cell panels.
Controllers are hoping the satellite can be revived in late June,
when the panels will be illuminated for long periods. But if the
battery system cannot be connected, the mission will be lost.
ABRIXAS would have cataloged sources emitting “hard ™ X-ravs
from (0.5 to 10 keV (kiloclectron volts), using a tocusing tele-
scope with a spatial resolution of about 30 arcseconds. The last
mission to survey the sky in this energy range was the High
Energy Astronomy Observatory 1 in 1977, HEADQ 1 had no
telescope, resulting in very rough positions for a small number
of sources. As a footnote, the ABRIXAS launch from State Test
Range 4 at Kapustin Yar, near Volgograd, was the hirst orbital
TSSO TRoim rl"|i~. ik xi1'|{4 | 987 H.'||‘I|-Ii". Yar was used o [|1|'
first Russian V-2 launches in 1947, and it is the equivalent of
the White Sands and Wallops lsland sites in the United States.

Mars Global Surveyor

Now 10 its -::||'ll.'r.il]l.'l:'|.lr Pl.l'.l‘. orbit around the red ;1|.'.r1-;.|.
MASAS Mars Global Surveyor has begun its primary mission 1o
study the ruddy surface at high resolution
ping was interrupted when MG5 s dish-shaped communication
antenna became stuck. Troubleshooting showed that something

n mid-April map-

15 blocking the motion of the dish whenever it turns bevond a
certain angle. If it can't be freed belore Febroary 2000, MGS

".'.'-E] |"|..I'.'L' 10 i.'-1|l.'r.'l.l!'-[ I'I'...I"";"il'.:_'L and I."i'.l"-r "\-"'-'...I'..I | .‘i'[l' 1 order

to transmit its data, Uniil then the Earth-Mars geometry will
]-.'q;cp the antenna's motion within the usable range of angles,

and the study of the r|.'|lll._'l continues tor the time |".'.I|:_'_.

MG5's Mapping Orbit

Semimajor axis:
o 454 km altibude
Inclination:
Eccentricity:
Period:
Periapsis:

118 minutes
S0L° latitude
Descending node:

Ground track:

Champollion

The tortuous history of the Champollion comet lander took

..I-'-'\-:-[II'\-..! Twisl s SpPrimng 1.|":|'I' 1T MArrawWwiy 285¢ ||'l-\.'-\.| CANCELLA

tion. Originally slated w fiy to Comet 46P/Wirtanen with Eu

| EEN 3 ! i Fis ] 1 Ty i1 -
ropes Rosetta probe, it was transterred to NASAS New Millen-
nium program in 1997 as the Deep Space 4 project (since
renamed apace lechnolog ] hi project grew in Imbation.
involving an orbiter and a lander | ould return a sample of

Sky & Telescape

August 1999

Although Champollion was originally designed to bring a piece of

cometary nucleus to Earth, recent cost cutting has eliminated the mis-
sion’s sample-return capability.

a comet’s nucleus to Farth. However, in late March officials at
NASA Headquarters threatened to cancel the mission unless it
was held to its $158 million budget and revamped to maintain
the intended emphasis on technology development. A quick re-
design preserved the mission by combining everything into a
single spacecraft and by abandoning the return of a sample.
Champollion will be launched in April 2003 and, propelled by
a solar-electric engine like the one on Deep Space 1, will ren-
dezvous with Comet 9P/Tempel 1 in April 2006. The spacecrafi
will reconnoiter the comet for a few months, search for a safe
landing area, then anchor itself to the nucleus for a [|'|I1E_-I.ILLL'.1-
tron stay, Champollion will then drill to a depth of perhaps 1.4
meters and analyze the extracted material,

Galileo
Having completed its 20th orbit of Jupiter, Galileo has begun a
series of flybys to lower its perijove, the closest point of the
orbit to Jupiter. After flying past Furopa in February (March
issue, page 30}, the spacecraft made its deepest and longest orbit
since first looping around Jupiter in 1995, reaching an apojove
of 11,000,000 km on March 18th. This kept the spacecratt out
of trouble during solar conjunction, when communication with
Farth becomes difficult. Galileo skirted onlv 1,322 km from the
surface of Callisto on May 5th. During several flybys last year
the onboard computer reset itself, inggering an electronic “safe”
made and the loss of scientific data. The same glitch happened
during May's flyby, but new software bypassed the problem and
allowed the probe to continue taking data without interruption.
The brush with Callisto altered Galileos orbit, dropping
apojove back down o only 8,000,000 km and lowering perijove
to 593,000 km. After staying a safe distance from Jupiters
deadly inner radiation belt for 3% years, the spacecraft will dip
ever deeper on the next few orbits. By September its perijove will
be just 400,000 km — roughly the Moon's distance from Earth
— to position it for close [o passes on October 10th and Novem.-
ber 26th. If Galileo survives the Jovian radiation belts, it faces an
other danger: the budget ax. The mission officially ends in De-
cember, but the Galileo team hopes to operate the spacecraft until
the Cassini flyby of Jupiter in December 2000, since simultaneous
measurements by Cassini and Galileo would allow eross-calibra

o of their instruments and give a stereo view of Jupier,

he Harvard-Senthsonian Cen-

- 1. oo VL e I ;
fer for Astrophsics, writes a weekly electromic mewsletier on the space

. 1
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Mir

The Hl'hilir‘-:-'. Mir complex may be coming to the end of the
road, a victim of Russia’s financial woes, The on-again, off-again
=~|._';!||'|.|'| 1or n.'.‘-':I.‘I'I'Iu.’Il ZlII'II.|II'|,', [ CAITY On ;-p-._|.'|:!|lllx [0k One last
lurch in May: an unsuccessful deal with a British businessman
|!-'.H- |.'I'I':."I':-__'.":L'-Ll. t|ll.' COMmpany that THCrwY ||:'|_'-.|r|_-a hlir, |'|,|-. |E||._|,=;|
announced that it plans to abandon the station in \ugust, when
the current crew completes its six-month mission and comes
home. This will mark the hirst tirne in alimost 10 vears that there
have been no humans in space. Energiva officials claim that a
Progress transport craft will be sent up for one final orbital ma-
neuver — to redirect the complex into the Pacific Ocean — but
some observers fear that Mir's flaky attitude-contral svstem may
fail if left untended. If that happens this enormous assembly, by
far the largest artihcial structure in orbit, mav fall to Earth out
of control. Mir was launched on February 20, 1986, and its first
occupants arrived the next month. Three successive expeditions
of cosmonauts occupied the station continuously from February
1987 to April 1989, at which point it was
abandoned for five months. A Gfth crew
arrived i september 1989 to begin what
might have become a permanent human
Presence in space — I‘ |_"'|.1I'|:\. [ Cocupy
the International Space Station before

Mir's denuse had only worked out.

Far Ultraviolet

Spectroscopic Explorer

NASA celebrated the launch of the FUSI
spacecraft on June 24th. FUSE specializes
in the ultravielet wavebands between
those of the Hubble Space Telescope
and the Extreme Ultraviolet Explorer. It

carries high-resolution spectrographs to

Originally schaduled
for launch last year,
the FUSE spacecralt
finally reached space
on June 24th.

\IL':I.1:|' emission and absorption lines in
stars, galaxics, and the interstellar medi-
um. In concept FUSE is a successor to
the very successful International Ultra-
vic e l"'-C['IIIIrl'F. but i sCrutinizes h|'|||r|.._'r
wavelengths, where deuterium and high-
v onired atoms like O VI (an oxygen atom missing five ele

trons) are spectrally active. Key goals include measuring the
abundance of deuterium throughout the universe

and studving the hot interstellar medium and
galactic halo. Now in an equatorial, 768-kilo-
meter-high orbit, FUSE is controlled from
lohns Hopkins University in Baltimore,

Maryland

the Jpace |.,-|-,'~,.,|,||1._' Science Institute.

just across the streel rom

Deep Space 1

Launched last October 24th. the Deep
1
Space | probe 15 due to fly past minos - y ;
5 ! . . TEL DGY B
planet (9969 1992 KD on July 29th. Im " -|h-:1_|u,'.‘1_'1m_..-mm ENPLORATION

: B
iges and other scientific data will be L
transmitted to Earth in the days thereafter. "

weplember RS ]

Sky & Telescope

CTD (RO
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Good-bye, Mir? Russian space officials have announced plans to send
the aging space station crashing to Earth later this year. This view was
captured in June 1998 by the crew of 5TS 91 — the last of nine Space
Shuttle missions to visit Mir.

A xenon-ion engine has successfully changed the spacecrafi’s
solar orbit to intercept the asteroid, and the autonomous navi-
gation software will help DS zere in on its target. Final ap-
proach mancuvers will be made with conventional hydrazine
thrusters, and D51 should skim only 10 km from its target

the closest asterowd flyby yet. In May the spacecraft's “Remote
‘gent” artihcial-intelligence software successfully took control
lor a total of 35 hours, completing most of the mission’s test ob-
jectives. (The asteroid flyby is considered a bonus test of the
craft’s cutting-edge sensors and navigation system. )

Lunar Prospector
NASAS Lunar Prospector probe 1s ready to go out with a bang.
This spacecraft began orbiting the Moon in January 1998, and its
global survey resulted in the possible discovery of ice at the
lunar poles. Since this past February, LF has been operating in
an extremely low orbit, at times dipping only 17 km from the
lunar la |'|".|.:~l.-.l'|."l.' and !.d.'.'irl:’.{ scientists the opportunity (o p'rnlm_'
gravity variations and obtain higher-sensitivity data, The Lunar
Prospector team decided that since impact is inevitable, it
might as well be deliberate. So they plan to smash the space-
craft nto one ot the permanently shadowed south-polar re-
gions where deposits of ice are thought to exist, In July the
craft’s orbit will be changed to 17 by 200 km, then the velocity
will be dowed while at the highest point to force a carefully
timed collision. LP will plunge into a 50-km-wide
pilar crater on July 31st at 9:51 Universal Time,
angling into the surface about 7° from hori-
zontal at 4,700 km per hour. It's hoped that
the smashup will vaporize enough ice 10

create 2 plume of water vapor or its
byproduct, OH, large enough o be de-
tected by ground-based telescopes. &
17
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HST Servicing Mission 3A

The Space Shuttle Discovery, back
from its June flight to the Inter-
national Space Station, is being re
furbished for the third servicing
mission to the Hubble Space Tele-
scope. SM-3A was not initially on
the shuttle thght manifest — it 15
being tlown in October primarily to
replace Hubble's gyroscopes, now
an urgent necessity because three of
the six onboard have failed. Astro
nauts Steven Smith, Michael
Foale, Claude Nicollier, and John
Grunsfeld will make spacewalks to
carry oul the “.'IL"‘\-&.UI."*L' MTVICINE.
The new equipment will be borne
by a Spacelab pallet in the cargo
bay, which will also contain a
docking fixture to receive HS
once the crew has grappled it with
the arbiter's Canadian-built robot-
ic arm. On the first spacewalk, the
astronauts will replace the three
gyroscopes used for slewing the observatory and install electron-
ics to protect spacecraft batteries when the telescope is in safe
mode. On the second sortie, astronauts will install a new 486
computer {tested on John Glenn's shuttle flight Jast vear) and
replace one of the three Fine Guidance Sensors. The FGSs are
actually sensitive electronic cameras used to point the observato-
ry precisely at its desired targets. The third spacewalk calls for the
installation of a backup digital recorder and a new $-band
radio transmitter, as well as repairs to HST's external insulation
blankets. The next servicing mission, now planned for Decem-
ber 2000, will install a new general-purpose survey camera.

Wide-field Infrared Explorer

||'III'IH~ looked bleak for the WIRE satellite when
all the solid-hydrogen coolant for its infrared
telescope was lost shortly after launch in early
March (June issue, page 30). NASA's Investigation
later revealed that designers had failed to allow
for the electrical surges made by a commercially
obtained component when it switched on. The
power surge inadvertently triggered the system
that blows off the telescope cover. The tumbling
craft was eventually |'I'I|.I_!!:I| uider control. but at
the time project officials believed that it could be
used only for engineering tests. Then Derek L. \
Buzasi (University of California at Berkeley) real-

Astronauts Steven L. Smith and Mark C. Lee make repairs to
the Hubble Space Telescope during the second servicing mis-
sion in February 1997. A third visit will occur in October.

stars to within 0.001 magnitude.
Buzasi is interested in studying
small |"']I:_:|'f||l'll.'“‘|.'~ oscillations in
|.|.III'-.|.'-._Ii'.'|' slArs, '-\.l.l-rl1|._'F|'|Ir1}_'
WIRE's tiny telescope can do
more efficiently than a large
ground-based telescope like Keck.
After a very successful series of
calibration tests, mgul.lr observa
tions started in May with Dubhe
{Alpha Ursae Majons). Although
the new project doesn't compare
with WIRE's ambitious original
goals, which can mever be met,
It's an imaginative use of a re-
source that would otherwise go
10 wWasie.

Other Mission Highlights
Several other past, current, and
tuture space projects made news
recently. Japan's Lunar A mission
has again been delayed, this time
until 2003, Lunar A is to orbit
the Moon and deploy penetrator rockets that will slam into the
surtace. However, tests show that the rockets are not up 1o the
job, so the mission design is being reworked. Meanwhile, despite
its recent downsizing and redesign { August i1ssue, page 28), the
Champaollion comet lander has been canceled by NASA. It has
fallen victim to the budget ax, because the space agency has
been unable to absorb unanticipated costs associated with other
programs like the upcoming Hubble servicing mission and the
long prelaunch delays of the Chandra X-ray Observatory. Ger-
man space officials have decided to abandon the ABRIXAS as-
tronomy satellite after efforts to revive it failed. The spacecraft
malfunctioned after reaching orbit on April

28th, and its solar panels failed to charge the
onboard batteries during well-illuminated orbits
in late June. Galileo made another I'Ijr'h}' af Cal-
listo on July Ist, part of a series of gravitational
assists designed to reduce the craft’s perijove in
anticipation of close flybys of lo in October and
Movember ( March issue, page 30}, Cassin flew
past Yenus on June 24th at a distance of 603
km, on its way 1o an Earth fiyby in August. And
Europe’s Giotto comet probe, placed in electron-
i hibernation in 1992 after its encounter with
Comet 261/ Grigg-Skjellerup, flew past Earth on
July Ist at a distance of roughly 200,000 km. No
contact was made with the probe.

ized that WIREs star tracker, ds signed fo point
the observatory, was itself a useful research in
strument, Ped by a 2-inch /1.8 Il.'|l.'x|.l.'ll'|. Lhe star
tracker’s CCL detector can Lake lowe-resolution
images 10 umes per second with remarkable pho-
tometric Accuracy, measuring the brightness of

30 October 1999 | Sky & Telescope

L%
. NEEmN
Although its mission offically
ended in mid-1992, the comet-
chasing Giotto spacecraft (seen
here without its outer shell)
passed near Earth on July 1st.
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Cassini

The Saturn-bound Cassini spacecraft made a close and controver-
sial flyby of Earth on August 18th, passing 1,166 kilometers over
the South Pacilic Ocean at 3:28 Universal Time. The crucial
gravity-assist maneuver drew criticism from those who feared an
accidental collision with Earth could release the 33 kilograms of
radicactive plutonium in Cassini s
power generators, Before the close
brush, the spacecraft’s orbit had
a perihelion of 0.7 astronomical
unit, near the orbit of Venus, and
stretched out inte the asteroid
belt 10 2.6 a.u. Cassimi approached
Earth at a speed of 16 km per
second and left at 20 km per
second, an energy boost that ex-
tended the craft’s aphelion to 7.2
a.u., between Jupiter and Saturn.
Cassini and its European-built
Huygens probe (for Titan) will
pick up one hnal gravity boost

Eleven exposures, taken 10
minutes apart (final pair: 8
minutes|, show the Cassini
spacecraft during its close
flyby of Earth on August 18th.
Veteran Australian observer
Gordon Garradd used a
0.45-meter /5.4 Newtonian
and a CCD camera.

from Jupiter in December 20040,
then coast toward their Tuly
2004 arrival at Saturn.

Mir

The continuous human occupation of the Mir space station came
to an end in August as Viktor Afanasvev and Sergei Avdeey
returned to Earth. In the weeks before the Russian cosmonauts
made two lengthy spacewalks. On July 23rd they emerged from
the Kvant 2 module and spent six hours attempting to deploy an
experimental high-quality antenna & meters in diameter. Devised
by engineers in Russia and Georgia, the antenna refused 1o un-
furl, and the defeated spacewalkers returned to the safety of
the station as their oxygen supplies ran low. Five days later they
I:']'I".'l:.'l'l.:,t.'{l again, completed the ]~|:u||:::~|.| tests, then unhooked the
antenna and pushed it away (it will plunge into the atmosphere
within a few months). T|‘u'j.' also retrieved experimental ]ﬁ.u.:i:.:aa,_{n
imstalled on the station’s exterior to study the effects of exposure
to vacuum and radiation. During the spacewalks, French astro-
naut Jean-Pierre Haigneré remained inside the Mir complex.
Finally, on August 27th, the trio crawled

MASA's Mars Climate Orbiter will use atmospheric friction to attain a
tight, circular polar orbit around the planet. Courtesy MASA/JPL.

Mars Climate Orbiter

A successful trajectory correction maneuver on July 25th put the
Mars Climate Orbiter on course for its upecoming rendezvous
with Mars. On September 23rd, after a 16-minute burn of its
British-built main mator, MCO will drop into an elliptical polar
orbit that ranges in altitude from 160 to 40,000 km, Within a day,
ground controllers will command the craft w reduce its periapsis
by 50 km, low enough to skim into the Martian atmosphere.
The plan is to use aerobraking to circularize the orbit gradually,
just as Mars Global Surveyor did over a 17-month period. In
MCO's case, the process will take only 60 days. The orbiter
carries an infrared radiometer and a color imager.

NASA Budget
In July the LIS, space agency's science budget came under its
severest attack in many years. The House of Representatives
voted to withhold $1.3 billion from NASA's overall request of
§13.6 billion. Space-science funding was reduced by $640 mil-
lion — a cut of more than 30 percent. Many NASA observers
W e Hl,ll'|‘]'i"1r_'{| by the extent to which science pPrograms were
singled out, despite vears of belt-tightening, the move to cheaper
spacecraft designs, and .~ipr.'r.'t.1|:u|.ar successes from recent mis-
sions. An immediate outcry resulted in restored funding for
some key programs like the SIRTF infrared telescope. But many
other future missions remained in jeopardy, among them the
Explorer program of Earth nrh-itinﬁ

into their Soyuz-TM 29 transport and g o scientific satellites and the Discovery

closed the hatch to the Mir core module 'E 4% program of interplanetary probes. Also

— perhaps for the last time. A few hours = threatened are the GLAST gamma-ray

later, after a fiery reentry, the descent 1';*—-' " telescope and other missions compris-

capsule touched down 1n Kazakstan. el ing the agency’s Structure and Evolu-
Mir's story is not quite over, as one ol & tion of the Universe initiative. Congress

the cosmonauts’ final tasks was to install -'g 1% planned 1o revisit the budget issue in

a new computer that should improve the £ oy Lliialiive FETTY TOWEE PTTTY PYTT september.

station's chances of remaining stable 1965 1970 1975 1980 198BS 1990 1995 2000

under automatic control until early next
vear, At that ume a inal crew mav visit

the station to supervise preparations for
forcing the giant complex from orbit

over the Pacific Ocean.

November 1999 | Sky & Telescope

Fiscal year

During the height of funding for the Apollo
program, NASAs annual funding exceeded 4
percent of the federal budget. Mow it is only
about 0.8 percent. Courtesy NASA,

JoxarHAN McDowELL is an astroenomer at the
Huarvard-Semithsonsan Center for Astrophysics
and writes @ wieekly electronic newsletier on
the space program (hitp:hea-www.harvard,
ed/QEDT iem/space/prijsrhitmi),
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Mars Polar Lander

NASA scientists and engineers debated long and hard over
where the Mars Polar Lander will touch down when it reaches
the red planet on December 3rd. They wanted a spot where
MPL could land safely, with no cliffs or jagged peaks, but one
still offering interesting local topographic features. Engineering
constraints required the chosen site to have rocks covering no
more than 15 percent of the ground. slopes shallower than 10%,
and to be no higher than 6,000 meters in elevation. The out-
come? MPL is headed for a spot at 195 west, 76° south,
roughly B0 km from the planet's south pole and its perma
nent ice cap. This target zone lies on “lavered polar terrain,”
which is thought to contain stacked beds of fine dust and ice
laid down over millions of years. Digging into the surface with
MPL's mechanical claw ¢ould thus reveal a record of the plan

et’s climatic history.

Galileo

[he Galileo orbiter's final flvbys of the
Jovian moon Callisto were carried out on
June 30th, August 14th, and September
I6th. One consequence of these dose

o

passes was the reduction of Galileo's
perijove (its closest point to Jupiter) to
only 400400 km, just inside the orbit of
dynamic lo. The new trajectory carries
the spacecraft through neutral and ion-
ized atoms, ejected by volcanoes on lo,
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that occupy a broad torus along the moon's orbit. Galileo's his-
toric exploration ol the lovian system culminates in two flybys
af Io on October 11th and November 26th. Unless NASA man-
agers infuse the project with exrra funding for fiscal vear 2000,
the 13-vear mission will draw to a close soon thereafter, once

the resulling images and other data are relaved 1o Earth,

Mars Climate Orbiter

The 291-kilogram Mars Climate Orbiter was lost when it
reached the red planct on September 23rd. The spacecraft
fired a braking rocket at 9:01 Universal Time, and telemetry
indicated all was well as the spacecraft passed behind Mars
and out of touch with Earth. However, MCO's radio beacon
was not received when it should have reappeared about 20
mnutes later. .':'LL\.lll'k‘lIl'IH o project manager Richard Cook,
data obtained several hours before arrival indicate that the
spacecraft passed only 60 km from the Martian surface, rather

than the planned close approach of 140

to 150 km. Since engineers consider B5

t  km the minimum safe altitude, it ap-

pears that MCO seriously overheated as
it passed through the planet's upper at-
mosphere and perhaps broke apart from
-clL'h”.h MAMIC SIFgss,

Far Ultraviolet Spectroscopic
Explorer

Checkout tests continue for the FUSE
satellite, which reached orbit on June
24th. The satellite had to be thoroughly |
“baked out” to purge 1r,1p;1-=:c,{ gases that
might cause contamination or electrical
breakdown once the high-voltage spectrographs were turned on.
Ihis procedure has now been completed, though the residual
pressure dropped more slowly than expected — perhaps the
satellite soaked up too much Florida humidity before its launch!
['he shakedown etfort also ran behind schedule due to ground-
station and guide-star problems. Nonetheless, the telescope

l.||H'lI o |'I.|:'I-'l' ;"lli."i.'l'l l.'l"'i.'l"IL'L'I. i.'II'II.:I g11]LtI]1[ L'I.'I'I'II:I'IZI“I._'IH lij['l'll_"ll;'d Ll]_'ﬁ' thl.'
voltage on the spectrographs at the end of August. The next step
is to align and focus the quartet of primary mirrors in prepara-
tion for first light, which project scientists hoped to achieve by
October 1st.

JomarHa= McocDoswprr, an astrosoeer af the  Harmvard- Seniblpsosiian
Center for Astrophysics, wriles @ weekly electronic newsletter on the space |

program {heepefhea-wew harvard, edw/ QEDT Gomdspace/fsefisr hitmi ). |

In Dctober and November, Galiles is to scrutinize the hemisphere of
lo pointing away from Jupiter, lo's equator runs horizontally through
the disk's center, and lines indicate the locations directly below the
spacecraft during each pass. Several of the moons prominent volca-
noes are noted, Insel: When Galileo flies 811 kilometers from lo on
October 11th, 14 images [squares) will record details down to about
40 meters across within the eruptive bull's-eye of Prometheus.
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After several years of -'1i'r‘l.!-'l-,'1."u‘_fr.'-{' undertakings to explore the

solar svstem and J(‘L‘L['l cosmos, the year 2000 should see the

launch of numerous small- to medium

5

28

-y e P N ! I ¥
SIZe spacecraft whose

entific objectives cover a wide array of disciplines.

Astronomy Satellites
The year should open with Europe’s X-ray Multi-mirror Mis-
sion observatory in space and undergoing an initial checkout,
assumung its launch goes as planned in December. The arbiter
carries three large X-ray telescopes, and like NASA’s Chandra
A-ray Observatory it has both CCD cameras for imaging and
gratings for high-resolution spectroscopy. XMM's pictures
won't be as sharp as Chandra's, but the observatory will have a
larger collecting area (S&T- August 1999, page 56),

In February XMM and Chandra will be joined in orbit by
Astro E. It will replace ASCA (formerly Astro D), the previous
entry in Japan's series of X-ray astronomy satellites, which is
nearing reentry. ASCA was the first spacecraft to utilize CCDs
for imaging high-energy targets, and Astro E carries these elec
tronic imagers as well. However, its main instrument is the X-
Ray ﬁ["".'m.'![l.'ll't'lE‘!-'.":, which will deliver I.I'I'I|."r'l.'l.l.'d1.'l'|1-.'l._‘| '|~.,j'.'|_"_|_'|'_grh
resolution without dispersing, or spreading out, the incoming
light. Instead the XRS measures the temperature rise that oc-
curs when a tiny piece of cryogenically cooled silicon absorbs
an X-ray photon. If this new technology works well, it likely
will be used widely on future missions. Developed by NASA,
XRS5 had been part of Chandra’s instrument suite before that
mission was cut back in the earlv 19905,

The second High Energy Transient Experiment mission
should reach orbit in early 2000. ( The first one was lost in a
launch failure in 1996.) Carrying ultraviolet, X-ray, and
gamma-ray detectors, HETE 2 will detect gamma-ray bursts
and locate their optical counterparts. Its predecessors, the
Rossi X-ray Timing Explorer and BeppoSAX, showed that at
least some of these energetic outbursts are extragalactic. HET]
2 will be the first mission dedicated entirely 1o getting accurate
positions for gamma-ray bursts. The spacecraft will ride to
arbit aboard the first Pegasus |=i§|':1 from the Kwaalein Missile
Range in the Pacific Ocean.

Uctober sees the launch of the relativity mission known as
Garavity Probe B into a polar orbit from Vandenberg Air Force
Base near Lompoc, California. In develop-
ment for decades, GPB carries an impor-
tant fundamental physics experiment de-
veloped by Stanford University, This
ambitious mission will attempt to demon-
strate the existence of frame dragging,
also known as gravitorraghettam. Einstein’s
general theory of relativity predicts that a
rotating mass will drag space-time around
with it. One consequence is that two ob-

f '...I'.-l: 15 11 e same direction will

Sky & Telescope

January 2000

Europe’s X-ray Multi-mirror Mission observatory will complement the
capabilities of the Chandra X-ray Observatory.

have shightly less gravitational attraction between them than ob-
jects traveling in oppaosite directions. In this sense frame dragging
15 the gravitational equivalent of magnetism, which is a relativistic
side-effect of the electrical force caused by moving charges.

The GPB experiment involves a spinning gyroscope flpating
inside an otherwise empty chamber that protects it from out-

side forces like atmospheric drag and solar-radiation pressure.
Uver the course of a year, if Einstein was correct (and we all
expect that he was), the gyro's spin direction will change by
0.0042 arcsecond, about one-millionth of a degree. Measuring
such a tiny effect will be an immense challenge.

November is the scheduled launch date for the Microwave
Anisotropy Probe. MAP will be the first spacecraft stationed at
the Earth-Sun L, Lagrangian point, 1% million kilometers from
Earth in the direction opposite to the Sun. The vague lumps
and bumps known to exist in the cosmic background radiation
should show up clearly in MAP's high-resolution, high-sensitivi-
v observations, allowing cosmologists to get a detailed picture
of structure in the early universe. To accomplish this the space-
craft’s 1.5-meter reflector will measure the sky's temperature
with an angular resolution of around 30 arcsec-
onds and an accuracy of 0.00002° Kelvin.

[o be launched in July on a Pegasus rocket,
the High Energy Solar Spectroscopic Imager
will study solar flares in the “hard” X-ray band

Four high-precision quartz spheres, each 39 millimeters
across, form the heart of the gyroscopes aboard Gravity
Frobe B. Once spun up within their electrically levitat-
ing enclosures, the spheres will rotate with so little fric-
tion that they should spin freely for 4,000 years.
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Above: The "space event log” for 2000 demonstrates that exploration
of the universe continues to be an international enterprise.

{ 3,000 to 400,000 electron volts) with excellent spatial and spec-
tral resolution. Bringing such energetic X-rays to a sharp focus
is difficult, so HESSI will utilize what's termed a transform
imaging telescope. It creates images with 2-arcsecond resolution
by comparing the photons passing through a variety of spinning
slits. HESSI is a part of NASA's Small Explorer series

In May Sweden plans to orbit Odin, its first astronomy
satellite, on a Start rocket (a refurbished ballistic missile) fired
from Russia's easternmost “cosmodrome” at Svobodniy. Odin
has a 1.1-meter dish antenna for submillimeter (500-gigahertz)
observations of giant molecular clouds.

Magnetospheric Satellites

Earth’s magnetosphere will be probed by several satellites this
coming year. February sees the launch of the Imager for Magne-
topause-to-Aurora Global Exploration mission. From its ellipti-
cal polar orbit, IMAGE
will take ultraviolet pic-
tures of the aurora and
map the boundary of the
magnetosphere using
radio transmitters. [t also
carries a new kind of instrument that will create “pictures” using
the three-dimensional distribution of neutral atoms. IMAGE is
NASAS hrst Medium-class Explorer (MIDEX) mission.

In May NASA hopes to launch a satellite from California to
study the lower regions of Earth's extended atmosphere, In-
struments aboard the Thermosphere-lonosphere-Mesosphere
Energetics and Dynamics {TIMED) satellite will measure the
Aow of energy between the ['!II," of the r|;1|_t.|::u.i1|'||_'r.-: about B0
km high) and the region of the ionosphere above it It also
carries an ultraviolet auroral imager.

Right: NASA's Imager for Magne-
topause-to-Burora Global Exploration
(IMAGE) spacecraft should reach orbit
in February.

June and July are the scheduled dates for launching two
pairs of Cluster spacecraft using Russia’s Sovuz-Fregat rockets.
One of the European Space Agency’s cornerstone projects,
Cluster involves placing four satellites in similar orbits to make
simultaneous measurements of the .-|_,|"n-|_',|;|\_‘||||!;'h ._|1,_1[j:|-'.'|.| 51.1Fti-
cles and electromagnetic helds. These data should allow re
searchers to distinguish between time and space variations in
magnetospheric phenomena. The first four Cluster satellites

were lost during an Ariane 5 failure in 1996

January 2000 | Sky & Telescope
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Interplanetary Missions

No planetary voyagers are scheduled for launch in 2000, but
several will reach important goals. In mid-February, the Near
Earth Asteroid Rendezvous spacecraft makes its second at-
tempt to rendezvous with 433 Eros. The project team aborted
its first try in late 1998 because of an engine problem. If
NEAR succeeds this time it will enter a close orbit around the
asteroid and study it for about a year. A week later Galileo sci-
entists hope to squeeze in one more close flvby of the Jovian
moon lo before the mission ends (5&T: December 1999, page
28). The comet-bound Stardust probe will reach aphelion and
begin collecting interstellar dust with its aerogel (foamed sili-
ca) collectors. The year ends as Cassini encounters giant
Jupiter. The December 30th flyby will mark the beginning of
the craft’s final 3'%-year cruise to Saturn, an

lomatHan McDowewr, an astromerer at the Harvard-Smithsonian

Center for _"|..=|"|'r".'.'1':-.'n_~. wriles d I1|:'-:'||.'I'_'.' electronte newsletier on the e

prograe {hitp/ thea-www harvard edu/QED T jomdspacefisr/ischiml).
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Eross
orbit

Scientists with the NEAR project are hoping for better luck when the
spacecraft omoe again tries to orbit 433 Eros in February.,

Mear Earth Asteroid Rendezvous

The NEAR mission is approaching its second try at minor
planet 433 Eros. After a February 2nd rendervous burn, NEAR
will become the first probe to orbit an asteroid 12 days later
on Valentine’s Day — appropriate for an Eros encounter, The
first try in late 1998 went awry when the engine mishred. The
probe did manage to get some images of Eros as it tlew past at
a distance of 3,900 kilometers on December 23, 1998 (5&T
March 1999, page 18), but an extra trip around the Sun was
needed to catch up with Eros once again. NEAR carries cam-
eras, a laser rangefinder to map surtace topography, X- and
:__'\_.lll'.l'lli.l Fadly '1|.'|li.'..| rormeLters o "‘\-[I.|L‘I'\- t[’ll?'lh l..'.EII'II.'|'|Z‘|I| LT, .IIIL1 i
radio transmitter 1o determine the characteristics of NEAR's

orbit and in turn the asteroid’s mass.

Mars Polar Lander and Deep Space 2

NASAs Mars Polar Lander was lost during its landing near the
Martian south pole on December 3rd. Flight controllers at the
Jet Propulsion Laboratory believe that the lander reached the
Martian surface at 76,17 south, 195.3% west at 20001 Universal
[ime, but for several days thereafter they searched in vain for

the -:"-.]‘-:"l'1.'|1 |'.||.|'|-| k:g'l_ll'-. | ast contact came J1sh |'|-‘-1|-|'|_' ik

e
spacecraft entered the planet’s atmosphere, when the lander
was to separate from its cruise stage and the two small Deep
Space 2 surface penetrators that were also aboard. Because
Mars Polar Lander was not designed to transmit to Earth du
g s descent, we Iy never learn what went WTong. [he
cruise stage or the acrodynamic heat shicld may not have sepa
rated; the parachute mav not have deploved properly; the brak-
ng rocket engines may have failed to hre or fired erratically; or
the lander may have crashed on rough ground or sunk deepl
nto the planet’s “layered polar terrain,” which is thought to
contain stacked beds of fine dust and ice laid down over mil-
lions of vears

microprobes, recently named Scott and

The Deep Space 2

# i i 1
Amundsen, were to slam into the Martian surface at 600 kilo-

meters per hour about 60 km northwest of the main landing
to survive the 30,000-¢ im

were designed

*il_: '-_il|||l|_|;_'|| L

February 2000 | Sky & Telestope

pact and relay information back via the orbiting Mars Global
Surveyor, nothing was heard from them either. The failure of
MPL and D52, together with the (avoidable) loss of Mars Chi-
mate Orbiter last September, leaves NASAs 1999 Mars effort a
complete washout, The next pair of missions to the red planet
are scheduled tor launch in the spring of 2001, but the space
agency's entire Mars-exploration strategy will now undergo

reevaluation.

Stratospheric Observatory for Infrared Astronomy
The 2.7-meter primary mirror for the SOFIA airborne infrared
telescope 15 now being ground. After the mirror blank was cast
in Germany and cut in France, its back side was hollowed out in
a honeycomb pattern, which reduced its mass from 4,500 to B30
kilograms. Grinding and polishing should be completed in late
2060, The mirror will become the heart of an [/19.6 Cassegrain
telescope installed on a modihed Boeing 747-5P aircraft, Test
Hights of this LL5.-German joint project should commence from
NASAs Ames Research Center near 5an Francisco in 2002,

This “lightweight” 2.7-meter-wide disk of glass, weighing nearly a ton, is
destined to be the primary mirror for a flying observatory called SOFIA.

NASA Budget

After worrisome debate in August and September over a
threatened billion-dollar budget cut, Congress eventually re-
stored — and in fact slightly exceeded — the $13.6 billion re-
quested for NASA in fscal 2000 by the Clinton admunistration.
But even though full funding s now assured, it's not all in the
Same |I|.=|-. es — some has been reallocated to future launch-
vehicle development and other projects earmarked by Con-
gress, ( urrently approved spacecralt such as the lJ'L't:]:- Impact
comet penetrator will not be affected, but planning efforts for
tuture Explorer, Discovery, and Mars-exploration missions
were cut by $90 million. Future technology development and
rescarch grants also took a hit. Nevertheless, the result 15 much
less dire than was feared in mid-1999.

lomireian MolvoweLL, an asfromormer af the Harvard-Snvithsomian
Center for Astrophyitcs, writes a weekly electronic newsletter on the space

program {hitp:/hea-vwww harvard. edw/QED T em/space/jsrisr.html)



The X-ray Multi-mirror Mission observatory is depicted looping near
Earth at the perigee of its 850-by-114,000-kilometer orbit. The 3.9-ton
spacecraft is the largest scientific satellite yet developed by the Euro-
pean Space Agency. Courtesy ESA.

X-ray Multi-mirror Mission
The European Space Agency's XMM spacecraft rode an Ariane
& rocket to orbit on December 10th. (The Ariane 5 had only
one fully successtul mission to its credit in three previous at-
tempts, 50 the astronomical community had its collective fin-
gers crossed for a successful launch.) XMM, which will observe
from a highly -rHi]\I!icrLl orbit around the Earth, has three X-ray
telescopes and an ultraviolet-optical telescope (5&T: August
1999, page 56). The spacecraft will be controlled from Darm-
stadt, Germany, with the science instruments operated from an
ESA facility in Madrid, Spain. XMM's optical system has more
collecting area but a shorter effective
focal length than that of NASAS
Chandra X-ray Observatory, so the
resulting images will record fainter
objects but with less detail. XMM's
instruments were kept dormant for
their first few weeks in space, then ac-
tivated after the spacecraft reached its
final orbit and the control center in
apain was ready for operation.

Swift

In late 1999 NASA Managers selected
the third and fourth Midex { Mid-sized
Explorer) missions for development
Preparations for one of the winners,
the Swift Gamma-Ray Burst Explorer,
began in early November at NASA's
Goddard Space Flight Center, the

The combination of event detectors and telescopes

aboard Swift will provide astronomiers with a power-
ful new tool to explore enigmatic gamma-ray bursts. on  the
Courtesy NASA/Goddard Space Flight Center,

MISSIONVEDAIE

home base of pr '.!1-.L]'-.|| ||11--::~.‘;!i1.!,.!tnr Meil Gehrels. Swift's Burst
Alert Telescope (BAT) will detect “hard™ X-rays, those with en-
ergies of 10,000 to 150,000 electron volts. Although its collect-
ing area of 5,200 square centimeters is only half that of the
BATSE detectors on the Compton Gamma Ray Observatory,
BAT will be five times more sensitive and offer a tenfold im-
provement in angular resolution. When BAT detects a gamma-
ray burst, the X-ray and ultraviolet-optical telescopes will be
pointed at the burst for follow-up observations. Swift will be
launched in 2003 into an equatorial orbit 600 kilometers high.

Full-sky Astrometric Mapping Explorer

FAME, the fourth Midex mission, builds on the success of Eu-
rope’s Hipparcos spacecraft and will measure 40 million stars
with a positional accuracy of 50 microarcseconds. The mission,
led by the U.S. Naval Observatory and built by the Naval Re-
search Laboratory, will operate from g:,'n.':t..uiun ary orhit !h:[.!'l:'l-
ning in 2004, (Hipparcos was to occupy such an orbit as well
but became stranded in a lower, elongated path when its apogee
motor failed. ) FAME will obtain distances to stars brighter than
15th magnitude and out to 8,000 light-years. This extended -
range should permil astronomers 1o calibrate the hrig]'ﬂlh::-i&t:-;
of Cepheid variable stars (used as “standard candles” for gaug-
ing the distances of other galaxies) and of relatively old subdwarf
stars {allowing better distance estimates to globular clusters).

Chinese Space Program

For at least a decade space watchers have speculated that the
People’s Republic of China has been planning a human space-
flight program. These rumors took concrete form when the two
Chinese astronaut candidates, Li Quinlong and Wu Ji Li, trained
at Russia’s Star City complex in 1996, Then, with unprecedented
publicity, an unoccupied Shenzhou (“Divine Ship”) spacecraft

* was orbited from the Jiuquan Space Center in the Gobi Desert

at 22:30 Universal Time on November 26th, followed by a land-
ing in Mongolia 21 hours later. The launch utilized the Chang
Zheng 2F, an improved version of the rocket used to loft satellites
tor Western communications compa-
nies; a new vehicle-assembly building
reminiscent of the Space Shuttle fa-
alitv in Florida; and a new mission-
control center. Similar to Russia’s
Sovuz, Shenzhou consists of a descent
capsule sandwiched between labora-
tory and propulsion modules. The de
scent L..lF":‘w-l.l]{' 15 I1.IL"II.[ ll..ﬂl 10y tl"lL' :"‘il'l'?'l.l.l'
and probably uses actual hardware
purchased trom the Russians, The first
!JI..”I..;-'I of a !";11L'|Ifii1l'lll 1.".'!1h Aztronauts
aboard may occur late this vear. &
JomaTnan McDoweLl, an astronomer af
the Harvard-Seithzprian Center for Astro
phiysics, wriles @ weekly electronic mewsletter
spaace  program  (Fettp/hea-wivm

l!'.lr'.'-.ll||l el I'\_|.| [V et/ spne el pEr fterel

Sky & Telescope | March 2000

27



MISSIONUPDATE

26

%
"
=
%
&
-
v
'
=

KHEED

Ak, LG

Gravity Probe B

The long and controversial saga of the Gravity Probe B mission
took another unfortunate twist late in 1999. With the experi-
ment module nearly ready to be added to the main spacecraft,
the science team discovered that one of three crucial heat-dissi-
pation probes wasn't working correctly, If the heat-dissipation
system were to fail after launch, the liquid helium keeping GPB's
interior at 1.8% Kelvin would evaporate quickly. Fixing the
problem requires opening up the delicate pavload for surgery,
and by mid-December engineers had begun their disassembly.
However, the experiment wasn't designed to be reopened, and
the repairs will delay the mission’s launch (which was to occur
this October) by 11 months, Meanwhile, Edward . Weiler,
MASA's associate admumstrator for space science, has allowed
the $30 million repair effort to begin but has also initiated a
complete review. In the end he may cancel the $440 million
mission outright — even though it has been in various stages
of planning for more than 20 vears. The four ultraprecise EyTO-
scopes aboard GPB are able to measure a tiny torquing on the
spacecraft caused by Earth's gravity (just 44 milliarcseconds per
year) that is predicted by Einstein’s general theory of relativity.

Active Cavity Radiometer Irradiance

Monitor Satellite

The third Active Cavity Radiometer Trradiance Monitor has
been placed in orbit to gauge the Sun's energy output and thus
to provide data crucial for models of climate change, ACRIMSat
weighs 115 kilograms and carries a single instrument that
measures the absolute solar flux from 2000 angstroms in the
ultraviolet to 20,000 angstroms (2 microns) in the infrared. An
ACRIM previously flew on the Solar Maximum Mission in
1980 and the Upper Atmosphere Research Satellite in 1991. The
series third instrument was originally 1o ride on a large Earth

With the recent launch of the third Active Cavity Radiometer Irradi-
ance Monitor, NASA scientists can look forward to continued meas-

urements of the Sun's luminous output.

Agril 2000 | Sky & Telescope

The giant cryogenic dewar that surrounds the Gravity Probe B pay-
load will carry 1,500 liters (400 gallons) of liguid helium into orbit —
a two-year supply,

ite of
its own as part of NASA's "faster, cheaper, better” revolution.
Built by Orbital Sciences and operated from the Jet Propulsion
Laboratory’s Table Mountain Observatory, ACRIMSat was
launched December 20, 1999, on a Taurus rocket. It now occu-
pies a polar orbit with an altitude of 685 kilometers.

Ubserving System vehicle but ended up on a small satel

Cosmic Hot Interstellar Plasma

Spectrometer Satellite

The Sun is near the edge of a small cloud that sits inside a
large but thin bubble of hot gas. Several hundred light-years
across, the bubble emits mostly extreme-ultraviolet (EUV) ra-
diation — a waveband that remains relatively unexplored. To
investigate this bubble's properties, astronomers at the Univer-
sity of Calitornia at Berkeley have undertaken CHIPSat, a
spacecraft that will obtain spectra of the diffuse cosmic back-
ground in the range of 90 to 260 angstroms. The Berkeley
group'’s new effort builds on the success of its Extreme Ultravi-
olet Explorer (EUVE) mission, which looked at energetic point
sources. Unlike EUVE, however, the CHIPS instrument lacks
an imaging telescope; instead it records the spectrum of a sin-
gle 5%-by-26" held of view. Therefore, its all-sky map will not
be very detailed, consisting of only 316 swaths of sky. But
CHIPSat'’s sensitivity will give it the upper hand in detecting
the general distribution of hot gas in our interstellar vicinity.
One of the project’s key goals is to determine which spectral
lines dominate the emission, which should reveal the gas’s ion-
ization state and how it cools. To be built by the start-up com-
pany SpaceDev, CHIPSat is the first of NASA's new small, uni-
versity-class Explorer missions. Current plans call for the 85-kg
satellite to be lofted into a 600-km-high orbit as a secondary
pavload dll!’il‘lg the launch of a Glohal Fnsilinning S}'sten:
satellite in April 2002,

JosarHan McDoweLl, an astromomer af the Harvard-Smithsonian
Center for Astrophysics, writes a weekly electronic newsletter on the space

program (hep:/fhea-www harvard edw/QEDT fiemispacedfse/jsr. himi),
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Astro E

Japan's latest X-ray astronomy satellite was lost when the first
stage of its solid-fueled Mu V rocket malfunctioned and veered
off course about 40 seconds after lifting off at 1:30 Universal
Time on February 10th. Although the second and third stages
partially corrected the trajectory, Astro E ended up with a
perigee of only 80 kilometers and probably fell back into the
atmosphere before completing even one orbit. The launch was
made from Kagoshima, an island off the coast of Kyushu in
southwestern Japan. Astro E was to complement NASAs Chandra
X-ray Observatory and the European Space Agency’s X-ray
Multi-mirror Mission (now
called Newton), which are
already in orbit. Its payvload
ot hve coaligned telescopes
included the first one 1o use a
calorimeter, a detector that
can determine the energy of
individual X-ray photons
with great precision.

High-Energy

Transient Explorer 2
January’s planned launch of
the second HETE satellite has
been delayed. At the last mo-
ment NASA managers, wor-
ried by recent failures of two
Mars missions, decided to
run more tests on the satel-

The Astro E spacecraft, valued at
2107 million, is seen prior to its
ill-fated launch on February 10th.

lite. When HETE is finally
given the go-ahead, it will
be sent to the U.S. Army's

Kwajalein Atoll in the Pacific
Ocean. There an L-1011 aircraft will take off carrying HETE 2
in the nose fairing of a Pegasus rocket, which will be launched
over the ocean southeast of the atoll. Once in its circular,
near-equatorial orbit, the spacecraft will relay data back to its
science team at the Massachusetts Institute of Technology via
a worldwide network of small receiving stations. HETE 2
replaces a similar satellite lost during launch in November
1996. It carries a gamma-ray detector and ultravielet and op-
tical imagers to pinpoint mysterious high-energy bursts from
deep space.

",
i

Once launched into an orbit inclined 2° to the equator, the High-Energy
Transient Explorer 2 spacecraft will transmit data whenever within
range (circles) of one of its 11 receiving stations {dots). Courtesy MIT.

May X0 | Sky & Telescope

The Compton Gamma-Ray Observatory eases away from the Space
Shuttle Atlantis in April 1991,

Compton Gamma-Ray Observatory

When one of CGRO's three gyroscopes failed last November,
NASA officials grew concerned that the spacecraft was just one
problem away from becoming a giant hunk of space debris. 5o
they decided to bring down the 15-ton satellite while it was stll
rehiably under control, thus ending nine successful years of oper-
ation. {Although simple star sensors onent the spacecraft while
observing, the rough ride during a rocket firing normally requires
gyros to keep a steady aim.) Fortunately, the mission got a stay of
execution in mid-February, because project engineers believe
they can ensure a safe deorbit by slowly spinning the spacecraft
during rocket firings. NASA managers must now decide whether
the observatory will be allowed to continue its observing pro-
gram or be forced into the atmosphere in early June. Meanwhile,
the BATSE instrument remains the most sensitive detector of
gamma-ray bursts in space, while the medium-energy OSSE
and COMFTEL telescopes continue their studies of the galactic
plane, quasars, and supernovae, and the EGRET high-energy
detector monitors occasional solar flares. When the end comes,
CGROYs capable propulsion system will dump the spacecraft
safely in the ocean, avoiding another Skylab-style scare.

Stardust

The comet-bound Stardust probe recently passed a crucial test.
Between January 18th and 22nd, the spacecraft hired its engine
three times so that it can swing past Earth in January 2001, This
tlvby will increase the aphelion of Stardust’s orbit to 2.7 astro-
nomical units {400 million km), paving the way for an encounter
with Comet 81P/Wild 2 in 2004. Meanwhile, Stardust is now
moving such that interstellar dust grains strike it at relatively
low velocity. The “sticky” aerogel collectors on Stardust’s return
capsule have been exposed to space, which should allow them
to capture some of the prized interstellar material.

JomaTHay McDowsL, an astrononier af the Harvard-Smithsontan
Center for Astroplaysics, wrifes a weekly electromic mewsletter on the space

program [httpo/hea-www harvard edu/QED T fjomyspace/fjsefisr.hitmi),
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Galileo made its fourth — and perhaps last — flyby of lo on February

2ind. Courtesy MASA/IPL.

Galileo

Following a November encounter with Io and a January pass of
Europa, the Galileo spacecraft survived its closest brush with o
on February 22nd. This flyby, at an altitude of only 198 kilome
ters, concentrated on studies of volcanoes and the plasma torus
generated along the moon’s orbit by volcanic ejecta. Improved
software allowed Galileo to carry out the encounter without get
ting switched off by radiation-induced glitches, which had
marred prior visits to lo. However, the spacecraft temporarily
lapsed into safe mode two days after the flyby and briefly inter-
rupted the playback of data to Earth. February's close approach
also provided an energy kick that redirected the spacecraft into a
more elongated orbit stretching out 11 million kilometers from
Jupiter and increased its orbital period 10 three months, Now
that NASA managers have agreed to extend operations through
the end of 2000, the Galileo mission resumes its exploration of

the Jovian system with a flyby of Ganymede on May 20th.

Koronas F
Russia’s Koronas F satellite is now scheduled for launch in QOc-
tober. This is the second in a pair of solar-research satellites

and the first Russian scientific pavload since 1996 (not count-
ing Earth observers). Koronas I, with instruments largely from
Maoscow's Institute of Terrestrnial Magnetism, lonosphere, and
Radiowave Propagation (abbreviated [ZMIRAN in Russian,

hence the “I7 ), was launched in 1994 but lost artitude control
after a few months. The

1 = = o . I = 1
clude an arcsecond-resolution solar X-ray telescope from the

| 2 mstruments aboard koronas F in

Lebedev Physical Institute (abbreviated FIRAN, hence the “F").

Weighing in at 2,260 kilograms, Koronas F is the latest in a

Ong seres of screntine missions that s the Russian counter-

part to NASA's Explorer program. It will be launched from the

Plesetsk spaceport on a Tsiklon rocket and will observe the

T T 1 R iz 3 ¥ . = l |
Sun continuously from a near-polar orbit 300 km hgh.

i

une JK Sky & Telescope

Nozomi
apan’s first planet-bound spacecraft continues its delaved voy
age to Mars. When Nozomi (formerly Planet B)

in 1998, a faulty rocket depleted much of its fuel and sent the

was launched
spacecraft into the wrong trajectory around the Sun. Project
engineers came up with a plan to save th 2 mission using gravi-
ty-assist tlhybys of Earth. Nozomi completed its first 16-month-
long orbit of the Sun in May, returning to perihelion near
Earth’s orbit, and its next perthelion will be in August 2001.
During the third one, in December 2002, the spacecraft will
meet up with Earth and be kicked out of the ecliptic plane for
a tew months. Nozomi will intercept Earth one more time on
the way down, a final encounter designed to place it on course
tor an arrival at Mars — four years late — at the end of 2003,
Highly Advanced Laboratory for Communications
and Astronomy

HALCA (formerly Muses B}, a Japanese radio-astronomy satel-
lite, endured multiple problems in late 1999, After losing an at-
titude-controlling reaction wheel in October, HALCA resumed
observations in December but lost control of its orientation a
second time later that month because of a commanding error
[he satellite was left spinning and could not be recovered im-
mediately because of limited electrical power. In late February
ground controllers again brought the satellite under control,
and observations resumed on March Rth. HALCAs &8-meter
antenna is used n conjuction with telescopes on the Eruu:ul T0]
make high-resolution images at 1.6 and 5.0 gigahertz. Most of

its targets are radio-loud quasars and galaxies.

lomarHan McDoweLL, an astromorrer ar the Harvard-Smthsonian

Cenfer for Astrophysics, writes a weekly electronic newsletier on the space

program (hip:/thea-www harvard eduw/QEDT/ jem/space/jseijsr.hemi).

Eight meters across, the Highly Advanced Laberatory for Communica-
tions and Astronomy [HALCA) observes in concert with radio tele-
scopes on karth. The spacecraft is also called Haruka, Japanese for “far
away,” which aptly describes the satellite’s 21,000-kilometer apogee.
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Imager for Magnetopause-to-Aurora
Global Exploration

NASA has a powerful new tool for exploring Earth’s
magnetosphere. The IMAGE satellite was launched
from Vandenberg Air Force Base on March 25th, be
coming the first of the Midex (Midrange Fxplorer)
scientific satellites to leave the pad. A three-stage
Delta 7326 rocket placed IMAGE in a 1,000 bwy-
46,000-kilometer orbit that reaches apogee over
Earth's North Pole and takes the spacecraft through
the most intense part of our magnetosphere’s radia-
tion belts. In addition 1o having two ultraviolet au-
roral cameras, IMAGE
carries innovative “neutral-atom
imagers” that will map the three-
dimensional distribution of ener-
getic particles. One other experi-
ment, designed to measure radio
waves generated in the magnetos-
pheric plasma, uses a set of four
wire antennas 250 meters long —
making IMAGE one of the
largest satellites ever launched.

As several thousand spectators
locked on, the IMAGE spacecraft was
launched from California on March
25th at 20:34:43 Universal Time. Cour-
tesy Pamela A. Taubman, 30th Space
Wing Vandenberg Air Force Base,

Mars Polar Lander

The independent panel studying last vear’s Mars Polar Lander
failure issued its report in March. Since the lander had no way of
sending signals during the descent phase — a design decision
criticized by the panel — we will never be sure what really
went wrong, but the review discovered a probable cause for the
failure. Pretlight tests indicate that unfolding the craft's landing
legs probably triggered the sensor designed to detect touchdown
Eighty seconds later, when still 2 km above the surface, the de-
scent engines were to switch on and keep firing until landing,
However, because the software didn't reset the touchdown sensor
after leg deployment, MPL may have thought it had already
landed and therefore never fired its braking rockets. If so, it
would have been in free fall during the descent’s final 30 seconds,
impacting the surface at 14 meters per second. More broadly, the
report concluded that the failure was caused by significant
underfunding and by having too few people working each part
of the project. For example, the review panel felt that the two
Deep Space 2 surface probes, which had accompanied MPL to
Mars, were not |]:i'li:]|'||!'n'||r1hf.' at the time :i:1.;_=:,' were launched.

What went wrong when Mars Polar Lander tried to touch down on
December 3, 19997 A review panel believes that software problems —
and underfunding — doomaed the mission. Courtesy NASA/JPL,

July 2000 | Sky & Telescope

The winning design for
NAS5A's Gamma-ray Large
Area Space Telescope, as
portrayed by Timothy M.
Carnahan. Courtesy NASA/S
Goddard Space Flight Center.

Gamma-ray Large
Area Space Telescope
As NASAS next big high-
€NeTEy astronomy mis-
sion, GLAST represents a
partial replacement for
the soon-to-be-lost Compton Gamma Ray Observatory (see
page 48). Launch on a Delta-class rocket is planned in 2005.
GLAST's main instrument, the Large Area Telescope, is being
developed by a Stanford-led international team that was select-
ed in February. It will have 50 times better sensitivity than
Compton's EGRET imager, an angular resolution of a few arc-
minutes, and a detection range from 10 million to 1 billion
electron volts. GLAST should be able to pin down the proper-
tes of known gamma-ray quasars and a population of as vet
unidentified galactic gamma-ray sources. A secondary instru-
ment, approved in March, is the Gamma Burst Monitor. A
team at NASA's Marshall Space Flight Center will develop it in
collaboration with German scientists at the Max Planck Insti-
tute for Extraterrestrial Physics, GBM will be only a third as
sensitive as Compton's BATSE burst detector, But its energy
range, from 5,000 to 30 million eleciron volts, overlaps the
low-end range of GLAST's Large Area Telescope to permi
bursts seen by the latter to be compared with the database of
bursts previously recorded.

JosmaTHAN McDOWELL is an astromomer at the Harvard-Smithsonian
Center for Astrophysics and writes a weekly electronic newsletter on the
space program (htp:/ea-www harvard eduw/ QED T Sem/space/fsrijse homl).
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spotlight recently but continue to return valuable data.,
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The Outer Solar System

Still tunctioning 28 vears after launch, Pioneer 10 is now 75 as-
tronomacal units (11.2 hillion kilometers) from the Sun, head-
ing oul nearly in the ecliptic plane toward Taurus, away from
the galactic center. It's being used as a training tool tor space-
craft controllers. Three other outer-planet probes are heading
more toward the center of the F.JLl:-'.fr 1h-.1u.5]'| their velocities
are much too small o actually take them far from the Sun's
orbit around the galactic center. Now 52 a.u. from the Sun and
14 a.u. north of the ecliptic plane, the defunct Pioneer 11 is
maoving toward Scutum in the direction opposite that of its
twin. It has been passed by the Voyager probes, now 10 years
into their “interstellar”™ mission, which were launched later but
are traveling faster. Voyager 2 is 61 a.u. away in Telescopium, 26
a.u. south of the ecliptic plane. Voyager 1, our most distant
emnissary, is headed for Ophiuchus, It is now 76 a.u. from the
home star | more than 10 light-hours away) and 44 a.u. north
of the ecliptic plane. The Vovagers carry particle and radio-
wave detectors that are searching for the heliopanse — the
boundary between the solar wind and the mterstellar medium.

The Inner Solar System
Headed for an encounter with Comet 81P/Wild 2 in 2004,
Stardust completed its first sampling of the interstellar medium
on May 1st. The collector, which had been exposed 1o space for
10 weeks, was stowed in the return capsule, and the spacecraft
reverted to its cruise mode. Now about 2.1 a.u. from the Sun,
Stardust is arcing back in to intercept Earth next year. Japan’s
Nozomi Mars probe, placed in the wrong orbit around the Sun
due to a navigation error, recently passed through its first peri
helion just inside Earth's orbit but at a point more than %07 in
solar longitude from us. It will cruise back out to 1.4 a.u. twice
more before intersecting Earth in 2002 on the first swingby 1o
set it back on track for Mars. Europe’s solar sojourner, Ulysses,
s ahout 2.5 a.u. south of the asteroid
belt and headed inward from the orbit of

clues that the shock from a magnetic polarity

Voyager1

.

Pioneer 11

5 Pioneer 10

To Heliopause

Sun ome

Uranus

[

Voyager 2 Neptune

Paths of the four most-distant spacecraft. Fioneer 11 is headed most

directly toward the heliopause, but the Voyagers are moving faster.
Courtesy NASA/IPL.

still operating closer in to the Sun is the ancient Pioneer 6,
which was launched in 1965 to monitor the solar wind. Now
on its 40th circuit of the Sun, this amazing space-age survivor
reached its penhelion of 0.3 au. in June

Near-Earth Space
A million kilometers sunward of Earth is the L, Lagrangian
point, where the Furopean Space Agency's Solar and Helio-
spheric Observatory monitors the Sun [see page 20) and
NASAs Advanced Composition Explorer (ACE) studies cosmic
ravs and solar-flare events. ACE data is regularly used to warn
l-"”'-'”d controllers of increased solar radiation that could
damage other spacecraft. The hrst satellite to reach the L,
point, in 1978, was the International Sun-Earth Explorer 3.
This hardy craft was relocated to Earth's magnetotan in the
early 1980s before being renamed the International Cometary
Explorer and sent into solar orbit to fly through the tail of
Comet 21P/Giacobini-Zinner. ICE was finally shut down in
1997, For a time the Wind spacecraft also inhabited the L. re-
gion, but since 1998 it has been strolling

. around Earth’s magnetosphere. Two
fupiter, It will swing underneath thesolar &= 12 1 other veteran spacecraft remain in dis-
: : 2 I | IMP 8
south pole later this year in advance of EE ‘L‘-r Ll.vm’“L Feb. 24, 2000 tant I:II:'|1IH — Japans Geotail and
its second perihelion in May 2001 There F2 8 1 | NASAS Interplanetary Monitaring Plat-
are no Venus or Mercury mussions active 2 ~ S | form 8. The latter was lofted into a cir
i - O L i ik : *
at the moment, so the only spacecrai g 2R "“i-l,.v_,..w\jr-..-. A, cular, jiILLIHI[]-m1|-h|g_|1 orbit in 1973 1o
s . = : study the solar wind and, as seen at left,
The Interplanetary Monitoring Platform 8,in = ¢ - . it still functions well.
v L B
solar orbit since 1973, continues to provide 5"-3 Bou .
Eg E
useful data about the solar wind. This graph & = il b ‘H J G JosarHan McDowELL, an astromomer ar the
: T L T BT ¥
shows an unusual, abrupt drop in the winds 2 ;’ o0 o IR Harvard-Semithsoman Center for Astrophysics
density (top] and a jump in speed (hottam|, E;? 650 ||,1||f f’lftr: 'h-'-- lﬁl f writes a weekly electronic newsletter on the
i T lﬂ TR
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reversal was passing by.

August 2000 | Sky & Telescope
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Compton Gamma Ray Observatory
Commanded out of orbit by NASA flight engineers, the
Complon Gamma Ray Observatory (CGRO) plunged to de-

It thus

struction on June 4th becomes the first of NASA's four
Great Ubservatories 1o complete its mission ( July issue, page
48 ). CLRO was launched aboard the Space Shuttle Adantss in
April 1991, just a year after the Hubble Space Telescope
reached orbit. It carried four instruments: the BATSE gaImma
ray burst detector, which disproved earlier theories that these
energetic blasts come from our own galaxy; the OSSE and
Comptel medium-energy gamma-ray telescopes, which studied
emissions i the Milky Way and from nearby active EL'JI,E:.\,I'\'. [
cler; and the EGRET high-energy detector, which discovered a
range of new sources, including gamma-ray quasars,

MASA decided to end the mission because of concerns
that a second gyroscope faillure might make it difhcult to bring
the spacecralt down safely. | With a dry mass of 13.8 metric
tons, Compton 1s one of the heaviest objects to fall from orbit
in recent years.) In early May, CGRO was observing solar-flare
gamma rays from its 485-kilometer-high, 28.5"-inclination
orbit, Controllers shut down the science instruments on May
27th, and the first descent burn occurred four davs later. Fa ¥
on June 4th, a third burn lowered perigee to only 148 km, and
one orbit later, the tourth and final burn dropped CGRO'
perigee to 4 mere 28 km. At 6:09 Universal Time the spacecraft
began tumbling, and its internal temperature soared. Loss of
radio contact came one minute later, and the surviving debris

hit the Pacific Ocean southeast of Hawaii a1 6:18 UT.

Ulysses

[he Furopean Space Agency's Ulysses xpag._-qr,'ul't 15 poised to
|.II.§II] its second traverse of the Sun’s polar |¢_!_.;i-_rr|:~__ [he F'-_r-.nl'u_-
will be within 7° of the south [rHE IIJ|¢~:J,-:|1 several hundred
million kilometers away) from September 8th until next Janu
.ll:- |6th. This should |'|._- ann L'x}'u_u._|_|_||'\-. i) .|r._|ir'|rlI rkss, 45 i;'l=.'
Sun s now going through the most dynamic portion of its 11
year activity cycle. Throughout this year's solar maximum
Ulysses has been studying the Sun’s magnetic field and the solar
wind, as well as the van Ing intensity of cosmic rays com ng

through the solar system. The probe's north-polar pass will

Ulysses's
Second Solar Orbit
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The Compton Gamma Ray Observatory was 50 massive that several
dozen large pieces probably survived its fiery reentry on June 4th. The
mast likely crash site was about 3,900 kilometers southeast of Hawaii.

occur next vear from September 3rd to December 12th. Ulysses
is also used to help triangulate accurate positions for the
brightest gamma-ray bursts from extragalactic space. In early
lune ESA managers approved an extension to the mission,
which means Ulysses will continue operating until returning to
the vicinity of Jupiter in late 2004. (Afiter its launch in 1990, the
spacecratt skirted close to Jupiter in I:r|1ru,1rj.' 1992 and, in
doing s0, was flipped into its current high-inclination orbit
around the Sun.) However, by then the slowly declining power
output of the craft’s plutonium radioisotope generators will re-
quire that a tew instruments be switched off periodically.

Alexis

[he terrible fire that ravaged northern New Mexico in May
was a close call for the Alexis extreme-ultraviolet astronomy
satellite. Launched in May 1993, Alexis is normally controlled
by a small team at the Los Alamos National Laboratory, and its
operations are highly automated. Lab employees were evacuat-
ed on May 6th, expecting to be back within a few days, but
were unable to return permanently until May 22nd. Fortunate-
Iy, power and computing services remained on, and the Alexis
team members were able to log in remotely — they even com-
manded a crucial spin-up maneuver on May
20th. Despite occasional thermal problems,
Alexis continues scanning the sky with six small
telescopes. These optics, which utilize mulrilay-
ered molybdenum-silicon coatings to enhance
their reflec vty at very short way I_']l'_'l]é_'"l‘l:‘-\._ are
Iﬂ.itlh'l'illin,' data on the soft X Fay Dac ]H;H]'ul.m.kl,
and transient cosMIC sOUrCes.

JonarHan McDowELL, an astronomer at the Harvard
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Over the next 15 months the Ulysses spacecraft will
spend much of its time over the Sun’s polar regions,
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Deep Space 1

[he Jet Propulsion Laboratory has pulled off a remarkable res-
cue in solar orbit. Last November, after flying past the asteroid
9969 Braille (5&T: October 1999, page 28), the Deep Space |
probe lost the use of its star tracker — a failure that threw a
planned bonus comet encounter
into doubt. The star tracker was
needed to tell the probe which
way it was pointing, and without
it navigation seemed impossible,
However, clever engineers have
since reprogrammed the space
craft to use its science camera,
the Minature Integrated Camera
Spectrometer, as its guiding eve.
But it's still a tricky task: MICAS
was not designed to work with
the arientation svstem, and its
ficld of view has one-hundredth
the area of the failed tracker's.
Ground controllers have to find a
bright star that's roughly in the
right direction and command the
experimental “autonomous navi-
gation system software to process and transfer the MICAS
images to the main onboard computer in a form it recognizes.

The Deep Space 1 mission is
part of NASA's New Millenni-
um program to develop ad-
vance technologies for ro-
botic spacecraft.

Fartified with this new software, Deep Space 1 was able to
resume using its ion-propelled engine on June 21st, setting
cCourse tor a !|‘I.'1‘:-!r' of Comet [‘-.|'|-'.-'Hurr:'i|f. in September 2001
In the coming year the craft’'s orbit size will evolve from 1.10
by 1.34 astronomical units to 1.29 by 1.44 a.u

Cluster II

Two successful test launches of the new Sovuz-Fregat rocket
set the stage for the launch of the European Space Agency’s
Cluster II space-science fleet. The Fregat upper stage, involved
in the ill-fated Phobos and Mars 1996 space probes, performed
perfectly during the test flights in February and March, which
placed dummy satellites in orbit. Then, on July 15th and Augusi
9th, the recertified rocket delivered the Cluster payloads to
elhiptical, 200-by-18,000-kilometer transfer orbits inclined #5°
to the equator. Cluster consists
of four identical probes that
will tly in formation to study
the time and spatial variations
of particles and fields in
Earth’s magnetosphere. The
cylindrical, 3-meter-wide
catellites were stacked in pairs
on two rockets. In an unusual
launch scheme, the Cluster

After losing its first quartet of Clus-
ter spacecraft in 1996, the Euro-
pean pace Agency decided to
build and launch replacements.

October 2000

Sky & Telescope

craft use onboard engines to change their initial orbits radically,
eventually reaching 125,000-km apogees and even steeper 90
inclinations. Each satellite then deploys four 50-meter-long
wire antennas and begins flying in a tetrahedral formation with
separations varving from a lew hundred to tens of thousands
of kilometers. The craft will monitor the magnetospheric bow
shock, the cusp region over each magnetic pole, and the mag-
netotail. The new Cluster — named Rumba, Salsa, Samba, and
‘Tango — replaces four earlier satellites that were destroyed sec-
onds after launch from French Guiana in 1996 on the first test
flight of the Ariane 5 rocket.

Russian engineers prepare the Zvezda module for launch. With a
length of 13 meters and a mass of 19,000 kilograms, it is a near-twin
of Mir's core module, Courtesy NASA/Johnson Space Center,

Zvezda

Early on the morning of July 12th, Russia launched a crucial
component for the International Space Station, Sverda (“star™)
will serve as the station's service module, providing the crew
with living quarters and other key functions. This is actually
the eighth in the DOS series of long-duration orbital stations,
whaose first entrant (Salvut 1) was lofted in 1971. Vehicle 8 is
almost identical in outward appearance to its predecessor, the
Mir station core module. Like all the DOS stations, Zvezda
consists of a narrow cylinder with a control center connected
to a larger 4-meter-diameter cylinder with living area and
experiments. Like Mir, it features a single rear docking port for
Progress and Sovuz transport craft and a spherical docking
complex at the front with five docking ports for space-station
modules. Zvezda was scheduled to link up with the Russian-
built (but American-owned) Zarva module at (0:45 Universal
Time on July 26th. The launch of Zvezda was vears late, a victim
first of Russian budgetary problems, then of mutliple failures
with the Proton-K launch vehicle. After a robot cargo craft and
two Space Shuttle missions dock to complete the station’s initial
outhitting, three astronauts will nde a Soyuz vehicle to orbit in
October to begin Zvezda’s occupation,

JoraTHAN McDMowELL, o astromomier @f the Horvard-Smithsorian
Center for Astrophysits, wnites a weekly electromic newsletter on the spare

program III!.rl"'-r'l a-wewwe rarvand eduwOED T m/space prpsr htaal )
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Mars Surveyor 2003
Following the failures of both Mars Surveyor 1998 missions, ear
lier this year NASA decided o postpone its next landing mis-
ston and instead to send a single orbiter to Mars in Aprd 2001,
with arrival six months later. Mars Surveyor 2001 1s similar in
design to the now-lost Mars Climate Orbiter
ably 1t will be calibrated more consistently in metric units. The
orbiter will study the planet’s surface composition and geology
using a gamma-ray spectrometer and a visible-infrared camera.
The 2003 mission, announced in July and expanded in August,
will teature two Mars Exploration Program Rovers (MEPRs). The

]llll s -

delivery method is similar to that for Mars Pathfinder, with the

payload encased in an airbag landing system and petals that open

outward to turn the craft upright no matter which way it
comes to rest once on the surface, Pathfinder had a stationary
lander attached to the petal system and a tiny rover, Sojourner,
In contrast, the 150-kilogram MEPR (also known as the Mars
Mobile Lander) fills the volume inside the petals, replacing the
base station fr!rlrch: The MEPR 15 much faster than Sojourner,
traveling a kilometer every 10 days. Its miniature geologic labora-
tory includes a tool 1o scrape rocks so that their interiors can
be examined, an infrared imager, and a high-resolution camera.

The twin spacec raft will be sent to different rr.‘E::i-:}I'!ri of Mars,
though the landing sites have yet to be selected. A logical strate
gy would be to send them to locales where pools of water once
existed, or to one of the places where Mars Global Survevor has
found evidence for recent flows of water (September issue, page
26). Launches using Delta 11 rockets are planned in May and
June 2003, with arrivals 18 days apart in January 2004.

High-Energy Transient Explorer 2

The HETE 2 spacecraft is ready for another try at getting into
space. In January the satellite was aboard its Pegasus rocket at
Vandenberg Air Force Base, ready for ferrying to its Pacific
launch site, when NASA ordered a stand-down because two of
the three primary ground stations, in French Guiana and Sin
gapore, were not ready. In the wake of the carly post-launch
tailures of two other Pegasus-launched satellites, it seemed
prudent to make sure HETE 2 can stay in contact with mission
controllers as much as possible during its first few howrs of
flight. Extra thermal-vacuum and vibration testing was per-
tormed in the past few months, and the satellite has now been

Wovember 2000 | Sky & Telescope
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One of NASA's twin Mars rovers leaves behind its collapsed lander (far
right} after touchdown in January 2004, This image is from a computer-
generated video created by Dan Maas, a 19-year-old undergraduate
at Cornell University.

slated for an airborne launch in early October near Kwajalein
Atoll in the Pacific Ocean. HETE 2, an MIT-led project, will
use gamma- and X-ray detectors to find accurate locations for
gamma-ray bursts. A network of small ground stations strad-
dling the equator will relay the spacecrafi’s data back to the
MIT control center (May 1ssue, page 26).

Advanced Satellite for Cosmology and Astrophysics

lapan’s ASCA X-ray astronomy satellite (also named Asuka in
Japanese) has fallen victim to the biggest solar flare in a
decade. After the July 14th blast, Earth’s uppermost atmos-
phere ballooned upward so much that drag on the spacecraft
overwhelmed ASCA's attitude-control system, The satellite
went into a tumble, and once the solar-cell I'I':!I'Il,'lli WETE o
longer pointing at the Sun the batteries quickly discharged. Ef-
forts by Japanese ground controllers to revive the ASCA satel-
lite are continuing. Launched in February 1993, the spacecraft
Wik L-xpu.'..h'J to reenter wiathin the ..'nming year anyway. Even
so, X-ray astronomers will be disappointed if the last few
months of observations are lost. The Chandra observatory,
though equipped with a better mirror and CCD imagers like
the ones that ASCA pioneered, is seldom used for the long ob-
servations of sources that ASCA frequently conducted.

lomaTHax MceDowelr, an astronommer ar the Hareand-Ssoithsomian
Lanter for Astrophysics, writes a weekly electronic mewsletter on the space
program (httpe/fhea-wwwharvard.ede/ QEDT iemy/space/jsr/fsr hitwl ).

The second High-Energy Transient Explorer is seen attached to the
nose of its Pegasus XL rocket last January.
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Cassini at Jupiter
Dec 2000 - Jan 2001

To Sun —=

Galileo

“Jan 1, 2007
Jupiter

Ay m

Late this year, NASA's exploration of Jupiter will offer a double fea-
ture, as the Saturn-bound Cassini spacecraft briefly joins the Galileo
orbiter for joint studies. Source; NASA/JPL.

Galileo and Cassini

The closing days of the 20th century will sec an unprecedented
double encounter with Jupiter. The Galileo orbiter, which
passed its farthest from Jupiter at 20 million kilometers on
"'l:.‘PTL‘IT'I"I'L'I' Bth, falls inward to make a close pass by the planet
on December 29th. One day later, the Cassini probe will swing
past on its way to Saturn, giving us a close-up stereo view of
the Jovian system. Cassini is studving the planet from early Oc-
tober to March, even though its closest approach will be only
9.8 million kilometers
But this is still close enough for Jupiter’s enormous gravity to
increase the probe's velocity by 2.2 km per second. In fact,
[upiter s gravitational sphere of influence (dominance) is 48

- well I:J'.]I_uil._ll,' 1."|q_" outermost moons.

million kilometers, more than the distance between the orbits
of Earth and Venus. During the double encounter Galileo will
be inside Jupiter's magnetosphere (465,000 km from the plan-
et ), Cassimg well l.'rll1*-i|.:|q:. .1:|1|,E I:|'!|{ |'_‘l.'|||' 'u.||] ~.'.l|_|.'_t:l.' E'|-::-'.'.' 1_||.|||.3_-|;_-_~.
in the solar wind affect conditions in near-Jovian space. Cassi-
ni will then swing on toward Saturn, arriving there in mid-
2004. Galileos fate thereafter is still being decided; eventually
MASA wil] order its destruction in Jupiter's atmosphere, to
prevent an accidental crash with Europa from contaminating
that moon and compromising any future search for life there.

Space Infrared Telescope Facility

The launch of SIRTF has slipped from December 2001 to mid-
2002 because one of its instruments, the Infrared Array Cam-
era, is behind schedule. IRAC has four detectors, each of which
covers a different wavelength band and images a S-arcminute
square of sky. The camera itself 15 working well and ready tor
delivery, but the electronics that transfer data from the camera
to the spacecraft have run into problems. Meanwhile, SIETF's

&5-centimeter-wide primary mirror i1s complete, and its two

Technicians examine the mirror assembly for NASA's Space Infrared
Telescope Facility. Courtesy Ball Aerospace and Technologies.

thy & Telescope

Decernber 2000

other scientific instruments (a midinfrared spectrometer and
an 1II'|.|I:!;!'|_!_' |~]|cﬂ..'-'.|u-|rr Are I-.;ing |-1[Lgr.arc-:l with the SUPEr-
cooled detector assembly for tests. SIRTF will ride into solar
orbit atop a Delta 7920-H rocket; this one-of-a-kind launch
vehicle combines a Delta 11 core with the bigger solid-fuel aux-
itliary motors from the new Delta [IL

Stardust

The Stardust probe makes its second visit to Earth on January
15th, completing its first orbit around the Sun two years after
launch. The probe will fly 3,700 km from Earth's surface, close
enough to alter Stardust’s orbit and increase its most distant
point from the Sun (aphelion) from 2.2 to 1.7 astronomical
units and its inclination to the echptic from almost zero (o
3.6% In January 2004, Stardust will meet up with its main tar-
get, the perindic comet 81P/Wild 2. Long before then, mission
planners hope to solve a mysterious problem with the main
camera, which carlier this year was found to have some kind
of contaminating film on one of its optical surfaces. Efforts are
under way to clean the aptics using heat, but if these should
fail the planned photography of the comet will be jeopardized
— as will navigating to a cdlose, 150-km flyby distance.
loMaTHan McDowerr, an astronomer ar the Harvard-Serithsoman
Ceriter for .'|.'=rF-."|I"I|IL:=I-:'-1. wriles a weelkdy slectrovite newslelter on the space

Prograim 'J'.'r!J':.r'.-'n':L'ci-'.n-.'b.'..'l.i-r|.-r.u.f_ el OEDT e u;.-'_;fmr.-fr'_-.r,ff_cr.hrr;-il','.
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The year 2001 should see a number of key exploration missions take wing and the International Space Station

(finally) assume center stage as the successor to Russia’s aging space habitat Mir.

The nine germanium detectors inside the High Energy Solar Spectroscopic Imager, depicted here in orbit, will record the energy of X-rays and

gamma rays emitted by solar flares. Courtesy Michael Matranga (Spectrum Astro).

Astronomy Satellites

The Hubble Space Telescope once again steals astronomers’ at-
tention in 2001, with Servicing Mission 3B scheduled for May.
Spacewalking astronauts will remove the European-built Faint
Object Camera, which has served for 10 years, and replace it
with the new Advanced Camera For Surveys (actually three
cameras with different resolutions and wavelength ranges).

The crew will also install a new solar-cell panel and restore the

NICMOS infrared camera to operation by giving it a new
cooling system. Meanwhile, work on Hubble's successor, the
Next Generation Space Telescope, is under way. NG5T will not
be launched until about 2009, but this coming year NASA will
select one of three competing designs and a prime contractor
tor the billion-dollar undertaking.

The Sun's activity will remain high into 2001, so we can ex-
pect more spectacular flare images from space-based solar ob

servatories. These craft will be joined this year by the High En-

ergy Solar Spectroscopic Imager, which will record the Sun at
gamma- and X-ray wavelengths. Last year HESSI's debut was
delayed when the spacecraft sustained damage in a test acci
dent, but launch is now expected in the spring aboard a Pega-
sus rocket fred over the Atlantic Ocean near ¢ :.gpu Canaveral,
solar sentinels like Europe’s Solar and Heliospheric Obser
vatory and NASAs Advanced Compaosition Explorer hawve

January 2001 | Sky & Telescope

tound a favorite spot at L, the first Lagrangian point, between
the Earth and the Sun. In this location spacecraft hover at a
balance point between Earth and solar orbit. The Genesis
probe, due for launch in February, will be sent to L, for a two-
vear mission to collect samples of the solar wind

However, the L, point isn't so good for a telescope that
wants to look at distant galaxies, because observing faint ob-
pects from there is compromised by having the Sun on one
side and the bright Earth on the other. The new prime real es-
tate for deep-sky observers is L,, a similar balance point in
Earth’s shadow. From the L, point sensitive detectors can look
straight out into a nice, dark sky — the astronomer’s dream.
L,'s first tenant, and likely the first of many, will be the most-
awaited new mission of the year: the Microwave Anisotropy
Probe. MAP is due for launch in May 2001 and, upon reaching
its station a million kilometers over midnight on Earth, will
take the best images yet of vestigial lumps in the Big Bang fire-
ball. A smaller mission that also should generate exciting cos-
maological results is the Galaxy Evolution Explorer (GALEX), a
halt-meter ultraviolet telescope developed as part of NASA's
Small Explorer Program. The European Space Agency’s XMM-
Mewton "-l‘-"\-l.'l"'-'nl'll.ll':l will reach full steam in 2001 and should
join the Chandra X-ray Observatory in churning out spectacu-
lar pictures of the high-energy universe.




Planetary Exploration

The year opens with the Cassini-Huygens spacecraft exiting
the Jovian svstem and embs irking on the final leg of its journey
to Saturn. In February, the Near-Earth Asteroid Rendezvous

{ Shoemaker) spacecraft will conclude its year in orbit around
433 Eros in spectacular fashion, dropping onto the asteroid’s
surface. However, the centerpiece of planetary exploration in 2001
will be NASA's attempt to recover from its Mars debacles in
1999, To be launched in April, the 2001 Mars Odyssey orbiter
will reach the red planet in October and immediately begin aero-
ha'al'.ing gl'.adu.“l]]'!r' ]-:'h'.'-'E'Til'lg its orbit to start its SUrveving wiork
by the end of the year. Similar in design to the unlucky Mars
Climate Orbiter, Mars Odyssey carries instruments to map the
chemical composition of the planet’s surface. Comets also get
some attention; in January, the Stardust probe swings by Earth
to set up its trajectory for a flyby of periedic Comet 81P/Wild
2, but it won't get there until 2004, In September, however, Deep
Space | — resurrected from what seemed to be a mission-end-
ing camera failure in mid-2000 — will cap a successful extra test
of its on drive by flying past Comet 19P/Borrelly at close range.

The Cassini spacecraft’s first color view of Jupiter shows a wealth of
detail, including the moon Europa (far right) and its shadow on the
planet’s clouds. Imaging-team leader Carclyn Porco, a die-hard Beat-
les fan, released this image last October 9th to mark what would have
been the 60th birthday of John Lennon.

Human Spaceflight

This should be the year that the torch is finally passed from
Russia’s Mir to the long-awaited International Space Station.
Mir was struggling on at the end of 2000, buttressed with
funding from the commercial enterprise MirCorp. Undaunted,
Dennis Tito, an American business executive and former

Left: In 2001 NASA will dispatch its
Mars Odyssey spacecraft to study the
red planet with three instruments. A
lander was built to accompany the orbiter, but the space agency de-
cided last year not to launch it. Top: With its first key components fi-
nally together in orbit last October, the International Space Station®re-
ceived its first trio of long-term inhabitants a few weeks later.

NASA engineer, bmlg'ht himsslf a ticket for a WE-I.‘k-IHHE tourist

5 flight to the station. Then MirCorp began discussions with

- television executives about possibly offering a trip to this or-

. biting institution as a prize. Nevertheless, there is at least an

- even chance that 2001 will see the end of the venerable orbital
= outpost. In contrast, hopes for the Space Station were high in

late 2000, with the successful docking and outhtting of the

« Zvezda core module and plans to launch the Expedition One
2 erew before '!.-'{'ﬂ]'hﬁ end, The uc:min}_ar vear will see MASA's Des-

tiny laboratory module and the Leonardo cargo module added
to the assembly, as will the station's airlock and a Russian-bult
docking module. Flights to build up the enormous solar-panel
truss will follow in 2002, There were, however, still clouds on

the station’s horizon, with software and integration problems

making further launch delays almost inevitable, and fears that
Russia could not afford the promised quarterly Progress resup-

ply flights. P

Jowarran McDowsir, an astromomer ai the Harvard-Siitheoran
Ceviber Jor .-\Jlrc.'pﬂrje*:-r':. 5, writes a weekly electronic newsletter on the space

program{http/Meawww harvand.edw/QED T jem/space/jsrifsr.hitmil ),

A!-trun-::rnjr and Flanetary Mrs:mn ngh!lghts in 2001

~ launch fro
fiyby of Comet 'IEI'F.'HnrrEIhI

B ONE . lunch bom GpeGranal ol

arriwal at Mars, enters orbit

October 20

thynf]upitﬁ 15400000 k)

Iandlng on 433 EmL mission ends

ST

>k
iy

Mﬂ.uu.gwmﬂﬂ
sclesa.int huygens'

MMy Seest o feyotBehGoMm  sadwtplisag

near jhapledu

nmp.jpl.nasa.gov/ds1/

C wsdoehedpisd

mears.jpl.nasa.gov/ 2001/

Sky & Telescope | January 2001

i3



MISSIONVPDATE

32

Genesis

MASAS Genests spacecralt planned for
launch from Cape Canaveral on Febru
ary 10th, has been postponed until earhy
1o mid-June. This unusual mission will
retrieve samples ol the solar wind For
study on Earth, A h|||||'.'. o o __xl._-“-
Mmenis |_||'-'.||_' |.|'I':_':_' l.:l.'-. acles .!_:_',ll L |'!I'IE_1
Apollo lunar-landing missions, Genesis
will spend two years at the L, Lagrang-
jan point along the Earth-Sun line start
g in September 2001. There it will ex
pose wafers of silicon and other
materiils 1o soak up the particles flow-
ing outward from the Sun. The 636-kilo
gram spacecraft is designed to minimize
Ccontamination '..I.I.I[III;.',. the collection
process; for example, its thrusters burn
pure hydrazine (N.H,} and face away from the sample colle
tors. Genesis carries a return vehice that will be snared by a
helicopter in midair after it reenters the atmosphere over Utah
i 2004, The Genesis samples will be analyvzed to determine el
emental abundances for the whole periodic table, with critical
isotopic ratios measured to 1 percent or better. This approach
will yield a much more accurate determination of solar compo-
sition than is possible from remote observations. The highest
priority assays are for oxygen, nitrogen, and noble gases. Gene-
sis 15 part of NASAs Discovery program, which also sponsored
Lunar Prospector, the Mars Pathfinder lander, and the Near

Farth Asteroid Bendesvous orbiter

BepiColombo

'he European Space Agency has announced its major space
science undertakings for the coming decade. The flagship is
BepiCaolombao, a Mercury mission named atter Giuseppe
|'i|.Lli' Colombo
ventor ol '.f'q;
space-tether con
cept [his will be
only the second
spacecraft sent o
the mnermaost
planet; in 19/4-72
sMariner 10
mapped ong
hemisphere of
Mercury following
y Venus flyby (the
Inrst use Of @ gravi-
[he new

European mission

The European 5Space Agency hopes to dis

patch the BepiColombo spacecraft to Mercury v assisl
in 2009, Courtesy ESA,

WHLE LI3C A0l IO €

gine, as well as a flvby of Venus, to reach Mercury. | pom ar-
rival a conventional liquid-fuel engine will place the cratt into
rhit, wh ¢ pieces. The main po

500,000 kilometers

The convoluted trajectory for NASA's Genesis mission. After collecting solar-wind samples for two
years (loops at left), the spacecraft will dispatch a capsule to Earth for a daring midair recovery.

to map the mysterious unseen hemisphere and explore the
polar regions” putative ice deposits, A smaller crafi, in a more
elliptical orbit, will study Mercury's magnetosphere and the
planet’s interaction with the solar wind. Finally, a small lander
wll l.|.'ll|' to the surface and measure the heat flow ||'|:;| from the
interaor; 1t |1'|;',"1I CArry a tiny rover L'ql'.lr-:.‘-.d with a SpeCirom-
eter to study rock COTIPOELELON A tter H:;I,'-p. olombo, ESA in-
tends to launch Gaila, an astrometry satellite to build on the
success of Hipparcos. ESA also plans to be NASA’s partner in
developing the Next Generation Space Telescope and the LISA

[ Laser Interterometer Space Antenna) Bravity-wave ohservatory.

Mars Exploration Program
NASA officials have unveiled the agency's revamped strategy
for Martian exploration, which ra._|_":._|| ¢s the Mars Survevor
program of small missions with a broader, slower-paced pro
gram. Two rovers planned for launch in June 2003 will be fol-
lowed in 2005 by the Mars Reconnaissance Orbiter, which will
scrutinize the planet’'s surface to a resolution of 20 centimeters
much better than current civilian Earth satellites can
achieve, A Mars Mobile Science Laboratory will follow in 2007,
extending the rover concept with a more ambitious suite of in-
struments. The new strategy alternates launches of orbiters
ind landers, allowing extra time to recover should one of the
vehicles fail. But the plan puts off the return of Martian sur
tace samples until 2014, disappointing those who had hoped
tor a more aggressive program. The year 2007 will also imaugu
rate a separate Mars Scout program, a series of miniaturized
pavloads that will piggvback their way to Mars aboard othe
TSSO S |.|.I"|.|'.-'- H 13 '-'-.-:'|i 15 A MilssIon ._|||:_:E-.._|I._||--_"'| ||||1|I|'.'
he latter, which will est elements of

the sample-return mission

vith France and Italy. T

|}
includes an orbiter 1o be aer WA

tured by Mars's atmosphere, a new lander, a communications-

relav sate]|it small .'.|_'.'-|||:_'I station LBnders
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This month's column highlights spacecraft that are study g the Sun and solar-terrestrial relationships.

The four Cluster |l spacecraft orbit Earth in a tetrahedral formation to
obtain three-dimensional snapshots of the state of the magnetosphere.

Cluster Il

The four Cluster Il spacecrafi — named
Rumba, 5alsa, 5amba, and Tango —
began operations late last year, flying to-
gether as a 600-kilometer-wide tetrahe-
dron outside Earth's radiation belts in
high-altitude polar orbits. The Cluster
and SOHO (Solar and Heliospheric Ob-
servatory) projects were meant to be
launched at the same time to study
solar-terrestrial interactions, but the first
foursome was lost in a launch failure.
While most of SOHO's instruments are
imagers studying the light from the Sun,
Cluster measares lT..'l.i'!'l"‘l.'l\.I |11.'.5',:1-:I:mr|1=;|'if
particles and their effects on Earth's elec
tromagnetic helds.

Yohkoh

The remarkable Yohkoh solar observato-
ry has now been in orbit for almost 10
vears. Launched in August 1991 from
the spaceport at Kagoshima, Yohkoh was
the hrst Japanese satellite to provide
continuous data to the world's scientific
community. Its Lockheed-built SXT tele-
scope continues to return daily X-ray im
ages of the solar disk, which are available
at ftp:/fumbra.nascom.nasa.gov/pub
images/current/latest. html. In June
Yohkoh made its first nonsolar observa-
tion, turning its X-ray imager on the
Crab Nebula. Japanese space scientists
hope that Yohkoh continues to function
until 2010, thus completing most of a
full 22-year solar cyele.

March 2001 | Sky & Telescope

Solar sentinels {from fopl: NASA'S High Ener
gy Solar Spectroscopic Imager; Yohkoh, from
Japan's Institute of Space and Astronautical
S5cience; and the European Space Agencys sy
50HD (Solar and Heliosphenc Observatory).

Solar and Heliospheric Observatory

The SOHO spacecraft completes its fifth year of operations in
\pril. Launched in December 1995 near solar minimum, SOHO
headed for the Earth-Sun L, Lagrangian point and completed its
commissioning phase in April 1996. The spacecraft survived a
near-death experience in mid- 1998, when ground controllers
accidentally sent incorrect commands and triggered a deep elec-
tronic coma. SOHO continues to send back spectacular images
of solar flares as the Sun reaches its maximum activity, catch-
ing a series of large eruptions in late November that drenched
Earth in high-energy particles. In December SOHO began a
series of stereo solar-wind studies with the Ulysses probe, which
15 cruising high over the solar south pole (5&T: September
2000, page 3). NASA and the European Space Agency under
took the SOHO mission jointly, and it's operated from NASA's
Goddard Space Flight Center in Geenbelt, Maryland.

High Energy Solar Spectroscopic Imager
Due for launch in March, HESSI is de-
signed to make high-resolution images of
the Sun in both X- and gamma rays. Since
“hard” (short-wavelength) X-rays are dif-
ticult to focus, HESSI uses a trick called
transform imaging, in which the incom-
ing radiation passes through a rotating
patiern of holes and the image is inferred
from the changing pattern of light and
shadow. The cylindrical satellite will spin
15 times per minute, with its four solar-
cell wings twirling like windmill blades.
HESSI will scrutinize solar flares at ener-
gies above 100,000 clectron volts (eV),
which should help pin down exactly
where solar-tlare particles are accelerated
and how t|‘:l.'f.' heat the corona, and it
should deliver sharper pictures than the
lapanese Yohkoh satellite at lower energies
down to 3,000 V. The launch of HESSI
comes after an agonizing delay caused by
an accident one year ago. In a brief, 0.2-
second mishap during a shake test, the
satellite was subjected to 20 g of accelera-
tion instead of the planned 2 g, wrecking
the solar-cell panels and the telescope’s
support ring and damaging the cryogenic
cooler. Fortunately, the main instruments
survived and the spacecraft was rebuilt.
[onaTHAY  McDoweLl, an  astronomer ai
the Harvard-Smithsonian Ceriter for _'5|'.|!r|I|!:l|:j:|'§-
s, writes @ weekly electronic newsletter o the
prograre  (htipshea-wawwharvard edwy
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2001 Mars Odyssey

[he 2001 Mars Odvssey spacecraft, scheduled for launch on April
7th, follows two complete mission failures in 1999 and is thus
critical for NASA's Mars | xploration Program. Odvssey is similar
to the ill-fated Mars Climate Orbiter; its planned companion
lander was canceled so that the Jet Propulsion Laboratory could
concentrate on getting this one right. The vehicle is shaped like
a box, with the main engine at the top and the platform of sci-
ence instruments at the bottom. A solar-cell panel and the large
dish antenna for communications stick out trom the engine end,
"-‘-'hill." il 'lji.‘-'ll'lll-:l‘-'i.' O-meter i.l.!':'lg boom on the science |'|.l_|r-;'|'|:|
carries the gamma-ray spectrometer. [ The long boom is necessany
because the spectrometer detects radiation created when cosmic
rays hit the Martian surface; a few gamma rays come from the
spacecraft for the same reason.) The probe will reach Mars

on October 20th and enter a 25-hour elliptical orbit. Like r/ A

Mars Global Surveyor before it, Odyssey will lower its

orbit by aerobraking (repeatedly dipping into the planet’s
thin atmosphere to bleed off speed and altitude by friction).
By January the spacecraft should be in its intended 400-kilo-
meter-high polar orbit, ready to begin mapping the mineral
content of the Martian surface

Pluto Mission

The |-"|I.:|[-:I-E'Zui|‘lr.=r Express project was etfectively canceled last
September, but a voyage to Pluto is on the table once again
thanks to etforts by proponents in both the scientific community
and the public. Somewhat in the spirit of a TV network that's
persuaded by fans to give a cult show another chance, NASA
managers announced that they will consider mounting a Pluto
mission if someone can come up with a cheap, scientifically pro
ductive plan that reaches the planet by 2015 — where "cheap”
means less than §500 million. This would be NASA's first outer-
planet mission selected by open competition, rather than beimng
assigned directly to one of the NASA centers. Because Pluto has
begun its century-long trek to aphelion, scientists hope to exam-
ine this distant world at close range soon, before its atmosphere
freezes onto the surface, A launch could occur as soon as Decem
ber 2004, with arrival perhaps by 2012,

Radio troubles threaten to diminish the data that the European-built
Huygens probe (right| can relay from Titan to the Cassini orbiter

{upper left).

April 2000 | Sky & Telescope

The Mars Odyssey 2007 orbiter carries three science instruments: the
Thermal Emission Imaging System [THEMIS), Gamma Ray Spectrome-
ter (GRS}, and Mars Radiation Environment Experiment (MARIE).

Huygens

Europe’s most ambitious planetary mission, the Huygens probe
to Titan, has run into trouble. Incorrect specifications on one
communications component mean that Cassini, on which
Huvgens rides, will have trouble detecting the Doppler-shifted
signal from the probe and thus receiving its precious Titan
data. After a seven-year voyage to Saturn as an inert passenger
on NASAs Cassimi orbiter, Huygens will be active for only
around 2 hours on November 27, 2004, when it falls into
litan’s atmosphere traveling at 20,000 km per hour relative to
(assint. However, a European Space Agency review board has
recommended a number of workarounds to fix the problem. For
example, delaving the probe’s release date will allow the science
teamn to assess the wind direction on Titan first, so that the
spacecraft’s velocity during its descent (and the resulting Doppler
shifts) can be predicted accurately. Releasing Huygens's parachute
early, thus allowing the aerodynamically shaped capsule to fall
faster toward Titan's surface, would cause the loss of some science
data but maintain a steadier velocity during the descent. Modify-
ing the probe’s telemetry stream should improve Cassini's “hear-
ing,” and a combination of these approaches may be enough to
ensure success, Alternativelv, Cassiml's orbital tour of f*'u.]|_|_|r|:'|
could be redesigned to place the spacecraft farther from Titan
during Huygens’s brief performance, thus reducing the magni-
tude af the J:'-1]~pL'|' shift. However, the review board doubted
that enough time remains to make such wholesale changes.
lonaTHax McDoweLL, an astromomer at the Harvard-Smithsonian

Lenter for .'.'--'F:'II"-'-"'H. 5, works with the Chandra X Feld o Jnl:_ml'r'.'.J!-;u i
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NUPDATE

Lockheed Martins concept for the Next Generation Space Telescope,
one of two under study, will need to be revised because NASA has
decided to reduce the primary mirror's size. Courtesy Lockheed Martin,

Next Generation Space Telescope

Designed as the successor to the Hubble Space Telescope, the
Next Generation Space Telescope will now be a little smaller
than astronomers had hoped. NGST was to have a 4-meter-wide
aperture when conceived in 1995, but the success of segmented-
mirror designs encouraged astronomers
to pursue an ambitious 8-meter goal.
This was recently scaled back to around
6 meters, a size that allows NASA w
launch the mirror 1o one pi:-u- 01 an
Atlas 5 {or similar) rocket and avouds the
difficult problem of deploying such a
precise optical surface. To cut costs, a
planned technology-development mis-
sion has been canceled and the size of
[}'.l:_' |_1|_"_|_'|__1|,H' arravs reduced .'!'.|[|'.l.'||..:_|.'.|'|
the new version of NGST will operate at
warmer-than-optimal temperatures, its
ibility to observe at thermal-infrared
wavelengths out to near 30 microns — a
spectral region key to understanding star
‘!'I."T'!11.1"i|||'! .IIIL1 l.l||'l.'r |":"Il'.'.":ﬂ'l'|'.L'|“.='I '-'l-'ill
be retained. Launch is now expected
around 2009, and NASA hopes to selecl

Mars Global Surveyor

On January 31st Mars Global Survevor completed its primary
mission: mapping the red planet for a full Martian year of 687
days. The work began in March 1999 after a one-year trip to
Mars and a further 18 months of orbital positioning, MGS now
begins its extended mission as NASA’s only surviving Mars
probe, Although currently funded until April 2002, MG5 15 ex-
pected to operate bevond that date as a communications relay
for the 2004 landings of the Mars Exploration Rovers. The or-
biter is in good shape after five years in space, though one reac-
tion wheel, used to keep the spacecraft pointed, failed on Janu-
ary |8th. A backup wheel took over, but mission managers will
be watching carefully for other signs of age. The laser altimeter
and thermal-emission spectrometer have mapped the whole
planet, while the high-resolution Mars Orbiter Camera has cov-
ered its intended | percent of the surface. Recent images include
a reconnaissance of the planned touchdown site for Britain’s
Beagle 2 lander, which should drop onto Isidis Planitia at 11°
north, 270° west, in December 2003. MGS will soon be joined
by the 2001 Mars Odyssey probe now awaiting launch in Flori-
da, but a successor camera will not reach Mars until 2006.

Extreme Ultraviolet Explorer

Launched in June 1992, the Extreme Ultraviolet Explorer satel-
lite is still in perfect working order. However, last year NASA
terminated the funding needed to continue gathering its data,
s0 the satellite has been shut down. The last science observa-
tions, a study of the nearby interstellar medium, were made on
lanuary 26th. After a few end-of-life tests, which included
turning on the never-used backup high-voltage power supplies
and checking the remaining battery capacity, EUVE was point-
ed away from the Sun and sent into a safe hold on the night of
January 31st. The mission came to an end late on Februnr}r
2nd when team members at the Center for EUY Astrophysics
in Berkeley, California, commanded the
spacecraft’s transmitters to turn off.
During its early years, EUVE followed
up previous observations from Europe’s
Riontgensatellit, or Rosat, by completing
the first detailed all-sky map of very
“soft” {low-energy) X-rays in January
1993, The following eight years were
hP‘L‘IIt l:'ll:lhl:.'f‘."il'li: T:'Irgl:t:i I.,'hll}f-l;:l.'l. h'ﬁ" as=
tronomers across the world using
EUVE's deep-survey instrument, a 1.4-
meter-focal-length telescope with a 2°
held of view and both an imager and a
spectrometer. ELUVE is expected to stay
in orbit until early 2002, when it will
reenter the atmosphere.

[omarnay MceDowery, an astronoster af the
Harvard-Snathsoman Center for _-'|__|;,!F|:!-l!'l||r','_l:j|.'j.
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the company that will build NGST and
to procure the primary-mirror blank at
the end of this vear.
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Although operating well, on February 2nd the
Extreme Ultraviolet Explorer spacecraft was
turned off due to lack of funding.

space program [ ttpe/ hea-www harvard, edu/

QEDT iem/space/jsriisr.hitmil).
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Mir
The 15-year mission of the Mir orbital complex came to an end
on March 23rd in a rain of bright, flaming debris over the South
Pacific Ocean. Russian flight controllers pulled off the mission
ending sequence after the spacecraft had descended to an altitude
of 214 kilometers, at which point it was powered up and oriented
after two months of dormancy. The Progress M1-5 cargo ship,
which had docked to the complex’s Kvant module, fired its thrusi-
ers three times within four orbits to lower the perigee to only 80
km. Passing east of Papua New Guinea the complex began to
break up as friction robbed it of its residual orbital velocity. Just
before 6:00 Universal Time the remaining fragments plowed into
the ocean well east of New Zealand near 1607 west, 407 south.
Mir’s core module reached orbit on February 20, 1986, the
Soviet Union's 10th launch of a space station (succeeding three
military Almaz and six civilian Salyut craft). Throughout Mir's
86,330 trips around Earth, visiiing cosmonauts and astronauts
were onboard for a total of 4,591 days, during which they ven
tured outside the hull for 79 spacewalks. The station survived
minor (Soyuz TM-17, 1994) and major (Progress M-34, 1997
collisions and a serious fire. But its crews set numerous en-
durance records — capped by physician Valeriy Polyakov’s
437-day stay — and they came within 11 days of inhabiting
the station continuously for an entire decade.

Odin

Swedish space scientists are celebrating the launch of the newest
astronomy satellite. Odin was built by Svenska Rymdbolaget
(Swedish Space Corp.) and boosted into orbit on February 20th
by a Russian Start-1 refurbished intercontinental missile from

In mid-2000 Sweden's Odin spacecraft was tested under simulated
space conditions at Intespace in Toulouse, France. The 250-kilogram
astronomy satellite uses an offset Gregorian telescope with a primary
reflector (at upper right) 1.1 meters across.

June 2007 | Sky & Telescope

The crew aboard NASAS 5T5-79 Space Shuttle mission recorded this

L]
striking view of Mir at sunset in S5eptember 1936.

the Svobodniv missile base in eastern Russia. Odin carnes a 1.1-
meter-diameter radio telescope — twice the size of the one on
NASA's Submillimeter Wave Astronomy Satellite — that will
study galactic circumstellar and molecular clouds at submillime
ter tm'L'.;u'iu'ligThn. Like SWAS, Odin will measure emissions from
several molecules (including water) in the 500-gigahertz region,
and its 119-gigahertz receiver will detect O, molecules in their
ground state for the first time. Also aboard 1s an 1maging spec-
i |-.:_-h|-‘|}:-|, for mont: -:-in;.; ozone () and the u.1l-.1|:|".i.i chemical
reactions that destroy it in Earth's upper atmosphere. Odin in-
volves collaborating scientists in Canada, France, and Finland.

Advanced Satellite for Cosmology and Astrophysics
(On March 2nd a Japanese X-ray astronomy satellite plunged
into the atmosphere over the Pacific Ocean near the Solomon
[slands, ending its eight-year mission. Astro D was launched on
February 20, 1993; upon reaching orbit it was renamed Asuka
and given the homonymous acronym ASCA (Advanced Satellite
far Cosmo ogy and Ast |':~p"|‘.'~.:-.‘~' for the benefit of i'lly.“Sh-
speaking astronomers. ASCA was the first observatory to use
CCDs as X-ray imagers, now standard on missions like the
Chandra X-ray Observatory and XMM-Newton. Following a
huge solar flare in July 2000, the satellite began to tumble and
fell silent when its batteries ran down. The reentry ol ASCA oc-
curred one day after the death of Minoru Oda, a founder of
Japar's X-ray astronomy program and the former director of
the Institute of Space and Astronautical Science. ASCA's succes-
failed to reach orbit last vear (56 T: May 2000, Page
26); a replacement is being prepared for launch in early 2005,

g0, Astro Lk,

foxaran McDowery, an astravigerier af Hh Harvard- Sererthsonian
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Above: The 2001 Mars Odyssey mission got
off to a good start with a trouble-free launch
on April Tth aboard a Boeing Delta Il rock-
et. Courtesy NASA/Kennedy Space Center.
Right: The dramatic ascent to orbit was cap-
tured by a video camera mounted outside
the Deltas second stage. The lower two
frames show the jettisoning of slender strap-
on boosters 67 and 137 seconds into the
flight, by which time the vehicle had already
climbed to altitudes of 19 and 57 kilometers,
respectively. Courtesy NASA Television,

32 July 2001 | Sky & Telescope

2001 Mars Odyssey

NASAs newest interplanetary probe was launched from Florida
atop a Delta 11 rocket on the morning of April 7th. In a tip of
the hat to Arthur C. Clarke and Stanley Kubrick’s famed mil-
lennial movie, the 750-kilogram spacecraft has been named
2001 Mars Odyssey. The ascending vehicle tracked along the
U.5. East Coast and into a high-inclination (52°) parking orbit
— unusual for a planetary mission — before heading off to
the red planet. Odyssey will reach Mars on October 24th after
a 460-million-kilometer cruise and fire a braking rocket to slip
into orbit. The following January, after a series of aerobraking
passes similar to the ones made by Mars Global Surveyor, the
spacecraft will settle into a two-hour-long, 400-km-high polar
orbit and begin its two-year mapping mission. Odyssey repre-
sents both the last of the old Mars Surveyor line (in fact, it’s a
sister ship to the destroyed Mars Climate Orbiter) and the first
entry in NASA's revamped Mars Exploration Program, It car-
ries an infrared imager as well as a 6-meter-long boom tipped
with a gamma-ray spectrometer to characterize the mineralogy
of the Martian surface and to search for the hydrogen that
would betray the presence of water at or near ground level.

Galileo

Fortified with extra funding from NASA headquarters, the Jet
Propulsion Laboratory has planned the final phase of Galileo's
long Jovian odyssey, which will concentrate on the volcanic
(and very photogenic) moon lo. This

/ *"a.___' world has received comparatively little

attention since the spacecraft’s December
1995 arrival because of the risk posed by
intense radiation in the inner Jovian
magnetosphere. After a May 25th swing
to within 123 km of Callisto, Galileo
makes a pair of close passes over the
north and south poles of Io on August
5th and October 16th, respectively,
Funding for additional flybys is unlikely
at present, even though project scientists
want to get another close look at the vol-
canic moon next January, followed in
November by a pass only 500 km from
the 250-km-long moon Amalthea. In any
case, Galileo will make a suicidal plunge
into the Jovian atmosphere in September
2003. This final, fatal move is designed to
ensure that the derelict spacecraft doesn't
crash into Europa, where it might con-
taminate a future search for life,

F \

National Aeronautics and Space
Administration

The advent of the new U.S. administra-
tion has triggered big changes at NASA.
In the $14.5-billion budget proposed for
fiscal 2002 by President George W, Bush,
the X-33 and X-34 reusable rocket-plane




projects have been ehminated. Spending
for the International Apace Station wall
be cut back, with the Habitation Module
and the Crew Return Vehicle likely to be
canceled in an attempt to recover from
multibillion-dollar overruns. George
Abbey, for decades one of the most pow
erful individuals in the agency, has been
removed as director of the Johnson
Space Center, and more management
changes are expected. The recently re-
vived mission to Pluto {May issue, page
28| has again been canceled, as has a re
lated solar-probe proposal. But Congress
has asked NASA to carry on with the
Pluto spacecraft’s selection process in
case the mission is reinstated during
torthcoming budget deliberations.

Pioneer 10

The venerable Pioneer 10 space probe, launched in March
1972 and now 11.5 hillion kilometers from Earth, had not
been heard from since last August 19th. So a concerted, last-
ditch effort 1o reestablish contact was begun in March when
the giant radio telescope in Arecibo, Puerto Rico, listened for
Pioneer's 8-watt transmitter. Tracking stations in NASA's Deep
Space Network joined the search a month later and recovered
a feeble signad on April 28th. Managed by NASA's Ames Re-
segrch Center, Pioneer 10 and its twin, Pioneer 11, were the

Having now served longer than any of his
predecessors and under three presidents,
NASA administrator Daniel Goldin (seen here
during Congressienal testimany) faces a num-
ber of budgetary challenges during fiscal
2002. Courtesy Bill Ingalls (NASA].

first spacecraft to pass beyond the aster-
oid belt and flew past Jupiter in 1973
and 1974, respectively. The probes were
powered by radioisotope thermoelectric
generators, which use heat from decaying
plutonium-238 to generate electricity. Pi-
aneer 11, which also visited Saturn in
1979, fell silent in 1995, Funding for the
project ended in March 1997, but con-
tact with Pioneer 10 has continued occa-
sionally under the guise of testing the
DSN’s ability to track a weak signal. 5ci-
entists are using cosmic-ray data collect-
ed by the spacecraft to explore the outermost regions of the
heliosphere as Pioneer 10 continues to head out of the solas
system at 12 km per second. Its current location in the sky is
3 north of the ecliptic, near the star 98 Taun.

Jonaruan McDoweLw is an astronomer at the Harvard-Smithsomian.
Center for Astrophysics, He also writes a weekly eleciromic newslerter on
the space program (hetp:/hea-www. harvard edu/QEDT/jom/spacedysr!
psw e |

Earth Is Listening.
Will We Understand What We Hear?

“It is widely believed that this century will see the discovery of
| i _ life elsewhere in the universe. But what about ‘intelligence’?
. { | | and if we do contact extraterrestrials, will any meaningful
A Buidle to SETI communication be possible? It is often hard enough to exchange

and Communicating with

ideas with members of our own species! This fascinating book
explores all the possible lines of approach to a challenge upon

Mien Civilizations - whose outcome may one day depend the future of our own
civilization."

Beyond Contact: A Guide to SETI and
Communicating with Alien Civilizations

By Brian McConnell
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—SiR ARTHUR C. CLARKE
ALTTHOR OF 2000 1A SPacE ODyssey
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The Beagle 2 project, led by British geochemists from the Open Uni-
versity, hopes to place an instrumented lander on Mars in late 2003.
Copyright Beagle 2 Consortium.

Beagle 2
When the British-built lander Beagle 2 reaches Mars in 2
years, project officials have decided that it will touch down on
Isidis Planitia, located northeast of Syrtis Major, at 10.6
north, 270° west, The hope is that the sedimentary plain at
Isidis preserves evidence of ancient Martian life, while being
warm enough during local spring for
Beagle 2 to survive, Instruments will
spend at least six months looking for
water, carbonate minerals, and organic
material, as well as studying the site’s en
vironment. The 30-kilogram lander is
|u1d1hil-;inj'_ to the red |"|..'||:|.'l with the
European Space Agency s Mars Express
mission, to be launched in June 2003,
When it arrives the following December,
the main spacecraft will jettison Beagle 2
before firing its engine to enter Martian
orbit. A heat shield and parachute will
lower the lander to the ground, and
Pathfinder-style airbags will cushion the
impact. Before it leaves Earth, though,
will be thoroughly sterilized to

make sure that terrestrial "bugs” don't

Hl,,'.’l:;!':l.' i
contaminate the search for life.

Technicians ready NASAs FUSE spacecraft
prior to its launch on June 24, 1999. Courtesy
NASA/Kennedy Space Center.

August 2001 | Sky & Telescope

Lunar A

After years of delays Japan's Institute of Space and Astronauti-
cal Science (ISAS) now plans to launch its Lunar A probe in
2003, From a low-altitude lunar orbit, the spacecraft will fire
Wi I""I_'_?'II_'“[E'_'I[I'-I'\ 1o :I'Il:_' SUrface mear [l:.l'.' L'l..||.|.-:|[|.!'!'. O near th'q."
Apollo 12 landing site in Mare [nsularum and one on the far
side. The penetrators, which have been designed to survive an
impact deceleration of 10,000 g and may last for up to a year,
will transmit their measurements of moonquakes and heat
flow via the orbiter. Lunar A's seismometers are five times more
sensitive than the ones flown on Apolle, an improvement
needed to determine the size of the lunar core. The orbiter
also carries a camera for surface mapping.

Selene

Japan’s second lunar mission of the new century is Selene, a
contraction of he]-cﬂmh,'ul;i.r.ﬂ andd Engineering [-_:n'plnrer. To be
launched around 2004, the three-ton craft is a joint project by
Japan’s two space agencies, NASDA and ISAS. Its orbiter will
carry on the work started by Clementine and Lunar Prospector
by studying mineral distribution and surface structure with
an imager, X- and gamma-ray spectrometers, laser altimeter,
radar sounder, and particle detectors; a small, low-orbiting
relay satellite wall map the Moon's Hravil}' field. After a year in
orbit, a lander will separate and touch down. It will atlempt to
survive on the lunar surface throughout two months of day-
night heating and cooling cycles.

Far Ultraviolet Spectroscopic Explorer

NASAs FUSE ultraviolet observatory is beginning its third year
in orbit. Early in the mission, thermal problems and pointing
difficulties hindered instrument calibration and alignment, but
FUSE has been observing smoothly for the past year. One re-
action wheel shut down in August 2000
when a piece of tape started rubbing
against it, but the problem was quickly
fixed and the spacecraft systems are
working well. Recently published studies
detail the dynamics of ionized oxygen in
the filaments of the Cygnus Loop super-
nova remnant and the discovery of ab-
sorption lines from highly excited mole-
cular hydrogen in the Dumbbell Nebula.
FUSE has also ruled out the presence of
abundant intergalactic molecular hydro
gen, which thus limits how much bary-
onic (normal) matter can exist in the
universe. The spacecraft is operated by
Johins Hopkins University using ground
stations in Puerto Rico and Hawaii.

lomaTHAN MclDowEeLL, an asdrororrer ol Bhe
Huarvard-Smiithsorian Center for Astrophysics,
writes g weekly fAectronic newsletier on the
space program (fttpthea-weww harvard edu

QEDT iemdspace/jsrfisr. himi)
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Hubble Space Telescope

One of HST'S two main science instruments, the Space Telescope
Imaging Spectrograph (STI8), ran into a prosaic kind of trouble
on May 16th when a fuse blew. The failure came in the midst of
spectral observations of some nearby Type [a supernovae, part of
a1 prodect to refine the cosmic distance scale. The blown fuse cut
off one of two power lines to the spectrograph; before switching
to the backup line, Hubble engineers want 10 understand what
went wrong. Operations with 5T15 are expected to resume in
mid- July, but until then almost all observations are being made
with the Wide-Field and Planctary Camera 2.

HST Servicing Mission 3B

Meanwhile, the next Hubble servicing mission has now been de-
layed until Januvary 2002. The Space Shuttle Columbia, which re-
wrned to Florida from a year-long refurbishment in May, has
been reassigned from a previously scheduled research mission 1o
handle the Hubble house call. Columbia will carry the new Ad
vanced Camera for Surveys, which is actually three payloads in
one: a wide-field optical camera, a high-resolution optical/near-
ultraviolet camera, and a far-ultraviolet camera. Also aboard will

A technician shows off one of the CCD detectors for the Advanced
Camera for Surveys, to be installed in the Hubble Space Telescope
next year. Courtesy Ken Hutchinson, Ball Aerospace & Technologies.

Samtember 200
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be a new cooling system designed to keep the Near Infrared
Lamera and Multi-Obpect Spectrometer cold enough for its
I|1-: rrrally m'l'l'\.||i'|-.' -.|.!_'r_:'-.'r-:|I'h 4] ||_;'l;|_i|||_', A ﬁl_‘high J_"||'| |.:1|.;_'||;1
caused NICMOS 1o warm up soon after its installation in Feb-
ruary 1997, (A more capable Aft Shroud Cooling System has
been delaved to a later mission; it will cool the entire instru-
ment area, reducing detector noise and thus making Hubble
even more sensitive, | On January's first two space walks, astro-
nauts will install new solar panels for the spacecraft. Next they
will replace the rarely used Faint Object Camera with the ACS.

NICMOS will be |-.'p:1||n:.| on the fourth and final sortie.

Deep Impact

NASA othcials have approved construction of Deep Impact, a
[Mscovery-class mission that will attempt to hit a comet nucleus
mn 2005, Managed by the Jet Propulsion Laboratory, the mission
consists of a flyby spacecraft and an impactor to be built by Ball
Aerospace & Technologies, Deep Impact will be launched from
Cape Canaveral in January 2004 and make a close flyby of Earth
a year later to get a gravity assist on the way to comet 9P/ Tem-
pel 1. One day prior to arrival, the 350-kilogram copper im-
pactor will separate and, using autonomous navigation software
proneered on the Deep Space | mission, will close in for a 10-
km-per-second collision with Tempel |'s nucleus. The anticipat-
ed 20-meter-deep crater should break through the outer crust
and expose fresh matenial underneath. The crater and ejecta will
be imaged by the tlyby probe’s telescopic camera-spectrometer
and by Earthbound astronomers, providing spectacular extra-
terrestrial fireworks timed for July 4, 2005, If comets become
dormant once their ices are exhausted, the display will soon be
over. But if dormancy results from the busldup of a surface
“crust” that blocks the volatiles’ escape to space, Tempel 1 may
continue to dazzle us as it "erupts” from the impact area.

Galileo

NASAS Galileo orbiter made this vear’s first close approach 1o Ju-
piter on May 23rd, and as the spacecraft passed behind the plan-
et as seen from Earth its fading radio signal was used to study
the structure of the Jovian atmosphere. Two days later, as the or-
biter began the long “uphill” climb to its 9.7-million-kilometer
apojove, it made 115 closest satellite flyby vet: a 1235-km pass
ahove the surface of Callisto. That brush altered Galileo's arbat,
so that its next dive into the inner Jovian system will be deeper
still, allowing a swing past the innermost Galilean satellite, lo.
Galileo is starting to show its age, with radiation damage causing
occasional problems, The day before the Callisto encounter its
camera switched off, but controllers successfully reactivated it
in time to save most of the flyby coverage, including high-

resalution Lmages of craters near the day |'|il;ht terminator and of

the region directly opposite the huge Valhalla impact crater, A
racio occultation by Callisto should vield measurements of the
density of -|'-.‘-I'|F'-L‘L1 partic les near this dark, icy moon.

[oMaTHAN MeDowgLL, an agromomer af the Hormard -Sputhsonion
LPREeTF Tor .-'|:~r-':'_|'=I VEICY, WTRES a weekly -:"Il.';'f-'|'-'|'.'| rewserier on the e

prograre (http:fhea-www harvard edw/ QEDTHomdspacedtarljse i),
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To survive the blistering sunlight in Mercury's vicinity, the Messen ger
spacecraft will be equipped with a lightweight thermal shade. Minia-
turized instruments will occupy a payload platform facing Mercury.
Courtesy the JHU Applied Physics Laboratory.

Messenger

In June the Applied Physics Laboratory of Johns Hopkins Uni
VETSity got the BED ahead to build a Mercury orbiter as the next
mission in NASA’s Discovery series. Messenger, a contrived
contraction of “Mercury Surface, Space Environment, Geo
chemistry and Ranging.” should be launched in March 2004. It
will make two flybys of Venus and two close (200-km-high ) fly-
bys of Mercury before entering a 12-hour orbit around the in-
nermost planet in April 2009, arriving ahead of the Furopean
Space Agency's BepiColombo mission (February issue, page

32 ). Messenger will spend a year mapping the entire surface
from as close as 200 km and with image resolutions down (o
SO meters. Besides its color and near :r1r|',1r-;._1 CAmeras, hies-
senger will carry a laser altimeter and gamma-ray spectrometer
for surface studies, along with a magnetometer and cha rged
particle detectors to monitor conditions in the planet’'s magne-
tosphere. The only previous mission to Mercury, Mariner 10,
imaged half of the surface during three flybys in 1974-75,

More information is available at http://messenger.jhuapl.edu/.

Spektr-Rontgen-Gamma

[he |¢-|11; and tragic saga of Russias Spekir- Rontgen-Gamma
mission (known in the West as Spectrum-X-Gamma) appears
tor e neai IME AT ¢ nd. Conceved in the late 19805, SEG was 1o
be the first of an ambitious series of Soviet space-astronomy
satellites, Among its international suite of instruments are a

| 2-meter-long Soviet Danish telescope, a twin telescope pack
age from Germany and England, and an ultraviolet telescope
il |'l._||'| Ol an IMpPressive F-I'-ll'.ll.‘l de

supplicd by lsrael

Sky & Telescope
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ed due 1o lack of funding. Although SRG would still be a valu-
ible addition to the Chandra X-ray Observatory and XMM
Newton, in many ways its potential has been diminished by
these later missions. Russia’s Space Research Institute had asked
the European Space Agency for $20 million to help complete
the project by 2003, But in June ESA managers announced that
they would not provide further funding, thus likely sounding a
death knell for the ambitious satellite. For more information,

g0 to hitpy/hea.iki.rssi.ru/SXG/SXG-home.html.

Microwave Anisotropy Probe

NASA's Microwave Anis oy Probe iMAP) was launched on
lune 30th from Cape Canaveral, Florida. The satellite, built at
the NASA/Goddard space F 11‘_|1r Center, will continue the
work ol :.;'n_' Cosrmc I!-.n'k:.'_ruund ,L'-,P|nra_'r (ORI i ~..]|:|,_'||il|: i|'|
studying the 3* Kelvin cosmic background radiation left over
trom the Big Bang. MAP carries dual microwave dishes to
compare energy emanating from pairs of locations on the sky
1407 apart at frequencies ranging from 22 to 90 gigahertz. De-
pending on the frequency, the spatial resolution of these meas-
urements will vary from 13 arcminutes to 1* — much better
than the 7° achieved by COBE — and they'll discern tempera-
ture variations of as little as 20 millionths of a degree. Such
tiny differences correspond to structures in the early universe
that grew by gravitational collapse into the superclusters and
galaxies of the present day. In September MAP will begin its
observing program from the L, point, a location suspended 1.5
million kilometers above local midnight on Earth. Looking
outward into space, its view unobstructed by the Earth, Moon,
or Sun, the satellite will be able to take readings over the whole
sky every six months. To find out more, point your Web
browser to http://map.gsfc.nasa.gov/,

lonaTnan MclDowerl, an astromomer at the Harvard-Smithsorian
Laohter fof -1-'f-'l'll"-r-"-':-l- 5, writes o weekly electronic mewsletter on the sprarce

program (fierp:ea-www, harvard edu/QEDT iemdspace/st/fsr. himl)

Astrophysicists from Russia and 11 other nations still hope to launch
the Spektr-Rontgen-Gamma spacecraft into a highly elongated 500-
by-200,000-kilometer orbit. The complex spacecraft weighs nearly six
tons. Courtesy the Space Research Institute.
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Genesis

Recent weeks have seen g pair of astronomy payloads rocket
Nt space, MASATs | TS5 |‘|||_||'-|, was la unched on A
tollowing a six-month delay. An hour after lifting
Florida aboard a Boeing Delta vehicle, th
into a highly elliptical orbit. It will take three months ta travel
the 1.6-million-kilometer arc to jts final destination, the L. La

grangian point along the Earth-Sun line |

ugust Sth
oft from

¢ spacecrall shpped

February issue, page
32). Genesis will open its sample collectors in October and
soak up material from the solar wind until its return to Earth
in 2004 — becoming the first spacecrafi to “come home™ after
having traveled beyond the Moon. Genesis carries no camer a5
or other remote-sensing instruments, and « luring the flight its
communications system will be confir ming only the correct
operation of the sample container and its ion concentrator
(which preferentially allows heavier elements to enter but rejects
the solar wind's abundant protons). Mission scientists will not
get any results until they've analyzed the returned samples in
Earthbound laboratories. The Genesis home page is hittp:)/

gl NEsISm |!'-.'1|l: ”.I'II}I'H"I:‘""' E‘I;H._' [

KORONAS-F

July ended with a bonus for solar physicists as the Russians
launched their first dedicated scientific satellite in five vears. Now
t'in:iillg Earth in a 490-by-530-km pi Har orbat, }.:[‘.lli{]“w'll'-.-]
has a windmill shape and a mass of 2,260 kilograms. [ts Sun-
pointing payload includes a radio-burst detector, three ultraviolet
sensors, and mine X-ray detectors inc luding an extreme-ultraviolet
telescope with Ritchey-Chrétien optics and 1.5-arcsecond reso
lution. These instruments will monitor dynamic processes on
the Sun such as active ngltlll*. flares, and mass ejections —
objectives similar to those of the highly successful SOHO
(Solar and Heliospheric Observatory ).
RORCNAS 15 the Russian acronym
for “Complex Orbital Near-Earth
Observations of Solar Activity,” and

it continues a long tradition of mis
sions developed by the Ukrainian
company Yuzhnove since the 1960s
[he names of its most recent solar-
pointing satellites reflect the research
institutes of the original principal in-
vestigators for the experiment pay
loads. KORONAS-1 (for the IZMIRAN
geophysics institute ] was launched in
1994 but lost attitude control after
just a few months; 1t reentered the at
maosphere last March. The Lebedes
Institute (known as FIAN in Russian)
mitially oversaw the development of

Space physicists from Russia and other
nations are celebrating the launch of a
dedicated Sunwatching satellite in July -
# full decade later than planned. Courtesy
Russian Academy of Sciences/IZMIRAN.
Sky & Telescope

Novermiser 000

Genesis participant Andy Stone holds one of the spacecraft’s five col-
lector arrays in a clean room at the NASA/Johnson Space Center. The
hexagonal tiles, each measuring about 10 centimeters across, are
made of various materals such as silicon, germanium, artificially
grown diamonds, and metallic “glass.”

the KORONAS-F satellite, though its payload eventually in
cluded experiments from other Russian and European research
centers. For details visit http://'www.izmiran. rssi.ru/projects/
LUOROMAS/,

Pluto-Kuiper Belt Mission

President Bush's proposed 2002 budget omitted money for a
scaled-back mission to Pluto and the Kuiper Belt (February
issue, page &), But in late July Pluto fans won a reprieve when
the LLS, Senate Appropriations Committee added $25 million
for the project. The Senate plan diverts money that had been
slated for advanced propulsion technology and keeps work on
the mission alive for the time being. By July NASA also had
awarded funds for three-month con-
cept studies to the Johns Hopkins Uni-
versity's Applied Physics Laboratory
tor 1ts proposal (called New Hori-
zons| and to a team from the Jet
Propulsion Laboratory and Lockheed
Martin tor its Pluto and Quter Solar
system Explorer (POSSE). Both mis-
sions involve principal investigators
from Boulder, Colorado: 5. Alan Stern
(Southwest Research Institute) and
Larry W, Esposito (University of Colo-
rado |, respectively. If Congress can
find the money. the Pluto-Kuiper Belt
mission would launch in 2004 or 2006,

JomatHan McDowELL, an astronomer al
the Harvard-Smithsonian Center for Astro-
physics, writes a week Iy electronic newslet-
ter on the space program (hatpefhea-www

Jarvard .'.J.r_-"Uf'.'?'J"-'rl'i-u.-‘-:lnun-f',u.:r.-:',-'sr_ Irtwsel ),
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Ulysses

||'|.' :"".I.'.'.I'l||i! | |'-wl.'- SPAcCCralt 15 Compieting 1is e d loop
around the salas !_l--;-.- returning data on the siru re il thi
solar wind and the imerplanetary magnetic beld high a

the ;.x:ill'“'. |‘!~II'|;.'. Alter passing ovel the south solar pole last
January, Ulvsses swept through perihelion on May 23rd
a.l'.ll‘*l.'li 'II'I"||'I'-'---I-'I -|'||'I.5_'_"'-. the Sun's equatoral I lane at a d
tance of 1.3 astronomical units { 193 mallion kKilometers), Ln
".h.1:|l;i':'L'|' ..'!'li'l the "I,"-'I-,\._-_'.'.“ I....|"\.'\.! 1S Maximmuim n irk I sl
latitide of 80" Mow it will head out to Jupiter s orfat omce
more, coming within 1 a.u. of the giant planet in February
2004 before falling back toward the Sun for a third polar pass
beginning in November 2006. The European Space Agency has
approved an extension of Ulysses' mission for an sther thres

VEATS, i '.I:_'|‘| MASA funding runs out at the end ot 204

Chandra X-ray Observatory
By contrast, MASA has l.'-.'.-.'l-||,'-.| the I|.'.|:|:||.-. abservatory s pri

mary mission until 2009 — and the flight may continue there

after. Launched in 1999, CXO was imitially slated for just 5
vears of operation, short for such a major observatory bt 1ts In mid-1998, a year prior to its launch, the Chandra X-ray Observatory
was tested to ensure that it could withstand the rigors of space

wealth of discoverics have helped ensure a new commitment

IO ‘||'|{_' SPACE AgEnCy s MIANARLETS ".xf||I|l||'.-\.|-. ists recently cel
1 I

hrated Chandra's second anniversary in space with a conference 2004, it should still be able to measure the distances of millions
toy SO Case e cults of studies on -".."'-.'l'l:l:_l_ fromm |_I-I:'||_:| [0S ol stars out 0 al legast G,olH) lightl-years while "-I'-'||-|!'i|!5.1 o

in cool stars to the Sunyaev-Zel dov ich ettect on temperatures extrasolar planets and brown dwarfs. However, the observations
i the microwave background. Meanwhile, the orbiting space will take at least 5 vears instead of only 2., A deaision on

craft is operating smoothly, with fewer intermittent shutdowns FAME's future will probably be made by the end of the year.

TLCF thal si |-i_||' maximum I'|_|'H. 'r-.mﬂ-.-\.':! 1i% peak a 4l Hare activily
has subsided. Chandra was originally inserted into a 100K bv-  Pluto Mission

139.000-km orbit, but since launch perturbaiions by the Sun In order to boost funding for future Mars probes, the Bush ad

- 1 5 B ! - % - : i 1 1 5 L3 T
and Moon have raised its periget by more than 6, M0k KEn and minstrations i'll'I""‘HI 2002 budget amitted money for a

SWUNE IS inchnation upward from 28" to 40 scaled-back mission to Pluto and the Kuiper Belt. But in late July
Pluto fans won a reprieve when the Senate appropriations com

mittee added $25 million for the project. The new cash diverts

Full-sky Astrometric Mapping Explorer

he FAME mission, designed to follow up the European Spac monev that had been slated for advanced propulsion technology

]
AEEMCY & higl
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v successhl |i_.|.,1 ircios observatory, 15 1n troulble. and L._-;|1~ winrk on the mission alive tor Uc Tme 'I'-l.‘i.'l;.', I June
['he project has run sertously ovel bl MNASA awarded three-month concept

get, and NASA space-science chief Edward studies to the Applied Physics Laboratory
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The Full-sky Astrometric Mapping Explorer
FAME) was picked in 1999 1o be one of NASAS

medium-class Explorer (Midex| missions

bt tky & Telescope

for its MNew Horzons I,'II:I.!-l""llnIl and 1o a
IPI Lockheed Martin team for its PUGSE
( Pluto and Outer Solar System Exphorer )
Both missions would have PTANd ipal imves
tieators from Boulder, Colorado: Alan
Stern from the Southwest Rese arch Insti-
fute and Larrv | -|*-|1|I_|| from the Univer
sity of Colorado, respectively. NASA man
wers will choose the winning proposal in
Wovember. IF Congress can hnd the
money, the Pluto-Kuiper Belt mission

would depart Earth in 2004 or 2006
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and launched an assortment of astronomical payloads

Space Science in Japan
The Japanese space program is undergoing a major upheava
as its two main agencics, the Institute of Space and Astronauts
cal Science (1SAS) and the National Space Development
Agency (NASDA), are becoming one. The controversial dec
sion of the Minister of Education, Science, and Technology to
merge these -||FL||_|;J:i.' 15 and the Mattonal Aerospace Labora
tory (which has done some shuttle-related work) beginning in
2003 seems likely to make it harder for space science to hght
for its part of the Japanese budgetary pie

Formed in the 1950s as a division of the University of
[okyo, ISAS focused on scientific projects and made Japan a
world-class participant in space research. It also developed the
Lambda rocket, which launched Japan’s first satellite in 1970
and its successors the Mu and M-35. ISA5 became only the
third space agency, after NASA and the Russian Space Agency's
|"|T|'|1-r." ess0r, to launch i"l:l."'.'l"'..'..ll'li.l..l.ll- SPacECT ift: a |"-~|i|r ot Hal-
ley's Comet probes in 1985, In X-ray astronomy, ISAS flew the
Hinotori, Tenma, Ginga, and ASCA satellites; important in

frared experiments flew on Kappa sounding rockets, and

2002 | Sky & Telescope
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HALCA became the first true space hased very |I.II'.:_. baseling
radio interterometer.

Meanwhile, rocket engineers at Japan’s Science and Technol
ogy Agency formed the nucleus of NASDA, which gained its
own satellite-launch capability in 1973 using roc kets derived
from the US.-built Delta, NASDA's satellites concentrated on
m|'.*|*::-..|I.|--||~ like communications and weather monitoring.

4 decade 0 SpACE 56 entists working with often delaved
NASA projects regarded the Japanese program — and its repu-
tation for reliability and punctuality — with some awe.
Launches scheduled even vears in advance were unlikely to be
more than one or two weeks late. { Admittedly, this was due
partly to restrictions from local hshermen that confined
launches to short periods in February and September.) Today
this reputation is decidedly tarnished, with both [SAS and
NASDA recovering from a series of faillures, NASDAS |'|LIE‘.L‘ H-11
rocket was abandoned after multiple problems, though the re-
'|‘|.!l. ement H-11A made a successtul initial ﬂl':__[hl in 2001. Scien-
tific setbacks include the loss of Astro E (ISAS's flagship X-ray
observatory), a four-year delay in Nozomi's arrival at Mars, and

repeated redesigns of the Lunar A spacecraft.

Space Science in Europe

In mid-2001 a major transition occurred at the European
Space Agency (ESA), as David Southwood replaced Roger Bon-
net as head of its space-science program. Southwood has a
tough act to follow. During Bonnet's 18-year term, E5A

Left: Although intended to reach Mars more than a year ago, Japan's
Mozomi spacecraft will now limp into Martian orbit in 2004 due to
problems with its launch rocket.

Below: Japan's principal center for space-science research is the Insti-
tute of Space and Astronautical Science, which is headquartered
about 40 kilometers west of Tokye in the city of Sagamihara,




Russia’s planetary-exploration program suffered a devastating setback
on November 16, 1996, when a malfunctioning rocket caused the ambi-
tious Mars 96 spacecraft (seen here during construction| to crash into
the Pacific Dcean niear South America. Courtesy German Space Agency.

evolved from a junior partner of NASA's efforts to a world
leader in space-science research. The agency's numerous suc-
cesses in the past two decades include the Giotto probe of Hal-
ley’s Comet, the Ulysses solar orbiter,
Hipparcos’'s stunning comeback after
being stranded in the wrong orbit, and
rebuilding four Cluster magnetospheric
probes after the original ones were lost
during launch. Major contributions to
space astronomy have been made by the
Infrared Space Observatory and the
high-energy XMM-Newton mission.
Bonnet also transtormed the European
program's infrastructure, giving it a

Gamma-ray-ourst
detectons

more systematic form with the selection

India’s most productive space-science efforts
to date were a pair of craft in the Stretched
Rohini Satellite Series. Launched in 1992 and
1994, respectively, SRO55 C and C2 carried
gamma-ray-burst detectors. Source: Indian
Space Research Organization.

of a mix of large “cornerstone” and medium-size MIssSIons
planned well in advance,

Southwood inherits oversight ot the forthcoming Bepi-
Colombo mission 1o Mercury and the Gaia astrometry satel
lite, as well as European participation in the LISA gravity-wave
observatory and the Next Generation Space Telescope. Several
problems remain for him to tackle. Parceling out and coordi-
nating tasks among the 15 ESA member nations represents an
--rb;--;n-,- hurdle, and a perception remains among space scien-
tists that the agency caters to the technological interests of Eu-
ropean space industry rather than I*cing Tu.'r-pnu:&*-‘:’: to the
users of spacecraft data — a challenge that NASA n:nn!’mnlr_d
and surmounted during the 1980s, when observer support -

nally received high prionty

Space Science in Russia

The Russian space-science program continues its slow recovery
from a decade-long free fall. After the disruption caused by the
end of the Soviet Union, a large part of the remaining re-
sources were poured into the prestigious Mars 96 ]:"]'i.'lhr.'. [ts
loss during launch was a hammer blow; the flights of two
modest Koronas solar observatories (Sd&T: November 2001,
page 28) were the only bright spots of the past decade. Science
missions have a hard time competing with Western commer-
cial payloads for access to the launch vehicles that are Russia’s
current success story. Nevertheless, Russia is still planninga .
variety of future orhital missions based on its Spektr platform
(S& T: October 2001, page 28) and some modest planetary
flights that can use the small Molniva rocket instead of the
larger Proton-class pavloads of the 1980s.

Space Science in the Developing World

Most developing countries with space programs are concen-
trating on Earth observation, but a few are also looking out-
ward. India has had a small scientific-satellite program for
decades, which has mainly helped develop Indian technologi-
cal expertise rather than generate signihcant scientific results.
Astrosat, building on earlier X-ray astronomy experiments and
set for launch in mid-decade, will be a major step toward
establishing Indian space science as a serious contender. A
lunar mission is also in the works. Notably, Krishnaswamy
Kasturirangan, who directs the Indian Space Research Organi-
ration, 15 4 former .151r1'.-p]11_.'5.'i-:;i5t,

China is also making tentative steps
toward a space-science program, having
placed a gamma-ray-burst payload on a
test flight of its Shenzhou spaceship and
a planned magnetospheric mission to be
carried out jointly with Europe. Last Oc-
tober Chinese authorities announced
plans to launch a lunar satellite, but they
revealed few details. Argentina's inaugur-
al X-ray pavload was lost in a 1996
launch failure, and it isn't cear what will
follow.

[oatras MeDoweLL, dan astromamer af the
Harvard-Smithsorian Center for .'\FF-’L‘F-'-"-':-'IL':.
WFItes d wéekly -:'.'.'.,'I".Erll,' gl .'-|I-e'r.'|.'r' aM the
space program (heip:/fhea-www harvard.edu/
QEDT/ jemfspace/jsrisr. el
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2001 Mars Odyssey

NASA and Jet Propulsion Laboratory
managers breathed a deep sigh of relief
tast October 24th when telemetry con-
firmed that 2001 Mars Odyssey had safe-
ly placed itself in exactly the right orbit.
A 300-kilometer-high pass above the sur-
face and a 20-minute engine burn slowed
Odyssey just enough for the spacecraft to
become captured by Mars and coast up to
an apoapsis of 26,800 km over the next
nine hours. Two days later another engine
firing dropped the periapsis to 128 km,
slightly within the atmosphere, and the
|H]1t.:, Process of .:|-|.-nr|1-r,|L;1'|15\,'h |:1|.'!_'|.L"|, Each
time the spacecrait comes its closest to Mars, over the north pole,
its solar-cell panel heats up to almost 180°C (355°F) as friction
slows the vehicle and gradually circularizes the orbit. Odyssey’s 2

vear survey of the planet’s surface composition begins in January.

Genesis

The Genesis spacecraft reached its destination near the Earth-
Sun L; Lagrangian point last November 16th and has begun 1o
collect material from the solar wind (3& T November 2001,
page 28). However, the mission may be jeopardized due to a
malfunctioning thermal radiator on the sample-return capsule.
Engineers at the Jet Propulsion Laboratory believe that a
contaminant in the radiator’s white paint has degraded after
constant exposure to ultraviolet sunlight, which has ruined the
radiator’s ability to dissipate heat. Consequently, the baitery
needed to operate the return capsule in the critical final hour
ol the mission is overheating well beyond iis design limit. The
battery should survive this ordeal, but no one will know for
sure until the parachute deploys during Genesis's 10/-km-per-
second reentry in September 2004, Meanwhile, the capsule's lid,
having opened to allow the collector panels to deploy, is being
kept almost closed to shade the battery as much as possible.

Interplanetary Monitoring Platform 8

The 28-year-long operation of the IMP 8 spacecraft came 1o a
close in October 2001 when NASA managers decided to end the
mission. Also known as Explorer 50, IMP 8 studied the solar
wind as part of NASA's early Explorer satellite program. Be-
'-\.il.i-:.'-a the -e."i'::",hl IMPs n E-.1'!'I|1
orbit, NASA dispatched two
Anchored IMPs to the Moon.
{AIMP E operated in lunar
orbit tor six years during the

The Interplanetary Monitoring
Platfarm [IMP) 8 spacecraft has
radioed solar-wind conditions to
Earth since 1973. The drum-
shaped craft weighs 371 kilo-
grams. Courtesy NASA/Goddard
Space Flight Center.

Febnuary 2002

Sky & Telescope

et g 'l‘?.” kUi ™ ol ™ 3
< . -l-'.! &
rl£

| M

™ *

In an early test last November 2nd, the mapping spectrometer
aboard NASAS 2007 Mars Odyssey spacecraft recorded tem-
peratures across Mars's south polar cap (left), which ranged
from -120°C (blue) to 0°C (red), and a close-up of the cap's
edge in visible light (above). Courtesy THEMIS Science Team/
Arizona State University.

Apollo program, with almost no media attention.) Unlike all but
one of its predecessors, IMP & occupies an almost circular orbit
halfway to the Moon, ensuring an indefinite lifetime in space,
Once in place, the small satellite deployed a 124-meter-long elec-
tric-field antenna to monitor radio noise and plasma waves. For
almost three decades IMP 8 transmitted regular reports of solar
activity, which became a standard measure of solar-weather fore-
casting. It also studied the way cosmic rays vary with time and
detected “plasmoids” (1on concentrations) in Earth's magnetotail.

High Energy Solar Spectroscopic Imager

The failure of a Taurus rocket in September has been traced to
a stuck steering thruster on the second-stage engine, which
pushed the vehicle off course. This was not good news for
NASA's HESSI satellite, which took another schedule hit after the
failure because the first stage of its Pegasus launcher is similar
to the Taurus's second stage. Originally slated to be launched in
March 2000, HESSI was finally given the green light for a mid-
lanuary trip to orbit. Unfortunately, with solar maximum now
past there will be fewer flares for the observatory to study once
in orbit. But it still will be the best-available detector of “hard”
(high-energy) X-ravs from the Sun's active regions.

High-Energy Transient Explorer 2

After a year in orbit, HETE 2 has begun to detect gamma-ray
bursts and afterglows. Early on, the craft was plagued by light
leaking into its soft-X-ray camera, a problem that arose be-
cause atomic oxygen in the outer atmosphere eroded a crucial
flter. The extra hight can be removed by software, except at full
Muoon. The understaffed HETE team also had a challenge to
tune the detectors and calibrate the satellite, but the many X-
ray bursters in the galactic center, which passed through the
hield of view last summer, provided key data to bring HETE to
full operation. However, nature had an unpleasant surprise:
the bursts are less bright at sofi-X-ray wavelengths than pre-
dicted. Although this is an important discovery, it means
HETE 1is sccing about half the number of bursts expected.
loxaTian McDowery, an astromomer at the Harvard-Smithsonian
Center for "|':.|r'.lll“‘||il'.-i.'c'!-'. writes a weekly elecironic newsletier on the Fpace
program (hitp:dhea-wwwharvard.edw/QEDT fjom/space/jsr/jsr. itml ).
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2001 Mars Odyssey

NASAs Mars Odyssey was due to complete its aerobraking se
quence in mid-January. After the spacecraft began orbiting
Mars on October 24th, controllers quickly d‘.‘c:-p}tu:u,i its closest
approach distance from 300 to 128 kilometers and then 103
km, bleeding off speed on each pass through the Martian at-
mosphere. Within one month the high point of the orbit had
dropped from 28,000 to 15,000 km, and by January it was ex-
pected to come all the way down to 400 km, at which point the
closest approach will be raised out of the atmosphere 1o maich.
The final stages of an aerobraking sequence are tricky, since only
a couple of hours separate each pass and a sudden increase in
atmospheric density could risk making the spacecraft burn up,
Assuming all goes well, Odyssey will end up in a stable, circu-
lar mapping orbit about three months after arriving (in contrast,
it took Mars Global Surveyor a vear and a half to reach its final
orbit}. At that point the 6-meter-long boom for Odyssey’s
gamma-ray spectrometer can be fully deployed to begin miner-
alogical mapping, complementing the views from the infrared
sensing THEMIS (Thermal Emission Imaging System ) camera.

Galileo

The veteran Galileo probe has begun its 13th vear of operation
and its seventh year in orbit around the giant planct Jupiter,
reaching an apojove of 11.5 million kilometers last December
Ist before falling back toward the inner Jovian system. On Jan-
uary 17th Galileo flies over the equator of lo at a height of
only 100 km, complementing a series of two polar passes in
the past year. The flyby is on the Jupiter-facing side of lo,
which has not been observed at high resolution with Galileo,
and scientists are looking forward to getting views much more
detailed than thoese from the Voyager flybys in 1979, In partic-
ular, Galileo's camera is being trained on the giant volcano
Pele and a number of rare "tholi” ( pancake-domed volcanoes)
However, last year NASA decided to terminate funding for

Multiple flybys of the Jovian moon lo have subjected Galileo to more
than 500,000 rads of charged particles in Jupiter's potent magneto-
sphere — several times the spacecraft’s design limit,

March 2002 | Sky & Telescope
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Thanks to aerohraking (using atmospheric drag to slow down), NASA"s
2001 Mars Odyssey can attain a tight, circular orbit around the red
planet without expending precious rocket fuel. Courtesy NASA/IPL.

mission operations at the end of December, a tiny amount of
money compared to the total cost of the Galileo program, and
proposed that ne science data be returned from January's
flyby. Fortunately, enough money has been scraped together
within the project to execute this final lo encounter and to
return most of the tape-recorded results. But the camera and
other remote-sensing experiments will not be used when Gali-
leo makes the first-ever flyby of the moon Amalthea, interior
to lo, next November 5th. To eliminate any potential that the
spacecraft could someday contaminate Europa, Galileo will be
directed into Jupiter’s atmosphere in September 2003.

Rosetta

The European Space Agency’s Rosetta comet probe has passed
a significant construction milestone. On December 3rd the
tander and orbiter came together for the first time to begin a
series of integration and thermal-vacuum tests at ESA's space-
science center near Leiden, the Netherlands. During the pre-
ceding month the orbiter's payload and service modules were
mated and trucked across Europe from a factory in Turin,
ltaly, while the lander was flown in from Munich, Germany.
Rosetta will be the first mission to fly in formation with a
comet, in contrast to earlier hish-npcrd ﬂ}'hjr's. It will be
launched into solar orbit a vear from now, in January 2003, on
an enhanced version of the Ariane 5 rocket. One flyby of Mars
and two of Earth will place the spacecraft on a trajectory to
rendezvous with p::l:i-;uliq. comet 46P ' Wirtanen, whose orbit
stretches from 1,06 astronomical units near the Earth out to
5.1 a.u. near Jupiter. Once Rosetta matches Wirtanen's inclina-
tion of 11.7% it will rank as the second highest inclination
mission (after Ulysses| around the Sun, just beating out the
WNEAR-Shoemaker spacecraft. To move so far out of the edip-
tic plane — and to match the comet's speed for a rendezvous
instead of a simple flyby — will be quite challenging. If all
goes well, Rosettas lander will touch down on the icy surface
of the nucleus in late 2011,

losarHan McDoweLr, an astroromer af the Harvard-Sonthsorian
Center for Astropinysics, writes a weekly electronic newsletter on the space
program (http:/Mea-www harvard edw/QEDT iem/spacedjsriise.hirml ).
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Far Ultraviolet Spectroscopic Explorer
Just as it began its third year of observations, NASA's Far Ultra
violet Spectroscopic Explorer slipped into a “safe” (standby

mode on December 10, 2001, when the second of its four reac
tion wheels malfunctioned. ( The first wheel went out of action
on November 25th
Space Flight Center and Johns Hopkins University remain opti-

mistic that they will be able to write new software 1o control the

Mlission enginecrs il MASAs Lioddard

pointing of the satellite with the remaining two wheels. These
devices orient FUSE by translerring angular momentum to and
from the satellite’s body, which turns in response around a given
wheel'’s rotation axis. Three wheels are thercfore needed to slew
the satellite in an arbitrary direction; a fourth wheel provides
backup. Problems with balky reaction wheels have plagued satel-
lites for decades, so this isn't an unexpected falure. Until a fix
probably several weeks if the wheels can be restarted,
FUSE wal
remain in electromic hibernation with s solar-cell panels point-
ed directly at the Sun for maximum power. The spacecraft also

15 ready
several months if a new control method s needed

has a magnetic-torquing system, which uses Earth's magnetic
field to u‘h.l]l:_t;‘ orientation, that may be called into l'-|._'|'. if the
faulty wheels cannot be restored to use.

Yohkoh

A second astronomical satellite ran into trouble at the close of
20011, when the 10-vear-old Japanese solar observatory Yohkoh
fell victim to December 14th’s annular eclipse of the Sun. The
greatly diminished sunlight confused the pointing system, and
when the satellite’s drift reached a half degree per minute it trig-
gered a safe mode. By bad luck, the incident happened during
a long communications gap — nine hours passed before con-
tact resumed, by which time its solar-cell panels had long since
stopped pointing at the Sun and its batteries had nearly drained
themselves. There sn't L.'f'l'ill!;..',"l pvwer left to operale |.|||.' alhinde
control system, so Yohkoh continues to rotate slowly. Whenever
the batteries are in shadow they chill 1o well below [reezing,
Eventually the spacecraft will rotate to an orientation in which
the batteries warm up, at whic

[nstitute of "‘\|':.|;|.|,' and Astronautical Science |‘|-:l.|:1|_' o recover the

1 point space engineers at the

satellite. Initially called Solar A, Yohkoh reached orbit on August
30, 1991, It became Japan's second solar X-ray observatory, fol-
lowing the Hinotori (Astro A} mission that flew in 1981. Yohkoh
was the first |..'It"..|‘.'|:.'!-t mission to include a maor 1S, instru

ment; its soft (low-energy) X-ray telescope. The spacecraft also

carries a hard-X-ray telescope and a pair of X-ray spectrometers.

At the control center for NASA's Far Ultraviolet Spectroscopic Explorer,
mission engineers are trying to restore the spacecraft to full operation.

Deep Space 1
On December 18th engineers at NASA's Jet Propulsion Labora
tory in Pasadena, California, officially concluded the Deep
Space 1 mission by turning off the craft’s xenon-fueled engine.
Launched on October 24, 1998, this inaugural flight in NASA's
New Millennium program proved the viability of a dozen new
technologies, including an autonomous star tracker that enabled
the craft to guide itselt without human intervention, and the
on engine, which retired with 670 operating days under its
helt. This type of propulsion has been adopted for the recently
selected Dawn spacecraft, which will visit main-belt asteroids.
Deep Space | completed its primary mission of technology
tests a few months after launch, then made a I]'rh:c of the minor
planet 9969 Braille in July 19949, But soon after that encounter
the navigation camera failed and a major rescue effort ensued,
during which the multispectral imager was reprogrammed to
handle the dual roles of science and navigation. The successful
fix allowed the spacecraft to complete its rendezvous with peri-
odic comet 19P/Borrelly on September 22, 2001 (5&T: Decem-
ber 2001, page 18), when it imaged the nucleus in detail and
probed Borrelly's interaction with the solar wind. Engineers
will leave its radio recever turned on indetinitely as the craft
stlently circles the Sun in a 218-by- 1 83-million-kilometer orbit
with a period of 568 days
forarnan McDoweLt, an astronomer at e Higrvard-Seeiffsonian
Lenler for .-'.n.'l.ll.'.*".".'m.l.~. WrTles @ weekly eledironn nowsketter on e space

program (htrpehea-www harvard, edw QEDT ficon/spaceder/sr. html),

As Yohkoh tracked the Sun during December 14th's annular eclipse, the spacecraft quite literally “lost it.” Soon thereafter Yohkoh went into

electronic hibernation, This series of X-ray images, taken every 96 seconds, begins at 20:52:41 Universal Time. Courtesy Hugh Hudson and ISAS.
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BY JONATHAN McDOWELL

Left: From its 600-kilometer-high orbit, the High Energy Solar Spectroscopic Imager (HESSI) will monitor the Sun’s powerful flares. Right: The

business end of HES3! consists of these nine germanium detectors, which determine the energies of X- and gamma rays in solar flares. In space
the detectors are being chilled to about 75° Kelvin (-324°F). Courtesy NASA/Goddard Space Flight Center.

High Energy Solar Spectroscopic Imager

It took about 22 months longer than planned, but the HESSI
observatory hnally reached orbit on February 6th. At an alti
tude of 12 kilometers (39,000 feet) over the Atlantic Ocean off
the Florida coast, the 293-kilogram satellite and its Pegasus XI
rocket were dropped from the belly of an L-1011 aircraft. Then
the rocket’s three stages fired flawlessly in turn, placing HESSI
in a 600-by-585-km orbit inclined 387 to the equator. From
this vantage the cylinder-shaped spacecraft will study the
source of solar flares by recording high-resolution Images in
both X- and gamma rays (5&T: March 2001, page 32). The
mission’s long delay was due partly to a test mishap in early
2000 that left the spacecraft damaged, and partly to concerns
over last September’s failure of a Taurus rocket, which shares

SOTHE lj:.':-iIH]'l features with the l’k‘i'.ﬂ“l'-" xL.

Full-sky Astrometric Mapping Explorer

The FAME astrometry mission has been canceled by NASA
managers. As reported carlier (S&T: December 2001, page 30),
the mission had been under review for some months after
running into technical and budgetary problems. At the Ameri-
can Astronomical Society meeting in early January, a hand-
written notice went up at the FAME exhibit booth starkly an-
nouncing the cancellation; the next day a nicely printed color
replacement noted that "NASA has decided not to proceed”
with the mission but it avoided using the word “cancel,”
leaving open the possibility that the U.S. Naval Observatory
team might pursue other sources of funding. Nevertheless, this
possibility seems unlikely, meaning that the mission’s scientific
objectives may not be accomplished until the European Space
Agency's Gaia satellite reaches orbit in 2012, FAME would
have measured the positions of 40 million stars to within
000005 arcsecond. By comparison, the Diva astrometry satel
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lite, proposed by German astronomers for launch later this
decade, has a planned accuracy of 0.002 arcsecond — good
encugh to improve the stellar distance scale but well short of
the capability needed to discover the extrasolar planets that
FAME would have detected.

Galileo

NASASs Galileo orbiter said farewell to Jupiter's Galilean
moons with a final flyby of volcanic o on January 17th. The
enduring spacecraft passed just 102 km from lo’s lupiter-facing
hemisphere, but the highly anticipated science observations
were lost when intense radiation triggered an electronic shut-
down just 30 minutes before closest approach. The harsh
charged-particle environment of the inner Jovian magneto-
sphere has increasi ngly posed problems for Galileo, which has
absorbed a cumulative dose of 500,000 rads — 3% times its de-
sign limit — since arriving at Jupiter in December 1995, Since
then, despite the handicap of a tangled, useless main antenna,
Galileo has beamed back more than 4.8 gigabits of science
data — including some 14,000 images. January’s flyby was by
ney means a total washout: some data had already been collect-
ed when the safe mode occurred, and the spacecraft was re-
vived in time 1o take lose-up pictures of Jupiter’s colorful
cloudtops and a navigation image of the inner moon Amalthea.
Galileo now loops out to a distance of 25 million km before
coming back in for a 500-km pass of Amalthea on November
3th. After that, Galileo will make one more long orbit before
being directed toward its demise in Jupiter's crushing atmos-
phere on September 21, 2003

Jomarnan MoDoweLL, an astronomer ait the Harvard - Smithsormian
Center jor Astrophysics, writes o weekly electronic newsletter an the space

progran (frtpehea-waww harvand. edw/QEDT jemspacessrise.ftml ),
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Kepler

One of two new Discovery-class missions selected by NASA
managers last vear, Kepler is to search for Earth-like extrasolar
planets using transit photometry. Kepler's 0.95-meter-aperture
Schmidt telescope will stare for four years at a single 12*-wide
field in Cygnus, monitoring 100,000 stars brighter than 14th
magnitude and measuring their brightness every 15 minutes to
an accuracy of 0.0001 magnitude. This should reveal the faint
dimming caused by any planet whose orbital plane happens to
carry it in front of a star as seen from Earth Kepler will be
launched into solar orbit by a Delta rocket in 2006. The tele
scope’s single instrument uses an array of 42 CCD cameras
with a total of 100 million pixels. These detectors will be de-
liberately placed out of focus to improve the accuracy of the
brightness measurements: spreading the light over 10 arcseconds
averages out instrumental variations and improves statistics,
and the image quality won't suffer as long as the star images
don't overlap.

Dawn

The second Discovery winner, Dawn, is a nine-year mission 1o
orbit the two ]inlz;ral asteroids in the main belt, 1 Ceres and 4
Vesta, With launch scheduled for May 2006, this will be the first
interplaneétary spacecraft to take advantage of the type of on-
drive q.'ni.r,im: used by Deep ."ip.u;u 1 (5&T: December 2001, page
18). Using three of these engines, Dawn should take four years
to reach Vesta. Then, in July 2010, a conventional hydrazine-
tueled braking engine will place the spacecraft in a 700-kilometer-
high orbit. Over the next year the spacecraft will close in to a
height of only 120 km, studying the surface of the asteroid all
the while. In July 2011, Dawn sets itself free of Vesta, using the
1on engines again for a three-vear trip to Ceres. After a vear of
studies there, the primary mission ends in July 2015.

Right: Eerie blue exhaust rushes out of
an ion-drive engine at more than 30
kilometers (20 miles) per second. Above;
The Dawn spacecraft will use thrusters
of this type 1o reach the asterocids Ceres
and Vesta. Courtesy Jet Propulsion Lab-
oratory and William K. Hartmann.

June 2002 | Sky & Telescope

Lunshade —=

Detector array
(42 CCDs, each

2,200 by 1,024 pinels)

Graphite-cyanate
framework ™
g

5.
Schmidt corrector
{095 meter]

Thermal radiator

Facal-plare assembly
L Fedd-flattening kenses

and 4 fine-guidance CCOS)
Primary mirror

[1.4-meter 1.0

The Kepler spacecraft is essentially a Schmidt telescope with a 100-
million-pixel array of detectors. Courtesy NASA/Ames Research Center.

Contour

The Applied Physics Laboratory in Maryland is fine-tuning
the Contour comet probe for its upcoming mission. Engineers
conducted vibration and spin-balance tests in January and
February, followed by thermal-vacuum tests in March. Launch
should occur this July, when a Delta 7425 rocket will place the
spacecraft info an elliptical 200-by- 109,000-km orbit around
Earth. Contour (a contraction for Comet Nuclens Tour) will
spend up to 12 months in this parking orbit, a clever hedge
against liftoff delays, Whatever the launch day, the orbit will
be adjusted so that on August 15th it will be in exactly the
night place for a solid-fuel rocket to put Contour in its in-
tended solar orbit. This will range between the orbits of Venus
and Mars, with a perihelion of 0.80 astronomical unit and an
aphelion of 1.35 a.u. After a swingby of Earth in August 2003,
Contour will zip past Comet 2P/Encke three months later,
Another Earth flyby the following August will send Contour
on an [§-month “backflip” across the inner solar system at an
inclination of 12° (see page 14). A second series of Earth fly-
bys, concluding in February 2006, sets up an ¢n-
counter with Comet 73P/Schwassmann-Wachmann
3 in June 2006 and probably with a third comet
— possibly 6F/d’ Arrest — in 2008. NASA plan-
ners note that the mission design is so flexible
that, given enough lead time, the spacecraft can
I:'H' FI.'I.:“.'L'LII'I] {8 i]'l'_{"'l'l.,'l:,"'l_"l'l dan l:ll'llf"!{,]."f'l_"llf'lli
cometary visitor passing through the inner solar
system.

[owaTHAN McDoweLL, an astronomer at the Harvard-
smiarhsortian Center for Astrophysics, writes a weekly elec-
rronic newsletter on the space program {hitp:/fhea-www

harvard edu/QEDT jcm/space/jsriisr. hml)
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High-Energy Solar Spectroscopic Imager

To mark the inauguration of its scientific observations, NASA's
newest solar obsery atory has been renamed the Reuven Raman,
High-Energy Solar Spectr iscopic Imager, or RHESSI. Ramaty,
who died last year, was a pioneering solar and high-energ
physicist and a key player in the early development of this satel-
lite. Launched on February 5th, RHESSI recorded its first solar
flare on February 12th and saw several powerful M-class flares
thrl‘llgh the end of March. These images reveal, for the first
tirme, where the energy is being released at the base of the flare: a
uny spot of 200-million-degree gas generating hard X-ray ener-
gy. Using RHESSL, solar physicists can pinpoint this source's
location to better than 5 arcseconds, or about 4,000 kilometers
The source region lies at the edge of a larger plasma cloud, with
A temperature of 2 million degrees, observed simultaneously by
the Transition Region and Coronal Explorer { TRACE) satellite,
RHESSI has also detected a burst of energy from its first extra-
solar source, the soft gamma-ray repeater known as SGR1900+ 14.

Far Ultraviolet Spectroscopic Explorer

The FUSE spectroscopy satellite has resumed scientihic operations
after a hiatus of nearly three months due to reaction-wheel prob-
lemis (April issue, page 30). Initially FUSE used three of these
wheels to turn and point at astronomacal targets, but one 15 no
longer working. New software, loaded into the satellite’s computer
on January 24th, now allows FUSE to use the interaction of elec-
tromagnetic coils (called magnetorquers) with Earth's magnetic
ficld to help swing itsell around the third axis. By mid-February
the flight team had regained subarcsecond pointing accuracy, and
full science operations resumed on March Ist. Mission controllers
are still slewing the spacecraft gingerly and with some dithcul-
ty: the strength of the magnetic field varies with position and
time, and the differential gravity acting on the satellite (because
one end is farther from Farth than the other) sometimes exceeds
the turning force gencrated by the magnetorquers. However, as
af late March spectroscopic observations were streaming in to
the FUSE data center at Johns Hopkins University in Maryland.

Jusly 2002 | Sky & Telescope

MASAs newest solar sentinel, recently renamed to honor physicist
Reuven Ramaty, recorded an Earth-size source of X-rays (colored
spot) associated with a moderately powerful solar flare (white region)
on February 20th. The spacecraft data have been superimposed on a
hydrogen-alpha image of the Sun acquired by Big Bear Solar Obser-
vatory. Courtesy NASA/Goddard Space Flight Center,

Mars Global Surveyor

While 2001 Mars Odyssey has dominated the hpﬁbl]igjll I'L'-:.'t"r!t]!-".
it's easy 1o forget that another spacecraft is still operating
around the red planet. Mars Global Survevor reached its desti-
nation in 1997 and has been methodically mapping the planet
from orbit since February 1999, It chronicled the development
of a global dust storm last summer (5&T: November 2001,
page 22) and began the second vear of its extended mission on
February Ist. In August 2001 MGS was reoriented so that its
camera points 16" from the nadir, allowing more opportunities
for stereo imaging. The five-vear-old spacecralt is operating
rather well overall, though not without problems. On June 30,
2001, the highly productive laser altimeter lost the use of its
laser, and it has been used passively as an energy-sensing ra-
diometer ever since. On February 27th Surveyor shut itself
down for the fourth time in the past year; its attitude-control
system occasionally has difficulty recognizing the stars its
trackers are observing. The problem isn't serious, but it takes a
week to resume operations each time, Recently, Malin Space
Science Systems, which operates the spacecraft’s camera, released
the first new global map of Mars in decades, with a resolution
of 230 meters, The MSSS team continues to release weekly Mar-
tian weather reports as well, which noted significant dust storms
in both the northern and southern hemispheres during March,

loMaTHAN McDowenl, an astrovomer af the Harvard-Seathsonian
{enter for Asfr 'I|'I.III"..|"\- WFLIET & W |'|'|:.'II' CIECTROMN |||"I'."C|I|'|'r|'? L .'.||'|"' :-I|'||I|_¢'

program | hitp:fhea-www harvand.edw/QED T jem/space/srisrhitmi ).

Mars Global Surveyor's camera is best known for its finely detailed
images of selected surface areas. But it also takes wide-angle views,
such as this one from late March showing the advance of a dust storm
{4) spawned near the north polar cap and water-ice clouds (C) nearer
the equator, Courtesy Malin Space Science Systems.




~ MISSIONUYPDATE

30

Genesis
Mow well

wind, NASA's Genesis probe has completed 1ts first halo orbat

" . i - 1 ¥ !
NG 105 Mss10n [ Co I. I material mom |.l.' SEhEEl]

around the L, Lagrangian libration point on the Sunward side
of Earth. Launched a year ago, Genesis reached its distant
outpost in November 2001, It then began to loop around |
along a path that extends about 700,000 kilometers to either
side in the ecliptic plane and about 450,000 km above and
below the plane. While doing so, the spacecraft ranges be-
tween 1.2 and 1.6 million km from Earth. This "halo orbit”
isn i -:;I_'.ill.hI stable, so Genesis made small thruster I-”.'“::Ih" 113
December, January, March, and May to keep from drifting off
course. During April an 800-km-per-second solar storm swept
past the spacecraft, and a surge of proton hits confused the
star-tracker cam-
era. Fortunately,
||"':|"!-H-.'1! software
prevented the
craft from going
nto safe mode
(renesis 1s operat
cd by NASAS Jet
‘ropulsion Labo-
ratory and will
complete four
more halo orbits
before returning
to Earth in Sep-
tember 2004

At the five Lagrangian points [derived by the 18th-century mathe-
matician Joseph Lagrange), gravitational and centrifugal forces are in
equilibrium. Only the L, and L, points are truly stable, however; space-
craft must “hower” around the other three in so-called halo orbits.
[Distances are not to scale.) Sky & Telescope illustration.

Microwave Anisotropy Probe

On the other side of Earth from Genesis, the Microwave
Anisotrapy Probe has also completed its first orbit around the
L, libration point. MAF's halo orbit is much smaller, circling a
mere 200,000 km above and below the echiptic and 100,000

km to either side of the Earth-Sun line. The spacecrafi’s dis-
tance from Earth varies between 1.44 and 1.54 million km.
Cn April 1st MAP completed s lirst survey ol the entire sky,
and project scientists will need until the end of the vear to
analyze those data. The APaced rart 15 Measuring the COSMIC
microwave background, the radiant heat left over from the Big
Bang. When complete, MAP s observations will show density
fluctuations (represented by temperature differences of only 2
tew parts per million) at the time when the Big Bang became

than averape

transparent. Patches that are denser {cooler
have, by now, become clusters of galaxies. Operated by NASAs
Goddard Space Flight Center, MAP 1s a successor to the

COBE muission, whict '.:-L'-- 10 years AR0 and Prov ided stun-
1ng confiirmation of the standard Big Bang cosmology.

wepust 2002 | Sky & Telescope

South African entrepeneur Mark Shuttleworth enters the Internation-
al Space Station on April 27th, the first of his sight days on board as a
tourist astronaut, Courtesy NASA,

Human 5Spaceflight

Flhights by private atizens into space have resumed after a | 5-year
hiatus in the wake of the loss of the Space Shuttle Challenger
Dennis Tito's tourist flight in 2001, the first to be funded out of
an astronaut’s own pocket, was controversial because of disagree-
ments between NASA and Tito's Russian hosts. But the Apnil
2002 flight of South African entrepreneur Mark Shuttleworth
went much more smoothly and seems to have established the
“tourist astronaut as a new reality. Although he paid for a seat
with his own money [and is also trying to buy the Soyuz ship as
a souvenir |, Shuttleworth wasn't joyriding the entire time: he
carried out a set of experiments provided by the South African
scientific community, Additional tourist accommodations are ex-
pected soon, with American musicaan Lance Bass and Polish
banker Leszek Crarnecki among those announcing interest,

Further blurring the lines between astronaut and passenger,
NASA administrator Sean OV'Keefe announced in April that
Barbara Morgan, the former teacher who was backup to
Christa McAuliffe, will fly on the Space Shuttle in 2004, Mor-
gan is now a fully trained astronaut and has served as space-
craft communicator {“capcom”) during recent missions, She
will fly as an Educator Mission Specialist.

I'he first nongovernment astronaut was Charles Walker, who
flew as a commercial passenger on the Space Shuttle in 1984 and
1985 under the aegis of his employer, McDonnell Douglas, Then
came flights by politicians Jake Garn and Bill Nelson, and by
commercial passenger Bob Cenker of RCA. Challenger’s ill-fated

gR6 mission included both Cireg Jaras af | E-:zg.:h-:n Aircraft and
teacher McAulifte. John Glenn's nostalgia trip in 1998 reopencd
the debate, but it was the Russian Space Agency’s desperate need
|| TTHCERAE -|'=-\.| |"|'I'II\.I,,' ':l'll' :I""::I.'.'I'I!. A JI":.I_I"l"'\.I.i.'E l'IIZI:I L i'l..ll,,l .Ili"l.'..ll.]fl'
carnied a !.'.P.'.-'u s journahst to Maroan 1990, followed by a Brnitish

promaotional-contest winner who flew the next year.

Wi reforn e lar tids -I|' | Irl'a.'l.._]'nl'.'.' CXPEFHiLe '.'.’h"'.--".i.':'ri vl
rvard_cdw/QEDT fem/space/sripsehimi), Josarnas McDowELL 13
a staft scwenhist for the Uhandra X-ray Ubservalory
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Cosmic Vision 2020

Last November, after having its long-term budget reduced, the
European Space Agency s Science Programme Committee

began the work of revising its slate of upcoming astrophysics,
solar-system, and space-physics missions. The new plan,

= S bl R, R e ;
released 1o late May under the rubric “Cosmic Vision 2020,
preserves the Gaia astrometry mission but shelves a proposed

Venus Express initiative, Other changes are detailed below

Solar Orbiter

ESA's Solar Orbiter project is being combined with the Bepi
Colombo mission to Mercury, with the launch of both now
shipping to at least 2011. Solar Orbiter will continue the exten
sive European studies of the Sun pioneered by the Solar and
Heliospheric Observatory {SOHO), Ulysses, and Cluster mis
sions. Solar Orbiter will use multiple Venus flybys to assume
an orbit with an inchnation of up to 38° and a perihelion of
30 million kilometers
the Sun, well within the orbit of Mercury. Both this spacecraft

as httle as 0.2 astronomacal wunit fram
and BepiColombo will use extensive thermal shielding and
solar-electric propulsion. Solar Orbiter carries a full-Sun cam
era and a second imager to zoom in on particular areas at
L00-km resolution, as well as 3 magnetograph and instruments
to study charged particles and electromagnetic helds. In the
mid- 14705 two German Helios spacecraft approached to 0.3
a.u. from the Sun, but they did not carry cameras and re

I'I"--.IIE'II.'I.i l..u-m.' L0 '.f'l.' r.'l.|||."|'.l.. P|.Ir'||..

Eddington

\ new mission in ESA’s mix, Eddington will study stellar oscil-
lations and search for extrasolar planets Launch is |'-E._:|_"-_'-.i
around 2008, and to save money the spacecraft will use the
same basic structure and CONMIPONEnEs as thi aAgeENCy 5 Herzchel
infrared satellite and the Planck microwave-background obser
vatory. Equipped with a 1.2-meter telescope and a wide-field

camera, Eddington will perform its survey work from the |

SMART 2 will test the technology needed to develop two ambitious
European Space Agency missions: LISA (Laser Interferometer Space
Antenna) and Darwin.

September 2002

Sky & Telescope

Solar Orbiver

When launched early next decade, S5olar Orbiter will venture closer to
the Sun (about 30 million kilometers) than any previous spacecraft. A
series of close flybys of Venus will alter the inclination of its orbit
plame and its perihelion distance.

Lagrangian point on the side of Earth apposite the Sun. Dunng
its frest two vears, Edd ngton will =\.||,|xi:.' srmall |ﬁ1'ig|1[|'||__'~.~. Huctu-
ations due o oscillations in individual stars. Then it will spend
three vears staring at a single star field hunting for planets. In
some respects Eddington has goals similar to those of NASA’
Kepler project, which is scheduled 1o fly in 2006, Kepler pro-
vides a larger field of view but won't target individual stars. Be-
tween them, the two missions should dramatically improve our
knowledge of the population of extrasolar planets in the galaxy

Satellite Test of the Equivalence Principle

Designed as a joint ESA-NASA project, STEP will test Einstein's
equivalence principle (which posits that gravitational mass and
inertial mass are the same) almost a million times more accu-
rately than has been previously possible, Four pairs of test mass-
es will tloat inside an ultrahigh-vacuum superconducting Dewar
to remove external and thermal disturbances, STEP is led by the
same Stanford collaboration that developed Gravity Probe B,
the relativity mission aw aiting launch late this year. However,
MNASA managers have not yet decided to participate in STEP.

Small Missions for Advanced

Research in Technology

SMART 2, the second mission in a new technology-demonstration
series, will be launched in 2006 to test concepts for the gravity-
wave mission called LISA {Laser [nterferometer Space Antenna)
and the Darwin planet inder. SMART 2 represents ESA's first
spaceborne interferometer. 11 consists of two satellites designed
to travel a few hundred meters apart, maintain their separation to
a tew microns, and measure that distance to an accuracy of about
10 nanvmeters. They will accomplish all this using tiny thrusters
under the control of a radio ranging system and a laser interfer-
ometer. Their inertial sensors incorporate a 10-centimeter cube
containing a freely fl rating test mass, whose position within the
cube is determined by measuring the electrical field it induces.
[ hrusters will counteract the Sun's radiation pressure and keep the
satellite centered on the test mass, ESA plans to launch its SMART

2 satellites into cither a distant Earth orbit or a solar orbit

Widely krown for hos EPACE=-PrOEra experiise (hrpen waw, arrvard
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UPDATE

BY JONATHAMN McDOWELL

Spectroscopy and Photometry of the
IGM’s Diffuse Radiation

NASA has selected a Boston Universits

Y Propect, Knoiwn by ||:;,
acronym SPLDR, as the next mission in its Small Explorer series
I he satellite wall map out the diffuse

medium (IGM) by record

natter in the imtergalactic
ng ultraviolet spectral lines emitted by
|ZI'1 LYECn and carbon 1ons in the I ._"-.1 ] 10T B "-_|~\._.;E O (581
vations of the high-redshift universe predict that large amounts of
gas at 10,0007 to 100,000° Kelvin should remain today as a sys
tem of intertwined filaments left over from the era of galax

|II'II'Z'II,.I|.II'.'I. But this "-_'-:'r-\.ll'l-xh weh has nol Vit been lll"'\--._!"--'_-.l.

Other objectives include the study of 3 ocalized hot bubble

around our solar system, which is the remnant of ; past super
nova in our vicimity, and the Milky -.'-.,.:. g s hal

In March 2005 a Pegasus rocket and Star 24 booster will place

SPIDR in d J'I!!.!l'll:-' -_'”i:_'itll..l orbit with its dpOges 1n Earth's e
torial plane. The satellite carries six long-slit spectrometers, three
-I"|. which will |I‘:“f_'l.!|-:' 1mn 4 '||_!_'|"|-r|.'~\.|- ution mode -.-.i|.|| az2s -|;_-i,_|
of view, and three in a high-sensitivity mode with an 8° field of
view, aPLDDR will stare at each targetl arca for a week at a time,

CUVETING about a quarter of the sky dur ng s three-vear Friission.

Comet Nucleus Tour

MNASA has resumed its exploration of comets with the launch of
Contour from Cape Canaveral on July 3rd. Liftoff was delayed for
two days because the Discovery-class space probe had gotten dusty
Dreelta IT rocket

boosted the probe into an elliptical parking orbit with an apogee
i t

while in the launch area. After a quick cleanup, a

of 106,000 kilometers. The orbit was to precess around Earth until
August 15th, when the spacecraft would be correctly positioned

for its Star 30 sohd-fuel rocket to put it on course tor deep space
F P 5]

S5ky & Telescope

Contour will loop around the Sun for a vear and swing past Earth
again before reaching its first target, Comet 2P/Encke, in No-
vember 2003. The mission is operated by the Johns Hopkins
University Applied Physics Laboratory, which alse had respon-

sibility for the NEAR-Shoemaker asteroid probe,

BeppoSAX
[ts mission complete, Italy’s BeppoSAX orb ting nih-;nJlnr:.- Was
swilched off April 30th, the sixth anniversary of its launch. The
elderly x.'.-'.l.':'.':l,l._' whiose name combines H"‘l"P" it honar of |'||'|:,'w:i-
cist Giuseppe Occhialini) and SAX (for “Satellite per Astronomia a
ragg) X}, has lost 150 km of altitude from its initial, 600-km-high
orbit and is expected to reenter the atmosphere next year. The
craft had operated without any stabilizing gyroscopes since Oc-
tober 2001, and its batteries were failing, but it still returned high-
quality data to the end, with nearly 1,500 ohservations to its credit.
BeppoSAX is a multinational project; wide-field cameras
from the Netherlands and a low-energy imager from the
turapean Space Agency complemented the X-ray telescopes and
high-energy detectors supplied by Italian space scientists. The
mission's specialty was its ability to observe over a very wide
X-ray energy range, taking a simultaneous spectrum from 100
0 200,000 electron volts — equivalent to observing from the far
ultraviolet to the far infrared. This proved to be a powerful tool
for studying the energy output of quasars and active galactic
nuclei. BeppoSAX's most important contribution, though, was
the first identification of the afterglows from gamma-ray bursts,

loNaTHan McDoweL, an astronomer at the Harvard-Smithsonign
Center for Astrophysics, writes a weekly online newsletter about the space

program .I.':I'I"'-"_'-Ii-.'.:l-'-'-'I'.'|-|.|'|..'r vatrd. ed i/ EDT iy sprace s r. bl )

With a last-quarter Moon laoking on, the Con
tour spacecraft rides to orbit ato

Delta Il rocket early on July 3rd
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Cassini

[he narrow-angle camera aboard NASA's Saturn-bound Cassini
orbiter has recovered from a foggy winter. In May 2001 the
surtace of the camera lens was contaminated during a regularly
scheduled heating cycle, and during a subsequent calibration
star images showed large, messy halos with only 30 percent of
the light in the image core — an effect similar to that in early,
uncorrected Hubble Space Telescope images, though for a dif-
ferent reason. A serics of long heating cycles ending in early
July 2002 successfully baked off the unwanted material. Now
having returned to its —90°C operating temperature, the cam
era 15 again providing sharp images. The narrow-angle camera,
a Ritchey-Chrénen (folded) reflector with a 2,000-millimeter
focal length, will take high-resolution images of the Saturnian
system when Cassini reaches the ringed planet in July 2004.
For panoramic views the spacecraft also carries a 200-mm-
tocal-length camera, which i1s working normally. By August
2002, Cassini was 1.2 billion kilometers from Earth and 300
million km from Saturn. After a vear of relative inactivity, the
science team s now performing instrument calibrations in

reparation for the approach to the planet.
PIEP Fi P

Venus Express

I'he European Space Agency s Venus Express mission has been
saved from cancellation. Although this mission was initially
excluded from the agency’s Cosmic Vision 2020 blueprint due
to budget limitations (September issue, page 26), advocates
managed to restore it to the schedule in July. Venus Express
stands to be the hrst dedicated mission to Earth’s cloud
enshrouded neighbor since Magellan ended its radar mapping
in 1994, It will utilize the design of the already-funded Mars
Express and seven backup instruments from both that space-
craft and Rosetta. Venus Express will be launched by a Russian
Sovuz-Fregat rocket in November 2005 and, upon reaching the
planet, will enter a 250-by-45,000-km polar orbit (similar 1o
those used by Magellan
and the earlier Pioneer
Venus Orbiter). The main
objectives are studying the
composition of the lower
atmosphere, mapping the
surtace and atmospheric
temperatures globally, and
studying the energetic
particles and helds in the

planet’s vicinity.

The planned Venus Express
mission will draw heavily
fram the design and instru-
ments of the European Space
Agency's Mars Express space-
craft, depicted here with the
upper stage (spheras) of its
Russian-built Fregat booster,
Courtesy E5A,

Wovember 2002

Sky & Telescope

Two objects (trailed pairs of streaks within the circles) show maost of
what'’s left of the Contour spacecraft. The trails remained when the star
fields in two images taken with the 1.8-meter Spacewatch telescope
on August 16, 2002, were subtracted from one another, The white trails
registered at 4:17 Universal Time, the black ones 21 minutes later.
Copyright 2002 Spacewatch Project (LPL) University of Arizona.

Comet Nucleus Tour
I'he ambitious $159 million Contour comet probe was lost on
August 15th during the firing of its solid-fuel rocket motor. The
maneuver was meant to propel the spacecraft out of the Earth
Muoon system and toward flybys of periodic comet 2P/Encke in
Novernber 2003 and Comet 73P/Schwassmann-Wachmann 3 in
lune 2006, Launched on July 3rd, the probe had already spent
more than a month in a highly elliptical parking orbit around
Earth. As Contour dropped to its 230-km perigee over the Indi-
an Ocean, it speeded up to an impressive 10.7 km per second —
17 times faster than at apogee. At that moment, the rocket
maotor began a 50-second-long burn to increase the probe’s
speed by another 2 km per second, pushing it to escape velocity.
However, it appears that something went badly wrong near
the end of the maneuver, as tracking stations in NASA's Deep
Space Network were unable to pick up any signals from Con-
tour thereafter. Over the next two days ground-based telescopes
recorded two and possibly three objects following a trajectory
close to Contour’s planned track, instead of just one, leading
observers to suspect that the rocket motor may have broken
up or exploded. If the objects discovered in those telescopic
images are indeed the remains of Contour, its Star 30 motor
provided only about 3 percent less impulse than planned be-
fore failing. The mission team at the Johns Hopkins University's
Apphed Physics Laboratory will attempt to reestablish contact
with Contour through December, when the spacecraft will be
tavorably aligned to recerve transmissions from Earth.

Widely known for his space-program expertise (http://hea-www harvard
edw/ QEDT fem/spaceffsrfjst.homl), Josarnan McDowglL &5 a staff

scierthigt for the Chardra X-ray Observatory
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Cosmic Hot Interstellar
Plasma Spectrometer

The CHIPS spacecraft is set for launch in mid-December from
Vandenberg Air Force Base in California. It wall Hly as a sec-
ondary payload aboard the Delta 2 rocket carrying ICESat, a
NASA spacecrall for studying Earth’s climate. CHIPS is sriall
60-kilogram "University Explorer,” a class of U.S. space-science
missions costing less than $13 million, and it carries a single
mnstrument: an extreme-ultraviolet spectrograph developed by
the University of California, Berkeley (5&T: Aprd 2000, page
26). The spectrograph’s six slits project their diffracted light

- the same technology
used in the Chandra X-ray Observatory’s main camera.

Onie a E'IIII._II.H._ll.III]'I-'.'l me' deTeCior

After reaching its 600-kilometer-hagh polar orint, CHIPS
will record spectral lines in the 90- o 260-angstrom range,
where million-degree gas in the local hot bubble around the
solar neighborhood emits most of its radiation. More-distant
gas at this temperature can't be studied because the galaxy is
opagque in the extreme ultraviolet, so it's not clear which atom
ic transitions are responsible for cooling interstellar gas in var
ious astrophysical settings. Therefore, the CHIPS data will
allow astronomers to refine the maodels used for simulating

conditions in both local and -.-':1r.1-:'_.1|.n'1i..' ot Bas,

The CHIPS spacecraft sits atop the adapter for the Delta rocket that
will launch it inte orbit. 3ix aperture slits for the craft's spectrometer
are visible below the small silvery disk in the middle of the gold-
colored foil. The black rectangles are solar cells, and the light-blue tube
in back, near a hand, is the craft's magnetometer, Courtesy Michael
sholl {5pace Sciences Lab, University of California, Berkeley).

December 2002

Sky & Telescope

A hangar crew in Waco, Texas, extracts the telescope assembly for SOFIA
fram the Airbus Beluga cargo plane that ferried it from Bonn, Germany,
in early September. Courtesy Universities Space Research Association,

Stratospheric Observatory for

Infrared Astronomy

Progress an SOFLA, the world's largest airborne observatory,
reached another milestone in early September when the all-im-
portant telescope assembly arrived in the ULS, from Bonn, Ger-
manv. It has taken the German Aerospace Center and its suboon-
tractors 54 vears to builld and test the telescope, which has a
2.5-meter (98-inch) primary mirror. Over the next nine months,
engineers from L-3 Communications Integrated Systems will in-
stall the telescope in its permanent home: a Boeing 7475P air-
craft, When SOFIA becomes operational, it will fly at altitudes
near 1294 km (41,000 feet), where the telescope will observe a
host of infrared sources through a 54-by-4-meter opening in the
plane’s fuselage. First hight 1s scheduled to accur in October 2004,
with general observations commencing the following [anuary,

International Gamma-Ray Astrophysics Laboratory
When launched late this vear, the |r|||:"L_'|r.I| |'|I,'I*;|l;_"r'|.'..1|_|.:|'|':|-' will I_H:gj]]
one of Europe’s most ambitious astronomy missions, The space-
craft carries a battery of four X- and gamma-ray telescopes, as
well as a small optical monitor with a 5-centimeter aperture.
Cramma Ly i5'||.|:l|.‘“||!|I|I are oo ﬂl]L'[Ftlik {{§] |.LIIL'|J:‘- |:l'l-' Llilll‘r'l.'[]lt.l.ll'l-il:l
optics, so instead astronomers use coded-mask telescopes. These
u,'11||_1'|1'. d pattern of koles to cast Eamima-rav ;-.l'!.].dn;]t-.‘;_-., which
computer software then transforms into images.

The spacecraft’s largest coded-mask telescope is 1BIS, which
has a 1.1-meter aperture and two imagers covering 20,000 to 10
million electron volts in photon energy. This range is comparable
to those monitored by the low-energy spectrometers on NASA's
now-defunct Compton Gamma Ray Observatory but with much
improved spanal resolution (12 areminutes). France's Sigma tele-
scope, which flew on the Soviet Union’s Granat satellite in 1989,
had a similar imaging capability but was a factor of 11 less sensi-
tive, Integral also carries SPI, a high-resolution spectrometer
with a 0.7-meter aperture, and JEM-X, a pair af 0.53-meter
imaging telescopes to detect X-rays with encrgies of 3,000 to
35,000 electron volts. To save money, the European Space Agency
built Integral around the same spacecraft bus used for its XMM-
Mewton satellite, A Russian Proton launcher was scheduled to
boost Integral into space in muid-October and place it in a highly
elliptical orbit much like those of Chandra and XMM.,

JosarHay MeDowserr, an astronemeer @t the Horvard-Serithsonian
Center for Astrophysics, writes a wieekly orrlisne wewsietter dbond the fpace

program [ hirpe/hea-www harvard edw QEDT femispace/jsefjsr htmi),
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Nozomi

lapan’s first-ever Mars probe headed into space 4% vears ago

|'|||| |I.h vel to reach 1s -.|-.'~\.!'-I'..'||I-.'-': A :'-|.|.-:;I :||.|||_|:':.._:|||:'|
caused Nozomi's initial injection into solar orbit to fall short
Now the craft is getting a second chance, It makes a flyby of
Earth on December 21st, using our planet’s gravity to sw Ing
into a transfer orbit that will set up 2 second pass ol Earth
next June, This second thrby will fimally put MOEGITE On COurse
for Mars, with a planned arrival in January 2004

It's been a dithcult mission in other ways as well. Last April
solar activity damaged the onboard communications system
A heater unit failed as well, which led to a hydrazine-fuel freeze
as the spacecralt neared its aphelion of 1.4 astronomical units,
just inside Mars's orbit. By September Nozomi had closed to
.25 a.u. from the Sun, and enough of the fuel had melted to
allow critical course-correction burns. The spacecraft should
be able to operate until late 2003, when its outhbound travel will
once again cause the fuel’s temperature to drop. If the heater
problem cannot be fixed by then, the probe may not be able to
fire its braking rocket and slip into orbit around the planet

Mu Space Engineering Satellite C

Another Japanese interplanetary probe has run into continuing
delays. MUSES C, third in the Mu Space Engineering Satellite
series, originally had a launch date in early 2002, but that slipped
to December and recently to May 2003, First an Earth-orbiting
test capsule failed to separate from its launch vehicle, then engi-
neers at Japan's Institute of Space and Astronautical Science
became concerned about the attitude-control system, which has
since been cleared for Hight. MUSES C will be the first mission
to return rock samples from an asteroid. Its target is the un-
named minor planet 25143, also known as 1998 5F, .. This 400-
meter-wide body rANges from just inside the orbit of Earth to
just bevond that of Mars, from 0.95 to 1.69 2., with an orbital
mation of 1.7° MUSES C will lift off from Kagoshima Space

ITRE

Although it weighs just 30 kilograms, the clamshell-like Beagle 2 is
well equipped to study the rocks and dust it will find on Mars. Its

planned landing site is Isidis Planitia, an ancient impact basin. Copy-
right 2002 Beagle 2, all rights reserved.

danuary 2003 | Sky & Telescope

A portrayal by artist James Garry shows the MUSES € spacecraft just
prior to its touchdown on minor planet 25143,

Center in Japan and use ion propulsion to rendezvous with the
asteroid near its perinehon i 2004, Plans call for the vehicle to
land, scoop up a sample, and take off to begin the return voyage.
In 2007 MUSES C's reentry capsule will scream through Earth's
atmosphere at 12 kilometers per second and land in Utah.

Beagle 2

The small Mars lander Beagle 2 is being built by a team at the
Open University, Britain’s prioneer in distance learning, In trads-
tional British fashion, the project has state-of-the-art objectives
and a shoestring budget. Now the development team is faced
with airbag problems. Beagle 2's planned landing speed exceeds
100 km per hour, much faster than Mars Pathfinder’s cushioned
arrival in 1997, and in early tests the airbags burst open. (Simi-
lar problems have arisen with the landing system for NASA's
torthcoming Mars Exploration Rovers.) Although the design has
now been improved, the Beagle 2 effort is running short of
money and time, In fact, there's concern that the craft might
miss its ride aboard the European Space Agency's Mars Express
mission, whose launch on a Soyuz-Fregat rocket from Kazakh-
stan is set for May. However, if the schedule is met, Beagle 2 will
bounce to a stop on the surface of Isidis Planitia in December
2003, Its instrument package includes a mass spectrometer, a

il .I.:I.I.l."-.rii.'r-. ..'IIIIIJ II'"ZF[h sterco and I'I'Iil._'rl.l-"nl.'L'lFll.' CAIMETras,

Widely known for his space-program expertise (hep:/thea-www harvard
wdwf/QEDT em/space/isefisehtml), Jonarian McDoweer is a staff

sctentist for the Chandra X-ray Observatory.
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International Gamma-Ray Astrophysics Laboratory
O October 17, 2002, the European Space Agency’s gamma
ray observatory, Integral, headed into orbit atop Russia’s
mighty Proton launch vehicle. The explosion of another Rus
sian rocket two '-I'-'l'_" garlier had !1:.':'_:1'1Il'|l|.'l.| the ension on
launch day, but Integral's liftoff went perfectly, and the satellite
achieved its planned, highly elliptical orbit with an apogee of
| 23,000 Lll"'“l'-'|x'|"~ Uhver the next two '.1'|_'|_'|-._x :|'|g onboard
propulsion system raised the perigee from 700 km to 9,000
LII1-1'1H'-II'i“-)_.' il |=1=I4: orbital lite for the spacecraft. By early No
vember Integral's JEM-X and SPI telescopes (5& T: Decembet

2002, page 30) had detected their first astronomical sources.

Galileo

The veteran Galileo orbiter made its last flyby of a Jovian
moon on November 5th with the first-ever close pass of
Amalthea. Fven though the craft passed just 160 km from the
irregularly shaped body, to save money its camera was nol
used. Instead, mission scientists will use the slight trajectory
shift imparted by Amalthea's gravity to determine the moon's
mass. Galileo then dipped to a point just 71,400 km above the
giant planet’s cloudtops, during which onboard instruments
studied particles and fields in the planet’s inner magnetosphere
and I'il1:._ However, shortly before closest Approac h {7:23 Uni
versal Time), the intense radiation field sent Galileo into a
“safe” (standby) mode, so part of the flyby data was not col
lected. The crafi’s final orbit has a periapsis below the doud-
tops; Galileo will arc up to 26 million km from the planet in
April, then fall into Jupiter in September. This deliberate de-
struction will prevent any chance of Galileo contaminating Eu-

r'|||,"\-._|__ {::-r'.{in_‘l-;_"'n_'gl F! j‘l'\-hail'll-.' .'|.!"\-| --.‘|| il | te

The final science task in Galilea’s seven-year-long Jupiter odyssey was
an imageless fiyby of the inner moon Amalthea last November 5th,
Courtesy Michael Carroll and NASA/IPL.

February 2005 | Sky & Telescope

Minor planet 5535 Annefrank, as recorded by the Stardust spacecraft
on Novemnber 2, 2002. About B kilometers long, the asteroid is darker
than expected and roughly twice the size predicted by ground-based
observations, The straight edge at right is a processing artifact. Cour
tesy NASA/JPL.

Stardust

[0 ready Stardust for its January 2004 encounter with Comet
S1PMWild 2, mission managers at the Jet Propulsion Laborato-
rv used a distant (3,300-km) flvby of minor planet 3535 Anne-
frank on November 2nd to test the spacecraft’s systems and in
struments, Prior to the pass the mission team had downplayed
the potential for obtaining useful science, but the resulting im
ages clearly show the asteroid’s irregular shape. Annefrank
turned out to be bigger (8 km long) and darker {10 percent re
flective) than expected. Stardust’s camera successtully locked
on 1o the asteroid using autoguiding software derived from
that used by the Deep Space 1 mission. The craft’s dust detec-
tor and mass spectrometer also got a checkout.

Rosetta

Furope's next scientific mission is the Rosetta comet probe. In
september its builder, Astrium (formerly Dornier ), delivered
the spacecraft to the launch site in Kourou, French Guiana,
and in the weeks thereafter an extensive simulation allowed
engineers at the European Space Operations Center in Darm-
stadt, Germany, to communicate directly with the spacecralt
After launch in January on an Arane 5 rocket, ESOC wall use
the 34-meter dish at Perth in Western Australia to contact
Hosetta once it leaves Earth's vicinity. In August 2005 Rosetta
will pass just 200 km from Mars, making its hirst gravity-assist
{lybwy. Close passes by Earth the following November and in
Movember 2007 will redirect Rosetta out into the asteroid belt,
Finally reaching Comet 46P/Wirtanen in late November 2011,
Rosetta wall drop an instrumented T.uL.a:.u' oiito the nucleus
Meanwhile, the main craft will be snapping images and study-
ing cometary dust and gas over a two-year period. Rosetta is
Europe’s first comet probe since the pioneering Giotto mission
returned spectacular data on Comet 1P/Halley in 1986. To-
gether with the forthcoming launch of Mars Express, it marks
the start of a significantly more ambitious solar-system |::-;i1-l|_1
ration program for the European Space Agency

JomarHas MeDowerr, an astromomer af the Harvard-Sonthsosnas
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A key component of MASA's Earth Observing Program, the Solar Radi-
ation and Climate Experiment (30RCE) will help scientists understand
how the Sun’s energy output affects long-term climatic changes on
Earth. Courtesy Orbital Sciences.

Solar Radiation and Climate Experiment

SORCE 15 a small solar observatory di;.-;.i;,-;su'd 1o study minus-
cule variations in the Sun's energy output. Scheduled for
launch in early 2003 on an aircraft-borne Pegasus rocket, the
290-kilogram satellite carries four instruments and will be op-
erated by the Laboratory tor Atmospheric and Space Physics at
the University of Colorado in Boulder. The Spectral Irradiance
Monitor measures the Sun's energy output at visual and near-
to mid-infrared wavelengths, while the Total Irradiance Moni-
tor evaluates the ultraviolet-to-infrared range to an accuracy of
(.01 percent. These two instruments are descendants of pay
loads flown on a series of past spacecraft. The Solar-Stellas
[ntercomparison Experiment (Solstice), originally planned to
fly on a separate satellite, has two spectrometers to study varia-
tions in the Sun’s ultraviolet spectrum from [15 to 320
nanometers. An earlier version flew on the Upper Atmosphere
Research Satellite, launched in 1991. Finally, the XPS extreme-
Ilhi'i'ln'l'lﬂli': ]_"‘I'I.LP[(“I'IL,'H'F LOVETS :|'|1. !'IIH"]-I.'."IE,"FH". L"I'H.i H‘!-'.hl.' !"w-'ifli.:lj
spectrum, looking for variations at '.-.'.ax'v|¢=r1:;.rl1l:.- hetween 1 and

34 nanometers (10 and 340 angstroms).

New Horizons

The fortunes of the proposed New Hortzons mission to the
outer solar system have improved, thanks to strong support
from Congress and the scientific community and NASAs pro-
posal to inaugurate the New Frontiers series of outer-planet
missions. Fortified by $115 mullion in funds for fscal 2003,
New Horizons is now on track for launch around January
2006 aboard either a Delta 4 or an Atlas 5, large next-generation
vehicles that have now completed one launch each. The prob
15 to fly past Jupiter in early 2007, using the planet’s gravity to
boost it to the oy worlds in the outermost solar svstem, Mew

March 2003 | S5ky & Telescope

Horizons should reach 1ts pnimary targets in 2015, passing
10,000 kilometers from Pluto and 27,000 km from its moon,
Charon. Several months of observations are planned before
and after these flvbys, but the most crucial data will be ac-
quired during a day-long close encounter. The probe will carry
cameras, infrared and ultraviolet spectrometers, and mnstra-
ments to study charged particles and plasma. After leaving
Pluto and Charon, New Horizons will coast outward |hf|'ll'.IL'lh
the Kuiper Belt, making close flybys of one or two objects dur-
ing the ensuing decade.

Spectrum-X-Gamma

Russia's long-suffering Spectrum-X-Gamma mission may not
be completely dead yet. Although construction of the current
design is mostly complete, it requires a large Proton launch ve-
hicle to reach orbit, and these are in demand for profit-making
launches of commercial communications satellites, 5o the Rus-
sians are investigating the possibility of flying some of the in-
struments on a smaller satellite that could be lofted into orbit
by a cheaper rocket like the Soyuz-Fregat. However, the savings
gained by using a smaller launcher may not fully offset the
cost of developing a new spacecraft. Moreover, prospects for
getting more international funding for this decade-late mission
continue to dim, as new missions like Integral {5&T: Decem-
ber 2002, page 30} chip away at the science that Spectrum-X-
Gamma would have carried out. While the Russians ponder
their aptions, the readv-to-fly JET-X telescope for SXG's origi-
nal paj.']n.ul: remains in storage in a plastic has in Leicester,
England; other international contributions are also being
maintained by their respective instrument teams.

Widely recogrized for his space-program expertize (hetpo/fhea-www
harvard edw/QEDT fiom/fspace/fsrifsr himi), JoxarHan McDowELL 5

1 staff scientist for the Chandra X-ray Observatory.

With a length of 4.5 meters and a mass of 550 kilograms, the Joint Eu-
ropean Telescope for X-ray astronomy (JET-X) remains in storage as
Russian space planners decide how to proceed with the Spectrum-X-
Gamma spacecraft. Courtesy Alan Wells (University of Leicester).
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1 staff scientist for the Chandra X-ray Observatory.
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An imager aboard the GOES 12 weather satellite recorded its first X-ray
wiew of the Sun on September 7, 2002,

Geostationary Operational

Environmental Satellite 12

The MNational Oceanic and Atmospheric Administration has an
nounced that its GOES 12 satellite will enter service in April.
The spacecraft was launched on July 23, 2001, and placed in a
geostationary storage orbit. A maneuver in late January reposi-
tioned the craft to its operational location over the Atlantic
Ocean at 75" west longitude. Meanwhile, the satellite’s soft
X-ray imager, which began regular observations of the Sun on
January 22nd, is generating daily movies of solar activity. The
imager has a broad X-ray response, from 0.6 o 6.0 nanometers
(6 to 60 angstroms), and it records the full solar disk once per
minute, This marks the first operational solar imaging by the
weather agency and culminates decades of planning with the U5,
Air Force, which tunded the instrument’s construction.

National Aeronautics and Space Administration
The Bush administration’s proposed NASA budget for fiscal
2004 was released on February 2nd, during the first week after
the Coliumbia tragedy that 15 likelv to T-:~.|'.,1'r'--q_- it ,_'u.qmd::_ral:ul:.'.
3ecan O Keele, the space agency's administrator, has changed
MASA's declared strategy to emphasize “flexible building
blocks™ that will support a range of missions rather than pick-
ing a particular target like Mars, Of the three new mantras
now coming from headquarters, the NASA vision and mission
statements have generalized goals

the unmiverse and search for life”

tar example, “to explore

However, it is the New Exploration Strategy that offers the
first real clue for the -'.:.:n;IIU'.'-u tuture, The l'1tr.':::|.'|h'x1 "'-p.n'x' [ rans-
portation Plan envisages operations of the shuttle until at least
015 and }..;--ﬁ;hl-. bevond 2020. Shuttle I]il_!1in io and from the
International Space dation are to be augmented with a small

rin g

May 2003 | Sky & Telescope

Orbital Space Plane launched on a Delta 4-class expendable rock-
et starting around 2010. This schedule may well be accelerated
as a result of the loss of Columbia. O'Keefe also hopes to trans-
form NASA's human-exploration “enterprise” inte an operation
that supports the mission-driven activities of space and Earth
science, biological and biophysical research, and aeronautics.

[he fiscal 2004 budget request is $15.5 billion, up slightly from
last vear's request, of which $4 billion 15 allocated for space sci-
ence and planetary exploration. Under a new initiative called Be-
vond Einstein, the LISA gravitational-wave observatory and Con-
stellation-X high-energy spectroscopy mission get real funding for
the first time. The New Horizons mission to Fluto and the Kaiper
Belt finally has NASA's backing and seems secure at last. Funding
for an advanced 2009 Mars rover mission has been added as well.

A major and controversial new imtiative is Project Prometheus,
which foresees the use of hssion-based propulsion and power sys-
temns to send missions to the planets. A reconnaissance orbiter for
Jupiter’s icy moons may demonstrate its first use. Another pro-
posed innovation would use laser-based communication sys-
tems to increase the data rate from scientific spacecraft and
may eventually supplant the aging Deep Space Network.

Solar Radiation and Climate Experiment

NASA's newest Sun-monitoring satellite was successfully
launched on January 25th. Its carrier aircraft left Cape Canaver-
al, Florida, then headed out over the Atlantic Ocean to drop the
Pegasus rocket that sent the spacecraft on its 10-minute trip into
orbit. Initial checkout of all the instruments was complete by
February 7th. Designed to operate for at least five years, SORCE
will measure the total energy output from the Sun to an accu-
racy of one part in 10,000 and detect changes down to 0.001
percent per year. The Sun's output is known to vary by as much
as 0.1 percent, so careful monitoring of the energy reaching
Earth's atmosphere will provide a crucial parameter for climate
studies. SORCE will also record the Sun’s production at ultravio-
et wavelengths and compare it with absolute calibrations made
each day using a set of standard stars. The output of visible-
wavelength sunlight will be measured daily as well. Another
instrument will measure the solar X-ray fiux, which can vary
by a factor of 2 despite being a small contribution to the Sun's
total energy. The satellite will be operated by the University of
Colorado at Boulder, while its data will be routed 1o NASA's
Goddard Space Flight Center in Greenbelt, Maryland.

An L-1017 cruises off
the Florida coast
priar to launching a
Pegasus rocket (nes-
tled under the fuse-
lage) and its payload:
the SORCE solar-
monitaring satellite.

Widely known for his space-program experfise :.ru'rlﬂ.'.'.-".ré:"rl W harvaard
Ldw/QEDT  fem/spacedjsrijsrhiml), Josarnas McDoweLL is a staff sci-

entist for the Chandra X-ray Observatory.
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BY JONATHAN McDOWELL

Galaxy Evolution Explorer
[he next Pegasus rocket will carrv the
small Explorer mission Galex, which
15 to make the first sensitive all-sky

VIOdET i VeTse, Il'l

survey of the ultra
satellire's launch had been scheduled
for late March, but a wiring problem
delaved thar unti] at leas April 26th.
Calex will operate in a low-altitude
equatorial orbit and observe only
when on the night side of Earth. Besides its all-sk assignment,
the spacecraft will carry out even more sensitive surveys of
smaller regions. These will assess star formation and elemen
production in galaxies by tracing the ultravialet hght coming
from short-lived, massive, laminous stars. The mission’s prin
cipal investigator is Christopher Martin (Caltech), who has
flown ultraviolet payloads on numerous sounding rockets. His
group will lead science operations, while satellite manufacturer
Oirbital Sciences will operate the spacecraft. Galex's sky map and
source catalogs should be ready by 2004 or 2005, in time for the
Hubble “'-P:'I'.'L' |l.'|l.':~l.ll|'l.' o follow up i!:t:_l'!_"-lil';_' objects in detail.
|||.||"|"|:' ;"I-'IH a narrow held -.'|- view sultable for .-"l"'lli"ll: 11 On Spe-
cific tar Bels, but the only widc-arca ultrav wolet survey to date was
carried out by the European Space Research Organization's TD
| A satellite in 1972-73. Moreover, it cataloged only the brightest

ultravaodet stars and could not record faint extragalactic sources.

Pioneer 10

MNASA scientists have received their final transmssion from
Pioneer 10. When last heard from, on January 22nd, the vener-
able spacecraft was 12.2 billion kilometers from Earth and its
signal was very weak. Project officials fear that the plutonium
power sources onboard have decayed too much to provide
adequate electricity, Attempts to contact the craft again o
February 7th were unsuccessful, and the space agency has no
plans for additional tries

on March 2, 1972, Pioneer 10 was the first space

Launched
craft to reach Jupiter. During a dramatic fiyby on December 3,
1973, the craft relayed images of the giant planet and data on
the charged particles trapped 1n its magnetosphere. Since then
Pioneer 10 has been ||:_'.':-.|I!|_|: ot of the solar svstem, and i
crossed the orbit of Pluto in 1983, Although designed to last only
21 months, the S pacecran continumed to collect scientihic data for
more than 30 years. [ts twin, Pioneer 11, was last heard from in
1993, Earlier inner-solar-system pri hes in the Pioneer series were
equally robust: although it is no longer tracked, Pioneer 6 ap

I".-.L:-.'-.| healthy when contacted on 1tz 35th anniversary in Decem

y AL
and 8 were stll lunctonme on therr last

ser 2000, and Froneers 7
contacts in 1995 and 1996 {Pioneer 9 has been silent singce 1983)

Meanwhile, the two Voyager probes continue their push into
the outer solar svstem in search of the I|,_E:..|~.|.| .2, the bound
arv at which the solar wind meets the interstellar medium.
Right: Artist Don Davis's rendition of Pioneer 10 looking back at the
Sun from Neptunes orbit. The hardy spacecraft was the first to travel
beyond Plute. Courtesy NASA/Ames Research Center.

June X003 | 5ky & Telescope

2 5

A,

The Galex spacecraft is shown during its con
struction [feft) and as it will appear once in orbit
around Earth [(right).

Mu Space Experiment System C

[hree years after the Japanese space-science community was
shaken by the loss of the Astro E X-ray observatory during
liftoff (S&T: May 2000, page 26), a Mu V rocket is back on the
ad 1o launch MUSES €, Japan's most ambitious interplane-
ary probe, in May. The probes in the Mu series are principally
intended for technology development but have included increas-

I
3

JI'-.'.' |
regions to explore the Earth’s outer magnetosphere, w hile
MLUSES B

pioneered the use of aerobraking and of weak stability
[also called HALCA) made radio-astronomy ob-
servations. MUSES C is to return samples of the unnamed
asterond 25143 to Earth, The probe will use ion propulsion to
rendezvous with the asteroid and to go into orbit. Duning a fve
month stav it will eject a small marker onto the surface: this
target will provide scale for a navigation camera as the space-
craft hovers close by before touching down. A small projectile
bired into the surtace should kick up material into a collectos,
atter which MUSES C will take off for the wip home — but
not before leaving behind a tiny instrumented lander called
Minerva. [n 2007 a capsule containing the asterond sample will

reenter Earth’s atmosphere and be recovered in Australia.

||':|I-\.'| Krtown for His ‘-."u.-'-."'ul'.:l-n-"."-',I"I'r.-u' |.!!r_|.! '|I-:"] |'|'||"|'-'.III|-I|Llll'll;l

et QED T femepacesrfise it ), Josarvan McDowsry i a staff scr-

emdist for the Charmdra X-rav Obse
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Space Infrared Telescope Facility

[he long-awaited debut of the last of NASAs Great Observatories
was called off a week before launch in Apri and will aow he de
layed until at least mid-August. The problem is not with the
spacecraft iselt but with the new Delta 11 Heavy rocket that will
propel it into space. One of the Delta’s nine strap-on solid-fuel
rockets needs to be TL'5‘|.1q.q.'L‘| because the ,_|||".|"-.l~.l||_' material vused
in 115 exhaust nozzle has deteriorated. There is not enough time
o remove and replace the rocket motor before the Mars Explor
ation Rover B, which uses the same launch pad, must depart
Lll.lri:'ly June [when Mars 15 well 5,"|-.I-.-'.'l.in IO TecCIvVIng '.'i'-|§||r~|,
SIRTF, on the other hand, can be launched into its Earth trailing
orbit around the Sun at any time of year, though its obsers ing
program will have to be replanned. For details about the mission

and its scientihc objectives, see page 42 of the February issue,

Rosetta

The European Space Agency’s Rosetta comet probe is stil

stuck on Earth following the failure of an Ariane 5 rocket last
year [April issue, page 30). And while the launcher returned to
flight status in April, Rosetta’s fate is to remain grounded until
February 2004, when the Ariane 5G+ rocket originally planned
for the mission will propel the 1,700-kilogram craft to a new tar
get, Comet 67P/Churyumov-Gerasimenko. This comet has a 6.5
vear orbit and wall be 1.3 astronomical units from the Sun when
Rosetta finally arrives in March 2009. Its properties are not as well
known as those of Comet 46F/Wirtanen, the original target, but
it's thought 1o be much larger (5 kilometers versus 1.6 km); an
intensive observing program is under way to find out if Rosetta’s
lander can touch down safely. Earlier this vear mission managers
1ad considered a trio of ophions for the spacecralt, including
going to Wirtanen using a Proton rocket (since the standard Ari-
ane 5 is not powerful enough to achieve the trajectory now need
ed). But the deciding factor was that the tanks storing nitrogen
letroxide propellant could not be wafelv drained from the space-
craft, thus forcing 1t to remain paired with its Anane booster

Launched in 1998 by a faulty rocket, Japan's Mozomi spacecraft

shiould reach Mars in December 2004 — about four years late,

July 2003 | Sky & Telescope

If managers for MASA's Deep Impact mission surmount their fiscal and
technical problems, the spacecraft will blast a crater in the nucleus of
Comet 9P Tempel 1 in mid-2005, Courtesy NASASIPL.

Deep Impact

Meanwhile. NASA's next comet massion has |1.LrT|11.=.'|3.' 5L :!|'l-l"|.i
the ax. Deep Impact is behind schedule and over |'I|.JI'_:|E.{L‘[. with
a propulsion system plagued by contamination. 50 its launch
has been delaved from January to December 2004, giving the
team time to make sure the probe is ready. Oniginally the
spacecraft was to orbit the Sun for a year and swing past Earth
to speed it toward Comet 9P/ Tempel 1. The new strategy sends
the probe directly to the comet, trading an earlier launch date
that afforded lots of test time in space for extra test time on
the ground. This plan preserves the original arrival date of July
4, 2005, when the comet 15 its closest to the Sun and crossing
the ecliptic plane just outside Earth's orhit. The spacecraft will
smash a 370-kg copper "bullet” into Tempel 1's nucleus at 10.2
km per second and then analyze the resulting crater and spray
of debris. The collision will release the equivalent of almost 5
tons of TNT and, depending on the comet’s surface compaosi-
tion, could make a crater anvwhere from a few meters to a few

hundred meters across.

Nozomi

lapan's Nozomi probe continues its struggle to reach Mars, Barly
on December 2181 the probe passed 30,000 km from Earth, just
within geostationary-orbit distance, which flung the spacecrafi
out of the ecliptic into an orbit with an inclination of 6°. Exactly
six months later, when Nozomi crossed the echplc again, Earth
was positioned right there, This second fiyby, closer at only
15,0000 km. placed Nogzormm into an elliptical arhit whose
aphelion will intersect Mars in December. However, just being
on the right track is not enough for the Japanese spacecraft —
its ability to tell mission managers on Earth what 1t’s doing has
been lost. During the two recent flybys of Earth, engineers at
Japan’s Institute of Space and Astronautical Science tricked
Mozomi into switching its radio beacon on and off to confirm
that commands had been received correctly, However, a solu-
tion to the lost telemetry must be found if Nozomi is to return
any sc1ence data once 1t reaches Mars.

]

JosarHasy MelkhwrELL, @i adtrorosiér af the Horvard =St Rsorindis
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Hubble Space Telescope
a1 :_"\."'l"'-\."'!.'\'I.' on the Hubb e apace 1e ESCOH

28th, stopping

\pril

astronomical observations and sending the

spacecrall mito standby mode lor a dav. O six evros aboard the

L || EE, DWW e 1o orlfl OF aclim [ I.|

dand since three are
ed tor full science operations, only one spare now remains

Flignt enFmineers are (rvme to develop software that micht let

II'.I.:'ll"II. ;"I."lll._l'!': S0mMe I'I'l'".'l". LIRS 1 Il Py of The units are

eft functioning. The gyroscopes are the most failure prone
components on the 13-year-old observatory and ar

ol (oL e D FLRE] [

than modern designs. All six were replaced in late 1999 during

space Shuttle mussion 5TS 103, The nex SETVICINE MISSION will
Ei.'I..'.ull\.'.' d 1l Iu:'ll\.'.l S TS ||:.'.| 11564l NEY SC1ENCE INSIruments

but with the grounding of the shuttle fleet this wark will likely

i L
-|'i" to at least 2005, Earty discussions are under way to develop

new mstruments that would allow the ahservatory to remair
productive until the [ames Webb Space Telescope ( ITWST) is
launched in 2010 or thereafter; one concept is 3 very wide-area
maging array to take the place of one of HST's three Fine
Catnidance sensors. Meanwhile, |'WST project managers have
taken steps to head off a potential $300 million overrun of
MASAS 1.6 llion budget tor the mission. The telescope's
primary mirror will be reduced in diameter from 6.5 meters
to 6, and the European Space Agency will launch the space-

craft on an Ariane 5 rocket at its own expense, not NASA's

Hayabusa (MUSES C)

Japan’s hrst-ever asteroid probe was launched on May 9th
trom the Kagoshima Space Center at the southern tip of
Esiishiu |-|.|||-| |i'|-c "-|-_| ! Fi @.LI. 1 1ts nrst '|'|.:| SEITCH !|1|.' -.|I--
wstrous loss of the Astro E X-ray observatory in 2000, placed

the spacecraft into orbit around Earth; a smaller motor then

Formerly known as MUSES C, the recently launched Hayabusa space
eraft will land an an asteraid in 2005 and return 3 sample of it to

Earth two years later. Courtesy James Garry and [5A5.

Sky & Telescope

Last September TRW inow part of Northrup Grumman) won the con-
tract to build NASA's James Webb Space Telescope. But technical
challenges have threatened cost overruns in the 51.6 billion project.
Copyright 2000 Northrup Grumman.

boosted it to escape velocity and into orbit around the Sun.
Soon after the launch, officials of Japan's [nstitute of Space and
\stronautical Science renamed the spacecraft Havabusa ("Fal
con” ), Over a 22-month period its xenon-fueled ion engine
will match the orbit of the unnamed Earth-crossing minor

|"I et 25143, whose heliocentric distance ranges from 0,95 to
|69 astronomical units. After arrival in March 2005, Hayabusa
will swing into action for five months of scientific studies. The
W64-kilogram spacecraft carries a multiband imaging camera,
an infrared spectrometer, an X-ray fluorescence spectrometer,
and a laser alumeter. Moreover, Hayabusa will return a smuall

sample of the asteroid to Earth in mid-2007.

Galaxy Evolution Explorer

On April 28th a Pegasus rocket, borne by a jumbo jet out over
the Atlantic Ocean east of Cape Canaveral, Florida, boosted
the newest Small Explorer satellite into space. GALEX reached
a 700-kilometer-high orbit minutes later and deployed its two
solar panels, then began a month-long checkout in anticipa-
L1000 '.Ir. IS '.I|II.!'- I-I|-;.!. I” SEV sUrvey. | |'Ir.' n|1~c'r'..'.1.:-r'. " |'..,I||.-
meter-wide telescope and detectors are sensitive in the near
ultraviolet from 135 to 300 nanometers (1350 to 3000
angstroms ), similar to the range studied by the durable Inter-
national Ultraviolet Explorer {1978-96) and by the ultraviolet
x]_*..\.:r-.';;r.||~l'~. an the Hubble "-|‘-.-.-. I .]L'EL"‘-\-"I\.II""L' Shorter wave
lengths were surveved by the Extreme Ultraviclet Explorer in
1992 and were followed up more recently by the Far Ultravio-
let Spectroscopic Explorer. However, there hasn’t been an all-
sky survev im the GALEX n-l'--.'h.":;.'.'.h range since 1972, when
the European Space Research Organization’s TI» 1A satellite
senerated a catalog of about 30,000 sources. The GALEX sur-
VEY W I” he dl |l. 151 3,0H0 himes more sensitiy & and '.-.'||| EITL PO

long exposures of smaller areas to detect even fainter sources

= i

Il"".' I \'1 I I'l' ELL Rty QEER G O0sCesing |||"|"|||I'\-|!|' ".|'."i:'|'|"' "II
ICe- PR Trviid sieree Re waas 1n Megh sghool. T s SPWIFE THERE, |'|.'||J|l|'-
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Mars Express and Beagle 2

The European Space Agency marked the opening of the bien-
nial Earth-to-Mars travel window with the launch of its Mars
Express probe. Boosted into solar orbit by a Russian Sovuz
Fregat rocket on June 2nd, Mars Express will arrive at the red
planet in December. This is the most ambitious European
planetary probe to date, and it carries an extensive suite of in
struments to study the surface and atmosphere of the plane
from orbit. One of these, called MARSIS, is designed to detect
concentrations of underground water. It uses a 40-meter-long
antenna to generate long-wavelength radio waves that will
penelrate Lo P-:'rh-lp.'- 2 kilometers below the surface and then
reflect back to the spacecraft. Mars Express also carries the
British-built Beagle 2 lander — the first Beagle was Charles
Darwins expeditionary ship — which will drop onto the sur-
face to search for tracers of life such as unusual ratios of car-
bon sotopes and traces of atmospheric methane.

Spirit and Opportunity

NASA's two Mars Exploration Rovers, christened Spirit and
Upport .1I'|i[f.' in late May, will join the search for water on the
planet’s surface. Spirit was launched by a Delta 1T rocket on
June 10th, while Opportunity was to follow no earlier than
luly Sth atop a more powerful Delta II-H (to make up for a
less tavorable planetary alignment). Firings from a small en-
gine will adjust each rover's route to its Martian landing target
with Spirit set to arrive next January 4th and Opportunity on
January 25th. Each craft is surrounded by enormous airbags,
which will be inflated just before landing, and in turn this en
tire package is encapsulated in a heat shield for protection
during its passage through the thin Martian atmosphere. The
ilentical payloads consist of a camera, a robot arm to reach
rock and soil samples, and a quartet of instruments to assess
their composition and character.

With a mass of 174 kilograms, these rovers are much more

Nine-year-old 5ofi Collis poses with a model of NASAS Mars Explo-
ration Rover. She bested nearly 10,000 other applicants in a “Name
the Rovers” contest by proposing that the twin spacecraft be called
Spirit and Opportunity.

September 2003

Sky & Teletcope

Mars Express carries an extensive suite of instruments, incdluding a
ground-penetrating radar system that will employ a 40-meter-long
antenna to map buried reservoirs of water,

capable than Mars Pathfinder’s 11-kg Sojourner, which arrived
in 1997, The realities of space travel are such that 1o get a 174-
'ik;-.{ rover to the Martian surface :::qlij.r'u& a ) ,Dhl-kH :ip.n_'un.:r.ir-'r.
which in turn had to be heaved into space by a 230-ton rocket.
Thus, even given this year's favorable alignment, less than 0.01
percent of the launch mass will end up rolling around Mars.
The MER spacecraft represent a big test for NASA, as they are
the first developed under a Mars-exploration program that
was revamped after the embarrassing loss of two craft in 1999,
A successful holdover from that older program is 2001 Mars
(Odyssey, which remains in operation around the planet to-
gether with the elderly Mars Global Surveyor, The latter craft
has been dependably returning high-resolution images and
other data for nearly six vears.

Spectroscopy and Photometry of the
IGM’s Diffuse Radiation

Boston University's SPIDR cosmology satellite was canceled in
May only a year after being selected for development as a
Small Explorer mission. The cancellation follows NASA's ter-
mination of the FAME astrometry spacecraft (S& T: August
2002, page 28] as part of a new, tougher policy toward mis-
sions that run into management trouble. However, it is un-
usual and perhaps unprecedented for the agency to ax a mis-
sion so early in its implementation. SPIDR was meant to map
I:II..-I-II‘H.' lllrr..l".'i‘llll.". ETNISSI0N [TOIm |_,|'|r_' ir"L'rE-\.l.l;l'Lijt ]nf_'qll'l.l.m_
But suspicions arose that the detector’s signal-to-noise esti-
mates were overly optimistic, and a special review concluded
that SFIDR wouldn't be able to perform the mission as de-
signed. A revised version of the SPIDR mission is being re-
submitted to compete with other proposals — including an
other ultraviolet-bac L:._',H'I.JI'IIJ mission — In this year's Small

orer selection.

Exp
Widely recogmized for his space-program expertise (hitp:ihea-wiw
edu/QEDT/ jem/spaceffsrijsr.html ), Jonatnar McDoweLL
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Microvariability and Oscillations of Stars

Canada's first astronomical satellite began its observing pro-
gram within days of reaching orbit on June 30th. Launched by
4 converted Russian missile, the satellite is being aperated from
a Toronto control center using dishes in Canada and Austria.
MOST consists of a small (15 centimeter-aperture) visible-light
telescope and a CCD camera in a dedicated 60-kilogram pack-
age. Teams from the University of Toronto and the University
of British Columbia are using the telescope to observe bright
stars. Lenses smear the light out over many camera pixels so
that each star’s brightness can be determined to a few parts
per million. A second CCD measures the positions of guide
stars to keep MOST fixated on its target for weeks at a time.
MOST is the first microsatellite to be able to ]_'lgin'[ with 10-
arcsecond precision, accomplished using small reaction wheels
and electromagnets. It will study the internal structure of stars
by detecting small seismic oscillations, which drive slight
changes in light output, and search for tiny changes in the
light reflected from distant planets as they orbit other stars.

Gravity Probe B
The saga of the ambitious Gravity Probe B mission has moved
into a new phase with the spacecraft's shipment to its launch
site at Vandenberg Air Force Base in California. After years of
delays and setbacks, including a final threat of outright cancel-
lation in April, the satellite is now considered ready to fly on
its yearlong mission to search for the gravitomagnetic effects
predicted by Einstein’s general theory of relativity, GP-B carries
a 14-centimeter telescope with a quartz primary mirror (for
thermal stability). This telescope will repeatedly observe the
position of IM Pegasi, a 5th-magnitude binary star, and com-
pare 15 apparent position
to the spin axis of its on-
board gyroscopes to
search for a yearly shift of
0.042 arcsecond predicted
by relativistic effects. To
restrict their drift to less

Technical difficulties
have |:'-|.'||i||||-|::| tha
ambitiows Gravity
Frobe B spacecraft,
which finally has

: been completed and
than 1 microarcsecond

per day, the gyroscopes
are kept at 1.8° Kelvin by
liquid helium and pro-

tected from Earth's miag-

cleared for launch.

netic field by SUpercon-
ducting lead foil
Thermal-vacuum tests
completed in May con
firmed that the rate of
bail-oft trom GP-B's stor-
age Dewar was low
enough for the mission to
be completed before the
liquid helium runs out
Launch is now scheduled
for Movember aboard a
Delta rocket.

sky & Telescope

October 2003

-

Mission scientist Jaymie Matthews [University of Toronto) checks out
the MOST telescope assembly (left foreground| and spacecraft prior
to its launch. Courtesy Canadian Space Agency.

Solar and Heliospheric Observatory

SOHO, an B-vear-old European solar observatory, has survived
yet another scrape. In June ground controllers were alarmed to
discover a malfunction on the spacecraft’s main antenna. SOHO
makes a roughly circular orbit around the L, Lagrangian point
on the Earth-5un line, so the antenna must move to remain
centered on Earth. A mechanical problem in one axis of the
antenna’s pointing system threatened to
cut off data from the spacecraft for a few
weeks every three months. As expected,
on June 27th SOHO lost contact with the
26-meter NASA ground station assigned
to it, as the antenna pointing drifted away
from cur planet. However, NASA provided
access to a larger 34-meter dish in its Deep
Space Metwork, allowing full data access to
continue for an extra few days. Then, for
two weeks, SOHO had to use its omni-
directional low-gain antenna to transmit
at a lower rate to even bigger dishes. So-
lar scientists are alarmed at the signs of
aging on this observatory, which has be-
come a key source of information on solar
activity and space weather. SOHO will not
be replaced until the launch of the Solar
Dynamics Observatory in 2007 or 2008

JonaTHAN McDowELL, an astromomer af the
Harvard-Smithsonian Center for Astrophysics,
writes a weekly electronic newsletter on the space
program (htpe/ifhea-www harvard edu/QEDT;

rerm/spacedjsrifsr.htmi
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Galileo Orbiter

NASAS resilient Galileo orbiter ended its mission on Septem-
ber 21st with a fatal plunge into the Jovian atmosphere at 48
kilometers (30 miles) per second. Space-agency officials decid-
ed to destroy the spacecraft rather than leave it orbiting Jupi-
ter; they feared that of by tiny chance it someday crashed into
the moon Europa, the resulting biological contamination would
compromise future searches for life there. Galileo's farewell en
counter was a 500-km brush past Amalthea in Novemnber 2002
A looping orbit then carried the spacecraft 26.4 million km
from the planet last April, after which it picked up speed as it
fell back toward Jupiter. The plasma and energetic-particle in-
struments returned data throughout this final orbit, their data
transmitted to Earth in real time because the spacecraft’s tape
recorder had been shut off.

Originally Galileo was to be carried into space in mid-1986
by the Space Shuttle and propelled directly to Jupiter by a
Centaur booster. But the loss of Challenger just a few months
beforehand heightened concern about stowing the hiquid-fucled
Centaur in the shuttle’s cargo bay. Atlantis finally deployed
Galileo and a sater but less powertul solid-tuel booster on Oc
tober 18, 1989. To reach Tapiter, Galileo first had to carom

around the inner solar system, |."|~:l-5i|13; up ~,|:-ee.i from :']t'h:c.-l of

Venus and Earth. [t encountered asteroids 951 Gaspra and 243
Ida n,,ll,l,'l.’1¥ 115 crunse toward Jupiter, and upon arrival in Le-
cember 1995 the orbiter dispatched the separately instrument-
ed Galileo Probe imto the Jovian atmosphere and fired its en-
gine 10 begin circling the planct. Despite the taillure of its main
antenna to deploy correctly, Galileo returned seven years of
spectacular images and data, completing 34 close passes of the
planet and its Galilean satellites.

After 14 years of coursing through the solar system and circling Jupi-
ter, NASA's Galileo orbiter ended its mission as a dazzling meteor in
the Jovian atmosphere. Artwork by David A. Hardy.

Sky & Telescope

The European Space Agency’s SMART 1 spacecraft measures 1 meter
(3.3 feet) on a side, but it will span 14 meters once its large solar-cell
arrays are extended in space. Courtesy European Space Agency.

SMART 1

The European Space Agency's first lunar probe was launched
on September 27th aboard an Ariane V vehicle from Kourou,
French Guiana. Developed as part of ESA’s Small Missions for
Advanced Research and Technology program. SMART 1 will
use an on-drive engine to escape Earth's gravitational grasp
and head for the Moon. The French-built engine uses 1.3 kilo-
watts of electricity to ionize xenon fuel and expel it at high
velocity. This generates an acceleration of only 20 millionths
that of Earth's gravity, so the craft will take more than a year
to reach its target and make several close flybys of the Moon
before final capture into lunar orbit. Interplanetary ion pro-
pulsion was pioneered by NASA's Deep Space | probe, and
ESA engineers also gained extensive experience with the
Artemis satellite. However, this 15 the hirst time 10mn prn]'-uhmn
has been used in combination with gravity assists. SMART |
will eventually pass through the Earth-Moon L, Lagrangian
point and take up an initial 300-by-10,000-km loop over the
lunar poles. The ion engine will continue firing to lower the
orbit and get the craft skimming closer to the surface. Built by
the Swedish Space Corp., SMART 1 has a mass of 370 kilo-
grams (815 pounds). It carries cameras, infrared and X-ray
spectrometers, and detectors for particles and helds.

Messenger

NASA's seventh Discovery interplanetary mission is nearing its
planned launch in May 2004, The Mercury Surface, Space En-
vironment, Geochemistry, and Ranging mission, known as
Messenger, 15 to make the first visit to the innermost planet
since Mariner 10 in 1975, Built by Johns Hopkins University's
Applied Physics Laboratory, Messenger will fly past Venus three
times before reaching Mercury in October 2007, Images taken
during that arrival flyby and during a second pass in July 2008
should reveal the half of Mercury's surface that Mariner 10
never saw clearly. During a third encounter in july 2009,
Messenger will fire its engine and slip into orbit for a year of
intensive observations. The spacecraft carries a camera,
magnetometer, charged-particle detectors, X- and gamma-ray
spectrometers (to determine surface composition), and a laser
altimeter (to measure the heights of topographic features).

Widely known Jor his space-program expertise (www.planetd589.0rg!
spuce/psrdjsre frml ), contribuiing editor JoxaTHan McDowELL 5 a staff

Chandra X-ray Observaton
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BY JONATHAMN McDOWELL

Shenzhou 5

On October 15, 2003, the People's Republic of China became
just the third nation to send a human into space. China’s first
astronaut, Yang Liwel, spent 21 hours orbiting the Earth in the
Shenzhou 5 spacecraft, launched aboard a Chang Zheng 21
("Long March™) rocket. The name Shenzhou has been translat-
ed as "Divine Vessel,” but “Spaceship™ may be equally accurate.
The Shenzhou has three sections — engine, descent, and or-
bital modules — and is similar to the Russian Soyuz in overall
appearance. Indeed, the descent module was developed after
China bought several used Soyuzes from Russia. The orbital
module, however, is an advanced, all-Chinese design with its
own solar-cell panels; it will remain in orbit and continue 1o
carry out experiments for several months, Liwei emerged from
the capsule after the descent module landed in northern
China, less than 5 kilometers from its intended target. Xie
Mingbao, director of China's piloted space effort, explains that
the next Shenzhou will be launched in a year or two.

South Korea's Space and Technology Satellite 1 (5T%at 1), which car-
ries a US-built astronomy experiment, was launched on September 27,
2003, aboard a Russian rocket.

STsat 1
The Korea Advanced Institute of Science and Technology
KAIST) launched the first satellite in a new series, the Space and
Technology Satellite 1 (5T5at 1, also known as KAISTSAT 4), on
September 27, 2003. The spacecraft is now undergoing orbital
checkout following its launch aboard a Russian Kosmos 3M
rocket. The satellite carries several scientific experiments, includ-
ing oné from the United States. SPEAR (Spectroscopy of Plas-
ma Evolution from Astrophysical Radiation), a far-ultraviolet
telescope from the University of California, Berkeley, has two

spectrographs that wall carry out the first all-sky survey of dif
fuse radiation at a resolution of 5 arcminutes. The survey will
include the important emission lings of wonized oxygen and

carbon (centered on wan r?un;.;l hs of 104 and 155 nanometers

January 2004 | Sky & Telescope

The Shenzhou 5 spacecraft lifts off from the Jiuquan Space Center in
the Gobi Desert on October 15th, carrying the People's Republic of
China’s first astronaut, 38-year-old Yang Liwei, He orbited Earth 14
times and landed safely in northern China.

respectively) that will allow SPEAR to study the heating, cool-
ing, and compasition of hot interstellar plasma at upward of
100,000° Kelvin (180,000°F). This will allow astronomers to
examine gas that is hotter than the visible-light nebulae seen
in Hubble Space Telescope pictures and cooler than the plasma
recorded by satellites like the Chandra X-ray Observatory.

Stardust

The Stardust space probe’s big moment will come on January
Ind when it flies through Comet 81P/Wild 2, coming only 100
kilometers from its icy nucleus. The spacecraft was launched in
February 1999, made a gravity-assist flyby of Earth in January
2001, and flew past asteroid 5335 Annefrank in November
2002 (5&T: February 2003, page 30). While out in the asteroid
helt for months, the probe has been collecting interplanetary
dust by exposing one of its acrogel panels to space. In contrast,
gathering cometary material onto a separate aerogel panel will
take just a few hours, as Stardust streaks through the comet at
maore than & km per second. After imaging the nucleus and
coma, then stowing its collectors, the probe will continue on
an orbit that intersects Earth in January 2006. A capsule carry-
ing the scientific treasure will be picked up in Utah.

Target: Mars

Mars Global Surveyor and 2001 Mars Odyssey continue to
function in orbit around the red planet. Five more spacecraft
are due to arrive very soon (see page 44

Upcoming Encounters with Mars

Mission

Mozomi jorbiter) [JE.: 13 ..
Sesge 2 lander) Deembur 26,203
Mars Express {orbater) December 26, 2003
Spirit fsurface rover) Jazey L 2008 | 1V RGN

Oppartunity (surface rover) January 25, 2004
JonaTHAN McDoweLL, a staff scientist for the Chandra X-ray Qbser-
vatery, provides updates of astronomy and space misstans on his Web site

at www, planet4 389, org/space/jsr/jsr. htwml
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Swift

Launch ot MASAs Switt gamma-ray obser vatory 15 now sched-
uled for May 2004 aboard a Delta rocket from Cape Canaveral
Florida. According to principal investigator Neil A. Gehrels

{ NASA/Goddard Space Flight Center), the two instruments
that will study the X-ray and ultraviolet/visible-light afterglows
of gamma-ray bursts (GRBs) have been tested and installed in
the spacecraft. However, two rounds of electronics problems
have plagued Swift’s Burst Alert Telescope [BAT) — the wide-
angle detector that will register GRBs in the first place. BAT
was to have been installed in earlv December, in time to support
the new launch date. Gehrels expects the satellite to spot several
bursts per w cek and use the X-ray and ultraviolet cameras to
pinpoint their locations. The BAT detectors will also perform a
sensitive all-skv survey in “hard”™ X-rays (having energies of

. Swift is the fourth NASA
medium-class Explorer (MIDEX) mission, following the IMAGI

nore than 10.000 electron volts

magnetospheric observatory, the FUSE ultraviolet telescope,
and the WMAP cosmology probe; each continues to operate

SUCCE ~.-.1.I_ :.| | % I T x'|'l-| L.

STEREO

he massive solar storms of late 2003 brought renewed attention
to the physics of eruptions on the Sun. NASA is planning to
|_||_i_ '||,_.:'| d pair il S raft in Movember 2005 to ~|.l:.|:-' ll";*-:'-.-l:'l.l-
nal mass ejections (CMVEs), which can have maior effects on
Farth’s environment. The Solar Terrestrial Relations Observatory
STEREQ) consists of twin probes launched on a single Delta
|.,:.._l._.;_-r inta an ||!|‘\-|'. -\._'-.'.l.'l:-\.|il'|___1 oLl o lunar distance In January
2006, after four trips around Earth, the two craft will make flybys
of the Moon at heights of about 10,000 kilometers. STEREQ B
will be swung into a solar orbit that will trail Earth. 5TEREQ A
'I'-'I” I|||'|" I"-.'I«.!- o the Moon a month later and make a second
flyby to fling it such that it leads Earth. The craft will return to
I ,;|1|"|-. vicinity atter | years, |l.||'|_: atter -.II!'I'lI.'l:,_'lI 18 their mission,
With one STEREQ probe trailing Earth in its orbit and the sec
ond one preceding it by
the same amount, astron
omers will be able 1o get a
LrLe '.|!I'J:'-l.|: 1ens onal
view of the eruptions for
irst tme

the | Johns Hop

kins University’s Applied
Physics Laboratory 15 now
building the spacecratt,

which will carry coron:
'_'.I_L"|'I-. radio=-burst detec

" = d x|
{ors, and I irtpche deteClors.

The aptly named STERED
mission will use two §pace-
craft that will gradually drift
away from Earth in opposite
directions to abtain a three
dimensional view of erup
tions from the Sun.

February 2004 | Shy & Teledicope

NASA's Swift spacecraft, scheduled for launch in May 2004, will target
enigmatic gamma-ray bursts using X-ray and ultraviolet cameras.

Small Explorers

WASA has announced five candidates for the next two Small
Explorer missions, which are scheduled for launch in 2007-8;
1 final decision will be made in late 2004. NEXUS (Normal
incidence Extreme Ultraviolet Spectrometer), led by loseph M.
Davila (NASA/Goddard), would study the solar corona. The
Dark Universe Observatory (DUQ), proposed by Richard E.
Griffiths [Carnegie Mellon University), carries an array of
SEVETL N-ray lescopes 1o _|_'i‘-. ¢ a wide field of view o search for
clusters of galaxies and to study associated “dark matter” and
“dark energy.” Nicholas M. Schneider (University of Colorado)
proposed IMEX, the Jupiter Magnetospheric Explorer, which is
an ultraviolet observatory in Earth orbit that would stay
pointed at Jupiter o siudy the Jovian aurora and the lo plasma
torus. NuSTAR ( Nuclear Spectroscopic
Telescope Array) has been proposed by
Fiona A. Harrison (A ‘altech ) it would be
the first X-ray observatory to use focus-
ing optics to image in hard A-rays.
David ], McComas (Southwest Research
Institute) leads IBEX, the Interstellar
Boundary Explorer to study the global
interaction between the interstellar
medium and the solar wind. Launched
into a highly elongated Earth orbit,
IBEX would use two detectors 1o map
particles reaching Earth’s vicinity from

| . I. - - -
1he ouler solar SysLe.

lomaTHan MoDowELL, an asirengmer af thi
|-.I||I |||.'|-i SFHRAGFENEM { erda fief I.':”l'lr'lll"".'| L
writes @ weekly elecirome Hewsieiter on il
space program (wwwplanetd589.orgispacefjsr
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Gravity Probe B

Ihe start of the Gravity Probe B mission has been delayed
again, d*."‘-Pi[L" .F"l.'1I1':'. IF1|:.' weeks from launch at ".'.|'_':._!|,-|||'u,-|':_l_
Air Force Base in California. In mid-November the relativity-
testing satellite was ready to be attached to its Delta rocket
when engineers discovered an electrical problem in the vehi-
cle’s experiment control unit, Even with this new delay, the
craft’s supercooled Dewar — filled with liguid helium so that
a super-sensitive gyroscope made of quartz will stay at only
1.8" Kelvin above absolute zero — will still remain cold
I-.‘-I'IIZ'III.E'."I to last through the life of the mission. The goal of the
LF-B project was first proposed to NASA in 1961, but the
needed technological advances came much later: in 1972 the

US Mavy's Triad satellite successfully isolated spacecraft instru-

ments from outside disturbances by using a free-floating outer

shell, and in 1983 the Infrared Astronomical Satellite {IRAS)
tested a supercold Dewar in orbit. Construction of GP-B
began in 1992, but repeated delays and repairs have postponed
this challenging experiment. The launch date has been
rescheduled for Apnil 20, 2004

Cancellation and Cutback

The European Space Agency's science budget continues to sink
deeper into trouble. At a recent meeting ESA decided to cancel
one major astronomy mission and cut back another. Any un
planned expenses — such as all-too-common launch delays
could trigger further crises. The panel axed the Eddington
mission, which would have studied stellar oscillations and
searched for extrasolar planets. Eddington's 1.2-meter optical
telescope would have been placed near the L, Lagrangian libra
tton point on the outward side of Earth from the Sun. It would
have monitored a varicty of stars to study their oscillations
{asteroseismology) and also would have stared at single fields
to spot the dimming of stars as their planets crossed in front of
them. Although the small Canadian MOST satellite 15 pioneering
stellar-oscillation measurements from orbit (5&T: October
2003, page 28), Eddington was the only major mission planned
to focus on asteroseismology. Its planet-hunting goal was simi-
lar to NASA's Kepler project. ESA trimmed back some of the
BepiColomba mission by eliminating the first lander to be sent to
Mercury. The action leaves intact the two orbiters, which will
reach the planet at the
:_'l'!gl of the decade. Aa
American mission o
Mercury "'.l:'hx-.*!:.',l.".
15 due for launch in

garty (4.

Financial concerns
forced the European
Space Agency to re
duce the scope of its
BepiColombo mission
to explore Meroury.
Courtesy ESA; illustra-
tion by Medialab

T
narch 2Uak

Sky & Telescope

The Gravity Probe B spacecraft has been under development for more
than four decades. An electrical problem discovered in Movember has
forced another launch delay. Courtesy Russ Underwood and Lockheed
Martin Space Systems.

XMM-Newton
[he European Space Agency’s XMM-Newton high-energy as
trophysics observatory has completed its fourth year in orbit,
with more than 750 revolutions in its leng, looping path
around the Earth. In November ESA approved extending sup-
port to the mission until March 2008, well beyond its planned
operation. Indeed, the spacecrall could operate even longer; its
instruments have had only minor problems so far. As with sev-
eral other deep-space satellites, the dramatic solar flares last
October and November put the observatory into a standby
mode for almost two weeks, delaying some observations but
causing no permanent damage. During 2004 all XMM obser-
vations will be reprocessed to generate an improved archive for
the astronomical commumnity, This revision 15 @ common pro-
cedure for space-science missions, because it typically takes
~.|_-.|_'|.:_| VEArs Tor astronomers Lo understand ||‘--_' |_‘||_'|_.:'|i!~\. il |‘||"|l.-.
a spacecraft and its instruments perform in space and to de
velop hxes for unexpected quirks such as malfunctioning chips
or drifting calibrations. The reevaluation shouldn’t invalidate
the major scientific conclusions obtained during the first few
months of observation, but it will allow significant improve-
T

ment 1n the accuracy of !.'I:;:|I|.:Il.'“l.'w. POsI10ns, and Hi‘L‘uH'Ji

properties, letting scientists dig deeper in the data

LR, | AN '-I' I"' Ly L Fas e an Dsessvye-comiprlsne maifierer of
I
i | X g : ey AR : 1 i T
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Astro E2

Engineers at the Japan Aerospace Exploration Agency {JAXA
are well into assembling their new X-ray astronomy observato
Ty in preparation for launch in February 2005. Astro E2 15 a
copy of the first Astro E, which was lost when its rocket went
off course during launch four years ago (54 T: May 2000, page
26). Despite the delay, the mission will still break new ground.
Ome of its five X-ray telescopes will carry the XRS, the first
solid-state microcalorimeter to fly in orbat. Thiz spectrometer
will have a spectral resolution of only 6 electron volis (eV), far
higher than the imaging chips on the Chandra and XMM-
Newton observatories, and will beat
their spectroscopic gratings at high
energies. The XRS has two draw-
backs. however. First, the low spatial
resolution of its simple telescope —
about 120 arcseconds, O ed to
the 0.5 arcsecond of Chandra’s ex-
quisite mirrors — will prevent 1t
from studving faint sources. Second,
XRS has only 31 active pixels, com-
pared to Chandra’s 6-megapixel
ACIS camera. The XRS detector
works by sensing the tiny increases
in a pixel’s temperature caused by
the arrival of individual X-rays. XRS
will be kept at 0.06" Kelvin above
absolute zero using a four-stage re-
frigerator that uses hiquid helium
and solid neon. The four other X-ray

The Japanese space
agency JAXA is readying
its second Astro E space-
craft for launch next year
to replace tha first one,
which was lost after liftoff
four years ago.

telescopes on Astro E2 will have
conventional CCD imagers covering
the same energy range of 400 to
10,000 ¢V. All five telescopes are
mounted on booms that must ex
tend after launch to reach 4.8-meter
(16-foot) focal lengths. Two additional detectors will directly
measure high-energy X-rays of 10,000 to 700,000 ¢V. This
broad coverage gives Astro E2 a further advantage over other
X-rav ohservatories in the detailed study of bright sources.

NeXT

With Astro E2 under way, JAXA is considering |".'H'.'-1-J|- for new
science missions, Cne candidate 15 NeXl, I'.I:.‘l"”-"" New A-ray
Ielescope, which would use new mirror technology to allow
images in high-energy X-rays with energies above 10,000 eV,
,-.-.r:-._-xP.,'||1u,'|||'|:_- 1] '.'\..'l'.'|"'||_"'|:_|_:!"|x smaller than 1.2 Angsiroms [t's
difficult to persuade such high-energy or ‘hard” X-ravs to
change their direction of travel, and until now the hard X-ray
ckov has been studied either with simple collimator detectors

which block out all but a small part of the sky but don’t make an

The Space Interferometry Mission — to be launched in 2009 — aims
te find planets around other stars by watching for stellar wobbles.
Project manager Renaud Goullioud stands in front of the Microarcsec-
ond Metrology Testbed, being used to develop 5IM's technology.

April 2004 | Sky & Telescope

Soit X-ray
SpECTrameEler

Wide-bana
X-ray imagers

Extensible
optecal Bench

Soft X ray
telescope

Soft gamma-ray
detector

" Hard X-ray
telescopes (3]

To follow up on Astro E2, JAXA is studying the proposed New X-ray
Telescope, which will image the sky using advanced mirrors,

miage, or with “coded-mask” pinhole cameras like those used on
Furope’s Integral satellite that indirectly produce low-resolution
IMAges. MNeXT's “super mir rors” would take advantage of a proc-
ess known as Bragg reflection, which will actually focus the hard
X-rays using optics with multiple layers of metal coatings.

Space Interferometry Mission

Design of NASA's Space Interferometry Mission (SIM] 10 search
for extrasolar planets is advancing, with launch now expected in
1009, The SIM spacecraft is an unusual box-shaped telescope
with four pairs of 33-centimeter siderostats — flat tracking
mirrors — separated by 10 meters on a very stable optical bench.
The light from each pair of mirrors will be combined in the
center of the spacccraft to make interferometric iringes, allow-
ing structure only 0.01 arcsecond across to be detected — about
five times finer than the best Hubble Space Telescope data. To
make this work, the light path within the telescope must be kept
stable to a nanometer {a millionth of a millimeter), and the
mirrors must be pointed more accurately than standard space-
craft star trackers can handle. The SIM telescopes will work in
visible light and will detect extrasolar planets indirectly by the
change in position of their parent stars as the or biting planets’
gravity tugs on them.

loNATHAN MeDowilL a staff scientist for the Chandra X-ray Ob-

servatory, provides updates of space nuissions on his Web sife at www
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Mars 2009

Following the high-resolution Mars Re-
connaissance Orbiter (to be launched
in 2005) and the Phoenix north-pole
lander [2007), two NASA missions are
expected to leave for the red planet in
2009. The Mars Science Laboratory will
use a new precision landing system
and incorporate a large (450- to 600-
kilogram) rover — three times heavier
than Spirit and Opportunity — that will
operate for more than a year and may
travel up to 10 kilometers from the land-
ing site. The lander’s communications

by jonathan medowell

NASA Budget for Fiscal 2005

Following President Bush's dromatic announcement of o restructured NASA (April is-
sue, poge 24), his odministrotion onnounced its budget request for fiscal year 2005 in
February, laying out the spoce agency's new priorities. The new initiotives foresee o
crew exploration vehicle — Project Constellation — that will replace the Space Shuttle
and will ferry ostronouts to the Moon by 2020 and eventually to Mars. To support this
effort, new robotic lunor probes will start flying in 2008, ond the Mors exploration
pragram will incorporate plans for robotic “human precursor” missions starting in
2011 to develop technology for piloted voyoges to the plonet.

Relatively little new funding is being requested; most of the money will come out of

NASA's existing budget,
and long-term plans
show a decline in science
funding relotive to inflo-
tion. Projects in NASA's
Origins progrom that will
search for extrasolar
planets, such as the
Jomes Webb Spoce Tele-
scope, the Space Interfer-
ometry Mission, ond the
Kepler telescope, contin-
ue to receive healthy
support.

The Explorer program,
however, which revived
NASA spoce science in

will be supplemented by the Mars Telesat the 1990s, will be scoled bock: the next Medium-class Explorer selection will be de-
Orbiter (MTO), whose equipment will loyed o yeor, ond only one, rather thon two, Small Explorer condidates will be cho-
include an experimental laser-based sen. The hardest cuts are to the Structure ond Evolution of the Universe (SEU)

relay system. MTO would be the harbin- theme, which includes high-energy astrenomy ond eorly-universe studies. In oddi-
ger of a network of communications and tion to the cancellation of future Hubble servicing missions, the X-ray observotory
space-weather outposts throughout the Constellation X, the LISA gravitationol-wave project, and the Einstein Probes pro-
inner solar system — the kind of deep- gram would be delayed. The finol budget depends on Congress, so the picture may
space “infrastructure” that interplanetary  change in the coming months.

astronauts would require

SOFIA hangar ceiling. The telescope still first science flight in 2005 from its
lacks its secondary and tertiary mir- base at NASA's Ames Research Center

The telescope tor the Stratospheric rors, and it needs to undergo an end- near San Francisco.

Observatory for Infrared Astronomy to-end test detecting stars with its SOFIA's initial instruments consist

{SOFIA) has now been installed in its CCD camera. But it's on schedule fora  of three infrared cameras covering

Boeing 7475P carrier aircraft. The
1,820-kilogram (2-ton) primary mir-
ror and support structure were
hoisted into the aircraft last July
{see the photo at right). Since then,
the bearing has successtully turned
the 2.5-meter telescope, and engi-
neers have tested its three tracking
cameras. The wide-field camera has
already imaged simulated stars pro-
duced by lasers illuminating the

wavelengths from 1 to 240 mi-
crons, five spectrometers covering
5 to 655 microns, and a high-speed
LAgIng [J!I'Luhrrnﬂrr for rn‘[:rding
pccultations in visible light.

JowaTEAN McDowEgLL, an astromo-
mer df the Harvard-Smitksonian Center
for Astraphysics, writes a weekly elec-

: tronic newsictier on the space program

3 "Ln, I':I'd net 45840 .:'frg'_.-‘s;drm,-'Ii.:f_.-':l'sr'. Jrrm:';.
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by jonathan medowell

Ulysses

The European Space Agency’s Ulysses
probe has completed a distant en
counter with Jupiter, the latest event in
its 14-year odyssey. The spacecraft came
no closer than 120 million kilometers
to Jupiter — more than the distance be-
tween Venus and the Sun, but close
enough to allow detailed studies of the
enormous Jovian magnetosphere.

As 2003 drew to a close the space-
craft was }'l:igh above ]upltrr's north
pole, a region that the Galileo orbiter
did not reach. From its distant vantage
Ulysses detected high-velocity dust
streams from lo of a type originally dis-
covered during its first and much clos-
er Jupiter encounter in 1992. Its instru-
ments continue to monitor the
interplanetary medium as well, and
though Ulysses is more than 5 astro-
nomical units from the Sun, it sensed a
coronal mass ejection from the massive
solar flare last November.

Despite fading power levels on the
spacecraft as the plutonium in its radio-
isotope generators slowly decays, ESA
managers have extended the mission
until 2008, keeping the probe alive
through a third pass over the Sun’s
P&lt.s in 2007-08 du:ing the solar activ-
ity minimum. The previous pass, in
2000-01, took place at solar maximum,
while the first one, in 19004-95, also oc-
curred at solar minimum.

Jomatuan McDoweLrL, g staff sclentist
for the Chandra X-ray Observatory, provides
updates of space missions o his Web site ar
wiote. planet 4550, org/space jer Tsr. himl,

Genesis

After three years ot the
Eorth-5un L; Lograngion
point 1'4 million km from
home, the Genesis probe fs
concluding its mission to
gather moteriol cost off
from the Sun in the solar
wind. Flight controllers
closed its set of collectors

in early April, after which an engine firing was to send it bock to Eorth. On September
Bth the probe will plunge into Eorth’s otmosphere at 10.7 km per second, marking the
first réturn to Earth by o spacecraft thot has been beyond the Moon®s orbit. The de-
scent capsule will hang-glide into the Utah Test ond Training Ronge, where a helicgp-
ter will snatch it in midair and ferry it to recovery-teom members on the ground. Sev-
eral types of collector materiol, expected to hove obout 0.4 milligram of coptured
solor-wind matter, will then be sent to loboratories. There scientists expect to leorn
maore obout the compaosition of the Sun's otmosphere.

Cassini

MASA's Cossini orbiter is on finol approach
to Soturn. On February 9th the spocecraft
snopped a color portrait (below) os it en-
tered Saturn's sphere of influence, the 48-
million-km-rodius region where the grovito-
tional effect of the plonet exceeds thot of
the Sun. Rother than being in on elliptical
orhit around the Sun, Cossini’s trojectory is

now better described os a hyperbalic poth
oround Saturn. When Cossini comes closest
to the plonet on July 1st, it will fire a rocket
engine to cut its speed ond collopse the or-
bit to o long, Soturn-centered ellipse.

Well before that, however, Cossini will fly
past the moon Fhoebe, This 220-km-wide
world goes around the ringed planet in a
distont, backword orbit. Relatively little has
been learned obout Phoebe since
its discovery in 1898, Dur best
view to dote come in 1981, when
Voyoger 2 captured o crude im-
oge from more than 2 million km
owoy. Cossini will come within
just 2,000 km of Phoebe on June
11th, so expect exciting dolo
from its complement of instru-
ments.

Janet Mattei, 1943-2004

Astronomy lost one of its brightest stars when
lonet Akyiiz Mottei possed awoy on March
22nd ofter o six-month battle with ocute
leukemio. She was &1,

Born in Bodrum, Turkey, Mattei directed the
Americon Association of Varioble Star Observers
through its mony stoges of growth and modern
izotion since 1973, The AAYS0, founded in 1911,
is one of the oldest ond imgﬂ-st amateur argaoni-
rations in the world, with members in more thon

&0 countries ond more than 10 million voriable-
stor observations in its dotobose. Maottei's oc-
complishments include fostering professional-
amateur colloboration in the study of cato-

clysmic voriobles ond estoblishing educotionol
programs such as the Hands-On Astrophysics
and High-Energy Astrophysics Workshops for
Amateur Astronomers. In 2001 the International
Astronomical Union nomed osteraid 1998 FA5
os 11695 Maottei — EOWIN L. AGUIRRE
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WIRE

Although the Wide Field Infrared Ex
plorer (WIRE| failed in its intended
mission, it's ebserving again.

The satellite was to perform an in
frared sky survey, but its main 30-cen-
timeter {12-inch) supercooled telescope
was rendered useless a few hours after
its 1999 launch when a malfunction
boiled off the solid-hydrogen coolant

MOST

Following WIRE's serendipitous success in
osteroseismology, Conoda launched the
first mission dedicoted to this technigue
in late 2003. The Microvoriability ond Os-
cillotions of Stars (MOST) satellite began
its science-observing progrom in Jenuary,
Its 15-cm telescope concentrated on Pro-
cyon in Conis Minor during the first month
of observotion. Although MOST has Y000
the collecting orea of the Hubble Space
Telescope ond looks only ot bright stars,
its detectors con spend an entire month
oimed ot one stor. Procyon's brightness
over time is now known better than that
of any other stor except the Sun. MOST
will concentrate on noked-eye stors,
though the torget list includes o few
11th-magnitude Wolf-Royet stars.

Derek L. Buzasi of the US Air Force
Academy persuaded NASA to let him
make astronomical observations using
the diminutive 5-cm optical star-tracker,
which served as the satellite’s finder
scope |arrowed in photo at left). The
startracker can take high-accuracy
brightness measurements in a fraction
of a second and has been used to study
variable stars and the internal structure
of stars by noting the tiny brightness
changes as a star quivers — a technique
called asteroseismology. The frequen-
cies of these vibrations tell the interior
properties of the star. Buzasi's observa-
tions stopped in September 2000 be-
cause of funding problems, and the
satellite then became an engineering
training tool.

However, the telescope returned to
service on November 26, 2003. After
several weeks of checkout, high-quality
data started rn”ing in again on Decem-
ber 16th at the rate of two measure-
ments per second. “So far, the camera
seems essentially unaffected by its long
hibernation,” Buzasi reports. “Probably
our most interesting target to date is a
month-long observation of Polaris.” The
period and amplitude of this Cepheid
variable have been changing for
decades (S&T: Jangary 1999, page 18).

COROT

A French project will corry on the ostero-
seismology endeavor. COROT (o controction
of “convection, rotation, and plonetary tron-
sits"™) will be lounched in mid-2006 to study
stellar oscillotions and search for tronsits by
extrosolor planets. The 670-kilogram
(1,475-pound) sotellite is one of 0 new se-
ries of small missions that begon with the
loson oceanogrophy satellite in 2001, It's
the first dedicoted French ostronomy mis-
sion since the Signe 3 gamma-ray satellite
in 1977, though other European countries
are colloborating to reduce costs. Like Signe
3, COROT will ride to orbit on o Russian
rocket and will be controlled from the spoce
center in Toulouse, Fronce. Its main instru-
ment is o 30-cm telescope with four large
CCD detectors providing o 2.8°-square field
of view. These detectors will measure the
brightnesses of all stars in preselected re-
gions of the sky, Mission scientists want
CORODT to stare for five months ot o time ot
twao fields along the plane of the Milky Way:
ane in Aguile not for from the goloctic cen-
ter ond the other on the opposite side of the
sky in Monoceros. This should yield o survey
of some 60,000 foint stars for plonetary
transits ond oscillotion measurements for
about 50 bright stars.

JowaTHAN MCDoweLL, o stoff scientist for the
Chondra X-ray Observatory, provides updates
of space missions on his Web site of

www. planetd 589.org/spoce/jsr/isr. himl.
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by jonathan medowell

Gravity Probe B

NASA's Gravity Probe B satellite finally
reached space on April 20th after almost
40 years of development (July issue, page
22). This challenging physics experiment,
developed by a Stanford University team
and built by Lockheed Martin, will stare
at the 5th-magnitude star IM Pegasi for
more than a year, attempting to measure
the tiny shifts in the orientations of ultra-
precise gyroscopes caused by the “frame
dragging” of space-time imparted by
Earth's rotation. This phenomenon, pre-
dicted by general relativity, should alter
the spacecraft’s orbital plane by 0.0400
arcsecond per year. GP-B will also make
an accurate measurement of the well-
established warping of space-time due to
Earth's mass, which should have a much
larger effect of 6.6144 arcseconds per
year in a different direction. To measure
such ultrafine quantities, the 3,145-kilo-
gram spacecraft carries four gyroscopes
{kept at 1.8° Kelvin by liquid helium),
laser retroreflectors, two Global Position-
ing System receivers, and a 14-centime-
ter quartz-mirror telescope.

Engineers confirm that the gyros are
operating well. One malfunctioning
thruster has been deactivated, but the
remaining ones are working fine. The
thruster system is critical to counteract
atmospheric drag, isolating the interior
of the satellite from all perturbing cfiects.
By the third week of the mission the
satellite successfully located its target star.

2001 Mars Odyssey

The Mars Odyssey spocecraft will
complete its primary mission in
Bugust. Lounched in April 2001 os
the first element in NASA's renewed Mars-exploration effort following o pair of fail-
ures, Ddyssey reached the red planet in October of that year, performed aerobroking
maneuvers to lower its orbit, ond storted requlor operotions in February 2002. The
croft finished o full Martian year orbiting the plonet in January 2004, ond it's been
used a5 o cruciol communications relay for the Spirit and Opportunity rovers.

The low-resolution (100-meter) infrored imoges from the Thermal Emission
Imaging System (THEMIS) camera now cover the whale plonet. THEMIS's spectoculor
high-resalution (20-meter) visible-band imaging has recently concentrated on the
southern polor regions. Odyssey completes one polar orbit every two hours, end its
ground trock repeots every two days. The spocecroft’s other working instrument, o
gomma-ray spectrometer, continues to study surfoce composition. A third experiment
intended to assess rodiation foiled during o powerful solar flare in October 2003.

NASA's next orbitol mission, Mors Reconnoissance Orbiter, will be lounched in
August 2005 but will not begin science operations until November 2006,

PP AROeR T R0 UNTERRSITY

Hi%s

JomaTuan McDoweLr, an astronomer af
the Harvard-Smithsonian Center for Astro-
physics, writer @ weekly electronic newsletter on
the space program at www. planet4550.0rg/
space/jar/Jar. html.

Heavy-Metal Frost
on Venus

High otop Venusion mountoin peoks is some-
thing strange: o deposit thot is highly reflec-
tive to rodio woves. Rodor pings from Earth
strongly suggest the presence of o semicon-
ducting, likely semimetallic material conting

Galaxy Evolution
Explorer

The GALEX satellite completed its first yeor
in orbit in April, and the complete data from
those 12 months will become availoble 1o
the astronomical community in October.
GALEX's primory mission of sconning the
sky ot ultraviolet wovelengths will continue
for onother year. The project’s Near-

by Galoxy Survey is nearly
tompleted (see poge 32),
ond its Medium Imaging
Survey, which covers
the regions of the
deep Sloan Digital
Sky and 2dF Galaxy
Redshift surveys, is
mare thon 60 per-
cent finished. Future
observing time will
concentrate on com-

the heights. Louro Schoefer ond Bruce Fegley
Jr. (Washington University in 5t. Lowis) investi-
goted more than 650 possible compounds thot
it might be.

Previous groups hod speculoted that ele-
mental tellurium was the substonce on the
mountaintaps. However, Schoefer ond Fegley
found that solid Te won't condense below an
oltitude of 47 kilometers (29 miles) in Venus's

pleting the all-sky and specialized spectro-
SCOPIC SUTVEYS.

GALEX’s sensitive ultroviolet telescope
operates when the satellite is in Eorth's
shodow. While observing posses typically
last about 30 minutes, the windows on
some orbits ore slashed to os little s & min-
utes when mognetospheric chorged parti-
cles concentroted over the South Atlantic

Ocean interfere with the instrument.,
GALEX tronsmits 6 gigobytes of
information daoily, which ex-

ceeds the combined doto
rate of the Hubble ond
Spitzer spoce tele-
scopes. The surveys
will cotalog several
tens of millions of
sources, including
galoxies (such os NGC
-+ 55, ot left), quasars,
“ ond white-dworf stars.

hot, dense otmosphere, while the planet's
highest mountains are only 10 km {33,000
feet) tall. However, the team found that the
minerals galena (PbS) ond bismuthite (Bi,5,)
meet oll of the necessory criterio. Bismuthite
condenses obove o mere 1.6 km, while galena
could condense everywhere. Both ogree with
the dielectric constonts thot hove been meos-
ured from orbil as well, — DAavID TYTELL
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B news notes

Jupiter Icy Moons Orbiter

Planning is picking up for NASA's Jupi-
ter ley Moons Orbiter (TIMO), slated to
embark around 2015, JIMO will demon

strate the use of a nuclear reactor to pro-

vide power for outer-planet missions.
The proposed spacecraft will be 20 me-
ters (65 feet] long and will weigh 20 toms
— three times the size and four times
the mass ot Cassini, the largest deep-
space probe to date. The reactor will
power an clectric-propulsion system to
reach Jupiter and allow a multivear mis-
sion with ample :'.'||'_|;|'|::u1|i'r'_..' for trajectory
changes. JIMO will orbit several of the
Galilean moons to study their likely sub
‘§|I_JI'|.'.|'I.ET CHUCERTS, It '.’I.'I” CArmy d |drﬂ|'f .ir]i]
more |_'I-f'|'|.'|-'l"'T-.|'|III'I qT:" science I"Iﬂjl,:ll"l.':fl
tl]ﬂl'.l FII"I'-.':l-'.Il'I" on curnént iI'I:I'I'J.'l..'AIII."lilJ':.'
spacecraft, as well as communicate at a
much higher data rate.

The mission is part of the multibillion-

dollar Project Prometheus, dedicated to
perfecting nuclear power systems tor
space use. NASA argues that nuclear
tission-reactor technology is crucial for
future exploration of the solar system.
The only previous US space reactor was
the SNAP10A experiment in 1965. The
Soviet Union launched 34 reactors be
tween 1970 and 1988 to power radars
aboard naval reconnaissance satellites
and suffered several notorious failures,

including the scattering ot radioactive

material across Canada in 1978. Simpler

and sater rad nisotope thermoelectrie
generators, which use noneritical
amounts of plutonium and generate
electricity from the heat of its decay,
have been tlown on the Apollo. Pioneer
10 and 11, Viking, Vovager, G lileo, and

Cassini missions

r 2004 Sky & Telescope

Hayabusa

Jopan's Hoyabuso (formerly
MUSES C) osteroid mission
hos completed its first orbit
of the Sun following lounch
in May 2003. Two or three
of its four fon engines hove
been operating more than
50 percent of the time, in-

C JIFLs IREE

creasing the probe's velocity by 4 meters per second per doy — on acceleration of
only five-millionths of an Eorth g, but enough to increose its ophelion by 13 percent.
Flight controllers shut down the engines temporarily on December 22nd, ofter 120 to-
tal doys of use; onother 40 doys of operation put Hoyobusa on course for an Eorth
flyby on Moy 19th (see the imoge obove). As the spocecraft swooped only 3,725 kilo-
meters (2,315 miles) abave the surface, gravity altered its orbit to carry it out to
neor-Earth osteroid 25143 Itokowa, nomed ofter Hideo Itokowo, o pioneer of the Jop-

Onese SpOce program.

Hoyabusa's ion engines will slowly match the probe’s arbit with that of the oster-
oid, which ronges from 0.95 to 1.69 ostronomicol units from the Sun. In June 2005,
Hoyobusa will rendezvous with the holf-kilometer rock ond spend several months
looking for o good spot to touch down. After collecting some dust from Itokowa's sur-
face, the prabe will set off back toword Eorth and lond in Australio in mid-2007.

Coriolis

The US Air Force Coriolis sotellite, launched
into o polar orbit in Jonuory 2003, is now

returning ostronomicol results. The main in-

strument on Coriolis is a microwave dish
studying the winds over Earth's oceon sur-
foce, but it olso corries the Solor Moss Ejec-

tion Imager (SMEI), on all-sky comera copa-

ble of extremely occurote photometry (0.1
percent). Built by teams in Birminghom,
Englond, and S5on Diego, California, in col-
loboration with the US Air Force Research
Loborotory, SMEI is optimized to detect

faint visible-light emissions from soler erup-

tions heoding toward the Eorth. The instru.

ment's three comeras operate of visible ond
near-infrared wovelengths (450 to 950
nanometers), suppress stray sunlight by 15
orders of mognitude, and con show faint, dif-
fuse features on the sky with 12-orcminute
resolution. The instrument generates an all-
sky image every orbit; ostronomers expect
it to provide accurate light curves for bright
vorioble stors in oddition to its main goal of
imaging solor-ejected plosmao.

Jomarvan McDowel, a steff scientist for the
Chandra X-ray Qbservatory, provides updates
of space missions on his Web site at
www.plonets 589.org/spoce/jsr/isr. html.




by jonathan medowell

James Webb Space Telescope

Development of the Jomes Webb Spoce Telescope (JWST) took o step forword in June
with the announcement that the European Space Agency (ESA) will fund its share of
the construction of the Mid Infrared Instrument (MIRI). This comera and spectrograph
are critical for studying the structure of the earliest, most distont goloxies, whose
visible storlight is redshified for into the infrared. MIRI will operate in the 5- to 28-
mitron range, and its imaging component will moke pictures with 0.1-orcsecand-wide
pixels ocross o 1-arcminute field of view, The Jet Propulsion Loborotory will build the
instrument in colloboration with the Europeon teom.

ESA is also providing NIRSpec, o near-infrored multi-object spectrogroph sensitive
from 0.6 to 5 microns, and probobly on Arione 5 louncher to get JWST to its solor
orbit in 2011. NASA will be responsible for the spacecraft, the telescope, and the
neor-infrored imoging comera (MIRCam). Developed by a University of Arizona team,
the 0.6- to S-micron NIRCam will be the main imoging instrument on IWST. With o
pinel size of 0.03 orcsecond ond o several-arcminute field of view, it will not only |
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Mars Express

Europe’s Mars Express orbiter compler
ed its formal scientific commissioning
an June 3rd, but the mission has run
into a problem with one of its main sci-
ence instruments. The Mars Advanced
Radar for Subsurface and lonosphere
Sounding [MARSIS) will use long radio
waves to penetrate the Martian surface
to search for deeply buried water or ice,
The deployment of its 40-meter-long
(130-foot) antenna has been put on
hold, however, because of a possible de-
sign flaw. Although prelaunch studies
indicated that its two spring-loaded an-
tennas would lock into place smoothly,
in March engineers raised new concerns
that the flexible rods might whip back
with enough force to damage other parts
of the spacecraft. Simulations have
failed to resolve the issue, and for now
the deployment is on hold. MARSIS
will be the first active radar sounder on
& deep-space mission since Apollo 17
probed the lunar surface.

The spacecraft arrived in Martian
orbit last December 25th. After an initial
pl:ri.ud of science operations, flight con-
trollers adjusted its orbit on May 6th,
lowering the highest point to 10,000
kilometers 6,000 miles). For several
months the high-resolution stereo cam
era charted spectacular volcanoes and
canyons, as well as complemented the
continuing operations of the US rovers.
Mars Express now has its closest ap-
pmac'h (260 km| on the night side of
the planet, and scientific activity has
shifted to its atmospheric spectrometers.

have red-light copobility simi-
lor to the Hubble Spoce Tele-
scope’s Advanced Comera for
Surveys, but olso will super-
sede the copability of the
Spitzer Spoce Telescope's
Infrared Array Comero. MIRI
will fill in the spectrol gop be-
tween Spitzer's instruments
and will hove much better
resolution.

On the other hand, IWST
covers o much norrower spec-
trol range thon Hubble ond
Spitzer together con, os it
locks coveroge in the far in-
frored ond in the yellow-1o-
ultroviolet realm.

FUSE

The Far Ultroviolet Spectroscopic Explorer
(FUSE) sotellite celebrated its fifth anniver-
sory in June, hl;nring pcquired more thon
29,000 spectro of 2,000 torgets with o total
exposure time of 1% years, Despite o crisis
with the ottitude-control system in 2001
ond loter gyroscope problems — both over-
come with software fixes — FUSE continues
to operate well with no near-term technical
[imits on its future health. The sensitivity of
its ultroviolet instrument hos declined by
only 20 percent, which is rother good con-
sidering thot UV cootings are notoriously
difficult to keep free of contamination. FUSE

has confirmed the existence of o halo of hot,

ionized gos around the Milky Way Golaxy,

thus helping ostronomers understand the
importonce of holo ond intergaloctic materi-
al in the evolution of galaxies. It hos also
maode strides in the cosmologically impor-
tont measurement of deuterium abundance
in aur galaxy. University of Colorodo re-
searchers recently used FUSE to estimote
thot this hydrogen isotope exists at 23 ports
per million in our goloxy. The rotio for the
entire universe is only slightly higher, sug-
gesting thot less deuterium hos been de-
stroyed by stellor processes than expected,

|OMATHAN MCDOWELL, an astronomer af the
Haorvard-Smithsonian Center for Astrophysics,
writes o weekly electronic newsletter on the
space program (www. planet4 589.0rg/5poce/
jsefisr.btmi).

Sky & Telescope Cwiober 200




WIESGLATGGICE by jonathan medowell

Hubble Space Telescope

One of the Hubble Space Telescope's
premier science instruments failed on
August 3rd. A power converter blew

in the main electronics box for the
Space Telescope Imaging Spectrograph
[STIS), the only detector on Hubble
that can record spectra in visible and
ultraviolet light, leaving it unusable —
most likely permanently — and the tele-
scope without a crucial capability.

This is a huge blow to astronomers,
since spectra are needed to study the
chemical composition and physical
state of the objects Hubble examines,
and to measure redshifts of galaxies
and gas velocities around black holes —
all science goals that the remaining in-

Submillimeter Wave
Astronomy Satellite

On July 23rd the groundbreoking Submillime-
ter Wave Astronomy Sotellite [SWAS) took
its lost scientific dato ond entered o stand-
by made. Although the science instrument
remains fully usable, two laser diodes in the
spectrogroph are nearing the end of their
lives. In its retirement, SWAS will be used to
test new softwore for sotellite subsystems.

Lounched in December 1998, SWAS stud-
ied emission from water molecules in our
goloxy to mop the chemistry of stor-forma-
tion regions. Its ariginal two-year mission
stretched to five, with maoin operations con-
cluding in September 2003. Its eorlier stud-
jes probed the structure of the epper otmos-
phere of Mars ond cought the onset of a
locolized dust storm, providing critical new
information on how the Martion otmosphere
con redistribute itself when o storm hits.
Taking advantage of the improved sensitivi-
ty afforded by the close opposition of Mars,
NASA opproved o special observation com-
paign for the still-healthy satellite in the
fourth quarter of 2003,

SWAS lay idle for o few months until o pair
of two-week compoigns for o similor study of
water in the atmosphere of Venus took place
in Morch ond July 2004. This hod never been
ottempted becouse it violoted o mission rule
that SWAS shouldnt point near the Sun.

struments cannot help with. Fur-
thermore, STIS's ultraviolet capa-
bility is unique, because ultravio-
let light from space doesn't reach
ground-based telescopes. This
leaves astronomers without any
way to record the important ul-
E!'.H.'lul"i-i.lll!"T '_\-FI!'I'.'tr.E.] 'F'il'l.;.:ETFITE]'I['-i ﬂ!.
ionized hydrogen and carbon
considered crucial to studies of
quasars and of the atmospheres of hot
stars, Hubble's keen sight also allowed
STIS to take spectra of very small re-
gions within larger sources, a key factor
in revealing the prevalence of supermas-
sive Iﬂlﬂﬂk |'I'!:I|!"5- 1l lI']t' COTCS (:If Ei!ﬂ.‘:i.t‘g.
STIS was added to Hubble in Febru-
ary 1997 during the second Space Shut-
tle servicing mission, replacing two ear-

Messenger

lier instruments: the Faint Object Spee-
trograph and the Goddard High Resolu-
tion Spectrograph. Its successor, the
Cosmic Origins Spectrograph (COS), is
ready for launch but has been grounded
indefinitely because of the ban, eurrent-
ly under review, on post-Columbia shuttle
rmissions to service the Hubble telescope
(last month's issue, page 26).

After o one-day deloy becouse of clouds from Hurricone Alex, NASA's seventh Discov-
ery planetory mission is now on its way to the solor system’s innermost world. The
Mercury Surfoce, Space Environment, Geochemistry, and Ronging mission — known
o5 Messenger — lifted off from Cope Conoveral on August 3rd. Operoted by Johns
Hopkins University's Applied Physics Laborotory, the probe passed the orbit of the
Moon o doy loter, The Delto rocket’s finol stoge left Messenger escoping from Earth
obout 54 kilometers per hour slower than planned, an omount that flight controllers
con eosily make up with the first course correction.

Messenger's first solar orbit is o 365-doy circuit inclined 6° to Earth's orbital
plane, After one year the craft will make a close Earth flyby to redirect it into an or-
bit thot swings inword post Venus. After two close brushes with that planet, Messen-
ger will end up with o perihelion near Mercury, allowing flybys of the innermost
planet starting in 2008. Getting into orbit around Mercury is much tougher, howey-
er, 0% Messenger must lose o lot of speed to match the planet’s orbital velocity.
Three Mercury gravity assists will slow the probe enough to drop into an ellipticol _

polor orbit on the fourth encounter
in 2011. Messenger’s expected ar-
rival ot Mercury is several years lot-
er than originally planned, but it
will still get there ahead of the rival
Europeon mission, BepiColombo,
whose lounch has slipped from
2010 to 2012.
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JoNATHAN McDOWELL, o staff scientist
for the Chandra X-ray Observatory,
provides updates of space missions
on his Web site af www.planet§589
.org/spacefsr/fsr.himl.
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B news notes

by jonathan medowell

Beagle 2

Following a scathing internal inquiry

-

Genesis

When its sample-return capsule
slammed into the Utah desert
on September 8th, Genesis's
three-year flight to collect solar
wind samples came to a cata-
strophic end. But much of the
mission may be salvaged,

The capsule separated from the main spacecraft 60,000 kilometers above
Earth and made a successful atmospheric entry at 11 km per second. But the
mortar used to deploy the eapsule’s parachute did not fire, and the tumbling
vehicle streaked past the waiting capture helicopters and hit the ground at
around 85 meters per second (190 miles per hour). Rescuers found the capsule
cracked open and partly embedded in the desert floor, in the middle of its
target area in the Great Salt Lake Desert.

The Genesis space probe was launched in August 2001 to orbit the L,
Lagrangian point, 1.5 million km sunward from Earth, where it collected atoms
of the solar wind. It became the first spacecraft to return to the Earth's surface
trom beyond the distance of the Moon. Its payload consisted of 275 wafers of
silicon, sapphire, gold, and diamond that were exposed to space for 20 months.

Scientists hope that the largely intact wafers picked out of the wreckage
are sufficiently uncontaminated to reveal the isotopic makeup of the gas
streaming through interplanetary space, and thus the exact composition of
the Sun. The ratio of oxygen's three isotopes is particularly crucial, sinee it
seems to vary from planet to planet and cosmochemists are not sure why.

in May by the European Space Agency
(ESA) and the British MNational Space
| Centre that criticized the Beagle 2 Mars
I-]”':.-IET :—J‘I"l'-'if'l."'] !-l I I'Iﬂ".lt'.'l'.lil."l"‘ marnage
ment and testing, the Beagle team has
released its own assessment of the mis-
| sion. That review defends the lander's
_ design and concludes that incorrect
| models of the Martian atmosphere
may have caused the probe to crash,
Atmospheric density is used as a

guide during landing preparations;
thinner air means both a faster descent

| and later activation times. After riding
piggvback to Mars on ESA's Mars Ex

' press orbiter, E-li'.lgh' 2 was last seen a
few minutes after it separated from
that spacecratt on December 19, 2003
Five days later it entered the Martian
atmosphere at a speed of 5.5 kilome-
ters per second, and it should have
landed on the surface 4 minutes later.
NASA's Spirit and Opportunity rovers
both experienced thinner armospheres
than expected during their landings
in January, squeaking by to safety with
parachute openings that were later DUUhlE Stﬂr
than originally planned. It's possible
that Beagle 2 tailed to deploy its The People's Republic of China lounched
airbags or parachutes at all before it Ton Ce 2, the second and lost Double Star

slammed into the surface.

The team does acknowledge that the
mission was incorrectly treated as if it
were just another seience instrument
attached to the orbiter, rather than as a
much more complex enterprise requir-
ing additional resources and funding

sotellite, into polor orbit on July 25th, o
holf year ofter its equatoriol-orbit twin,
The Double Star program combines Chinese
sotellite ond rocket technology with Euro-
pean spoce-science instrumentotion lef
over from the Cluster magnetospheric re-
seorch project. The two Tan Ce (“Explorer”)
satellites will probe Earth’s inner mogne-
tosphere from relotively low-oltitude,
elongoted orbits in colloboration with the
four European Cluster sotellites — Tango,
Rumba, Sombo, ond 5olso = which are in
higher polar orbits.

Earth

1HO A S AR SOURCL

REGG

Lounched southward from China's Talyuan spacepart, Tan Ce 2 reached an orbit that car-
ries it 39,000 km obave the Arctic Circle; Ton Ce 1 has on opogee of 79,000 km over the
equator, like thot of the Cluster armada. The new satellite carries o complement of proton and
electron detectors, mognetometers, ond long ontennas to measure plasmo-wave phenomena,
o5 well o5 on odvanced neutral-otom imager thot takes “pictures” of the mognetosphere by
detecting atoms rather thon light.

JonaTHAN McDoOWELL, an astronomer at the Horvard-Smithsonian Center for Astrophysics, writes
a weekly electronic newsletter on the space progrom (www.plonets 589.org/space/jsriisr.himi).
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Genesis

Thousands of broken shards from the sample collectors of the
Genesis spacecraft have been sent for analysis to NASA's
Johnson Space Center (see last month's issue, page 26). Pre
liminary investigation indicates that the parachute failed to
deploy during reentry duc to a design error in the switches
that should have detected the capsule’s deceleration

The Genesis sample-return canister was ejected from its par
ent spacecraft at 11:53 Universal Time on Scptember 8, 2004,
and entered the atmosphere four hours later, Meanwhile, the
rest of the spacecraft made a course change at 12:08 UT so

New Horizons

Success of the New Horizans mission to

Pluto ond the Kuiper Belt hos been threot-

ened by the shutdown of work at Los Alo-
mos National Loborotory after o security
breach. This has deloyed production of
the plutonium-238 fuel for the spacecroft's
thermoelectric power source. NASA now
plans to go oheod with the January 2006
launch with as little os B0 percent of the
plonned plutonium load, which should
permit the Pluto flyby in 2015 but moy
leave the probe with insufficient power to
return doto from encounters with Kuiper
Belt osteroids.

The 465-kilogram (1,020-pound) craft

2007 Sky & Telescope

will corry six main science instruments.
The primory comeras ore the Long Ron ge
Reconnaissance Imoger (LORRI) and the
two-port Pluto Explorotion Remote Sens-
ing Investigotion (PERSI). The lotter hos
on ultravialet detector colled Alice ond o
visible-infrored comera system colled
Rolph (which is behind schedule and over
budget). Two plosma instruments will
study low- and high-energy porticles. A
dust counter will somple trons-Neptunian
spoce, ond the X-bond rodio system will
olso be used for scientific meosurements,
An Atlos 5 rocket will boost New Hori-
zons toward o gravity-ossist flyby of Jupi-
ber one year after
lounch. After passing
just outside the orbit
of Callista, the croft
will be on course for
on eight-yeor coost to
Pluto and its moon
Choron. The probe will
explore the distant
Kuiper Belt if it hos
- any energy left. New
: Horizons principal in-
vestigotor Alan S5tern
(Southwest Research
Institute) is arguing
for on extro mission os
o bockup. New Hori-
zons 2 would torget
1999 TCy, o binary
Kuiper Belt object, as
well os other minor
: planets = if plutanium
production is restored.

that it missed Earth and headed back out into deep space. By
November, the spacecraft should be at the edge of Earth's
gravitational influence. The Genesis team has proposed an
“Exodus” follow-on mission to enter solar orbit and monitor
the solar wind, but funding for this is not yet secured.

Astrosat

The Indian Space Research Organisation
[ISRO) is developing Astrosat, its first ded-
icated astronomy satellite. The spacecraft
will be launched in 2007 and will carry
ultraviolet and X-ray instruments for
observations of variability in active galac-
tie nuclei, cyelotron emission lines in X-
ray binaries, and a six-month UV survey
of the galactic polar regions.

Two 40-centimeter (16-inch) telescopes
make up the UV imaging instrument —
one for far-UV {120-180 nanometers) and
the other for near-UV (180-280 nm). The
largest X-ray instrument will have sensitiv-
ity similar to the Rossi XTE detector but
with a much broader energy window.
Scanning sky monitors will continue the
legacy of XTE's all-sky detectors and iden-
tify transient sources, while four coded-
mask telescopes will provide better spec-
tral resolution than a similar telescope on
the Swift satellite. A soft X-ray telescope
fills out Astrosat's capabilities.

Scientists from the Raman Research
Institute, the Indian Institute of Astro-
physics, the ISRO Satellite Centre, the
Inter-University Centre for Astronomy
and Astrophysics, and the Tata Institute
of Fundamental Research are involved in
the project. India has a significant her-
itage of space astronomy, but this is the
first Indian science mission competitive
with contemporary satellites from the
United States and Europe,

JonaTHAN McDowELL, a staff scientist
for the Chandra X-ray Observatory, provides
wpdates of space missions on his Web site ar

i planet 4550, org/space fjer far. ktml.



B news notes

WIESLORTLGIER by jonathan medowell

i

SOFIA

The airplane-based Stratospheric Obser-
vatory for Infrared Astronomy (SOFLA)
— a joint venture between NASA and
the German space agency, DLR —
passed several important milestones in
recent months, In August engineers
interrupied their preparation of the
Boeing 7475P aircrart to attach the first
scienee instrument to the telescope
temporarily {see the photograph at
right}, then rolled the plane out from its
hangar to sit under the Waco, Texas, sky.
The High-speed Imaging Photometer for
Occultations {HIPO) made its first astro-
nomical observations from the taxiway,

Gravity Probe B

GP-B continues its quest to prove the exis-
tence of the relativistic “frome dragging™
of space-time, more formolly known os
the Lense-Thirring effect (S&T: July
2004, poge 22) . Eorly troubles delayed
the start of full science operations (with
oll four gyroscopes aligned on torget stor
IM Pegosi) until September 16th, more
thon five months ofter lounch. And that
milestone was followed by further glitch-
5. In October the forces opplied to the
spinning gyros resonoted with the slosh-
ing of liquid helium in the spocecraft's
dewnr, cousing problems for the contral
system. Two gyros repeatedly switched
operoting modes until flight controlliers
made odjustments. On Navember 10th o
solar event intensified the lower portion
of Eorth's radiation belt and forced GP-B
into o sofe mode, interrupting observa-
tions for a couple of doys. However,
these difficulties hove reduced only
slightly the dota to be collected during
the satellite’s 13-month mission, which
will provide precise measurements of
gravitational subtleties predicted by the
general theory of relativity.

Meanwhile, physicists are intrigued
by lost October's controversiol claim
that researchers hove measured the
frome-drogging effect in orbitol shifts of
the two LAGEOS satellites (January is-
sue, poge 26). Measurements of this

7ary 2 Shy & Telescope

After this shakeout
of the telescope and
successful capture
of light from Palaris,
wark shifted back to
the 747, During a
comprehensive
mantenance I"!"II"'I"k.
in October, two en
le‘l':h'l rl.II:I '.lH.' UF.IF.?I.T
half of the aperture door arrived for in
stallation. The aircraft will perform test
tlights at Waco in early 2005, then will
fly to NASA's Ames Rescarch Center in
California. Once the science instru-

pair of high-orbit loser-ronging targets
were combined with newly detailed
maps of Eorth's gravitationol field goth-
ered by o poir of low-orbit sotellites,
GRACE 1 and 2, which follow ench ather
oround the world o half minute apart.
The LAGEDS/GRACE result depends on
coreful subtraction of much lorger New-
tonian gravity effects, which GP-B ovoids
because of its exoct polor orbit ond the
isolation of its free-floating gyroscopes.
Even if the occurocy of the LAGEDS result
i5 a8 good as cloimed, scientific consen-
sus ond confidence in the measurament
of frome drogging will await GP-B's for
more accurote onswer, expected 1o be
announced lote this year.

Known for his encyclopedic space-program
knowledge (www plonets S89.0rg/spoce/jsr
jsr.htmi), JoNATHAN McDOWELL /5 o stoff
scientist for the Chandra X-ray Observatory.

Grovity Probe B

ments are completed and installed, test
flights will resume in late 2005 — when
the science team will open the planc’s
huge fuselage aperture for the first
time and make airborne observations.

SMART-1

The European Spoce Agency's first Small
Missions for Advonced Research in Technal-
ogy spacecroft (SMART-1) has reached lunar
orbit after a yeor in spoce. It was corried os
o piggybock poylood on an Arione rocket
lounching commercial communicaticns sotel-
lites in September 2003 ond put into on
elongated orbit reaching to 36,000 kilo-
meters. The sotellite’s ion-powered propul-
sion system — which gives a very weak
thrust for very long durations — gradually
roised the altitede to edge it toword the
Moon. In an innovative technigue, SMART-1's
orbit was synchronized with the Moon in
such o way that it received repeated boosts
from lunar gravity.

On November 11th, after 322 loops
around Earth, the spacecroft finolly crossed
the weak grovitational boundory ot the L,
Logrongion point between Earth and the
Moan. Thereafter, its orbit wos better
described os Moon-centered thon Eorth-
centered. SMART-1"s first lunar orbit, inclinad
817 to the Moon's equator, brought it to
within 5,000 km of the surfoce four
days later ond then back out to 51,400
km, the most loosely bound luner orbit
ever achieved. Since then SMART-1's
Xenon-ion engine hos shrunk the orbit
and bound the croft maore tightly to the
Moon, By lonuary the spocecraft wos to
be looping between 300 ond 3,000 km
from the surfoce, ond instruments were
to begin hunting for ice hidden in shod-
ow at the lunar poles.

VOATIL R eraisaY



by jonathan medowell

Swift

Swift — an innovative satellite designed
to locate and all:ld:..' BArTiTIA-TaY buirsts
(GRBs] — was launched on November
20, 2004, into a 600-kilometer equatorial
orbit. By early December, all its instru-
ments had been activated and were ob
serving the sky. Full operation of Swift
was not expected until January.

Swift is the next step in a long effort
to understand GRBs — intense seconds
]ﬂng hl.l.]'"ilﬁ- r}f ﬂlliﬂ.'ti!]‘r] #.."I]I:I'Iil'l‘g 'I:I'H‘I'[I
deep space [S& T: March 2004, page 32).
Previous missions, such as Italy's Bep-
poSAX and the international High Ener-
gy Transicnt Explorer 2, made steps to-
ward pinpointing them, but Swift takes
a different approach — it's optimized to
detect GRE afterglows with a trio of spe-
cialized instruments.

Its wide-area scarch system is the Burst
Alert Telescope (BAT), a coded-mask tele-
scope with g cadmium-mercury-telluride

Rosetta

After o yeor orbiting the Sun, Europe’s comet-bound Rosetio
spacecroft will fly by Eorth in Morch. Lost November 25th o rocket
burn chonged Rosetto's speed by o mere 9 centimeters per second,
precisely targeting its opproach. Rosettn will poss within 4,500
km of Eorth’s surface and will pick up enough speed to throw it on
course for o Mortion gravity-ossist flyby in eorly 2007. More Earth
flybys are necessary before Rosetto can motch position ond speed
with the comet 67P/Churyumov-Gerasimenka in 2014. Engineers
completed Rosetta’s commissioning phose in Dctober, with a thor-
ough workout of the probe's spectrometers ond imogers as well os

o checkout of the londer systems.

detector sensitive to *hard” X-rays with
energies between 15,000 and 150,000
electron volts (V). BAT made its first sky
image on December 3, 2004. BAT can see
10 percent of the sky at once. When a
GRB oceurs, it will immediately trigger
the satellite to point roughly at the site
of the burst so that the X-ray Telescope
[XRT), working in the softer 300- to
1.000-eV energy range, and the 30-
centimeter Ultraviolet/Optical Telescope
[UVOT), will catch the resulting light and
zero in on the burst's location.

The accurate position obtained by
XRT and UVOT will also be flashed to
astronomers worldwide, who will then
rush to use ground-based telescopes
and other satellites to catch the after-
glow before it fades. XRT and UVOT
will also take spectra to measure the
glow’s redshift and physical propertics.

Soon after launch, engineers discov-
ered that XRT has a faulty power supply

with optics like those on Chondra
or Swift while providing more
spatial resolution thon current
high-energy instruments hove.
Laost September a US-Joponese
team flew o balloon payload over
Texas to test one of the first high-
energy X-ray focusing telescopes.
The InFOCuS instrument consists of
conicol aluminum-foil mirrors —
similor to the ones on Japan's
Astro E sotellite (S&T: April 2004,
poge 28) — with olternating super-
thin loyers (“multiloyers™) of plot-
inum ond corbon. The coatings
ollow InFOCuS to reflect the high-
energy photons thot would poss
through older telescope designs.
Lofted to o height of 39 km (24
miles), the telescope imaged an

in its cooler. The telescope can still op-
crate, but it may have to run its CCDs
hotter than planned, which will lower
their sensitivity.

JTonatHan McDoweLw, a staff scientist for
the Chandra }{-rq!r ﬂbm.:ﬂpr', Pn::pldlﬂr np-
dates of space missions on his Weeb site at
iwiote. planet 4 580.ory /space Jer fsr.html.

Constellation-X
Despite budget cuts to Constelle-  X-ray pulsor with two-arcminute
tion-X, the planned successor to resolution — an order of mogni-
the Chondra X-ray Observatory, tude better than coded-maosk
technology development for the imagers in the some energy range.
next generation of X-ray tele- In 2001, NASA's Marsholl Space
scopes continues. A major chal- Flight Center flew o balloon pay-

. lenge is to make images ot higher  loed called High Energy Replicated
X-roy energies thon is possible Optics (HERD), which mode the

first imoges with focused hard
X-rays. An improved version of
HERQ with more than 15 times os
much collecting area will get its
chonce to fly in early 2005.

Sy & Telescope March 2005
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Mars Science Laboratory

NASA's Mors Science Loboratory (MSL) represents o giant leap in co-
pability over the Mars Exploration Rovers (MERs). It is designed to
study its landing site os o potentiol hobitat for life, hos o plonned life-
time of two years, ond has o minimum ronge of several kilometers.
Scheduled for launch in December 2009, it will follow two non-rover
missions: the 2005 Mars Reconnois-
sance Orbiter, which will look for o
good M5L londing site, ond the 2007
Phoenix Mars Lander, which will
study ice near the Mortion north pole.

Including its interplonetary cruise
stage, MSL will weigh 3 metric tons
compared to the 1-ton MERs, ond it
needs o bigger Delto 4 or Atlos 5
rocket insteod of the cheaper Delto 2
used by recent Mars missions. MSL is too heavy for on sirbag landing
system, 50 it will use o new technigue in which the londer first jetti-
sons its parochute at an oltitude of 500 meters, then uses rockets to
slow down ond hover only 5 meters obove the surfoce, and finally low-
ers the rover slowly to the ground on o rope.

The ambisous MSL is more like o modern version of the 1970s
Viking londers thon the small, lightweight 19905 Mars orbiters ond
landers. The MERs use o rototing drill to strip off ond study rock sur-
foces. MSL will corry o laser to do the same thing by zapping the

- Lunar Reconnaissance Orbiter
“h—mmﬂm-uum
-ﬁlhmanw“dwqhnnhﬁ
Mﬂlﬂtdﬂhﬁhmwmmﬂm
~ resulting from President George W. Bush's initiative is the Lunor -
 Reconngissance Orbiter, or LRO, due for lounch in October 2008.
In December 2004, NASA announced LRO's experiments.
- The mission will measure the rodiation environment in lunor
orbit, the detailed topography of the Moon's surfoce, the distribu-
tion of hydrogen in the extremely thin atmosphere, the temperature
distributions in the permanently shodowed oreas, and the reserves
ﬂ_h-ﬁmm
Researchers building Boston University's Cosmic Roy Telescope
for the Effects of Rodiation (Croter) will use “tissue-equivalent
plastics™ to simulate the humon body and measure the radiotion
dose that ostronouts would receive if they spent prolonged periods
im lunar orbit. The Southwest Research Institute's for-ultroviolet Ly-
* man-Alpha Mapping Project (LAMP) will search for lunor resources,
jparticularly polar water ice, by toking pictures of parmanently shad-
owed polor croter oreas using foint reflected ultroviolet starfight.
Northwestern University's LRO Comero consists of two narrow-
angle comeras with holf-meter resolution for londing-site imoging
ond one wide-angle camero with 100-meter resolution, which will
complement the Clementine spacecraft’s old green-to-infrared lu-
nar maps with new blue ond near-ultroviolet ones. The shorter-

M5L Mast Caomera

Laser Induced Remote Sensing
for Chemistry and Micro-lmaging

Mors Hond Lens imoger
Alpho Porticle X-roy Spectrometer

X.roy Diffraction/
Flunrescence instrument

Rodiation Assessment Detector
Mars Descent imager

Sample Anclysis ot Mars

Pulsed Neutron Source ond Detector
Meteorology Pockoge

Ultroviolet Sensor

rocks from up to 10 meters oway and then analyzing the materials
underneath. Let's hope the Martions won't be alormed.

MSL will carry o microscope with 2.4 times more resolution then the
one on the 2004 rovers, ond it will perform two key onalysis experi-
ments known os CheMin ond SAM. CheMin will use X-ray diffroction
ond fluorescence to determine the mineral mokeup of rock ond soil.
SAM, the Sample Analysis ot Mars suite, will have a gos chromato-
groph mass spectrometer and o loser spectrometer copable of detect-
ing orgonic compounds in both otmospheric ond surfoce samples.

Lunar Reconnaissance Orbiter Instruments
Nome >

Lunar Orbiter Laser Altimeter

LRO Comern

Lunor Exploration Neutron Detector
Diviner Lunor Rodiometer Experiment  Tem
Lyman-Alpha Mapping Project '

Cotmic Ray Telescope for the
Effects of Rodiation

wavelength mapping will help astronomers survey minerals that
could be later mined for iron ond oxygen.

The 500-kilogram craft, plus its onboard propellant for lunar-
orbit insertion (olso about 500 kg), will lift off via o three-stage
Delta rocket. LRO will operate in o polar orbit only 50 kilometers
obove the lunar surface — one-tenth os high os Clementine orbit-
ed ond holf s high os the Apollo and Lunor Prospector missions.
Its nominal life span is one year, after which it might be ploced
inte o higher orbit, where it con oct o5 o communicotions reloy.

JonaTHaN McDoweLL, o staff scientist for the Chondra X-ray Obser-
vatory, provides updates of space missions on his Web site ot
www. planel4 589.org/space/jsr/jse. htmi.
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Mars Express/Beagle-2

After a year's d:]a:.r, E.uru-pn:an Space
Agency officials will finally deploy the
two long antenna booms of the Mars Ex-
press MARSIS radar sounder this May.
In April 2004 the booms' US manufac
turer, Astro Acrospace, became worried
that the antennas might spring out so vi-
olently during deployment that the ap-
pendages could wrap around and hit the
spacecraft, causing a premature end to
Mars Express's science mission (S&T:
October 2004, page 27). After months of
review, ESA decided that though there is
a small risk that the booms might get
stuck in the deployment, there's no dan-
- ger of damaging the spacecraft. There-
tore officials gave the MARSIS team the
go-ahead for deployment. Spacecraft
radars have studied the Moon, Earth,
and Venus, but this will be the first
close-up radar study of Mars.

A less successtul aspect of the Mars
Express mission was the loss of the
United Kingdom's Beagle-2 lander. Last
year, mission scientists led by the Open
University's Colin Pillinger suggested
that bad luek in the form of an unex.
pectedly thin Martian atmosphere may
have fooled Beagle 2 into crashing [De-
cember 2004, page 26). In January,
though, a scathing report from the offi-
cial independent review board was made
public. Dismissing the thin-atmosphere
excuse, the report enumerates a laundry
list of dcsign pmbl:m&, any of which
could have compromised the landing at-
tempt, The group concludes that Beagle-
2 should never have been launched

follow that story

I
SUPERNOVAE ARE NOT ROUND, CONTINUED

MNow that many pulsars have been ob-

served racing across interstellar space at
several hundred kilometers per second,
astronomers realize that the core-collapse

supernovae giving birth to these objects

are often aspherical. This observation and
others have led to theoretical research by
I. Craig Wheeler and Litan Wane (Univer

I3 May 2005 Sky & Telescope
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three minutes ofter the event hod begun.

During Jonuary Swift also took test images with XRT to improve the croft's ability
to locote the positions of sources — expected to reach about 5 orcseconds when cali-
bration is complete. The more precisely Swift con locote a burst, the easier it is for
other telescopes to pick out the opticol fireball for follow-up studies. By mid-February
ground-hased telescopes hod anolyzed severol Swift detections, but the telescope
had yet to relay GRB finds directly to observotories on Earth.

Deep Impact

The Deep Impact space probe success-
fully lifted oft from Cape Canaveral,
Florida, on January 12th. In July the
1-metric-ton vehicle will release a 372-
kilogram “impactor spacecraft” On July
4th this craft will slam into the surface
of Comet 9P/ Tempel 1 at a speed of
10.2 kilometers per second (22,800
miles per hour|, gouging a crater in the
nucleus and sending a plume of materi-
al into space.

The main spacecraft will fly past the
impact site at a safe, 500-km distance
and will train its instruments on the

sity of Texas, Austin] suggesting that jets
play a major rale in supernovae forma-
tion, just as they do in gamma-ray bursts
(5&T: January 2002, page 40]

Supernova 2004dj, which flared last July
in the galaxy NGC 2403 in Camelopardalis,

gives credence to these ideas [ging the 3
meter telescope at Lick Obsers atory, Doug-
lag C. Leonard (now at Caltech) and his

I_'Illll_'.l:_"_ll_"\. MICRSLITEE 518 |.|.'||||r ili!‘!:‘lrl.f',:.'
tion in the S ITOvA's &jecta at a crnti F'll

moarment _II'-.T when the "I.'.'l.L|'.II.'. IZ"‘q.|J.'|.'!|-| 111

Swift

Scientists ore continuing disgnostic tests of
NASA's Swift gopmme-roy-burst (GRB) observo-
tory. In o departure from its main mission,
Swift used its 30-cm Ultroviolet/Opticol Tele-
scope (UVOT) to snap a six-filter (three in visi-
ble light, three in ultroviolet) calibrotion im-
oge of the neorby foce-on spirol goloxy M101 in Urso Major.

As of mid-February, UVOT hodn't imoged ony burst ofterglows — o good conadidate
on Jonuory 26 was out of bounds becouse it wos only o few degrees from Vega, which
is 50 bright thot it might have domaged the instruments. The X-Ray Telescope (XRT)
hos hod better luck. On Jonvary 17th Swift fully demonstroted its unique copability
when its onboord computer automatically whirled the satellite oround in response to
o GRE in Cossiopeio, ollowing XRT to imoge the burst ond determine its position only

plume and crater, giving
asirONOIMErs an unprece-
dented close-up view of a
cometary nucleus's interior
makeup. The tlyby space-

craft carries a 30-centimeter
high-resolution telescope as
well as a mercury-cadmium-
telluride near-infrared imag- .
ing spectrometer array and  © 4
a widerangle multiband camera.

JowaTaan McDoweLw, a staff scientist
for the Chandra X-ray Observatory, provides
updates of space mizzions on his Web site ot
wiow. planet 4580 orn/space,Jar/far itml.

gaseous envelope surrounding the ejecta
cooled and thinned enough to expose the
hot inner core of the explosion. The degree
of polarization suggests an elongated in-
ner core, just as the Wheeler/Wang model
predicts. “These observations point 1o
asphericity in the explosion mechanism”
says observing team member Alexei V
Filippenko [University of Calitornia,
Berkeley). “Jets may be important in the
|“-=:;:'cm . but our data don't nr-r'ruﬂ,ri}j.-

require jets.” R. N
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Big Bang Material Brewed?

ACCORDING TO A PAFER in the March

18th Physical Repiew Letters, experiments al

the Relativistic Heavy lon Collider [RHIC
in Brookhaven, New York, may have suc
ceeded in creating a quark-gluon plasma
over the past few years by slamming to-

gether gold nuclei at high velocitics. This

soup of free quarks (particles that make

ticles that transmit the strong nuclear been created. “We have converted a plece
¢ that seemed to contradict the

QU ars-Fiton |_I!.:I'-I".-'I SCEnario mko I"".".-!'ll"l'lli'{'

torce| existed in nature for only a tew mil-  of evident

jonths of a second after the Big Bang

The paper, by University of Washington  in support of the scenario,” says Cramer,
physicists John G. Cramer and Gerald A “A microsecond after the Big Bang, there
Miller :'1p|:||:n '.#.|'|:. the gold collisions was a state of matter that no one was able

pr wduce tireballs that appcar smaller and
shorter-lived than predicted, which had

(L8} "'|'.'-'“‘~1"|_[JE|'_“ 1 '1ri| ".'I'“I':.' I'I"ﬂ"l".'?".l_'r. EHLF
understanding is growing.”

- R. N.

up protons and neutrons) and gluons (par-  led to skepticism that the plasma had

Th

Rosetta

The European Space Agency's Rosetto comet
probe completed its first lap around the Sun
on Morch 4th ond used Eorth's gravity to sling
it toward its next encounter: Mars in 2007.

The flyby took ploce only 1,955 kilome-
ters (1,215 miles) obove Bojo Colifornia,
Mexico, ond ollowed amateur ostronomers
the rore opportunity to imoge an interplon-
etary spocecraft in midflight (see the image
above). As backyard telescopes pointed ot
Rosetto, the craft looked bock at them, using
the flyby as an opportunity to test the comet
orbiter’s science instrumenis.

Scientists took the opportunity to test
Rosetta’s osteraid flyby mode, When probes
fly post smoll targets — such as osteroids —
whose orbits aren't perfectly known, it's of-
ten a challenge to make sure the comera is
pointed correctly. Post probes used o scot-
tershot approach with the hope of copturing
the torget in at least some of the pictures,
Rosetto uses an onboord guider comero to
detect and trock the ostercid with its cam-
ero. In this test, the “osteroid” wos Earth’s
Moon, ond it stoyed centered in the comera’s
field as Rosetto zipped by.

Rosetta"s first real osteroid encounter
will be with 2867 Steins in 2008, on the
way to its final destination in 2014, Comet
&7P/Churyumov-Gerosimenko. Once there,
it will observe the comet and release o
londer dubbed Philoe.

7 Sky & Telesinpe
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New Horizons

Construction of the New Horizons
spacecraft is nearing completion at the

Applied Physics Laboratory in Maryland. Last year mission planners were con-
cemed about a lack of plutonium fuel for the craft's radicisotope thermoelectrie
generators because of a work shutdown at Los Alamos National Laboratory. Tt
now appears that the mission’s fuel tanks won't be full, but there should be
enough energy to keep the probe alive until it reaches the Kuiper Belt.

New Horizons will use the new Atlas V rocket. To date the launch vehicle has
flown five times — all successfully. The Atlas V will carry many future NASA
science missions, starting with the Mars Reconnaissance Orbiter set to launch
in August of this vear. However, the version used by the Pluto probe will be
the most powerful ever launched. It will sport a record five solid boosters
strapped onto the rocket's first stage and an extra solid-fuel *kick stage® that
will give the probe its final boost toward the outer solar system. New Horizons
will Lift off in January 2006. It has a Jupiter gravity-assist flyby in 2007 and a flyby
of Pluto and Charon in 2815. It will observe other Kuiper Belt objects after that,

New Horizons has had a rocky road to the launch pad. The Bush administra-

tion tried to cancel it several times, but congressional and public support has

forced the agency 1o keep it alive.

JIMO

The ambitious Jupiter lcy Moons Orbiter was
oxed in the Bush odministrotion’s lotest
budget request. This move isn't terribly sur-
prising = JIMD's projected cost was mare
thon 510 billion ond the mission’s specific
scientific goals were still unclear. The 20-
metric-ton spocecroft would have lounched
in 2015 and orbited Gonymede, Callisto, and
Europo in turm.

JIMO was onnounced in 2003 os o replace-

ment mission for g smaller-scole ($1 billion)
Europa orbiter that hod been obondoned o
few months earlier. At the time many plane-
tory scientists expressed fear thot JIMO wos
on unreolistic proposel and would eventually
be conceled.

Their concern wos justified. The death of

IIMO further deloys the “high-priority™ search
for o putative Europo subsurfoce oceon. More-
over, the prospects for future outer-planet
explorotion missions oppear bleok os NASA
focuses on the Moon ond Maors.

JIMO wos part of NASA's Project
Prometheus nuclear-technology progrom and
was to feature o Navy-built fission reactor
that would provide 100 kilowotts of energy
to the craft's electric-propulsion system os
well os to o lorge battery of instruments.

WASA will continue efforts to develop
nuclear-powered spocecraft but with o less
oggressive flight progrom.

[oMATHAN MCDOWELL, o staff scientist for the
Chandra X-ray Qbservatory, provides updates
of spoce missions on his Web site of www
planet4589.arg/space/isr/fsr. himl,
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M news notes

by jonathan medowell
~ Hard Times for Space Science

AS A NEW LEADER takes the helm at
NASA, the future of the United States
Space-science program is in doubt. Al-
though spectacular results continue to
pour in from NASA's interplanetary
spacecrait and robotic telescopes, the
long-term funding prospects for space
astronomy are looking bleak. Back in
2001 former NASA administrator Sean
O'Keefe was appointed to solve NASA's
budget problems and put the Interna-
tional Space Station back on track. But
his tenure was dominated by the 2003
Columbia accident. When he announced
his resignation on December 13, 2004,
the budget problems still remained and
the future of the station was even more
in doubt.

On January 14, 2004, President
George W. Bush announced his admin-
istration’s new Vi-
sion for Space Ex-
ploration, which
focuses on human
space flight to the
Moon and Mars.
It's an ambitious
and exciting plan
that is projected
to cost more than
$50 billion over
the next 15 years.
Unfortunately that
doesn't leave
room for many of
NASA's existing
programs. To put
these numbers in
perspective,
NASA's total budget was bumped from
$15.4 billion to $16.2 billion in 2005, Tt
is projected to be $18 billion by 2009.
The increases don't make up the differ-
ence in costs, and thus many things will
hit the cutting-room floor. The current
plan is to phase out the Space Shuttle at
the end of the decade and abandon sig-
nificant US funding for the space station
soon after it's completed.

And all the while, funding for science
won't keep up with inflation. For the

L N

Michoel Griffin succeads
Seon (' Keefe os HASA
adminkstrator.
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early part of this year, with acting ad-
ministrator and former astronaut Fred
Gregory holding the reins, cutbacks hit
science hard thanks to the costs of “Re-
turn to Flight” for the shuttle.

MNASA's new boss, Michael D. Gritfin,
rose to prominence in the 1980s as the
head technologist for the Strategic De-
fense Initiative Organization, where his
work included three pioneering low-cost,
quick-turnaround Delta space missions
that led to the “faster, better, cheaper”
approach of the 1990s. Griffin later went
to NASA to lead George H. W, Bush’s
late-1980s Moon-Mars initiative, which
toundered because of its over-ambitious
scope and lack of political support.

After the “reign of the bean counters”
I'm encouraged to see a new leader who
has six engineering and physics degrees.
My impression is that O'Keefe’s admit-
tedly diffieult decision to decommission
the Hubble Space Telescope might have
been different had it been made by
someone with technical expertise. On a
more hopeful note, Griffin's April 12th
testimony to Congress suggests that he
may reverse O'Keefe's Hubble death sen-
tence. Before the Senate panel, he de-
clared, “The decision not to execute the
planned shuttle servicing mission was
made in the immediate aftermath of the
loss of Columba. . . . In light of what we
learn after we return to flight, we should
revisit the earlier decision.”

On Capitol Hill, Griffin was quite
clear: “Those who claim that NASA can-
not afford robust programs in both ro-
botic science and manned space flight
are mistaken." He added, “NASA can do
more than one thing at a time."

Gritfin has long been a cheerleader
tor human space exploration and is ex-
pected to enthusiastically support Presi-
dent Bush's Moon-Mars initiative. On
the other hand, he has previously ex-
pressed a marked lack of enthusiasm for
the shuttle program.

In today’s NASA, lunar and Martian
probes are expected to continue receiv-
ing preterred tunding; futare exoplanet

missions like the Terrestrial Planet Find-
er have strong support, as does the in-
frared James Webb Space Telescope. Yet
the outer planets, galactic and extra-
galactic astronomy, high-energy astro-
physics, and cosmelogy programs have
been under increased fiscal pressure.
Flagship missions flying at the peak of
their scientific return such as Hubble
and the Chandra X-ray Observatory
were recently hit with major cuts to
their operating budgets.

At least they fared better than older
missions like Voyager. Budget makers
have threatened to turn the probes off
permanently to save a measly few mil-
lion dollars a year.

Tronically, studies of solar physics and
solar-terrestrial interactions, topies that
are critical for astronaut safety, are also
among the areas being slashed by
NASA . The TRACE solar observatory
and several magnetosphere probes have
been put on the chopping block along
with the Voyagers.

Only one Small Explorers [missions
costing less than $120 million) program
was selected this year instead of two.
Last year's Medium-class Explorers (mis-
sions costing less than $18¢ million) pro-
posals were postponed first to 2005 and
now to at least 2006, On a larger scale,
the Constellation-X follow-on mission to
the Chandra X-ray Observatory is facing
further delays, and the idea of merging it
with the European Space Agency's XEUS
X-ray Observatory is being floated.

Griffin's appointment marks the be-
ginning of a new era at NASA set
against the backdrop of the Bush initia-
tive and the shuttle’s return to flight.
How he molds the agency in the coming
months and years, and how the monies
are divided in the next budget cycle,
will define his tenure and will determine
the future of space science in America.

Jonatean McDoweLL, a staff scientist for
the Chandra X-ray Observatory, provides up-
dates of space missions on his Web site at
wiowe. planet 4380.org/apace far fsr.tml,




by jonathan medowell

Astro-E2

JAPAN HAS BEEN a major player in
space science since it first came on the
seene in the early 1970s. Specializing in
X-ray astronomy and high-energy solar
physics, the Institute of Space and
Astronautical Science (ISAS) drew
international attention with its X-ray
satellites Ginga (1987) and ASCA (1993).
Both returned important results in ar-
eas where the United States and Europe
had left gaps. Now [SAS, having since
merged with two other Japanese agen-
cies to form the Japan Aerospace Ex
ploration Agency, JAXA, is preparing to
launch three new major astronomy mis-
sions from the Uchinoura Space Center
in Kagoshima prefecture. The first
satellite, Astro-E2 (S&T: April 2004,
page 28), is scheduled for launch
around August 2005 aboard an MV
rocket. Guest observations by Ameri-
can astronomers will begin seven
months later,

Astro-E2, like its ill-fated predecessor
Astro-E (S&T: May 2000, page 26], is an
X-ray observatory that will complement
NASA's Chandra X-ray Observatory and
the European Space Agency's XMM-
Newton. The 1,700 kilogram (3,700
pound) spacecraft will debut a new
type of high-spectral-resolution
detector called a microcalorimeter.
Astro-E2 carries five 40-centimeter
[15.7-inch) X-ray telescopes with focal
lengths from 4.5 to 4.75 meters. Four
are equipped with CCD detectors and
one with the microcalorimeter.

Jonataan McDoweLL, a staff scientist
for the Chandra X-ray Obsersatory, pro-

vides updates of space missions on his Web
sile at

Solar-B

Solor-8, the successor Lo
lapan’s solor observatory,
Solar-A (Yohkoh), reached
onother milestone, Engineers
at the Horvord-Smithsonion
Center for Astrophysics have
completed its X-ray tele-

scope (XRT) and will ship it to NASA’s Marshall Space Flight Center in Huntsville, Ala-
bama, in June. The instrument will reach Japan o few months later, where it will be
integroted with the main Solar-B satellite for lounch in August 2006.

Working in the 200-10-2,000-electron-volt band, Solor-B's X-ray telescope has sev-
eral times the resolution of its predecessor. In addition, the satellite’s higher data-
transmission rote, huge CCD detectors, and wide, 34-orcminute field of view will com-
bine to yield the best full-5un soft (low-energy) X-roy dato set yet.

XRT is only part of the thrtlfli!lim-vHﬂWMﬁEMI#
optical telescope (SOT), something solor physicists have been fighting to fly since the
earty 1980s. SOT hos Ys -arcsecond resolution in the 480-650 nonometer wovebond,

ond it has on imoger, o magnetograph, and o spectrograph. With its third Solar-B

-

instrument — an extreme-ultroviolet spectrogroph — Solar-B is the most copoble solor-
astronomy sotellite ever. It is designed to operate for seven years ofter lounch.

Astro-F

Another forthcoming mission is Astro-F, o 67-
em infrared telescope, which will make the
first for-infrared oll-sky survey since the pio-
neering 1983 Infrored Astronomical Sotellite
(IRAS) mission. The 1-metric-ton satellite will
feature a high-tech, lightweight silicon-
corhide mirror cooted with a thin loyer of
gold ond o liguid-helium cryostat to cool the
whole telescope to 6° Kelvin (-&49°F).

This isn't Japan's first venture into spoce-
borne infrared astronomy. Sounding-rocket
flights in the 1980s were followed by o
modest 15-cm telescope on the 1995 Spoce
Fiyer Unit satellite.

Astro-F's all-sky survey is expected to cot-
olog some 10 million objects, 50 times more
than IRAS, using the For Infrored Surveyor

(FIS) instrument. The device will be cooled to
only 1.8°K ond will use four high-sensitivity
germanium-gollium semiconductor detectors
te cover the 50-to-200-micron range with a
spatiol resolution of less than 1 orcminute.
Astro-F also corries an infrored comera (IRC)
along with three subinstruments providing
coverage from 2 to 26 microns. IRC has 2-
orcsecond resolution ocross o 10-orcminute
field of view.

After o two-month checkout period, Astro-F
will first use FIS to survey the sky for six
months and then use the IRC in painting
mode while FI5 fills in the missing bits of sur-
veyed sky. The satellite’s liguid-helium cryo-
gen will run out about 18 months ofter
launch. When it's gone, FI5 will become unus-
oble. But the short-wovelength IRC can con-
tinue operating indefinitely without coolant.

Hubble’s Prospects Brighten

UNDER ITS NEW CHIEF, Michacl D. Griffin
(Tuly issue, page 24), NASA has resumed
preparations for a possible shuttle flight to
service the Hubble Space Telescope, Al-
though a decision won't be made until af-
ter two successful post-Calumbia shurtle
missions to the International Space Sta

tion, the observatory's prospects look bet
ter now than at any time since Gritfin's
predecessor, Sean O'Keete, abruptly can
celed Hubble servicing in January 2004
|S&T: April 2004, page 24).

At an April 20th NASA press confer-
ence, Griffin said that a robotic servicing

mission, once offered as a less risky aler-
native to a shuttle flight [August 2004,
page 28), is no longer under considera-
tion. Robotic servicing “is just not feasible
within the time and the money that we
have to allow for it," he explained

Ricuarp Tresci FIENBERG
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WIESLORTNGLER by jonathan medowell

WISE

NASA is planning a new mission to survey
the infrared sky. Unlike Spitzer, which looks
at small areas of space in detail, WISE (Wide-
' field Infrared Survey Explorer) will map the
whole sky and create a catalog of infrared
sources that can be followed up by the much
anticipated James Webb Space Telescope.
The first satellite to conduct an infrared sky
survey, the Infrared Astronomical Satellite
| (IRAS), flew in 1983. It carried a 60-centimeter
| liguid-helium-cooled telescope. Scheduled for
lanneh in 2000, WISE's smaller 40-em, solid-
hydrogen-cooled telescope is 1,000 times more
sensitive than IRAS, thanks to advances in
detector technology. WISE's data will be com-
bined with shorterwavelength, ground-based
Two Micron All Sky Survey data to provide a
comprehensive database of the infrared sky.
However, WISE is sensitive only in the mid-
infrared (3.5, 4.6, 12, and 23 microns). It
won't supersede TRAS data in the far-infrared
6:0- and 100-micron bands. That's the job of
Japan’s ASTRO-F {August issue, page 25).

JTonaTHAN McDoweLL, a staff scientist for the
Chandra X-ray Observatory, provides updates of
space missions on his Web site at wwewe. planct4559

Juno

MASA hos decided on its second New
Frontiers mission, while the first in the
series, the Pluto/Kuiper Belt-bound
New Horizons, prepares for its Jonuary
2006 lounch. The new mission, lung,
will examine Jupiter from an elliptical,
polor orbit. This trajectory ollows
Juno to avoid the worst of Jupiter's
intense radiation while still allowing
the craft to study the global dynamics
of the otmosphere, its chemical com-
positien (including water and emma-
nio obundance), ond the structure of
the inner magnetic field.

The solor-powered Juno will briefly probe deep into Jupiter's deedly rodia-
tion befts — possing obove the cloudtops ot only 5,000 kilometers (3,100
miles) ot closest approach. The low orbit ollows scientists to look for evidence
of o Jovian core.

Juno's propesed instruments include an ultraviclet imaging spectrograph,
built to toke spectaculor ultraviolet pictures of ouroros, and the Jovien
Auroral Distributions Experiment (JADE), which will measure electrons ond
iens along Jupiter’s magnetic-field lines. Juno olso corries on imager built to
shoot weother movies ond to toke polor pictures.

The mission is monoged by the let Propulsion Laborotory, led by Scott
Bolton (Southwest Research Institute), and will be built by Lockheed Maortin,
Launch is expected around 2010.

froresT

bly shorter rototion period than the 15.8 hours
found spectrographically by 1. H.
Moore and D. H. Menzel in 1932,
stotes Dr. 0. Guenther, Muenster
Observatory, Germony. He has ang-
Iyzed photographic brightness
measurements by J. Brouet in 1932,
and from these finds the Neptunion
day to be 12 hours 3.5 minutes.”

(Dops! Neptune’s rotation period is
now determined to be 16 hours 6.5 minules, 50
Moore and Menzel hod it just about right.

SEPTEMBER 1980
Mapping Venus “Knowledge of Venus has come
| slowly, . .. owing primarily to the opogue,
| seoring atmosphere that surrounds it.
“But now, thonks to o rodor mapper oboard

24 Seplember 2005 Sky & Telescope

Neptune's Rotation “Meptune hos on apprecia-

years of successful operation, scien-
tists hove pieced together o good ideo
of how the entire planet (except the
polar regions) would look if its thick
clouds could be stripped oway. . . .

“According to Gordon Pettengill
and Horold Masursky, . . . the plonel possesses
three general kinds of terroin. Most common is
o planetwide belt of relatively flat rolling
plains. . . . This terrain lies near the planet™s
meaon rodius of 6,051 km, the ‘sea level’ of an
arid world. Another [terrain] . . . is below the
mean rodius, forming large shallow bosins and
volleys.

“The finol [terrain] . . . sits ot leost 1 km
higher than overoge, of which one third . . . 15
considered true highlands. . . . Moxwell Montes,
the highest features seen, stand nearly 11 km
obove the mean rodius.”

-orgispace/jsr/for. heml.
SVRSLRTLICL LI by leif j. robinson
SEPTEMBER 1955 the Pioneer Venus orbiter ond to 14 Pieneer Verus was followed by four

Soviet Vopera spacecraft thet encoun-
tered Vienus in 1982 ond 1983, Yef it
was the radar imaging, surfoce-altitude
measurements, and gravily mapping
by NASA’s Mageilon orbiter in the early
1990« that revolutionized our under-
stonding of Venus's surfoce.

Astronomy on TV “[Cosmaos] ottempts to
convey ostronomy to an enormous oudience —
estimoted to approoch 150,000,000 viewers
worldwide. . . . [Corl Sogan] hos omossed an
orsenal of speciol effects guaronteed to dozzle
gven the most cosual viewer. . . .

“5agon’s own production company and KCET
hove ot their disposal $8,000,000 in funding.”
The 13 hour-long segments of Cosmaos were
unguestionably the most successful popularizg-

tians of astronomy ever. When will we see the
likes of Sagon ogaoin?
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WIESLONTLGICE by jonathan medowell

Spitzer it to operation, and engineers are con-
vinced that the telescope’s hardware

The Spitzer Space Telescope is cele- remains in good shape.

brating its second anniversary and Spitzer's liquid-helium coclant is

is continuing to return spectacular being used up at about the rate expect-
. results. Nevertheless the infrared ed before launch, which would allow

telescope's team had a brief scare on the spacecrait to run to at least 2008.

Apri! 24th when the spacecraft went To help further postpone its eventual

into hibernation after a gyroscope demise, mission planners are now

hiccupped. After troubleshooting the grouping the telescope’s long-wavelength

problem engineers revealed the culprit:  observations into batches, This Jimits

a sticky relay. Cycling the relay restored  the number of times the coolant-hogging

Cosmos-1/Volna

The ambitious privately funded Planetary Society solar-sail mission, Cosmos-1, was lost
during lounch on June 21st. The K-496 Bovisoglebsk, o Kalmar-closs submarine in the
Borents Sea, lounched the Volnao missile that corried the ill-fated satellite.

Officiols ore still disputing exoctly what went wrong — the rocket builders reported
that the missile failed B3 seconds into flight, folling bock to Eorth from about 200 kile-
meters (120 miles). But other Russion scientists cloimed to have telemetry from the
sotellite ot 750 km during the opogee bum 15 minutes later; o foiled opogee bum would
hove led to a crosh into the Pocific Ocean. However, it's not unknown for stray signals to
be confused with the real torget. | strongly suspect thot the aopogee-burn report is wrong,
and in any cose, Cosmos-1 has not been heard from since.

If it had reached orbit, Cosmos-1 would have deployed 8 blodes of aluminized Mylar
sponning 30 meters. The planned B50-km orbit was high erough thaot solar rodiation
pressure of obout 5 micropascols (7 x 107° pounds per squore inch) would hove helped
create o resulting thrust of 0.03 Newton (kilogram meter per second squared). Cosmos 1
would hove been the first spocecroft to use solor raediotion pressure for propulsion.

R LRTLIER LI by leif f. robinson

OCTOBER 1955 dition, 2MASS 0253+16, jumped into
| MNearest Stars “To find which kinds of stars sixth ploce amang ail systems, being
| actually ore the most numerous, it is best to omly 7.9 hight-years oway.

make a stellar census within o relatively small
wolume around the sun. The list OCTOBER 1980

given here is of all known stors Second Editor of 5&T “August 4,
within five parsecs — 16 light- 1980: Joseph Ashbrook, editor of Sky
years — of the sun. . . . and Telescope since 1964, possed
‘Among these nearby stars, twe  awaoy at the oge of 62.
facts stond out. The majority are “50 diverse were the interests ond tolents of

faint; less than o dozen are visible  this major figure in science populorizotion —
to the noked eye. Double stors ore S0 varied were the lives he touched personnlly,
commaon. Of the 42 entries in the scientifically, and through his typewriter —

loble, 30 are single stars, 10 are double star that no one person could write a proper appre-
systems, ond two are triple systems.” ciation.
Nof counting multiple systems, Hipparcos "“Therefore, |'ve asked a few of his friends to

satellite dato ond new surveys now yield 47 stars ~ contribute their reflections. Together, these
within 16 light-years of Earth. Nine of these are provide on overview greoter thon the sum
double systems and three ore triple. One new ad-  of their ports. And that is whaot Joe wonted

28 Ohiober 2005 SKy & Telescops

L e

Makd F W CAITECH

far-infrared detector needs to be chilled.
The tactic should add several months
to the life of the mission. Spitzer is
currently trailing Earth in its solar orbit
by about 28 million kilometers.
Jowatnan McDoweLL, a staff sciemtist
for the Chandra X-ray Observatory, provides
updates of space missions on his Web site at
wpsn, planet 4580, org/space/for /for himl.

from every story.”

Thus I began a four-page tribute to
| the mon | succeeded as editor of S&T.

Hale Observatories Breakup “Two
of America’s most fomous chservato-
ries are no longer jointly adminis-
| tered. Colifornio Institute of Technol-
ogy ond the Carnegie Institution of
Woshington hod monoged the Hole
Observotories, consisting of Mount Wilson ond
Polomar Mountain observotories, for more thon
three decodes.”

At that time these sites were occupied by four
of the most celebroted telescopes in the world,
the 60- ond 100-inch reflectors ot Mount Wilson
and the 200-inch reflector and 48-inch Schmidt
at Palomar. Carnegie, responsible for Mount Wil-
son, loter ahondoned it, to focus its atfention on
the Los Campanas Observatory in Chile.
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Suzaku

Only o month ofter its luly 10th lounch, the
Joponese/Americon Suzoku X-ray observato-
ry (formerly known os Astro-E2) lost the use
| of its X-ray Spectrometer (XRS), the first
high-energy colorimeter to fly in orbit ond
the mission's ogship instrument. The
calorimeter hod been successfully cooled to
0.06°C obove obsolute zero in lote July, and
mission engineers hod demonstrated the in-
strument’s high-resolution copabilities during
onboard colibrotion tests. But on August 8th,
, before the XRS took its first glimpse of the
sky, oll of the helium coolont boiled away due
to o leak in its multistoge cooling system,

Losing the XRS represents o severe blow
to X-roy astronomy. The colorimeter wos
first plonned to fly on the Chondra X-ray Ob-
servatory, but it split off in the eorly 1990s
to fly on o different X-roy telescope that wos
spon canceled. After that, the XRS waos
odded to the Jopenese Astro-E mission,
which foiled to reach orbit in 2000 (S&T:
Moy 2000, poge 26). Suzoku is Astro-E's re-
placement mission.

Suzoku's other instruments, four CCD im-
ogers and a hard-X-ray detector, continue to
work well, But it wos the XRS thot would
hove mode Suzaku o world-closs mission,

CORPLRTLIEN LN by leif . robinson

NOVEMBER 1955

Moon Mapping “The moon is receiving increns-
ing ottention from both amateur and profes-
sional ostronomers, os our satellite
now seems less remote ond unap-

+ proachoble than it did o few yeors

& | 0go. There is new interest in the
precise mopping of the moon, ond
with this in the meosurement of the
relative elevations of points on the
lunar surfoce. . . .

"Recently Dr. G, Schrutko-Recht-
enstomm, ot the Yienno Observotory, hos pub-
lished o cotalogue of the oltitudes of some 160
points, mostly near the central port of the
moon's disk.”

Then: Megsuremenis werg made ,Irl"[l‘.ﬂ'l' gfﬂUﬂﬂ'
based, near-side photogrophs with o millimeter
rufer. Now: We hove mopped the entire Moon in
exguisite detail, including elevations, using the

W6 Noeember 2005 Sky & Tebescope

WIERTORTLLICE by jonathan medowell
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Return to Flight

After a two-year hiatus, the Space
Shuttle retumed to flight on July
26th, But NASA's space-flight
troubles are far from over, Despite
redesign efforts, the amount of
debris hitting the orbiter on ascent,
while only one-sixth as bad as before,
was still unaceeptable. A pair of
small foam fragments fell from near
the same region as the piece that

fatally crippled Columbia — an area
thought to have been fixed. Another
piece of debris appeared to damage
a thermal blanket on the side of the
crew cabin.

The August 9th reentry and land-
ing went off without incident, but
the next mission, STS 121, will be
delayed indefinitely while the debris
problems are addressed. [t seems that
Space Station crews will have to wait
until at least March 2006 for a return
visit. And if that launch doesn't elimi-
nate the scary flying pieces of foam,
I suspect that an immediate end to
the Shuttle program is likely.

Even if STS 121 restores confi-
dence in the Shuttle, design of the
replacement Crew Exploration
Vehicle is expected to accelerate
next year with the selection of a
manufacturer and a basic design.

Jowatuan McDowerr, o staff scientist
for the Chandra X-ray Observatory, pro-
pides updates of space missions om his
Web site at wiow. planet455.0ng/space/
fer/fer.itml,

Clementine spacacraft.

Relativistic Radiation “Temperatures
of millions of degrees would be required
to produce the observed high intensities
in the meter wove length ronge for the
bright sources such os Cossiopeia A,
Cygnus A, and the like. . . . Among the leoders
in interpretotion ore two Soviet rodio ostrono-
mers, |. 5. Shklovsky and V. L. Ginsburg. They
hove suggested that the radiotion comes from
relativistic (very fast-moving) electrons, the
motions of which are determined by interstellar
mognetic fields.”

They were correc! fo imvoke so-calied synchro-
tron emission for both the Cassiopeia A supernovn
remnant and the Cygnus rodio goloxy

NOVEMBER 1980
Early Space Flight “[Korel Jon Bossort] de-
signed the Athos missile, our country’s first effec-

tive ICBM defense ond, in the early
1960's, the only ovailable lounch
vehicle capable of lofting the Mer-
cury astronauts into orbit.

“The Atlas hod four distinctive
feotures in its daoy. It was the first
successful missile which was aerodynamically
unstable; it hod the first gimbaled motors; when
fueled, its frogile structure could not support its
weight on the lounching pad, relying instead on
internal pressure within the fuel tonks to pro-
vide much of its structural rigidity: and finally,
ta improve reliohility, all of its rocket motors
were ignited on the ground.”

The Mercury project first shot Alan B. Shepard
Ir. into suborbit on o Redstone rocket in Moy
1961; an Atlas carried John Glenn into orbit in
February 1962; bordon Cooper made the lost
flight in May 1963. Mercury wos the first step fo-
ward landing men an the Moon in 1969,
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Venus Express
Messenger
The European Space Agency (ESA) is
turning its eye to Venus. Its new low-
cost Venus Express spacecraft is a near
copy of the successful Mars Express
|See page 30).
Scheduled for
launch on Octo-
ber 26th, Venus
Express will
reach its desti
nation in April
2006 and enter

NASA's Messenger spoce
probe morked its first year
in solor orbit with a 2,347-
kilometer-high (1,458-mile)
flyby over Mongolia on Au-
gust 2nd. Venus flybys in
October 2006 and June
2007 will set Messenger up
for its arrival of Mercury in 2008. That event will mork humanity's first visit to the
innermost planet since Mariner 10 flew by in 1975.

During the August encounter Messenger successfully tested its comera and mode

WAL | L)
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an elliptical or-
bit that will
bring it to with-
in 250 kilome-
ters (155 miles) of the Venusian poles.
The spacecrait carries many of the same
experiments as Mars Express, il]rluding
infrared and ultraviolet spectrometers
and a radio-stience experiment, What's
missing are the high-resolution stereo
camera (HRSC), the visible and infrared
mineralogical-mapping spectrometer
(DMEGA), and the subsurface sounding
radar altimeter [MARSIS), which have
been replaced by a new Venus Moni-
toring Camera (VMC), an extra spec

DECEMBER 1955

Newborn S5tars “0One of the most exciting ond
controversiol popers was "On the Noture and
Origin of the T Tauri Stors,” by G. H.
Herbig. of Lick Dbservatory. He ot-
tempted to give o positive answer
to the question, "Are the T Taur
vaoriohles new stars, recently
tormed or still forming within the
nebuloe, or ore they ordinary field
stors thot hove encountered the
gas and dust clouds occidentolly,
ond are in process of being modified — perhops
rather superficiolly = by their environment?"
He presented evidence that the T Touri stors o5
o closs are newly formed. Two objects of stellar
oppearonce ore visible on Lick plotes taken in
December, 1954, ond were not present on
plotes token in Jonuary, 1947. Dr. Herbig

36 Decrmber 5 Shy & Telescope

measurements of Earth's mognetosphere.

trometer, and an experiment to study
the planet's magnetic field,

This is the first European mission to
Venus and the first Venus probe from
any country since NASA's Magellan
completed its mission a decade agn.
ESA's main science goals are to study
the global characteristics and circula-
tion of Venus's atm nspher{', the air's
composition as a function of altitude,
and the interaction of the atmosphere
with the surface and the solar wind.

VMC's ultraviolet, visible, and in-

stresses the foct that the opporently
new objects did not develop out of
ony stars thot hod been visible ot
those pasitions in the post.”

George Herbig's interpretolion was
correct. T Tauri stars are usually found
in groups, embedded in dense patches of gas and
dust from which they formed. Evidence for these
abjects” youth comes particularly from their
obundance of ithivm, on element thot is de-
stroyed early in a star’s lifetime.

DECEMEBER 1980

Seeing Red “Only recently hove astronomers
begun to probe the universe in whaot is now
called the infraored wavelength region, be-
tween 10,000 angstroms (1 micron) and 1 mil-
limeter. In the past 15 yeors the newly devel-
oped technigues of infrared astronomy have

frared bands will allow Venus Express
to image both atmospheric cloud sys-
tems and surface features. The ellipti-
cal orbit allows VMC to see the whaole
planet at once when the spacecraft is at
the farthest point in its orbit as well as
imaging details as small as 200 meters
(660 feet) when it's at its closest.

Jomaruan McDoweer, a :Iﬂf]r sciemtist
for the Chandra X-ray Observatory, provides
updates of space missions on his Web site at
wicie planetd 586, org/space far Jar himl.

led to many exciting and revolution-
ary discoveries.”

First Gravitational Lens “0Observa-
tions of o poir of 17th-magnitude
quasars on March 29, 1979, initioted
o chain of discoveries thot led as-
tronomers to conclude thot grovitotionol lenses |
hove been detectad. . . . I

“The two objects . . . hod neorly identical |
spectro, Also, their redshifts were both obout
1.40. ... These focts, coupled with the close
proximity of the quasars in the sky, argued
strongly for their physicol ossociotion.”

In December 1979 the Palomar 200-inch Hole
Telescape detected o 19th-magnitude giant ellip-
tical galaxy between the two images of the
quasar 0957+561. It proved to be the lens that
split the guasar’s light into two components sep-
arated by & arcseconds.
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by jonathan medowell

Apollo Again?

Almost two years after President Bush
introduced his “Vision for Space Explo-
ration," NASA administrator Michael
Griffin announced a human Moon-
mission strategy he calls “Apollo on
steroids.” The new plan is indeed re-
markably similar to Apollo, with a stub-
by Apollo-like module remaining in
lunar orbit while a spidery lunar module
transports a crew to the surface.

There are plenty of differences
though. The new crew module carries
at least four astronauts instead of three,
and the beefy cylindrical service mod-
ule will have solar panels and enough
fuel to enter a polar orbit. Newly devel-
np:ﬂ cnginft will burn methane fuel —
propellant that can be manufactured on
the Red Planet as part of the possible
tollow-on Mars program.

Instead of a single enormous Saturn-
V rocket, NASA is now opting for a
two-part approach. First, a new heavy-
lift booster will launch an empty lunar
module and a heavy translunar upper-
stage engine into Earth orbit. Soon ai-
ter, a smaller rocket will launch the
crew module and the astronauts, who
will dock with the lunar package before
setting out toward the Moon.

The smaller crew-module rocket will
consist of a single modified shuttle solid
rocket booster that is topped by a new
upper stage r.lrnpr"rd h:..' One Space

50 & 25 yeors ago QTR EAROLIVRT

JANUARY 1956
Desert Astronomy “It wos urged [in 1953] that o
co-operative center for all types of observotion
would provide o great stimulus
to American asbronomy. . ..

“Althowgh the reseorch to
be dane at the new observato-
ry would provide omple justifi-
cotion for building it, of equal
importonce would be its edu-
cotional functions.”

Kitt Peak Notional Dbserva
tory, 90 kilometers (56 miles) southwest of Tuc-
son, Arirona, wos dedicoted in 1958. Since then

28 [womary 2000 5hy & Telescope

Shuttle main engine. A crew module
equipped with an escape rocket will
ride on top of that. Meanwhile, the
heavy-lift vehicle also uses shuttle
components — an external tank with
tive shuttle engines mounted under-
neath, two shuttle strap-on boosters,
and the translunar stage on
top. This arrangement will
annoy Boeing and Lockheed
Martin, which wanted to sell
their Delta and Atlas rockets
for the job, but it saves the
current shuttle workforce
from major layotfs.

With Gritfin's goal of
launching a crew module in
2011 and a “seventh human
lunar landing® by 2008, de-
\rfIﬂP'i]'Ig two new ‘;Pi{!ﬂrﬂ.ﬁ
and two new rockets will be
a challenge. In the 1960s NASA engi-
neers did the same job in a much short-
er time period, but today's NASA isn't
as agile as it used to be, and lunar mis-
sions are unlikely to have the same po-
litical priority they had during the
Apollo era. Griffin’s announcement,
which came as the country was reeling
from the projected cleanup costs for
Hurricane Katrina, received a notably
lukewarm reception in paolitical circles.

Griftin claims the praoject can be ac-
complished for $104 billion over 13
years, requiring only a modest NASA
budget increase as funds from the

it hos confinwed fo fulfill its mission as 0
national facility for astronomical re-
search

JANUARY 1981

Spying on 5aturn “[Voyoger 1's] tro-
jectory [over Soturn] offered distinct
improvements over the viewing geometries
availoble from Eorth. First, it possed only
124,200 km from those gold-hued cloud tops —
oboul one Saturnion diometer oway and
10,000 times closer than we ever get. Second,
Yoyoger 1 spent almost o full day beneath the
ring plone. There its instruments mode exten-

space station and shuttle are reallocat-
ed. But many observers are highly skep-
tical of the math, suggesting that even
with the shuttle's retirement around
2010, there won't be enough money
freed up to fund the early development
costs. Worse, skeptics note, longer-term

cost projections are far too optimistic.
One leaked internal NASA projection
showed $160 billion costs over the
same period. Many observers, includ-
ing me, fear that the worst outcome of
all would be if most of the NASA budg-
et over the next few years is moved
from other space projects to the lunar
mission but spiraling costs cause its
cancellation before launch.

Jonaruan McDoweLL, a staff sclentist for
the Chandra X -ray Obserpatory, provides
updates of space missions on his Web site at
womw. planet4 580.org fspace fer fjar html

sive observotions of the rings’ unlit
side, in much the same waoy Pioneer
11 did during its 1979 poss. Third,
the system was viewed from an
ever-changing phose angle (the
Sun-rings-spocecraft angle), which
permitted important checks on the
directions in which individual ring particles
scatter light.”

After Saturn, Voyoger 1 heoded out of the
plane of the solar system. In 2004, at o distance
of 14 hillion km, it crossed the termination shock,
where charged particles in the solar wind merge
with interstellor plasma.
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astro news briefs

LBY SEES FIRST LIGHT The first of two 8.4-
meter primary mirrors comprising the
Large Binocular Telescope saw first light
on October 12

2005. Using the mir-
:_ ror, LBT astrono-
mers took this image
of the edge-on spiral
¢ galaxy NGC 891 in
Andromeda. When
the second mirror is
installed and the facility becomes fully
operational in autumn 2006, the $120 mil-
lion LBT will be used as a powerful inter-
terometer with the ]i5|1t-l:1:-l]l£r_'tir1g area of
a single 11.8-meter mirror and the resolu-
tion of a 22.5-meter telescope. The tele
scope, which is located on Mount Graham
in southeastern Arizona, will, among other
projects, image exoplanets and study gal-
axy tormation in the early universe.

L1
TUGBOAT CAN SAVE EARTH In the Novem-
ber 10, 2005, Nature, NASA astronauts Ed-
ward T. Lu and Stanley G. Love describe
how an efficient *tugboat™ mission could
deflect a potential 200-meter (660-fo0t)
asternid on course for Earth. Instead of
physically attaching itscli to the rough,
loose surface of a low-gravity asteroid, the
spacecraft could simply hover in the direc-
tion of towing, angling thrusters outward
so their exhaust misses the body. Gravity
acts as the towline. By applying continu-
Os 'I".'l'..H.L' T]'fl TSt H."'iT]'i i I'I'I,I:l'.lt"ﬁ.'l'-'."'li."'-r.!'l'ir' mn
engine as the asteroid rotates, the tugboat
can pull the asteroid into a nonthreaten-
ing orbit without carrying large quantities
of propellant. “This gravitational-tractor-
I.'":E][J hU‘IU'l.jUFI. 15 d W'.J]ldfr:.IJtE]ﬂ' ﬂEt‘L;HIL‘I
solution, and it is well matched in capa-
]1i||r].' to the most |i1cr*|:,.' asteroid size we
would have to deflect on a realistic time
scale,” says Daniel D. Durda (Southwest
Research Institute, Colorado).

DISCOVERY CHANNEL TELESCOPE Corn-

ing, Inc., has completed the 4.3-meter
mirror blank for the Discovery Channel
Telescope [DCT), a partnership between
the TV network and Lowel] Observatory.
The 3,000-kilogram {6, 700-pound| blank
will be polished over the next two to three
years. When fully operational in 2010, the
DCT will study the outer solar system and
distant stars and palaxies.

Sky & Telescope

2 February 20O

by jonathan medowell

Venus Express

The European Space Agency’s Venus Express launched from
Kazakhstan last November 9th. The 5257 million mission
was based on the Mars Express design, which itself used the
basic spacecraft developed for the Rosetta comet probe. Venus
Express carries cameras, spectrometers, and other instru-
ments to study Venus's atmosphere and near-space environment from an elon-
gated polar orbit. It will arrive in April 2006.

The launch marks the first major use of the new Cebreros deep-space track-
ing station in Spain, which replaces the Villafranca site used since the 1970s.
Villafranca has become the European Space Astronomy Centre, a research fa-
cility that centralizes ESA's astronomy operations.

TTARLEM G L OEadik

i

Hubble Space Telescope

The fight to save the Hubble Spoce Telescope
continues, with both bad and good news.
Problems with the previous Spoce Shuttle
Discovery mission meon further delays for
the program, maoking it horder to fit o Hubble
visit into the tight schedule remaining prior
to the orbiters’ retirement. On the ather
haond, the decision by NASA administrotor
Mike Griffin that the shuttle won't corry o de-
arbiting module to Hubble mokes o servicing
mission much less expensive ond much
quicker to orgonize. Griffin's decision mokes
o great deal of sense, ond I think the odds
have now shifted in Hubble's favor.

by . oo

FEBRUARY 1956

Age of the Universe “Red shifis in the speciro
of 620 goloxies ond in 26 distant clusters of
galaxies, obtained by Dr. [Milton] Humaosaon,
comhbined with red shifts of 300
golaxies meesured by Dr.
[Nicholos]) Mayall . . . [suggest]
the value of the Hubble constont,
the measure of the rate of
[cosmic] exponsion, ta be 180
kilometers per second per million
parsecs, but this is provisional
ond may be uncertain by 20 per cent. It indi-
cates the oge of the expending universe 1o be
obout 5.4 billion years.”

The Hubble constont, o key fector in determin-
ing the oge of the universe, hod been shrinking
contimvously since 1936 when Edwin Hubble
adopled 526 km per second per megaporsec, An

In lote August engineers turned off one of
the three gyroscopes. With all three running,
chances were thaot Hubble couldn't operate
until the next shuttle visit. Saving one of
them for later is expected to odd an extro
nine months to the telescope’s lifetime.

In lote 2005 the Hubble teom discoverad
ropid deteriorotion in one of the four chips
on the Wide Field Planetory Comera 2, the
instrument used to toke the majority of Hub-
ble's most spectocular imoges. The other
three WFPL2 chips, ond the Advanced Cam-
era for Surveys, ore continuing their out-
stonding performance,

age of 5.4 billion years was re-
assoring, for it could easily
accommodale the oge of
Earth’s oldest rocks. The 20
percent error was oplimishic: the Hubble consfant
todoy is tightly constrained at about 70 km per
second per megoparsec, yielding an age of
around 13.7 billion years.

FEBRUARY 1981
Film’s Last Hurrah ““Gos hypering’ is the
newest widely used term to enter the jorgon af
amateur astrophotogrophers. It refers to o
process whereby o photogrophic emulsion,
when sooked in hydrogen gos, is mode more
sensitive to foint light.”

Stunning photogrophs were mode with this
techmigue, but their impact faded within o decode
as charge-coupled devices (CCDs) took commanid.
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mission update

Webb Space Telescope

Because of a $1 billion cost overrun, the
James Webb Space Telescope's sched-
uled Jaunch date has slipped two vears
to June 2013. After a scramble to investi-
Eﬂ“" {'l]'i-[-ti.l'l.l'.ll'lg IMEdsS Ures = "rlH.'h d%
drastically shrinking the telescope’s size
— NASA decided to go ahead essentially
as planned, but to stretch out the spend
ing 1o keep within the agency’s annual
science budget. This still means that &
billion dollars won't be available for oth-
€T missions.

But there will be some cutbacks to
TWST's capabilities. The 6.5-meter in-

75, 50 & 25 yeors ogo QTR ERIILLEN

MARCH 1931
An S&T Precursor "With the publication of this
number of The Telescope, there is inougurated
the first of o series of Quarterly Reviews of the
work in progress at the Perkins
Observatory.

“In addifion to reports from the
Perkins Observatory itself, these
155ues will contoin, from time to
time, summaries of im-
portont discoveries in
astronomy which moy be
of interest to the general

Tedescape

regder.”

In 1941 The Telescope, published by
Ohio Wesleyon University, would be
merged with The Sky, published of New
York City's Hayden Planetarium.

26 March 2000 Sky & Telescope

by jonathan medowell

trared telescope might not image per
fr‘i'ﬂ}-‘ at 1'.'.1'f':'|-*||-_;t|!¢ shorter than 1.7
MECTONS, SINCe |.1rm||'u'| l:l."tﬁﬂ'-:'l. rr]cmrpr*—.
can cover that spectral region. The
wavelength range of its Canadian Fine
Guidance Sensor’s tunable filter camera,
one I':If r’nur Imalr i|:',rrur||.t*|=1~., Was 3.!'1I:I
scaled back. Such cuts will save more
than $100 million.

Dawn

Another NASA mission is suffering from
NASA's budget woes. The Down ion-drive
osteroid explorer waos originally sched-
uled to launch this June, and the spoce-
croft has alreody reached the integration
ond testing stoge. But lost Dctober NASA
Headquarters ordered the project to stond
down. Technicol problems hove cropped
up with the xenon fuel tank ond the high-
voltoge power units in the ion engine, ond
officinls were concerned that extro money
might be required to fix things. The Dawn
mission team is frustroted with the deloy,
but says thot o yeor slip will still be with-
in the mission’s long launch windaw. The
group hopes ta receive the OK to start up
ogain in time to send the probe off toword
Ceres and Yeste in 2007,

MARCH 1956

Bigtime US Radio Astronomy “In his
lonuary budget messoge to Congress,
President [Dwight| Eisenhower osked
thot $3.500,000 be oppropriated to
the National Science Foundation to
constrect o 140-fool [porabolic anten-
na) in the eastern United Stotes, this instrument
to be ovoilable to all ostronomers for bosic re-
search.”

This was the beginming of the
Notionol Rodio Astronomy Observa-
tory, which continues doing forefront
research foday. The 140-foot tele-
scope in Green Bonk, West Virginia,
went into operation in 1965 and
campleted its last observation run
in 19949

Sirius B’s Mass
Measured

USING THE HUBBLE $PACE TELESCOPE'S
imaging specrograph, a team led by Mar-
tin Barstow (University of Leicester, Eng-
land] has measured the mass of Sirius B,
the high I.']f“l':l":l!:..' core of a dead star. This
white dwart orbits Sirius A, the brightest
star in the night sky. By measuring the de-
gree to which the white dwart's light is
stretched (redshifted) by its powertul gravi-
tational field (350,000 times Earth's surface
field), Barstow and his colleagues deter
mined that Sirius B contains 98 percent
of the Sun's mass despite being smaller
than Earth. This result closely agrees with
previous measurcments and theoretical
predictions. In this Hubble image, Sirius A
is the overexposed star with the diffrac-
tion spikes; Sirius B is the faint dot at the
lower left

The Hubble cbservations also revealed
that Sirius A's temperature is approximate-
ly 25,000°C (45,000°F). —R.N.

MARCH 1981

The Quasar Engine "Since the dis-
covery of guosors nearly 20 yeors
ogo, their physical noture has been
a very perplexing problem to os-
trongmers. . . .

“Observations of Seyfert golox-
ies suggest on obvious possible explanation of
the guosor phenomenon, namely that they ore
the luminous nuclei of distont goloxies. ...
Precisely whot powers these nuclei is nol yet
understood, though various monifestations of
grovitotional energy are frequently suggested.”

Although mony yeors were o pass, 0 consen-
54§ emerged among astronomers that quosars
are powered by matter gravitationally folling
inte a supermassive black hole in the core of gn
otherwise normal gofaxy.




CORPLRTLIELGI by leif j. robinson

W news notes

New Horizons

On January 19th the $650 million New
Horizons probe launched to the ninth
planet, Fluto. The 465-kilogram (1,025

pound) spacecratt carries three cameras:
an H-ﬁ:ntim:tnr—ﬂ.p{*nurr [3-inch) instru-

ment for visible and infrared imaging,
an ultraviolet spectrometer, and a 20.8

e ttifscupc for long-range pictures. A

dust sensor, an energetic-particle spec-
trometer, and a solarwind instrument
complete the small payload comple-

ment, tngﬂhqr with the hig]:-gain radio
antenna (also used for science measure-

ments). Unlike larger probes such as

Voyager, the New Horizons instruments

are fixed on the spacecraft instead of
being mounted on a moving scan arm,
so the whaole vehicle must be pointed
to aim the cameras,

As a tribute to Clyde Tombaugh, the
man who discovered Pluto, a small
amount of his cremated remains was
placed onboard. The spacecrait will
fly by Jupiter for a gravity assist in Feb
ruary 2007 In July 2015 the New Hori-

zons thyby of Pluto and its three known
moons will complete humanity's initial

reconnaissance of all the traditional
major planets in the solar system. But
now there's 2003 UBg;,, and maybe
more to come. . . .

APRIL 1956
Good Counsel “Changes in the ongles of illumi-
nation and observotion olter the appearance of
lunar scenery somewhot os o kolei-
doscope redesigns its patterns.
Mountain walls that tower tonight
may appear insignihcont tomorrow,
Small craters that dot floors of lorg-
er rings under one illumination may
be absent under others. Long
clefts, clearly marked ot times, van-
ish with the shifting of light ond
shodow, . . .

“Is it surprising, then, that 50 mony dubious
things hove been seen on the moon? Among the
oddities reported are snow, hoarfrost, vanishing

24 April 2000 Shy & Telescope

WIESTLRTGGIEN by jonathan medowell

Stardust

The Stordust copsule land-
ed successfully on lanuary
15th in the highest-velocity
spacecraft reentry ever,
Its safe landing onto the
Utah Test and Troining
Range maorked the end of
the probe’s seven-year
trek around the inner salar
system.

Stordust lounched in
February 1999 ond o year
later deployed its serogel
collectors to sook up inter- :
plonetary and interstellor

particles, Dust collection continued through the November 2002 flyby of asteroid
5535 Annefrank. In Jonuory 2004 Stordust reoched its prime target, Comet 81P/Wild
2, ond collected cometary particles on the bock side of its oerogel samplers.

Soon after it londed, scientists examined the aerogel collectors and deemed the
mission o triumphont success. According to lead scientist Donald Brownlee (Universi-
ty of Washington), Stordust may have cellected more than a million microscopic
specks of dust. The somples ore undergoing onolysis in Houston, Texos.

Stordust isn't the first vehicle to return to Eorth from beyond lunar orbit. Most recent-
ly, in 2004, Genesis crash-landed at the Utah range ot the end of its mission (S&T:
December 2004, poge 26). Fortunately, Stardust's parachutes deployed perfectly and

didn't repeat Genesis's hard landing.

|ONATHAN McDOWELL, a staff scientist for the Chandra X-roy Observotory, provides up-
dates of space missions on his Web site at www.planet4 589.org/space/fsr/fsr. himl,

craterlets and light streoks, gray or
black areas of vegetotion, ond shod-
owy masses of moving onimals. . ..

“Observers should distinguish be-
tween foct and fancy, moonlight ond
moonshine,"

A frequent contributor to this mogazine, Lefond
Copeland could nof hove presented o better case

sspecially in that innocent era — for coution in
interpreting what one sees on the Moon.

APRIL 1981

Star Building “During the post decode the
quest to understand stor formation hos become
one of the most octive endeavors in Milky Way
research. ...

Sky &
_ Telescope.

“There is now a firm bridge con-
necting studies in the forthest infra-
red with ones ot the shortest radio
wovelengths. These studies, com-
bined with spectrographic observa-
tions of objects thot were out of reach 10 years
ogo, ore giving us a foscinatingly complete
picture of the physicol conditions ond process-
es at work inside the clouds of gos ond dust.
We suspect these clouds of horboring proto-
stors ond, in several coses, we hove found some
very young stors.”

So wrote Bort Bok, one of the great pioneers in
the study of stor formation’s early stoges.

Thanks to technology, our understonding of the
pracess hos continted o explode,




‘ M news notes

GLAST

The Gamma-ray Large Area Space
Telescope (GLAST), NASA's next high-
energy astrophysics satellite, achicved
‘a major milestone last year when en-
gineers completed the main detector
array. Sixteen detectors assembled in
a 4-by-4 grid make up the core of the
instrument’s Large Area Telescope.
The telescope will detect gamma-ray
photons with energies ranging from
20 million electron volts (MeV) to 300
billion electron volts (GeV), an energy
span previously studied only by the Eu-
ropean COS-B satellite in the 19705 and
the Compton Gamma Ray Observatory's
EGRET telescope in the 1000s,
GLAST's range represents a spec-
tral region where only a few hundred
sources are known and many remain
unexplained. One class that GLAST
will study in detail are blazars, in which
gamma rays are beamed by relativistic
jets of material emitted from the vicin-
ity of supermassive black holes. Less
than 100 of these mysterious objects
are currently known, but GLAST [and
AGILE; see above right) will find many
more. It will also detect quasar jets,
gamma-ray bursts, and pulsars.
GLAST is designed to observe very
faint signals. In fact the high-energy
gamma-ray count rates it will sec are so

COR LRI by leif j. robinson

MAY 1956

Meteorite Craters “Several circular objects
were found that might conceivably have
had a meteoritic origin, but
the most l‘,'IF'IIII'III"liTIH was al
Holleford, Ontario

by jonathan medowell

low that astronomers will identity them
only after they stack individual photons
from many scans across a particular
region of sky. The satellite's Large Area
Telescope will spot objects s as bright
as those in the EGRET catalog.

GLAST will locate sources to within
about 1 arcminute, with a field of view
covering 20 percent of the sky. NASA
is scheduled to launch the fourton
observatory in 2007 into a low-altitude
equatorial orbit.

JoNaTHAN McDowELL, a staff scientist
for the Chandra X-ray Observatory, provides
updates of space missions on his Web site at
wiw. planet4 559, org/space fsr fr kitml.

MAY 1981

The Milky Way a Cannibal? “Yes it is, con
clude A. Rodgers and his colleagues at
the Mount Stromio and Siding Spring
Observatories [in Australia). This

is based on their study of faint .

AGILE

This May, the ltalion Spoce Agency's
Astro-rivelotore Gammo a Immagini LEg-
gero (Light Imaging Gommao-Roy Astro-
nomical Detector, or AGILE) is scheduled
to ride into orbit, aiming to blaze the
scientific troil for GLAST with a much
smaller sotellite. AGILE will cotolog dis-
tant blozars and unravel the mystery of
the unidentified gomma-ray sources in the
galactic plane.

AGILE i5 the follow-up mission to the
successful BeppoSAX sotellite. it weighs
330 kilegrams (730 pounds) — about
one-tenth the mass of GLAST. it will corry
on imager to study the 30 MeV to 50
GeV gommao-ray spectral ronge. AGILE is
compaoroble to Compton's EGRET but with
two major improvements: it is better at
seeing sources away from the center of
the field of view, ond it has an extro de-
tector, Super-AGILE, which simultoneously
observes high-energy X-roys (15 to 45
kiloelectron vaolts).

Super-AGILE's obility to provide better
locations and spectral infermation mokes
the satellite ideal for studying rodio-loud
active golactic nuclei, whose relativistic
jets emit copious amounts of gomma
radiation. It will also provide insights
into high-energy gomma-roy sources in -
the goloctic plone, whose noture s still
unknown; ond pulsors in supernovo rem-
nonts, whose gomma-roy emission may
senl the link between supernovoe ond
cosmic-roy production.

the lorig-knoon fact that our
galaxy iz pulling pas from one
or both of ity Mggest close nelgh-
bors, the Magellanic Clouds.
More .l'.:'r'.-'uﬂy, AITFORORIETE
have found dwarf galaxies in

[voung] stars of spectral type A in the di
rection of the south galactic pole. . ..
“These A stars, lying several kiloparsecs
away from the plane of the Milky Way, are
well clear of the disk of the galaxy and

the process of being gobbled up by the Milky Way
[see page 16,
Book Review “The Most Ll:--r_rJ-EJalt Reter-
ence to the Worlds Around You®

That was the lead blurk in the first ad for The

"The Holletord crater is a
'i.'if'i.'ll.lH.r |J.l'.'[_'||'["‘-‘!d||r'| |J.J.|‘|.-|I'::'."i.!'
mately 100 feet deep and 1%
miles in diameter. .. "

The Holleford crater turned

out to be @ real impact feature, form part of its halo. Mew Solar System, arguably the most success-
joining more than 170 impact ‘An event satistying [their origin] is the ful book ever published that describes comtempo-
siter mow known on Earth. As of 2005, a tetal collision with and capture of a small gas rary planetary scienc Under lead editor |. Kelly

Beatty, it i now in its fourth edition from Sky
Publishing and Cambridge U mipersity Press.

of 26 had been found in Canada and 27 in the rich satellite galasy by the Milky Way"

United States. Further epigence for cannibalism comes from

26 May 2ood Sky & Telescope
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Space-bosed astronomy faces
a bleak future in the wake of
recent mission cancellations
ond delays.

NASA'S ASTRONOMY PROGRAM isina
state of crisis as a growing number of
space missions are falling victim to the
budgetary ax. Smaller projects are suffer-
ing most in NASA's fiscal 2006 budget as
funding is siphoned toward human space-
tlight. Additional cancellations are pro
jected in the 2007 budget partly to help
finance the James Webb Space Telescope
[TWST) and Hubble Space Telescope cost
overruns {March issue, page 26). Un-

less Congress allocates more money for
NASA, the slide will accelerate with the
coup de grice being a |:-|'c|i|:|_-1|:~d 15% cut
for space astronomy in 2000.

In Jamuary NASA officials canceled the
X-ray Nuclear Spectroscopic Tr|r=-;r_'n-pr:
Array (Nubtar) Explorer mission [S&T:
February 2004, page 26). On March 2nd
NASA's new head of science, former astro-
naut Mary Cleave, terminated the Dawn
asteroid mission [this decision was under
review at press time). Dawn had only a few
months of work left befare aunch.

Congressional leaders and the scien
tific community questioned whether
large, overbudget missions such as TWST
should be protected at the expense of
ther needs, and challenged the prioritiza-
110 of |'!.I.E'|.'II'I lZ".l:illr.-I'II-I'| owver "r||‘;||l:|:'

ence. Astronomy is losing both the
research jobs needed to analyze the data
and the low-cost missions needed to

round out a healthy science program

It’s very unusual tor missions to be can
celed so close to launch, The Dawn term
nation apparently saves only $3¢ million

out of a $370 million project, and Dawn's



Stardust’s Tiny Treasures

If comets conlesce in the coldest ports

of our solor system, why do they contoin
crystals thot formed under extremely hot
conditions? That's the mystery confronting
scientists working on the Stordust somple-

On Jonuory 15th the Stordus! spocecroft
safely returned dust from Comet Wild 2 to
Earth (April issue. poge 24). Shortly there-
ofter, teom members begon their analysis
of the coptured groins. Mach to their
surprise, the soentists found numercus
minerols thot formed very close to the Sun.
But conventional wisdom says thot Wild 2
should comprise ingredieats thot come to-
gether ot the forthest reaches of the solar
system, well beyond the orbit of Pluto.

Stordust’s aerogel collection poddie con-
toined thousonds of porticles. Most ore less
thon 50 micrometers ocross. But oround 45
groins are visible to the unaided eye.

In just the first few weeks since Stordust
returned its corgo, ostronomery sent out
more than 150 somples to loborotories
worldwide. Ang-
ysts have alreody
detected o host of
minerals, includ-

COSt overTun was mostly due to previous
delays imposed by NASA. The NuStar
canceilation might be the most troubling
however. The mission was approved, on
budget, and without technical problems
Killing a project in such good :
shape is unprecedented and Far
belies earlier statements by I
MNASA administrator Michael e
Griffin that missions weretobe
delayed rather than canceled
H[llmm ol LI:UE:..'L"" i.'.l.:l':':lf-lll:".i
tor managers and users of existing space
observatories, such as the infrared Spitzer
Space Telescope, have also been cu
These actions have raised further threat

of layotts and job shortages. This is even

which tells scientists that they formed in
hot conditions.

How the crystols migroted from o hot
spot to the cold outer solor system remoins
o mystery. Perhops they were sjected out-
ward sarly in the solar system's formation.
Or moybe they were heoted by a passing
stor. The answers will become clearer gfter
the Stordust team conducts detoiled isoto-
pic meaturements on the porticles.

For now the reseorchers ore still bask-
ing in the ofterglow of o successful mission
with the promise of omazing science results
to come. =1 just con't believe this octually
is 0 piece of o comet thot formed &%: billioa
yeors 0go.” soys science teom leoder Don-
old Brownlee (University of Weshington).

These eorly hindings are just the begin-
ning. Stordust's coliection poddie hod two
sides: one was designed W grob comet
pieced, the other to grob interstellar dust.
Astronomers plan to begin their initial
onglysis of the interstellar samples in the
coming weeks. = Davio TrTELl

true for Hubble. There will be an influx of

MOneY N the 2007 budget 1o ST PO the
proposed servicing mission, but there is
very little funding to pay for scientists t
analvze the data it collects afterward

The 2007 budeet also delays

ndefinitely a Europa mis

gion and the Terrestrial Planet
- Hh i g
Finder (&l Apnl 2004, pape

...-.- % A0 -\."‘_'. -.| # b “]1‘1 interTeE T
Lom/new:
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page 28], and slates the SOFLA
\irborne infrared observatory for near-ces
| | see page 5. SOFLA was
the firtal stage nstroction. The
Be | Einste ries gh-enern
5 g i & ] n=-xX { lanuar

1s5ue, page i8] and the Laser Interferom
eter Space Antenna (LISAL is being kept
alive with only a trickle of funding. Even

ound-based projects such
as the long-planned Keck Interferometer
outrigger telescopes have been sent to a
premature grave

Morale is plummeting in the US space

LaEnee Commuan v as serioT scientists sof
VCars of work evaporate with a stroke
¢ financial pen, and young astTonomy
D= are worde ¢ wihe [ & Carecr
& neld is [HI5S How US ast
vill take shaps ’ Ing 5
and vears remains s & g
-:';i 15 over how to reslice the shrinking
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B news notes

by jonathan medowell

R LR LT by leif . robinson

Leoding the Chinese lunar progrom is

Ouyang Ziyuon, seen here in front of the

new Beijing deep-spoce ontenna.

Chang’e1

CHINA IS READYING its first interplan
etary spacecraft, the Chang'e 1 lunar
probe, for launch in April 2007. After
liftoif from the Xichang spaceport in
southern China, Chang'e 1 will enter a
geostationary orbit before firing its en
gine to head for the Moon. Once there,
it will .‘i]i['l into & 200-kilometer [120-
mile) polar orbit.

In preparation for the mission, China
recently built a 50-meter deep-space
antenna in Beijing. Tt joins a 40-meter
dish in Kunming, 25-meter dishes in
Shanghai and Urumchi, and 18-meter
dishes in Qingdao and Kashi, to form a
network that will be eritical for Chang'e

JULY 1956
Celestial Chemistry “There con now be no
daoubt that the stars do serve as atomic reac-

.—=g tors in which heovy elements are
produced. But not oll stors do

%o in the saome monner or with
the some efficiency. Those of the
sun’s type ore relotively inoc-
tive, though even they ‘cook’ the
heovy elements on o small scole.
The red gionts and supergionts
produce lorge nuclei copiously in

their interiors, the novoe and supernovaoe do 5o
e;-plml'.r!_'l',', ond the mognefic stors manufoc-
ture hieawy elements near their surfaces by the

26 [xly 2000 Sky & Telescope

Venus Express

The European Spoce
Agency romped up its oc-
complishments on April
11th with the arrivol of
Venus Express (February
issue, poge 16) in orhit
around the cloudy inner
planet. The spocecraft

switched on its engine, slowed by 1.3 kilometers per second, and fell into o borely
coptured orbit. The initial, elongated orbit orced out to 350,000 km, reaching its
forthest point, opocytherion, on April 15th — holfway to the edge of Venus's gravito-
tienal sphere of influence. When the croft descended back toward the Venusian cloud
tops on April 20th (within 400 km), it executed the first of o series of rocket firings
aimed to bind it more tightly to its host plonet. Once the probe reaches its finol 24-
hour elliptical orbit, it will begin o global study of Venus losting ot least twa Venu-

sion days — thaot is, 16 Earth maonths.

With the croft’s near-twin Mars Express still in full stride, SMART-1 preparing to
end [ts lunar-orbit mission, the Rosetto comet probe in cruise around the Sun, ond
the elderly Ulysses salar probe heading inward for its third perihelion poss in 2007,
European solor-system exploration is experiencing an unprecedented level of activity.

1 as well as China's longerterm deep
space ambitions.

The probe will carry a low-resolu-
tion imager, a gamma-ray spectrometer,
ararj a microwave radio meter Lo E[I_Ld:r'
the Moon's surface composition and
temperature, and a laser altimeter to
measure the hF'ighr of 1(-;‘.-r:;.;mp|'|i|'n]
fl‘" aturcs.

betotron effect. . ..

“The new idens on element building
in stars come from the work of many
gstronomers, Of porticulor interest
are the fundomental contributions of
M[artin] Schwarzschild ond [Fred] Hoyle on
the internal temperatures of the gionts ond
supergionts, of [William] Fowler ond [Jesse]
areenstein on the formaotion of heavy atoms
in an original hydrogen stor, ond of Fowler,
G[eolrey] R. Burbidge ond E. Morgoret Bur-
bidge on nucleor reactions at the surfoces of
magnetic stars.”

It"s sobering to reaiize thot our understanding
of the nucleosynthesis of elements heavier than

China follows the US, the USSR, the
European Space Agency, and Japan
in becoming the fifth entity to launch
craft to the Moon or beyond.
JoxaTHAN McDoOWELL, d mjﬁ scientizt fur
the Chandra X-ray Obsercatory, provides
updates of space missions on his Web site at
wtow. planetd 589, org/space /o jor Jrimi,

hydrogen, helium, and lithivm (which
formed os byproducts of the Big
Bang) is barely a half-century old,

JULY 1981
Remembrance “Amid the euphoria brought on
by the spectocular success of [Columbia’s] first
Rlight . . . work continues on the croft thot will
follow Columbia into space. The next Spoce
Shuttle arbiter, dubbed Challenger, now sits in
Rockwell International’s Polmdale, Colifarnia,
plont.”

Bath shuttles were involved in fatal occidents:
Chollenger on January 28, 1986, and Columbia
on February 1, 20073.
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SMART-1

The Europeon Spoce Agency’'s SMART-1 mis-
sion is drawing to a close. The spacecroft
used on ion engine to slip into o lunar polor
orbit. But the irregulority of the Moon's
grovitationol field slowly makes thot orbit
more eccentric. By April 2006 it wos in o

loop, with its low point shrinking and an
impoct predicted for August. In lote June
mission plonners were to use the croft’s
conventional rocket motor to delay the col-
lision until September 3rd. The torget zone
is Locus Excellentioe, south of More Humeo-
rum, and the impact flash is predicted to be
fointer than 11th mognitude. But if the dust
tloud is lorge ond extends outward enough,
it could oppeor ot magnitude 5.

The 2 kmj/sec collision will be studied ot
radio, infrared, and visible wavelengths.
Observing the event will give astronomers
good practice. NASA recently opproved the

lite, which will hitch o ride in 2008 with the
Lunar Reconnoissonce Orbiter, detoch, ond

self-destruct ot the Moon's south pole in on
ottempt to detect surfoce woter ice.

515-by-2,846-kilometer {320-by-1,768-mile)

Lunor Croter Observotion ond Sensing Sotel-

Akart's mid-infrored comer

L &4%9%4 05 11s frst-laht i moae.

Al A

Akari (AstroF)

Japan's infrared sky-survey satellite, Akcari
[formerly Astro F), finally ejected its
telescope cover on April 13th — a crucial
step that had been delayed for several
weeks because the craft's Sun sensors had
malfunctioned. The sensors determine
Akari's orientation in space, and accurate
attitude control is particularly important
for any payload carrying super-cold liquid
helium. If the telescope were to loak ac-
cidentally at the Sun or Earth, heating
could boil off the limited supply of coal-
ant — the lifeblood of the instrument.
Such a mistake happened when NASA's

Wide-Field Infrared Explorer ejected its cover shortly after launch in 1099

(S&T: October 1999, page 30).

Mission engineers from the Japan Aerospace Exploration Agency (JAXA)
have developed a new method to estimate attitude without the Sun sensors.
To the reliet of the Akari team, the satellite has since remained stable.

Akari's final checkout is well underway, the telescope is focused, and the
two principal instruments have been tested. The main sky survey was sched-

uled to begin in mid-May.

JonaTHay McDowewe, a staff scientist for the Chandra X-ray Observatory, provides
updates of space missions on his Web site at wwiwe. planet4580. org/space/fer /for. ktml.

R WPLRTELEN I by leif f. robinson

AUGUST 1956

Yenus Calling “Rodio noise originating on the
| plonet Venus hos been detected by ostronomers

working independently ot Ohio State University
and the Maval Research Lobora-
tory, Washington, D. C. Venus thus
becomes the second plonet to be
observed ot rodio wove lengths,
only o yeor ofter the first such ob-
servations of Jupiter. . . .

“Static from Venus consists of
numerous brief bursts, losting
one second or less. . .. When the
putput of the receiver is ployed through o loud-
speaker, o crackling sound is heard, not unlike
the static from terrestriol thunderstorms.”

The lote Jlohn Krous may have been spot-on in
his interpretation. Several Soviet Venera londers
{encounters from 1978 to 1982) as well as the
Americon Pioneer Venus mission (1978) found
evidence, albeit inconclusive, for lightning

2 Aupnst o Sky & Telescope

AUGUST 1981

Space Shuttle Poll “A Louis Horris poll indi-

coted that 63 percent of 1,250 odults over

1B believed the United Staotes should spend
several Billion dollors in the next decode to
develop the full potentiaol of the Spoce Shuttle.

.. . This renewed enthusi-
osm seems to derive from
an expeciotion thot prac-
ticol uses for the space
progrom might be found
in such oregs os pharma-
ceutical development,
chemical ond biologicol
research, ond artificial-
sotellite refurbishment.”

One wonaoers how fow o percentoge such o

Saturn Spins
Slower?

When the Yoyager spacecraft measured
rodio woves coming from Saturn with o
pattern that repeats every 10 hours 39
minutes 22 seconds, scientists concluded
that the varioble signals indicate the plan-
et's internal rototion period. But experts
s00n discovered thot the period fluctunted
erraticolly, suggesting that the rodio sig-
nals probobly originote from something
that is not tied to the deep interior. In the
May 4th Nature nstronomers report thot
the ringed planet’s actual spin period is
longer: 10 hours 47 minutes & seconds.
This is based on the detection by NASA's
Cassini orbiter of o periodic signal in
aaturn’s mognetic feld. But the observed
signol doesn't decoy with distonce as it

poll might yield foday. After spending those bil-
fions of dollars, the promize of the shuattle = ond
af the internaotional Spoce Station — remains
unfulfilled.

would if it were rooted in the planet’s maos-
sive metollic-hydrogen interior. The new
period's origin remains o mystery. =D, T.
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Solar-B

Rosetta
A long-standing international collabo
ration is scheduled to reach fruition The European Spoce
on September 23rd with the launch of Agency’s Rosetto comat
Solar-B into a 600-kilometer ( 370-mile| probe continues its com-
polar orbit. This major solar observa- plicoted 10-year voyoge i ;
tory includes a 0.5-meter (20-inch] ta 67P/Churyumov-Gero- Pl i /
optical telescope from the National simenko. In December :
Astronomical Observatory of Japan and 2005 it reached ophelion Rosetta’s 2007 Mors flyby
NASA, a UK/US-built extreme-ultravio- beyond the orbit of Mars,
let spectrograph, and a 0.35-meter X-ray und since then it has been felling back toward the Sun. In September it passes peri-
| telescope built at the Harvard-Smithso- helion ot Earth's orbit. Here mission controllers will tweak the spacecrofts orbit so
' nian Center for Astrophysics. that near its next aphelion in February 2007, it will pass only 200 kilometers (120
An M-V-7 rocket will carry Solar. miles) from the Martion surface. After the Mors grovity assist, Rosetta's perihelion
B into space from Uchinoura Space will drop until it reaches the orbit of Venus, but before the probe comes thot close to
Center near the city of Kagoshima on the Sun, onather Earth flyby will send it out of the ecliptic plane.
the island of Kyushu. After Solar-B Rosetto is mostly inactive during its long cruise, but in Morch it mode long-
separates from its booster, it will spend distance observations of asteroid 2867 Steins, which it will encounter in 2008. In
three weeks raising its orbit. Once ter- July it was due to corry out plosma studies os it flew near the tail of Comet 45P/
restrial gases and contaminants trapped Hondo-Mrkos-Pojdusokovo.

in the satellite have had time to escape,
the observatory’s three telescopes will |

begin staring at the Sun. Observatory (SOHO), now 10 years into  servatory [STEREO) mission.
Solar-B's subarcsecond images will its vigil at the L, Earth-Sun Lagrangian = ,
provide a detailed map of magnetic point. The highly successful SOHO Jonatuan McDoweLL, 4 staff scientist for
fields in the Sun's photosphere. It will ~ mission was recently extended 10 2009,  the Chandra X -ray Observatory, provides
also complement data from the Euro. allowing it 10 overlap with Solar-B and  updates of space missions on his Web site at

pean-American Solar and Heliospheric ~ NASA's Solar Terrestrial Relations Ob winw. pland 4550.0rg.

EE R LRGSO Dy leif §. robinson

SEPTEMBER 1931 basically correct. The real pasties are eccepled age estimate for Earth itself
Dangerous Sun “To obtain on iden of the coronal mass ejections, identified in the i &.55 hillion yeors.
violence of the forces octing on solor promi- 19705, which con wipe out communica- {
he o nences, we may consider the tions and electric power grids. SEPTEMBER 1981 '
Tefescs e prominence of November 19, 1928, Faster than Light “For the post de-
.. . In some two hours o moss of SEPTEMBER 1956 code rodio astronomers have been observing
incandescent gases reached the Earth’s Age “Mot long ago, three billion years more ond more extrogoloctic objects which are
height of 567,000 miles, which is seemed to be the most probable oge of the epporently exponding ot speeds greater than
more thon seventy times the diom-  earth's crust, but more recent investigations thot of light () .. . .
eter of the earth. . .. indicate that the actual volue is oppreciably “A model now in vogue produces the ap-
“In some coses it hos been pos- higher. ... parent superiuminal velocities by meons of o
= Sible to troce the mag- “By determining the relotive beam of relotivistic porticles ejected from the

netic disturbonces on the

surfoce of the earth, and ouroros, ta
such violent disturbances on the sun.
The sun presumobly ejects charged
porticles which, ofter some time,
reach the earth.”

Although solar physics was then
in its infancy, this interprefation was

abundances of the various isotopes source nearly olong our line of sight. Due to the

of lead [in rocks] . . . [Researchers] finite velocity of light, on outside observer sees

find 0 meon walue for the time since @ shortened time scale for events in the ap-

the formation of the earth's mantle of  proaching beom, compared to that observed by

4.3 billign years.” someone moving with the porticles themselves.
The most relioble modem scientific As o result, the beom oppears to move foster

estimate for the age of Earth’s oldest than it actwolly does.”

materials is 4.4 billion years. The best This explanotion is now widely occepted.

28 Sevtember 2006 Shy & Telescope
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B news notes

SOFIA

MASA has saved an airborne infrared
observatory from cancellation. A review
panel has concluded that the Strato-

spheric Observatory for Infrared Astron-

omy (SOFIA), a joint project of NASA
and the German Space Agency, should
proceed to tuu:lp]rl:u:ln, with science
flights starting as early as 2008. SOFIA
is a modified Boeing 747 airliner with
a 2.5-meter (98-inch) telescope looking
out a hole in its side. Earlier this year
it had been zeroed out in NASA's 2007
budget (June issue, page 8).

SOFLA was an obvious target in
NASA's budget crunch (June issue,
page 16) because of its high annual
operating costs and the fact that the
project was years behind schedule
and millions of dollars over budget,
in part because qualifying the aircraft
for flight turned out ta be more dif-
ficult than expected. Effective lobbying
from Germany helped save the project.
Perhaps more important, the review
convinced NASA officials that SOFIA's
technical problems were essentially
behind it.

OCTOBER 1956

Neutrinos for Real “For more than 20 years,
physicists have postuloted the existence of
neutrings — unchorged elementary
particles of extremely small mass
= [0 explaoin on opparent violo-
tion of the low of conservation of
energy. . . .

“At lost, C. L. Cowan, Jr., F.
Reines, and their nssociates hove
definitely observed neutrinos in the
products of the Savannoh River,
South Coroling, otomic pike of the Atomic En-
ergy Commission, In 1953, these Los Alomos
physicists hod tentotively identifed neutrinos
produced by the Honford reoctor [in Washing-
tom Stote).”

The first indrsputable neutrinogs from oulside
the solar system were observed in 1987, from

28 Chtober i Sky & Telescope

by jonathan medowell

SOFIA's telescope

NASA's recent decision means that
the Wide-field Infrared Survey Explorer
(WISE) will proceed as well (S&T: Sep-
tember 2005, page 24]. Astronomers
were concerned that WISE would be
sacrificed to restore SOFLA.

Jonatuan McDowerw, 4 staff scientist for
the Chandra X -ray Observatory, provides
updates of space mizzions on his Web site at
mu:m.p].:mmnﬁl;r.{l-rg.

the core colfapse of Supernova 1987A.
Reines (1918-98) won the Nobe! Prize
in 1995

OCTOBER 1981
Stellar Activity Cycles “The one star we can
study in detail, the Sun, exhibits cyclic activ-
ity with different periods. One cycle is due to
rotation, 25 doys at the solor equotor. OFf much
langer duration is the still-enigmatic sunspat
cycle of 11 years.

“Whot obout other stars? . . .

“The existence of spots con be determined in
o stroightforward manner by monitoring the H-
or K-line emission [from calcium] of the ploges
[bright patches in the solar chromosphere]
which olwoys occompony them.

“This method will work for any star thot hos
an active chromosphere. . ..

SIM PlanetQuest

The money for 50FIA’S rescue hod to come
from somewhere, and the victim is the
Spoce Interferometry Mission, also known
as SIM PlanetQuest. This progrom had
been scheduled to enter its development
phase in the near future, but it will now
remain in the design phase for ot least the
next several years. This move postpones
SIM’s launch indefinitely; it seems unlikely
the spocecraft will ever fly.

In the current design, SIM consists of o
g-meter (30-foot) truss that will corry two
30-centimeter (11.8-inch) telescopes that
would work together as an interferometer
to achieve microarcsecond positional ac-
curocy for stors os foint os magnitude 20.
The mission could discover ond measure
the mosses of Earth-size planets around
nearby stars.

With the earlier reduction of the Terres-
trioi Plonet Finder to loborotory studies,
NASA hos olmost completely abondoned
its commitment to seorch for life-bearing
planets around other stars. “The extrase-
lor planetary science community is dev-
ostoted,” soys Geoff Marcy (University of
Californio, Berkeley).

The SIM cuts have one positive effect:
they eose budget pressure on other near-
term missions, such os the Gamma-raoy
Lorge Area Spoce Telescope, or GLAST.

“Among [46] main-sequence stars
19 showed clear evidence of rotation,
while nine others revealed periodic-
ity ofter mothematical onalysis. . ..

“Whaot of possible storspot cycles?
[Arthur] Vaughan and George Preston have
continued the work begun by [Olin] Wilson,
who monitored H- ond K-line fluxes from 1966
through 1977. By the end of 1980 about 15 stars
essentiolly hod completed on activity cycle, and
six of them olso hove hod rotation periods de-
termined. The cycles toke obout five to 12 yeaors,
with 10-12 years occurring often — the Sun is
clearly quite ordinary in this respect.”

This simple technigue was ariginally imple-
mented with the 100-inch (1.5-mefer) reflector
ot Mount Wilson Observatory. The project, now
based of Lowell Observatory, continues to pro-
duce key data on solar-type stars.
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Bnews notes

Deep Space Station 63

pss 63, the 70-meter (230-foot) Deep
Space Network |DSN) antenna near

Madrid, Spain, went offline in May for

scheduled maintenance. But on June
22nd engineers discovered cracks in
the altitude bearings that might take

NOVEMBER 1956
Cower Shot “The woning gibbous moon ris-
ing over Mt. Elden, Arizono, photagrophed by
Arthur A. Hoog with the U, 5. Noval Observo-
tory 40-inch reflector ot
Flagstolf, on November
3, 1955, The otmospheric
transporency and good see-
ing conditions are shown by
the sharpness af the moon's
features, less than half o
degree above the horizon,
The tree line is nine miles
distant.”

Originelly operated since

it Sky & Telescope

22 November 2

WIESLIRTELICE by jonathan medowell

months to repair, threatening the return
of data from several NASA deep-space
missions.

The DSN has been NASA's main
point of contact with interplanetary
spacecraft since 1058, As Earth turns, a
distant probe’s faint radio signal comes
into view of one of the three main sites
at Goldstone, California, Can-
berra, Australia, and Spain. A
handful of smaller dishes at each
site handle data from probes and
satellites that are either nearby or
have lower data rates,

These smaller stations will be
overloaded trying to capture faint
signals from the Cassini space-
craft at Saturn and the high data
flow from Mars Reconnaissance
Orbiter. All the Mars orbiters and
rovers were using DSS 63, and the
competition for time on smaller
antennas means that some of
them will lose out. Certain data
transmissions can be rescheduled
to occur when a spacecraft is over
Goldstone ar Canberra, but the
New Horizons Jupiter encounter
on February 28, 2007, takes place
when DSS 63 is pointed in its
direction. This Plute mission will
have to be supported by smaller
dishes it DSS 63 is not repaired by
that time.

1934 in Washington, DC, this wide-
feld Ritchey-Chrétien felescope was
moved to Flagstoff in 1955. Today it
is used for imaging and photometry
wilth quartz optics installed in 1970,
Tihe Ritciey optics ore now in a 1-
meter telescope in Croatia.

NOVEMBER 1981

Intergalactic Probes “A number of quasars
show absorption lines in their spectra thot
yield different line-of-sight velocities from

that of the quosars themselves os determined
from emission lines. In some coses, lines in the
same object give numerous greatly different

Gaia

The European Spoce Agency has
owarded the contract to build the
Goio nstrometry sotellite to EADS As-
triwm in Toulouse, Fronce. This com-
pany built mony previous European
spoce observotories, including Goio's
predecessor, Hipporcos. Goia's de-
tailed design phase began in March.
The spacecroft will be lounched in
2011 to the L, Lograngian point 1.5
million kilometers (930,000 miles)
from Earth, where it will measure
distances to o billion Milky Way stars
down to 20th mognitude.

Gaio carries two 1.5-by-0.5-meter
primary mirrors, eoch with o 0.7*
field of view and feeding an array
of more than 100 CCD imogers for
position determinations as precise
as 20 microarcseconds for bright
stars and less thon o millioresecond
for the fointest. Goio also carries o
spectrograph thot will measure the
line-of -sight velocities of 150 mil-
lion stars down to magnitude 17.

JoNATHAN McDoweLL, a stoff sci-
entist for the Chandra X-ray Obser-

vatory, provides updates of space
missions on his Web site at www

plonets589.0rg.

speeds, o porticulor instonce being
absorption features ot wovelengths
shaorter thon the hydrogen Lyman-
alpha line,

*lan Dort of Leiden Observatory
. .. suggests diffuse hydrogen in
superclusters between us ond the
guasars os the source of these features, which
are generally less redshifted than the Lymon-
alpho emission line.”

This discovery of whal is now colled the
Lyman-aipha forest provides us with direct evi-
dence of gas in intergaiectic space. These lines
provide astronomers with the opportunity to
study this gos of o wide range of redshifts.
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Mars
Reconnaissance
Orbiter

NASA’s Mors Reconnaoissance Orbiter
reached its science orbit in early Sep-
tember. MRO arrived on March 10th
in an elliptical 426-by-43,000-km
(265-by-27,000 mile) polar orbit. In
April the spacecroft dipped its low
point (periapsis) into the Martian
atmosphere, only 105 km above

the surface. Atmospheric friction on
each pass quickly lowered the orbit's
high point. On August 30th mission
controllers ended this “oercbrok-
ing” as MRO roised its periopsis to
210 km, sofely beyond atmospheric
drog. By September 12th the croft
reached its near-finaol orbit of 250 by
316 km, with the low point over the
south polor region. MRO then begon
to activote its instrument poylood in
preparation for initioting its primory
science mission in November, At that
point the orbit will receive o final
tweak to lock it in the Sun-synchro-
nous path ideol for the study of Mars.

Herschel Space
Observatory

The launch of the European Space Agen
cy's farinfrared Herschel Space Observa-
tory is now planned for February 2008.
The 3.5-meter telescope is being assem-
bled at the European Space Research and
Technology Center in the Netherlands.

A liquid-helium cryostat arrived there in
August for testing, Initial tests revealed
unexpected thermal problems, so the
eryostat is now being fixed.

Herschel will be the first large space
telescope to study the submillimeter
band, which bridges the spectral region
between the far-infrared and radio. Her-
schel carries three instruments. The
Photodetector Array Camera and Spec-
trometer (PACS) covers the 60-to-210-mi-
cron range. The Spectral and Photometric
Imaging Receiver (SPIRE) works from 200
to 600 microns with very high spectral
resolution. The Heterodyne Instrument
for the Far Infrared (HIFI) operates from
150 to 600 microns,

HIF1 is the first infrared instrument
to use radio-telescope technology, PACS

is also groundbreaking, with the first
bolometer arrays that have no gaps be-
tween pixels, similar to imaging arrays.
SPIRE is 10 times more sensitive than
the ground-based SCUBA instrument,
which observes in the same part of the
spectrum but is limited by the bright-
ness of the night sky. Herschel will give
us the faintest look at astronomical
objects at these wavelengths, where
cold starforming clouds and distant star
forming galaxies can be studied.

Herschel will be launched on an Ari-
ane 5 rocket with ESA’s Planck cosmie
microwave background satellite and will
be placed at the Lagrangian L; point, 1.5
million kilometers (930,000 miles) from
Earth opposite the Sun.

JowaTnan McDowewr, a staff scientist for
the Chandra X -ray Observatory, procides
updates of space missions on his Web site at
wiewe. planet 45 80.0rg,

DECEMBER 1931

Which Universe? “It is difficult to solve the in-
tricote problem of the structure of the universe
without moking some ossumptions os to the

Not bod! The modern values ore -26.75
and about +0.63; the color-measurament
systems differed slightiy.

is continually expanding. . . ."
Eoch step waos closer fo the

truth, but there was (and prob-

ahly is) o long way o go (see

distribution of matter in it, Einstein proposed o page 36). DECEMBER 1981 .
theory of the universe bosed on the ossumption Birth of a Classic “Wil Tirion's Sky Atlas
The « - that it is static. . . . [Willem] De 5it- DECEMBER 1956 2000.0 is more thon just o precessional
Telescope ter proposed another theary bosed ~ Sunshine “The Henry Norris Russell lecture update of existing sky charts; it is o significant

[of the American Astronomical Society] was
given by loel Stebbins, Lick Observatory, who
told how he and G. E. Kron hod measured the
opporent mognitude, color, ond temperature
... of the sun. . . . Itis exceedingly difficult to
place the sun occurotely on the stellor mag-
nitude scole, becouse it is 10 billion times
brighter than the next brightest stor, Sirius. . . .
“The apparent visual magnitude of the sun
was found to be -26.73 . . . ond its color index

come out +0.53."

on the foct that the universe is
pretty neorly empty. . . . De Sitter’s
solution was considered nearer the
truth because it accounted for the
foct that the spiral nebuloe . . . run
away from us, and their velocity of
recession is proportional to their
distance from s .. .

“[Georges] Lemoitre . . . put forward another
solution . . .

improvement in the woy sky objects con be plot-
ted on paper and an important upgrading of sky-
mapping techniques.”

With the oppearance of this
attas, and its subseqguent color
edition, Tirion's ploce as the pre-
mier celestiol cartographer of the
time was assured. The second
edition of this work, now coau-
thored with Roger W, Sinnott, is
availoble from Sky Publishing.

Shy & ;
"'Ekesmg_:’a.__

[which] is considered more nearly
correct. . .. According to Lemaitre the universe

30 Decemiyr 2500 Sky B Tebestops
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Hubble Space Telescope

The oging Hubble Spoce Telescope continues to
produce excellent science as its systems slowly
degrode. The recent successful Spoce Shuttle
missions have roised hopes that NASA will op-
prove Servicing Mission 4 (SM4). The Hubble
project is hoping for o Jonwory 2008 lounch, but
o spring 2008 flight seems more likely given
scheduled ossembly flights to the International
Space Station (155). SM4 had been grounded
ofter the Columbia trogedy, since ostronouts visit-
ing Hubble could not seek safety oboard the 155
in on @Mergency.

Hew gyroscopes are the most crucial item, since
the current ones hove a significont probability of
failure by mid-2008. Replocing the spocecroft's
batteries, expected to provide odequote power
until 2010, is also o high priority.

These fixes would ensure o new S-year lease on
life, but Hubble's science copability is currently
limited by the failure of its imaging spectrograph.
SM4 would attempt to repair this important instru-
ment. It would reploce the old wide-held comera
with an advonced comero (Wide Field Comero 3),
os well os install the new Cosmic Origins Spec-
trograph. These two instruments would join the
Advaonced Comera for Surveys (ACS) and the neor-
fnfrared camera, adding the scientific equivalent
of on entire new telescope.

Planck

FOLLOWING THE continuing success
of NASA's Wilkinson Microwave
Anisotropy Probe mission to study
the Big Bang's afterglow (S&T: June

LR LRTLEN LU by leif j. robinson

JANUARY 1957

Revolutionary Comera “COVER: This sketch de-

picts one of the fost Schmidt-type comeras thot
will be used for precise photo-
grophic tracking of artificiol sot-
ellites during the Intermationol
Geophysical Yeor [July 1957

to December 1958], Its optics
hove been designed by James
G. Boker ond its mechonicol
features by Joseph Nunn, Twelve
of these 20-inch-opertune fi1
instruments will be operoted in many ports of
the world. . . ."

Baker-Nunn cameras provided some of the
first precise positions for Sputaik 1 when it was
lounched on Ocltober &, 1957,

Epochal Survey Completed “For seven years,
practically the entire ohserving time of the 48-

18 [amuary 2007 Sky & Telescope

inch Schmidt comero has been occupied
with the sky survey fimonced by the
Naotional Geographic Society. Beginning
in July, 1949, the whole sky occessible
from Polomor Mountain (narth of decli-
nation -27°) has been photogrophed in red ond
blue light, requiring 879 plotes in eoch color,
The plotes are each 14 by 14 inches square. The
blue photographs hove a limiting mognitude of
21.1, the red plates reach 20.0. . ..

“Dr. [Ira] Bowen points out the enormous
maoss of research moterial embodied in the
otlos plotes: ‘Many decodes will be required
fully to exploit them. . . . In o special seorch
of the plotes Mr. [George] Abell hos found
and listed the positions of about 2700 very
rich clusters of goloxies thereby increasing
manyfold the number of known objects of this

type. ...

——
e Pa———

2006, page 22), and the awarding
of the 2006 Nobel Prize for physics
to John Mather and George Smoot
for their work on the Cosmie Back-
ground Explorer satellite, the Euro-
pean Space Agency is preparing the
Planck mission to study the micro-
wave background.

Planck will share a ride to space
with the Herschel Space Observatory
|December issue, page 30) and will
join it at the Lagrangian L, point 1.5
million kilometers from Earth on
the opposite side of the Sun. Planck
will map the sky at a resolution of 5
arcminutes, allowing it to subtract
the foreground contribution from
bright extragalactic sources in order
to obtain the best picture yet of the
early universe’s small temperature
fluctuations.

Jonaruan McpoweLl, a Chandra
X-ray Observatory staff scientist, pro-
vides updates of space missions on his
website at www.planct4389.0rg,

Bowen was right! This sky survey
was mined throughout the remainder
of the 20th century. It confinues fo be
augmented by surveys at oll wove-
lengths, fram Earth ond spoce.

R 2 S R R

JANUARY 1982

Shottered Glass “On display ot Stellofane
lost August wos o 4B-inch flat, mode by Alvan
Clark & Sons in the 1880°s. This piece of preci-
sion glosswork is historically interesting, for it
tested some of the firm’s most importont lens
work. Until John Briggs of Westpart, Mossochu-
setts, locoted the 300-pound disk, it hod been
missing for mony years and was thought by aoll
to hove been destroyed. . . .

“Alos, the old flot met its end at Stellofone
when wormth from the midmorning Sun coused o
crock in the disk o spreod ocross its diometer.”
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STEREO

MNASA launched its STEREQ mission
from Cape Canaveral, Florida, on Oc-
tober 25, 2006. STEREC is an acronym
for Solar Terrestrial Relations Observa:
tory, but the name actually indicates its
ability to return true stereo views of the
Sun. STEREQ consists of two probes,
STEREO Ahead |A) and STERED Be-

Hinode

The lapanese Space Agency's Hinode {pro-
nounced EE-no-doy) solor observotory hos suc-
cessfully completed its first-light observations.
Hinode, Japanese for “sunrise,” is the new name
of the Solar-8 observatory, which lounched on
September 22, 2006. Hinode carries the largest
optical and X-roy solar telescopes ever sent into

hind [B). One probe will lead Earth by
millions of kilometers and the other will
trail it by a similar distance.

Owptical and ultravioler imagers, radio-
burst monitors, and particle detectors
will provide space-weather information.
For the first time, scientists will study
solar coronal mass ejections that hit

Earth from the side, rather than just see-

ing storms that approach us head-on.
The two STEREO probes were due to
ily past the Moon on December 15th.
Thanks to clever orbital maneuvering,
STEREO A's flyby puts it on an escape
trajectory to a 344-day solar orbit, while
STEREQ B arcs out to 870,000 kilome-
ters (540,000 miles) from Earth before
coming back in for another lunar flyby

on January 21st, After this second flyby,

STERED B will end up in a 89-day
solar orbit,

50 & 25 years ago

FEBRUARY 1957

Sirius"s Diometer “& novel type of stellor inter-
ferometer hos been tested by successful mea-
surement of the ongular diometer
e Of the star Sirius. . . .

“In these experiments, two
searchlight mirrors 61 inches in
diometer were pointed at Sirius.
The photons of a star’s light col-
lected by such o mirror arrive ot o
fluctuating rate. If a second mirrar
is placed immediotely olongside the first, the
photons it collects will hove identical Auctua-
tions in their rote of arrival, But when the mir-
rors are several yords opart, the correlation
between the two sets of fluctuations is reduced
by an omgunt thot depends on the angular di-
ometer of the star. . . .

“The diometer of the stor wos found to be

26 February 2 Sky & Telescope

by leif j. robinson

orhit, with instruments from Joponese, Ameri-
can, ond British astronomers, The satellite reached its final 674-by-695-km orbit by
October 2nd ond settled down for two weeks of systems checks.
The K-ray Telescope, built ot the Smithsonian Astrophysical Observatory, was oc-
tivated on October 23rd. Its operture door opened unexpectedly shortly after orbital
insertion, but the molfunction coused no problems, and XRT is returning orcsecond-

resolution images of solar flares.

The 0.5-meter Solar Optical Telescope, whose door wos opened on October 25th,
makes 0.2-orcsecond imoges of the solor photosphere, showing unprecedented detail in
the gronules, with bright spots revenling small areas that have intense mognetic fields.

The third instrument, the Extreme Ultraviolet Imaging Spectrometer, was octivoted
on October 2Bth. It is returning witraviolet strip imoges ocross the Sun ond high-
spectrol-resolution observations thaot reveol differences between the solar corona,

chromosphere, ond photosphere.

Hinode is the first mojor orbiting solar observatory in 10 years, following the
NASA-European Spoce Agency SOHO spacecraft, which hos been operating since
1996, ond Jopon's Yohkoh, which sent back solor imoges from 1991 to 2001.

JowaTrAN McDoweLL, o staff scientist for the Chandra X-ray Observatory, provides up-
dotes of spoce missions on his website ol www.planets589.0rg.

0.0068 + 0.0005 second of orc,
ogreeing well with the ongulor diam-
eter of 0.0063 second computed from
the known surfoce temperafure aond
brightness of Sirius.”

At Sirfus'’s distonce of 8.6 light-years, the most
recent measured ongulor diometer of 6 milliare-
seconas correspands fo 2.4 mifiron kilometers (1.5
mithion miles), about 1.7 times the diometer of
the Sun. In the 19605 o larger version of this stel-
for-intensity interferometer was built of Norrabri,
Australia, as described by R. Honbury Brown in
the August 1964 SET (poge 64) The lotest news
ot interferometric measurements of stors con be
found in our article beginning on page & 0.

FEBRUARY 1982
Dops! “On December 5th the crown jewel of
astronomicol optics — the most precise lorge

mirror ever mode — stared down
from otop o huge stoinless-steel
coating chomber, Hundreds of pre-
pargtory tosks hod oiready been
completed, each one being checked
off in o thick procedures monual. . . .

“Electron-beam guns fired; voporized alumi-
num filled the chomber — 111 seconds loter o
0.000065-mm-thick metallic loyer rested on
the pristine gloss. After o two-minute pouse, an
overcoot of mognesium fluoride was similarly
applied, to protect the fresh reflecting surfoce
from oxidation ond to enhance its ultroviolet
reflectivity.”

When | wrote those words, [ didn’t know that
this crown jewel — destined to fly on the Hubble
Space Telescope — would tura out to be Towed.
Fortunotely, Spoce Shuttle astronouls were able
to instoll corrective optics.
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WIESLURTLLCE by jonathan medowell

Mars Global Surveyor

THE LONGEST MARS MISSION In history
came to an end as Mars Global Surveyor
(MGS) fell silent on November 2, 2006,

MGS was launched in November
1906, With its sister "1|II|:!- Mars Path-
finder, it marked NASA's return to the
Red Planat 20 years after the success of
Viking and four years after the ignomin-
ious failure of Mars Observer, Shortly
after it was launched into solar orbit,
mission controllers discovered that one
of MGS5's two solar panels had cracked
during the unfolding process, raising
tears of another fiasco. But MGS safely
reached Martian orbit in Scptember
1997 and became the first interplanetary
craft to descend into its operational
orbit by aerobraking, saving fuel by dip
ping into the planet’s atmosphere.

Concern for the solar array forced
more gentle aerobraking than originally
planned, which delayed mapping by one
year. Controllers learned to react quickly
to changes in the Martian atmosphere,
For example, 2 December 1007 dust

MARCH 1932
The Pulse of ATMs “Enthusiasm for build

g ke |l.":-l’.'ll-E:-l."- |I|'I': ROV COUNTEY-w '.{'1'.

The = «
I'elescape

Some two thousand enthusiasts have
found a delightiul hobby
in grinding mirrors and
building telescopes. . ..
*The lack ot intormation
as to sources of material
and methods of working
should no longer deter any
ambitious worker, Amateur
Teleseope Making g an

invaluable handbook

Thiz polume and o sub
sequent ones have been topically rearranged and
refeemed by Willmnann-Bell, Inc.

MARCH 1957

Dusty Moon “The lunar maria are probably
I Ving reglons Covert | writh dust slowrls
2 Adarel 7 Sky & Telescope

by leif j. robinson

storm torced them to caise MGS's
orbital low point to avoid excessive
panel heating. By March 1999 the
initial 258-by-54,021-kilometer (160-
by-33,567-mile] elliptical orbit had
been reduced to the 367-by-4358-km
mapping orbit,

Early key results included the
laser altimeter's discovery of an
ancient northern shoreline, the
Thermal Emission Spectrometer's
mapping of hematite mineral
deposits formed in liquid water |pav-
ing the way for the rover Opportunity’s
findings}, and the magnetometer's de-
tection of crustal magnetization from an
ancient dynamo. But the Mars Orbiter
Camera's 240,000 images are the l;ur-::rl_:-{-'s
most familiar legacy, including spectacu
lar shots of volcanoes, craters, CANYONS,
sand dunes, and polar layered terrain.

MGS completed its primary mis
sion after one Martian year, in January
2001, but ulrinutr]j'..' worked for four
additional Martian years, revealing land-

being eroded from

the moon's highlands,
according te Thomas
f_r-Zl||'.

“Several physical
|"!|'||.c-:=..|"- ~.|1r||.||_‘i =i
able the dust from the lunar hirghlands to
flow slowly over the moon’s surface and
L0 acoumuiate in W areas. Among I|I:'*-l'
aFencies are agitation :"::.' micreaneteorite
impacts, electrostatic etiects, and ova L
ration-condensation cyvcles. The darker
color of the maria may be produced by
chemical action or X-rays; recently eroded
parts of the crater wall and mountainous
regions would show the light shade of the
moon's underlying material

Gold, a theorist, turned out 1o b wrong. Nep

ertliciess, the hozsihility of 4 deeb dirst lawer was

d roRcern 4 W A S A .' Fetaresl for Hh -'.[.u:'.'-- 11

Woon |

Surveyorn

slides, water-carved gullies, and recent
geclogical activity.

The same solar array that nearly foiled
the mission turned out to be 15 nem-
= HE- illr'\.:l!']f'l':IT'-'-i I.ﬂ“-iT FI].-'-II Ntive CTieEs On
November 2nd revealed that it was fight-
ing to control the maltunctioning array
drive. It was not heard from again. =

JowaTHan McDoweLy, a Chandra X-ray
Observatory staff scientist, provides updates
of space missions on his website at woww. planet
4550.0rg.

MARCH 1982
Dino Killer “Did the impact of a small
asteroid cause the extinction of the di
nosaurs and other life forms 65 million
years ago? Scientists began to consider the
possibility when iridium-rich deposits dat-
ing to that time were discovered in Italy
in 1974, 5ince then similar deposits have
been found in several locations around
the world. . . .

A 1978 gromagnetic survey of the Yu-
catan peninsula . . . revealed in buried
marine deposits a cireu
lar pattern of anomalous
mametic signatures 60 km
ACTO5% .

Thiz was indeed the smoking
gun. The Chicxulub crater in
Mexieo is congistent wfil th
impact of a 10-kilometer (G-mile)

! 0
ETEmG O WIEROR Wears 4eo
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COROT

THE SEARCH FOR l."_:l;,tl'ﬂﬁl:lli:ll FII.H.'III.“I"l
received a boost on December 27,
2006, when a Russian Soyuz rocket
launched the French COROT (Convec
tion, Rotation, and Planetary Transits
space telescope into a polar orbit, The
spacecraft, which weighs 630 kilograms
(1,400 pounds) and is 4 meters {13 feet]
long, s built around a 30-centimeter
(12-inch) telescope.

COROT will make repeated precise
measurements for five months at a
time of the brightnesses of selected
stars. Astronomers will look for tiny
wiggles in the resulting light curves.
Some of those wiggles will be due to
oscillations in the stars themselves, a
l:chniq ue called asteroseismology that
can be used to probe the stars’ inte-
rior structure. But the most exciting
variations will have the characteristic
signature of transiting planets. When a
planet passes between a star and Earth,
it blocks out a small part of the light,
5oy the star dims -s]:i_thly for a short
time interval (S&T: Pebruary 2006,
page 25).

COROT won't take the sharpest
pictures possible. In fact, its images
will be deliberately defocused, which
allows star brightnesses to be mea

R LRTUICR I by leif j. robinson

APRIL 1957

Astronomical Giant “Maony poges would be
needed to give o full account of Henry Narris
Russell ond his work. ..

“Mo one individual in Ameri-
con astronomy hos ever equaled
his influence throughout five
decodes os consultant on prob-
lems and prograoms. He grew up
with ostrophysics. At Princeton,
ot the Bureou of Standards,
ot Horvard ond ot the western
ohservatories, he odvised, com-
puted, speculated, incited. He also grew up
wilh eclipsing 5tor theory, with modern think-
ing on planetary origins, and with the deduc-

2 April 2067 Shy & Telescope

WEHGLRTLGICE by jonathan medowell

sured more precisely
The challenge is o
measure differences
of only a few photons
in the 10 million or
50 i'!ll'!l:ITI':II'."l- ]]t"]’ | I
ond coming from
l!'iil;'ll STAr. Tllf" |_:IL’|['|{'|‘|
themselves are much
too faint and close 1o
their host stars to be
imaged directly

COROT will observe
in the direction of Ser
pens (near the galactic
center) and Monoe
ETOS (Opposite the
center), looking at tens
of thousands of stars
between 12th and 16th
magnitude. Astronomers expect to find
hundreds of new exoplanets, includ-
ing several dozen that are only a few
times larger than Earth but that are too
small to be detected by ground-based
'r:'{'hniqu{'s. We will have to wait for
the larger US-led Kepler mission — set
for launch in late 2008 — to push the
transit rr'chniq:lr down to Earth-size
planets.

France has participated in joint Eu-
ropean missions, but COROT is the
first French-led astronomy satellite

tion of the mosses of the stors; in foct,
he fathered these developments.”

5o wrate Horvard Obsenvatory direc-
tor Harlow Shapley, a student of Rus-
sell's. Russell (187 7-1957) will always
be remembered for developing, independent of
Ejnar Hertzsprung, the diagram that plots stellor
fuminosities ogoinst surface temperotures, one
of the mast powerful foals in astronomy.

APRIL 1982

SETI "It is now over two decades since o short
poper by Giuseppe Cocconi and Philip Morrison
and o radio experiment by Frank Droke ushered
in the current scientific opprooch to onswer-
ing an oge-old guestion. Are we alone, or do

since SIGNE 3 thirty years ago. COROT
was built by Alcatel Alenia Space in

its Cannes factory, together with as-
tronomy labs in Marseille and at the
Paris Observatory. COROT is operated
by France's space agency CNES (Centre
National d'Etudes Spatiales) from the
Toulouse Space Center.

Jomatuay McDoweLL, a saff scientist
for NASA's Chandra X-ray Observatory,
provides updates of space missions on his
woebaite qt HJ:I-['E.I.'--’.?rdI'H"I-d- §80.0m8.

intelligent creatures, in fact, inhabit
other worlds? We have no answers
yet, but empirical investigotions . . .
hove barely begun. . . .

“It i5 easy to ridicule SETI in
terms of ‘little green men' ond its seeming lock
of practical benafit, but this is shortsighted
indeed. Apart from the onswer SETI might pro-
vide to o fundomentol question, the search hos
volue in forcing us to exomine ourselves as an
intelligent species on an isoloted globe. In the
end SETI teaches us 0s much obout ourselves
s about Them."

Woefully underfunded, the search for extroter-
restrial intellfigence continues of several different
rodio ond opticol observaltories.

3 TN Wy
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mission update

ON THE HEELS of the good news that
NASA's flagship space telescope will get
a shuttle repair visit in 2008 (February
Issue, page 15), astronomers received an
unexpected reminder of the fragility of
all space systems with the failure of the
Hubble Space Telescope's main imager,
the Advanced Camera for Surveys (ACS).

On January 27th, something in the
ACS clectronics shorted out and the
spacecraft’s sensors detected gas escap-
ing into the instrument compartment.
NASA's investigation of exactly what
happened was not yet complete as this
issue went to press. ACS had been oper
ating on its backup power system since
June 2006, when the primary power sup-
ply went out of action in an apparemly
unrelated failure.

The instrument consists of three sepa
rate cameras: an ultraviolet imager that
enginecrs hope can still be operated, and
two visible-light and nearinfrared cam-
eras that are now I:|1u-ugh1 to be lost,

ACS was Hubble's newest and, by some
measures, best instrument (S&T: March
2002, page 30). Installed by astronauts in
a 2002 spacewalk, it nearly completed its

by jonathan medowell

Hubble’s Main Camera Dies

official five-year design
life. It superseded the
':l!'l'li'l‘.”L'I. J'i 23 |:|| LLH §
ful Wide Field and
Planetary Camera 2
(WFPC2) as the main
SEVTE lI[ l]rH]IIH[Il'
Hubble pictures and
accounted for Bo% of
||i[‘" rl'll."':-l:'lil}?'l'.'.\ 1i'|.'l":|'.'|-'l-"
ing time in 2005-060.
The failure happened
only hours after this
year's deadline for
observing proposals.
AstTOnomers aro I_]I'II:‘I T] 1= Wi:ll.']d Were
given less than two weeks to recast their
proposals to use WFPC2 instead.

Next vear's servicing mission will re-
F}l.‘lﬂ{' WFPC2 with the Wide Field Camera
3 (WFC3), which will have excellent near
infrared capability but won't be as good
as ACS was in the visual band. WFC3 is
less sensitive than ACS and has a smaller
field of view with lower resolution.

The orbiting observatory's Space
Telescope Imaging Spectrograph, its
main spectral detector, remains out of

50 & 25 years ago RZTRGERETTIEENT

MAY 1957
Early Interferometer “The lorgest radio tele-
scopes of theirtype in this country, twin pa-
raboloids each 90 feet in diometer, are being
constructed by the Colifornio
Institute of Technology ot its
new radio observotory near
Big Pine, California. . ..

“They will be ploced on
roilroad Motcars which will
run on rails 1,600 feet long.
The two ontennos con thus be
widely separated to form the
components of on interferam-
eter. . . . At o wove length of 50 centimeters . . .
they together should determine positions of radio
sources to 0.1 or 0.2 minute of ore.”

The Owens Valley Rodro Dbservotory want
on to comprise six 10-meter lelescopes. The

-
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upgroded antennas — along with those of the
Barketey-lllinois-Morylond Associofion array —
were moved to Cedar Flot, California, to form the
Combined Array for Research in Millimeter-wove
Astranomy ({CARMA), dedicoted on May §, 2006.
Spoce Exploration Prognosticotion “By means
of outomatic observing ond recording instru-
ments, [artificiol satellites] will study the earth
from o distonce, measure the mognetic field of
the moon, and record the lunor surfoce in detoil,
including the never-seen for side, These experi-
ments oppeor so near ot hond thot ane
miay venture to say thot in the next
decade or 0 we will be living through
the excitement of such explorotions.”
Victor Blanco's time frome was spol
on. The Sowviel Unfon faunched Sputnik
1 five months loter, and its Lung 3
phatographed the Moon's far side in
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commission too. Shuttle astronauts will
repair it and supplement it with the new
Cosmic Origins Spectrograph (above).
The spacewalk schedule seems so
packed that a repair of ACS is very un-
likely, Nevertheless, Hubble should still
be a unigue resource for researchers for
years to come.

JonaTuan McDoweLr, dn astronomer daf
the Hargard-Smithsonian Center for Astra-
phusics, writes a weekly newsletter on the space
program at www. planets 4359, org.

1959, The US spoce probes Ronger 7, 8, and 9
imoged lunar bowiders ond tiny craters in 1964
and 1965. Spacecraft found the Moon to hove no
global mognetic feld.

MAY 1982
Touchdown on Yenus “The news thot two Soviet
spocecroft hod reoched the surfoce of Venus in
March wos not unexpected. American planetary
scientists knew of the mission plon long ogo. . . .
“Even 30, the successful landings by Venera
13 on Morch 1st ond by Venera 14
four days later set off o wove of an-
ticipation omang plonetory scientists
obout to ottend the 13th onnuol Lunar
ond Planetory Science Conference. ...
Representatives of the Soviet Venero
teams come as well, giving their pre-
liminory onolyses of results.”

iy
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THEMIS

NASA lounched on ambitious auroro ond
spoce-physics mission on February 17th,
when o single Delto rocket carried o cluster
of five identical sotellites colled THEMIS
[Time History of Events and Mocroscale
Interoctions during Substorms) into o highly
elongoted Eorth orbit. Each 125-kilogrom
(275-pound) probe has a rocket engine and
an assortment of porticle detectors ond
mognetometers to study spoce weather.

After o maneuvering phose losting six
months the probes will settle into different,
but reloted, orbits spreed out in Earth’s
equatorial plane. The orbits will be synchro-
nized so thot the five sotellites will line up
downwind from the Sun, along Earth's mog-
netotoil, once every four doys.

Spread throughout the equotorial mog:
netosphera, the THEMIS constellation will
maoke simultoneous measurements of locol
conditions ond study how the octive auroras
known os mognetic “substorms™ develop.
Researchers have two competing thearies,
One ossumes that the process of “recon-
nection” in the megnetotail is important:
paraliel magnetic-field lines oriented in op-
posite directions pinch together, reconnect,
ond snap back, releasing energy the woy o
stretched rubber bond does when it breaks.

The second idea says that turbulence

75, 50 & 25 years ago

JUNE 1932
Minor Planet Mokeover “Most osteroids are of
no particular interest individually,"

True encugh then, but today the dis-
covery and observation of osteroids,
along with frans-Neptunion objects, is
one of the hottest orenas in astronomy.

_|'I| T |'.ll||'I-||

JUNE 1957

Spectaculor Visitor
“COVER: Comet Arend-
Roland, as it oppeared from
an altitude of obout 7,000 feet in

the mountoins east of Los Angeles,
Califernia, on the evening of April
24th, The picture wos taken by Alon
McClure. . . "

&b fume 2007 Sky & Telesoope

by leif .

Mars Reconnaissance
Orbiter

MARS RECONNALSSANCE ORBITER'S
High Resolution Imaging Science
Experiment (HiRISE}, operating in
Martian orbit since late 2006, contin-
ues to return spectacular pictures of
the Red Planet's surface despite some
problems with bad pixels and increas-
ing noise in some of the camera’s
detectors. Its ability to resolve the
Viking landers and other hardware

on the ground is impressive, but the
half meter-aperture HiRISE is also the
biggest visible-light telescope to leave
Earth orbit. HIRISE demonstrated its
capability on January 11th when it
captured Jupiter (above) with qual.
ity comparable to that of the Hubble
Space Telescope.

closer to Eorth triggers the substorms. It's
not clear which effect hoppens first ond
causes the other. In either cose, the release
of energy sends particles down into Earth's
otmosphere near the poles ond generotes
dromatic, ropidly fluctuating ouroros.
Twenty comeros throughout Aloska will
monitor auroral activity at the same time.

robinson

McClure, who died in 2005, was the premier
comel photographer of his generation (May
issue, poge 86). Comet Arend-Rolond was a ma-
jestic sight visually, ond of the time of the photo-
groph it sported o toil some 307 long.

JUNE 1982

Gomma-ray Mystery “Since their discovery o
decade ogo, the mysterious celestiol
gamma-ray bursters have refused to
give up the secret of their origin. To
dote no object detected ot any other
wovelength hos been unambiguously
identified with such a source. The lack
of data hos not hindered attempts ot
explanation, however, and theoretical
models of the phenomenon obound.”

MLLE P DNTE, OF AR TN

Whien Mors Reconnaigsance Orbiter took this
picture, Jupiter wos 3.88 ostronomicol enits
from Mo and appeared 51 orcseconds wide
— only o troce forger than it ever oppeors
from Earth.

There's something moving about
seeing real, high-resolution astro-
photography taken from another
waorld. 1 suspect that it may trigger a
spate of requests from nonplanetary
astronomers who would like to use a
medium-size space telescope to look
at galaxies and nebulae that are (in
their eyes| more important than bor-
ing red rocks.

Auroro-like processes ore thought fo ocour
in the magnetospheres of dwarf stors and
guasor occretion disks, so the THEMIS re-
sults could hove broader implicotions for
astrophysics.

lonaTHAN McDoweLL monitars spacecraft
activity of www. planet4589.00g.

Todoy this mystery is largely
solved. Bursts losting & couple
of seconds or less result from
flaring by highly mognetized
neutron stars {mognetars),
mergers of fwo newtran stars, or bfack holes
swallowing nevfron stars. Longer bursis come
from core coliopses of extremely massive stars.

Quosors 5olved “Evidence is getting ever
stronger thot ot least some quasi-stellor
objects . . . ore goloxies ot cosmological dis-
tonces. For 1': decades following the recogni-
tion of these curious objects, little progress in
understanding them was mode.”

Today quosars are recognized as the cores of
so-called active goloxies powered by supermas-
sive block holes,
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mission update by jonathan medowell

SELENE: Japan Shoots for the Moon

lopaon is preparing to mount the most ambi-
| tious lunar mission since the Apollo and
Luna flights of the 19605 ond "70s. The
i SELENE (Selenological ond Engineering Ex-
plarer) spacecraft, to be lounched in mid- to
lote 2007, will hove o moss of almost 2 met-
ric tons after it arrives in its 100-kilometer
{60-mile) polar orbit oround the Moon. This
is twice the weight of the planned US Lunar
Reconnoissonce Orbiter (LRO), which will
follow o year loter.
SELENE corries o multiband imoger with
o surfoce resolution of 20 meters (65 feet)
ond o stereo comero with 10-meter resolu-
tion. This bests previous lunaor orhiters
but will be much less copoble thon LROs
plonned resolution of 0.5 meter. SELENE will
also corry o loser oltimeter to mop topogro-

JULY 1957
Massive Science “On July 1st, when the In-
ternationol Geophysical Year formally begins,
a multitude of stientific research progroms
will be storted by 57 nations of the world. The
United Stotes will undertoke many studies os
its share in this lorgest co-operative scientific
effort ever attempted. The 1GY period will end
on December 31, 1958."

The timing of the IGY was chosen fo cor
respond with maximum solar activity, when
Sun-Earth effects would be most pro-
neunced (see poge 24). Fifty years
fater, 2007 is being celebrated as the
International Heliophysical Year.

Right After 50 Yeors? “At pres-
ent the generally used volue of the
distance from the sun to the center
of the Milky Woy galoxy is 8,200

22 | S5ky & Telescope

phy, X-ray ond gomma-roy spectrometars to
study the composition of lunar racks, deep
rodar to probe up to severol kilometers
underground, and high-definition television
comeras. SELENE will olso deploy twa smaoll
subsotellites, Rstar and Vstor, into elon-
goted orbits to mop lunar gravity.

lapon's heavy-satellite missions in Earth
orbit hove hod mixed success becouse of
malfunctioning solar ponels and power
supplies. And its smoll osteroid probe
Hoyabusa is still struggling ofter a mixture
of triumphs ond setbocks (S&T: September
2006, poge 34). Given this record, SELENE
seems 0 big bite for JAXA, the laponese
spoce agency, to chew on, but if it"s suc-
cessful it will make mojor contributions to
lunar science.

SO LALLM by leif j. robinson

porsecs (obout 27,000 light-years), from two
accordant determinations. One of these was

by Waolter Boode in 1953, using the apparent
brighinesses of 36 RR-Lyroe-type [pulsoting|
variable stors nearly in the direction of the
golactic nucleus. The ather result come from on
onalysis by Dutch rodio astronomers in 1954 of
the rototion of the galoxy. . . .

“A criticol exominotion of both results re-
veoled thal they moy be more uncertain than is
often supposed., . .."

. | Iie best estimates todoy remain af
o 24,000 b 27,000 fl'th-}rﬂnrs

JULY 1982

Rodio Sun “Since 1. S. Hey's discovery
of solar rodio woves in 1942 our un
derstonding of how the Sun emits such
radiation hos advanced steadily. This

NASA Moon-Program Peril

MASA'S RETURN to the Moon is in dis-
array with the attempted cancellation of
the Lunar Precursor Robotic Program,
d 3 fjl':'l "I- ”i’IJE!t'r': i:l.ll:l'd Iﬂndfﬁ L Pave
the way for human exploration. The
first launch — LRO (sce left] and the
piggybacked Lunar Crater Observation
and Sensing Satellite (LCROSS] — will
proceed in 2008, But several tollow-on
missions remain in doubt. Congress has
stalled NASA's plans to ax them.

These missions would explore the
lunar palar regions. One lander would
evaluate surface conditions; another
would roam a shadowed crater to
search for ice and other volatiles. Later
spacecrait would test key technologies
to process lunar resources, vital for any
long-term human outpost.

NASA leaders have expressed
doubts about the need for extensive
research prior to the arrival of astro-
nauts, though the missions described
above seem like obvious steps before
beginning construction of an expen-
sive lunar base,

Josaruam MeDoweLl monffors space-
rmj"r dctipity at mmu:-.!,r[aurrqiﬂi;l.ur;.

improvement is the result
of our increosed compre-
hension of rodiotion the-
ory ond fully ionized goses
(plasmas), along with the
development of new observational techniques.
The continuol struggle for ever better angular
resolution, in particular, hos resulted in the
development of both new instruments ond new
woys to use them.”

Cotoclysmic Variable Stors “An entire CV
— white dworf, disk, ond normal companion
— could eosily fit inside the Sun ond, on the
average, is no brighter thon our stor at all
wavelengths, Whot mokes such o system inter-
esting is not its size or luminasity. . . . CV's are
distinguished because they ollow us to study
gravitational occretion on an interesting time
scole ond over o wide statistical sample.”
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AGILE

THE ITALIAN SPACE AGENCY'S
Astrorivelatore Gamma ad Immagini

Leggero, or AGILE, satellite (Light Imag-

ing Gamma-ray Astronomical Detector|
reached orbit on April 23rd courtesy

of India's first dedicated commercial
launch, following a year-long delay
[S&T: May 2006, page 26). AGILE took
up an orbit 540 kilometers (335 miles)
high and inclined 2.5° to the equator,
ensuring that it avoids radiation belts
that would decrease its sensitivity.

The spacecraft carries an imaging
gamma-ray telescope as its main pay-
load. This will detect gamma-ray phn-
tons between 30 million electron volts
(MeV) and 50 billion electron volts
(GeV) and will locate celestial sources
to within about 10 areminutes. A mini-
calorimeter will detect bright gamma-
ray transients in the energy range 0.3
to 200 MeV. A third experiment, the
Super-AGILE X-ray telescope, will
study the sky between 15 and 45 kilo-
electron volts (keV).

The first gamma-ray astronomy satel-

lite was Explorer 11, launched in 1961.
It detected only 22 gamma-ray photons

LR WLRTLICN I by leif j. robinson

AUGUST 1957
Sun Fire “COVER: This fine hedgerow
prominence on the edge of the sun was photo-
grophed on September 20, 1956,
with the 15-inch chromosphere
comera of Socramento Peak
Observotory in New Mexico. The
picture wos obtoined in red light,
with o hlter transmitting hydro-
gen-olpho rodiation. .. .
“"Hedgerow' prominences . . .
olse appear as dork hydrogen fil-
aments in monochromotic pictures of the sun's
disk. This kind of prominence is not ossocioted
with sunspots. The hedgerows typically have
g fine Rlamentory structure and often tend to
form arches. Under special conditions, the arch
oscends in o spectacular disploy of enhonced
activity.”

22 Awpgnst 2007 Shy & Telescope

WIBWLRTLGGICE by jonathan medowell

The Itolion AGILE gammao-ray sotellite
flew into arbit oboord an Indion-built
rocket from Sotish Dhowan Space Centre.
The 330-kilogram (730-pound) AGILE will
spend two yeors observing gommao rays
ond K-rays using three detectors.

at 50 MeV and set an upper limit on
the brightness of the gamma-ray sky.
The US Air Force Vela satellites, hunt-
ing for illegal nuclear explosions on
Earth at energies below 1 MeV, ac-
cidentally discovered the now-famous
gamma-ray bursts. Europe's COS-B

in 1975 was the first successful high-
energy gamma-ray mission, finding 25
sources across the sky. NASA's Comp-
ton Gamma Ray Observatory in 1991
raised the tally to more than 400, and

Fifty wears later, anyone con view
solar prominences in hydrogen-alpha
light thanks to refatively low-cost filters
and instruments like the Coronodo P5T.

AUGUST 1982
Gravitotionol Lensing “Would-be trovelers 1o
0 block hole might encounter [the cover] scene
en route. As portroyed by artist Jon Lomberg,
the image of o distont galoxy is split by the
maossive, light-bending presence of an interven-
ing block hole. Upan their approach to one of
these enigmatic objects, ‘opinouts’ could use
the breakdown of conventional spoce-time
relotions to view the post, the future, ond even
an ossortment of ‘ontivniverses.””

Remaorkably, only four years loter Yohe Petro-
sian and Roger Lynds discovered real, gravito-
tionally distorted arcs of very distant golaxies,

its new Gamma-ray Large Area Space
Telescope (GLAST) mission, planned
ior the end of 2007, is expected to find
12,000. Italian scientists, with a strong
tradition in high-energy astronomy and
cosmic-ray physics, will use AGILE to
blaze the trail for GLAST.

JoNatHAN McDoweLL, an astronomer at
the Harvard-Smithsonian Center for Astro-
physics, mondtors spacecraft activity ar wiw
Planct4550.0rg.

shoped by the mass of largely dark
motter in a cluster of galaxies lying
along the line of sight. This lensing
effect is now commonplace.

Neptune's Rings “On May 10th of
last yeor, o handful of widely scattered observ-
ing teams witnessed on occultation by Nep-
tune; os it turned out, two weeks later another
occultotion by the same plonet wos observed
fram Cerro Tololo in Chile.

“Investigators hod hoped to turn up solid
avidence for o Neptunion ring system. They did
not.”

A ring around Neptune was first found two
years fater, but occultarion walchers were sur-
prised by seeing evidence of it on only one side
of the plonet. Voyoger 2 clarified the situgtion
in 1989 when it imaged a weak ring containing
three dense arcs, Six rings are now recognized.
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Messenger

NASA's Messenger spacecraft made its sec-
ond flyby of Yenus on June 5th, swooping
to within 340 kilometers (210 miles) of the
planet’s cloudtops ond surviving o 20-min-
ute eclipse os it possed through its shodow.
Its nome short for “Mercury Surfoce,
Spoce Environment, Geochemistry, and
Ronging,” Messenger was lounched in
August 2004 and mode o flyby of Earth o
year later thot dropped its perihelion inside
the orbit of Yenus. Its first Yenus fiyby on
October 24, 2006, ot the larger altitude of
2,990 km, altered Messenger’s orbital pe-
riod to match thot of Venus aond set up the
craft for the more oggressive second fiyby.
During the June encounter Messenger's
full complement of instruments exomined
the shrouded world. The spocecraft per-

formed visible-light ond near-infrored imog-

ing of the cloudtops, took ultroviolet ond
X-roy spectra of the upper otmosphere, and
studied the planet’s electromognetic and
charged-particle environment os it swept
past at 13.5 km per second. Meanwhile, the
Europeon Spoce Agency's Venus Express
made coordinoted observotions from its

more sedate vantage in an orbit that takes it

66,000 km from the plonet's surfoce.

R WLRTLIE GO by leif j. robinson

SEPTEMBER 1932

Texas Observotory “An ogreement recently
signed by the trustees of the University of
Chicogo ond of the University of Texos mokes
possible the consolidotion of resources for the
establishment of o new obser-
vatory in the Stote of Texos.

“The University of Texas
under the MacDonald [sic]
bequest will build o lorge
observatory to house an 80-
inch reflector to be located in
northwesterm Texps. .. ."

The 82-inch (2.1-meter) tele-
scope for McDonold Dbservatory was completed
in 1939 and sited in the Dovis Mountains 500
kitometers (375 miles) west of Austin, Nomed

in honor of its designer, Otfo Struve, in 1966, it
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WS LDRLUER by jonathan medowell

Uestined to beqgun arbiting Mercury in 2011
NASA's Messenger spacecroft snopped these
vitws of Venus after it Aew by the clowd

shirduded warld for o second time on June 5th

Messenger has begun dropping sunward
for its first encounter with Mercury next
Januory 14th. Two such fiybys in 2008 and o
third in 2009, oll ot o height of 200 km, will
shrink the orbit further from o 144-doy pe-
riod to 132, 116, ond then 105 days. These
times were carefully chosen to synchronize
with Mercury's B8-day orbit around the Sun
in 3:2, 4:3, ond 6:5 ratios so that on March
18, 2011, Messenger arrives once more at
the innermost plonet — this time to stoy.

The croft will fire its moin engine to begin
the hrst-ever orbitol study of Mercury, the
lost of the clossicol plonets to receive such
in-depth attention. During a trio of flybys in
1974-T5, Mariner 10 imaged less than half
of the planet's Moon-like, cratered surfoce
ond discovered thot Mercury has o mogne-
tosphere. Planetory scientists eagerly owait
the doto from Messenger Lo tease out more
detoils of Mercury’s structure ond history
and to complete the mopping of the inner
solar system’s plonets.

SEPTEMBER 1957
Rodio Giont “COVER: The
250-foot rodio telescope
ot the Jodrell Bank Ex-
perimentol Stotion of the
University of Manchester,
Englond, in o lote stoge
of construction. in the foreground is seen the
double circulor track for rotation of the entire
nstrument in azimuoth, Above cenler 15 the
huge paroboloidal reflector, its interior partly
covered with reflacting material. The dish is
supported horizontolly by trunnions on very
toll supporting towers. . . ."

The Lovell Telescope, as it is now called, hon-
ors Bernard Lovell, o roedio-astronomy pioneer. If
has been refurbisned iwice gnd remains one the

lorgest and most productive astronomical insiry-

ments in the world

ESA's BepiColombo mission is expected
to follow in Messenger's footsteps by arriv-
ing ot Mercury in 2019. It will consist of two
complementory satellites: the Mercury Mog-
netospheric Orbiter in o high orbit ond the
Mercury Planetary Orbiter in o low one.

lonathon McDowell monitors oll manner of
spocecroft octivity ot www. planet4589.0rg
while working as on astronomer of the Hor-
ward-Smithsomian Center for Astrophysics.

SEPTEMBER 1982

Jittery White Dwarfs “In the winter of 1964
Arlo Londolt discovered the first member of
what loter become recognized os o closs of

vonable white dwarfs — the 22 Ceti stars. . . .

"Bl members haove multiple oscillation
periods ranging from several
hundred to more thon 1,000
seconds. . ..

"All ZI Ceti variobles ore
white dwarfs [whose spectro
exhibit only] obsorption lines of
hydrogen. The colors of these
stors imply 0 very norow range
of surfoce temperature, from
about 10,000 to 12,000°K. ...

“Todaoy they are known to be among the
most obundant voriobles in our goloxy; .. .
olso omong the best understood.”




images including a nearly all-sky map
at a wavelength of 9 microns, the hrst
such census in the mid-infrared since the
epoch-making Infrared Astronomical Sat-
ellite {(IRAS) Hew more than 20 vears ago

Walnut-Shaped Moon

WHY poEs Saturn’s moon lapetus have
|J:g E'{ll.l.;l!l"ll"li-lt I"llll_Er' il !IIE. d TL EET I‘. |""rl.'-\. 15
mountain range — the highest in the
Hlllur SVElem 1REL:
ning exactly along its
equator? Using mea-
surements from the
= Cassini orbiter, a teamn
: {IZ'I!I,,'IIid.L""w- ||ii_1| the
moon rotated very fast
; in its youth and bulged
- out accordingly. “lape-
< tus spun fast, froze

. YULLTLE, .:l]l'\'.i E.t'“ IJI:'IZIIE'I'IJ
a body with lasting curves,” says NASA
scientist Julie Castillo. As the moon cooled
and its rotation slowed, it shrank slightly,
and mountain-building stresses concen-
trated where the bulge was greatest.
Cassini's long-anticipated closest
fiyby of lapetus comes on September
10th, when the craft will speed just 1,000
kilometers (620 miles) above the weird
lapetan landscape.

Coolest Dwarf

Tue UKIRT Infrared
Deep Sky Survey,
being carried out
with the United King:
dom Infrared Telesc ope in
Hawaii, is only 5% done — but
already, astronomers looking at its data have
found the coolest solitar ¥ brown dwarf
ever seen. A follow-up analysis of steam
and methane features in the object's infra-
f'."d ?‘i[}l'( [TLIIT |]l'g:‘i 15 tem-
perature at about 650 kelvins
(380°C, or 700°F). This puts i
at the very bottom of Spec tral
class T— or perhaps in the
ot i“'l.[l‘l:lll'r I?:(:IEJ':.IHI. {l Fl'.ll.'( rr::|
class Y, for which no other
object has yet been found

Deep Impact

NASA has approved extended missions for
two of its Discovery-class space probes:
Deep Impact and Stardust.

Deep Impact intercepted Comet 9P/ Tem-
pel 1in July 2005, reaching the comet near
perihelion. The spacecraft flew only 500 kilo-
meters (310 miles) from Tempel 1's nucleus
as it slammed a 370-kilogram
(B00-pownd) copper slug into
the surface at 10 km per sec-
ond {image at right).

Although Deep Impact col-
lected vast amounts of data
on the comet and the colli-
sion (S&T: December 2005,
page 16), it got no clear pic-

VLORINGEIGE  Jonathan McDowell

Stardust

The Stardust probe used an aerogel dust col-
lector to scoop up comet particles and dust
in the asteroid belt. In November 2002 it flew
by asteroid 5535 Annefrank. And in January
2004, for its primary mission goal, it sped by
the nucleus of Comet 81P/Wild 2, collecting
material from the comet's innercoma.
Two years later Stardust
made a close fiyby of Earth,

g dropping offits sample capsule
in Utah (S&T: june 2006, page
17). While researchers examine
its bounty of cosmic dust, the
spacecraft has been in hiber-
nation orbiting the Sun. Far its

AR R -CALTREH (U DR

ture of the resulting crater; it Although Deep Impact  of Tempel 1 {NeXT), the probe
was gone by the time the dust  captured the collision will pass Earth in january 2009
and vapor cleared. Tempel 1.2 of its impactor withthe  and head off to a 200-km flyby
famous short-period comet, 8 pucleus of Comet Tem-  of Comet Tempel 1 in February
now out at its aphelion 4.7 a.u.  pel 1, it never saw the 201, to take pictures of the
from the Sun, just within the  pesulting crater, Stardust  crater left by Deep Impact,
orbit of jupiter, and will next s now scheduled to visit In recent years it's been
reach perihelion in 2011, the comet in 20T and difficult to secure funding
During its new mission  survey the damage. for such extended missions.

(dubbed Extrasolar Planet
Observation and Deep Impact Extended
Investigation, EPOXI), Deep Impact will visit
another comet, 85P/Boethin. This chunk of
ice spends most of its time 9 a.u. from the
Sun near the orbit of Saturn, but every 1)
years it drops in as close as Earth's orbit.
Deep Impact will catch up to Boethin at
its next perihelion, passing 500 km from it
on December 5, 2008, and
observing the nucleus with its
cameras and infrared spec.
trameter. Along the way Deep
Impact will act as a space tele-
scope, making photometric
observations of several stars
with transiting exoplanets to
improve our knowledge of

Somelimes it's easier to get
$150 million for a shiny new spectacular than
to find $15 million for a guaranteed, but less
headline-making, sclence return. Indeed,
NASA as a whole exists primarily to develop
US engineering prowess and not to do sci-
ence. 50 it can be hard to find room even
in the science budget for new research that
doesn't push innovative engineering.

The decision to reinvigo-
rate Deep Impact and Stardust
seems to reflect the strategy
of MASA's new science boss,
Alan Stern, who has also been
pushing to fix the lack of money
awarded to smaller projects.
It will be interesting to see if
Stern, a planetary scientist,

Rl REA TECH 0 OF REARTLAND

their properties. Deep Impact’s impactor  adopts similar strategies in the
Deep Impact will be sent  snapped this view ofthe  astraphysics program.
on its way toward its new com-  pocked surface of Comaet

etary target on New Year's Tempel 1's nudeus 90

Eve, when it will swing past seconds before smacking Contributing editor Jonathan
the Earth 29000 km above it at 10 km per second, McDowell monitors spacecraft

Mangslia. ereating one more crater. activity at waw.planet458%org.
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brightness. What happens is that carbon

vapor leaving the star condenses into soot

so thick that it blocks up to 99.9% of the
star’s light from view
Recently astronomers used the Euro

pean Southern Observatory's Very Large

Telescope Interferometer to map two large,
infrared-emitting smoke clouds as close as

30 astronomical units from RY Sagittarii,
the second-brightest R Coronae Borealis
star in the sky. This is the
closest dusty cloud ever
detected around an R
CrB-type variable since
the first such direct
detection in 2004.

Thirty Meter
Telescope

In August the hugely ambitious Thirty
Meter Telescope Project received another
£15 million froni the Gordon and Betty
Moore Foundation, in addition to the $35
million the foundation gave previously.

The title of the world's largest single, vis-

Mission Update

Kepler Dodges Axe, Aims for Alien Earths y

NASA's planet-finding Kepler mission is back
on track for an early 2009 launch following a
brush with cancellation. The ballooning cost
of this space observatory, now exceeding
$500 milhon, led to an ultimatum by NASA's
science boss, Alan Stern, Some quick adjust-
ments and a decision to shorten the primary
mission from 4 to 3 years squeezed Kepler
back into its allotted budget.

The l-ton spacecraft will travel in a 372-day
orbit around the Sun, similar to that of the
infrared Spitzer Space Telescope. Its Schmidt
optics, with a 0.95-meter (37-inch) aperture,
will rank as the largest telescope ever placed
beyond Earth orbit, beating
Mars Reconnaissance Orbit-
er's O.5-meter HIRISE camera
and the 0.35-meter reflector
aboard Spitzer.

Kepler will spand all its time
staring at a single field at the
border of Cygnus and Lyra,
along our galary's Ovion spi-
ral arm, monitoring 100,000
stars. In each star it will mea-
sure brightness changes of less

Jonathan McDowell }‘Qf

mission is designed to find | hundred
terrestrial planets with orbital periods of up
to a year, which would put them in the “habit-
able zone™ around their stars.

Kepler has a huge field of view — 105 square
degrees — and a 95-megapixel camera that
will track stars as faint as 15th magnitude, An
onboard computer will analyze the images,
create light curves for the stars of interest,
and send only that data to the ground. This
greatly reduces the time needed to talk to
Earth, but it alss means that the telescope
can't observe serendipitous new objects even
if they appear smack in its field of view,

ible-light telescope will soon pass from the
10-meter Kecks in Hawaii to the 10.4-meter
SF:njﬁh CranTeCan (see last month's 15sue,
page 18). But the TMT will seize the title in

than one part in 10,000, the
degree of sensitivity needed
to reveal any Earth-size plan-
ets transiting across the stars’

a huge way. Its primary optic will consist
of 492 individually controlled hexagonal
segments combining into a single mirror

30 meters (100 feet) wide. A six-laser guide

star adaptive optics system will be built
right in. Site selection is scheduled for
next May; locations in Chile, Hawaii, and
Mexico are on the short list. Plans call for

the telescope to begin operations in 2016,

faces. Ground-based telescopes
have been very successful at
finding Jupiter-class transiting
planets, but smallér worlds
require observing from above
the atmosphere,

Fewer than 1% of Earth-size
planets in Earth-size orbits
around Sun-like stars will actu-
ally transit their stars from our
viewpoint. So the telescope must manitor a
lot of stars to find such planets even if they
are common. Besides Sun-like G-type stars,
Kepler will also watch many K- and M-class
orange and red dwarfs. Early next decade, we
may finally know how common other Earths
are in the galaxy

Astronomers are already compiling a
catalog of target stars, using the 1.2-meter
telescope on Mount Hopkins in Arizona to
estimate their distances and sizes and to
eliminate unworthy giants and variables. The

The Kepler spacecraft will stare at this field between Vega
and the western wing of Cygnus, monitoring the light from
100,000 stars to find any small planets transiting them.
Boxes show the coverage of the camera's CCD chips.

e

This limitation doesn't worry the Kepler
team, which will likely be swamped with
data. In addition to planets, the precise light
cufves should reveal tiny seismic oscillations
in the target stars, a means of probing their
interiors. 4

Jonathan McDowell an astronomer at the
Harvard-Smithsomian Center for Astrophysics
reports on all manner of spacecraft activity at
www.planei4589.0rg.
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Neptune's “Warm” Pole
Neptune’s spin axis is tilted to its orbit by
roughly the same amount as Earth's (28
vs. 23.4°). So youd expect Neptune's poles
to be colder than its equator. Not so. Using
Europe’s Very Large Telescope in Chile,
Glenn Orton (NASA/JPL) and colleagues
have found that the
planet’s south pole is
about 18°F (10° Celsius)
warmer than elsewhere,

The pole-vs.-equator
1{"|T'IFIEFH1UII:" i."l':1:li.i|il.r]l. £
probably affects why
Neptune has some of
the strongest winds in
the solar system: up 1o
1,200 miles (2,000 km) per hour at certain
latitudes. The south pole is at bottom in
this Hubble image from April 2005,

The Source of the
Dinosaurs’ Asteroid

A giant impact created the 110-mile-wide
Chicxulub crater in the Yucatan and
wreaked ghﬂ‘ml l:.:f:l.ﬂ’rrn}'hl'u that ended
our planet’s Cretaceous era; of that geolo-
gists are all but certain. But where did the
impactor come from?

Three dynamicists hind persuasive
evidence that it originated in a titanic
asteroid collision out he}nnd Mars some
160 million years ago. The bust-up pro-
duced the 3,000 known
members of the Baptis-
tina family of asteroids,
named for the largest
one, 298 Baptistina. They
follow similar orbits and
show similar surface com-
positions. The research
ers found, by tracing the
orbits back through time, that some of the
original shards must have leaked into the
inner solar system through orbital reso-
nances with Mars and Jupiter. These, in
turn, caused a Flmiungrd asteroid shower
peaking trom 100 to 50 million years ago.

Chromium in the Chicxulub debris on
Earth strengthens the Baptistina connec-
tion. So does the relative rarity of such big
impacts during other geologic eras

VISR PN Jonathan McDowell &'

Kaguya: To the Moon!

Japan's SELENE (Selenclogical and
Engineering Explorer) lunar mission got
under way on September 14th with a
picture-perfect launch from the island of
Tanegashima, Once in space, the SELENE
spacecraft was renamed Kaguya, after a
lunar princess from Japanese folklore.

Japan's only previcus Moon probe,
Hiten, was launched in 1990. A modest
430-pound craft, Hiten was at the limit
of what the Institute of Space and
Astronautical Science (ISAS), the country's
scientific space agency, could launch with
its small Mu rocket.

ISAS merged with other government
agencies in 2003 to form the Japanese
Aerospace Exploration Agency, JAXA. One
benefit of the merger is that spacecraft can
now use JAXA's much larger H-IIA rocket,
Even so, Kaguya is so heavy that the H-1IA
could only propel it to a “phasing” orbit
with an apogee of 145,000 miles (233,000
km), just 60% of the way to the Moon.

Kaguya's own engines were to pump
up the orbit after several circuits of Earth
and slip the craft into lunar orbit in early
October. Kaguya will deploy two small
subsatellites to measure the lunar gravity
field. and then drop into a 60-mile-high
mapping orbit to begin the most intensive
scientific survey of the Moon since Apollo.

Contributing editor Jonathan McDowell
keeps track of spacecraft activity at www.
planet4589.0rg.

Life and Death of FUSE
It's always sad to report that a hard-
working space-science mission is over.
But that time has now come for NASA's
Far Ultraviclet Spectroscopic Explorer.
Mechanical failure forced FUSE to wrap
up its observing in August after eight very
productive years in space.

Problems with the four flywheel-like
devices used to point the spacecraft had
interrupted observing several times in
recent years, and on May 8th the last
of these “reaction wheels” failed. Flight
controllers at johns Hopkins University in
Baltimore managed to restart the wlm!
and resume the observing program on
|une 12th. But it stopped again one month
Later, this time for good. After several
weeks of fruitless attempts to revive any
of the four, the FUSE team finally accepted
defeat.

The far-ultraviolet spectrograph and
the spacecraft itself are otherwise in good
working order. But to get starlight into
the spectrograph’s narrow entrance slit,
FUSE must be able to point precisely at
a target. Since it can no longer do that,
MASA's Science Mission Directorate
terminated the mission. By late October,
researchers will have performed the final
calibration tests with the instrument, and
the spacecraft will be decommissioned.

Launched on June 24, 1999, FUSE has
made the most detailed ultraviolet studies
of stars to date. It discovered hot winds
flowing outward from cool stars and
recorded hot plasma in the halo of our
galaxy.

Mareover, FUSE addressed a key
cosmological question by measuring the
deuterium (hydrogen-2) abundance in
various parts of the galaxy. It established
that some nearby interstellar regions
exhibit low quantities of deuterium
because it's locked up in dust grains,
ind consequently the total abundance of
deuterium is higher than what theoretical
studies of the galaxy's chemical evolution

+ had predicted.
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Skylights into Martian Caves

Own THE stores of Martian volcanoes,
roofs of lava-tube caves have apparently
collapsed here and there. NASA's Mars
Reconnaissance Orbiter has discovered
seven entrances into deep vouds high on
the slopes of Argia Mons. The one pictured
here is 500 feet (155 meters) wide.

Mow the hunt is on for more, Martian caves
are of interest not |:ur'|]1_.'

e

for their geologic context
but as possible habitats,
! Future human colonists
2 & could use them to stay
out of the dusty Martian
| ° winds and the harmful
- cosmic radiation that
¢ bathes the surface.

Imaging Mercury

Usinc THE amateur-pioneered technique
of webcam image selection and stacking
astronomers using the 4.1-meter SOAR
telescope in Chile have obtained clear
images of Mercury (below). They show
bright markings scattered across areas
that were not imaged in 1974 and 1975 by
Mariner 10, the only spacecraft to visit
Mercury up to
now. Radar imag-
ery shows that

the bright spots

in visible light are
centered on young
craters, much like
bright ray systems on the Moon,

The long dearth of Mercury exploration
is ending; NASA's Messenger craft makes
its first fiyby of the bare little planet on
January 14th.

Automated Lunar Impacts

For pECADES astronomers hoped to see
the flash of a meteoroid hitting the night
side of the Moon, and in recent years
amateurs have recorded a few of these
events during strong meteor showers.
New the process has been automated. A
project by astronomers at NASA's Marshall
Space Flight Center takes simultaneous

Dawn: Bound for
Vesta and Ceres

After months of delay, the Dawn
spacecraft escaped Earth on September
27, 2007, with a perfect launch. Dawn, the
ninth NASA Discovery mission, will orbit
the large asteroid 4 Vesta and the dwarf
planet 1 Ceres in the next decade, Dawn

VIESGERVAGEYCE  Jonathan McDowell

will repeat its science program there until
its planned mission ends in ’uh,rl'mi.

NuSTAR Revived

MASA has reinstated the Nuclear
Spectroscopic Telescope Array (NuSTAR):
a Small Explorer mission, which is now
scheduled for launch in 2011. The project

also marks NASA's next e "m;;;ﬂmﬂnﬁﬂ

step in using highly efficient 5 ;:Em Edl::;f H'.hsl-!'i science

ion propulsion for planetary miﬂi;n directorate, m

exploration, following the out enough money t allow the

successful Deep Space 1 : restart, alleviating a drought in

technelogy mission. : future Ilqi;h-inam‘ astrophysics
Ceres, also classified as an g missions.

asteroid {ofthe carbonaceous § NuSTAR will carry three

G type), is large enough for its E identical telescopes sensitive

gravityto mold it into spherical 5 to “hard” X-rays with energies

shape and thus qualify it for ® of 6t 80 kiloelectron volts

dwarfplanet status. Slightly ~ Dawn lifted offlast vy Thoce will be the first

smaller Vesta is more iregular  September 27th, instruments in orbit giving

In shape and s the prowtype  bowndforlenglenn | | L L o ae ofthiasky

of the V-type asteroids, which  study of the dwarf at energies sbove 10 keV

have a dmer iron-rich Mitmmmd i (equivalent to wavelengths

composition. Ceres and smaller than 0.1 nanometer).

Vesta are — at 580 and 320 |

miles across, respectively — more than 10
times larger than any asteroid previously
visited by a spacecraft,

Dawn has three jon thrusters with 937

The angular resolution will be as fine as 40
arcseconds, compared to 20 arcminutes
for previous hard-X-ray missions. NuSTAR
will make a census of active galactic

nuclei in fields well abserved at other

pounds (425 I:g} of senon propellant for
interplanetary travel and asteroid orbit

wavelengths. It will also examine the Milky

Way's own center and map supernov
Rigeion. Yivo solde arisys spaivting helily r:n:lnants to study the F:::lut:liun of :he
65 feet (20 meters) provide power for chirrioal dlienies
the ion drive and Dawn’s complement of !
instruments, which include cameras, a Jonathan McDowell s o

visible/infrared mapping spectrometer,
and a gamma-ray/neutron spectrometer.

The spacecraft is now on its way to a
flyby of Mars in February 2009. The ion
engines will then adjust the trajectory to
match the orbit of Viesta, 2.3 astronomical
units from the Sun. Dawn will rendezvous
with Vesta in August 2017, go inta orbit,
and map it until May 2012, when the
probe will return to solar orbit,

The ion engines will then slowly spiral
Dawn outward until it reaches Ceres, at
2.8 a.u. from the Sun, in February 2015. It

spacecraft updotes at ww.phnﬂdi!!._n@

NASA's NuSTAR sateliite will carry three high-

resolution X-ray telescopes having very long
focal lengths.
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the Sun's lithium abundance much better
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China's First
Interplanetary Spacecraft

China's space-science program dook a major step
in October with the launch of its hrst deep-space
probe, Chang'e 1, to study the Moon. The 2Y-ton
craft — named for the Chinese Moon goddess
— i5 based on a communications satellite but
with improved thermal protection and a bigper
communications anteona

A Chang Theng (Long March) 3A rocket
launched Chang'e 1 from Xichang into a temporary
geostationary orbit. The spacecraft then spent 3
week siowdy pulling away from Earth until October
Fst. By November Tth it had entered a circular,
125-mile-high polar orbit aroend the Moon, ready
1o begin close-up studies of the surface.

The scientific payload includes 3 stereo camers
with a resolution of around 400 feet (120 meters)
and a laser altimeter with similar accuracy
Researchers wall use them to creste 3 theee

77 )

v

Stepping to the Moon
The Asian exploration of the Moo begun by
Japan’s Kaguya [SET: December 2007, page 17) and
China's Chang'e | will continue with Chandrayaan 1
in 2008 The Indian Space Research Organiration's
(ISRO) craft will, like its Chinese counterpart, frst
occupy a geostationary transfer orbit before using
its onboard engine to reach lunar orbst.

In the early days of space exphoration, US
and Sowiet launchers relied on direct-ascent
trajectones, which sent the Luna and Pioneer

dimensonal map ofthe surface. missions toward the
Chang’e 1 also carries a gamma- Moon without first
and X-ray spectrometer and 3 orbiting Earth. In
microwave radiometer to study the early 1960s the
the chemical and thermal prevaient technigue
properties of the lunar surface. involved placing the
China built a special 165-foot rocket’s upper stage
deep-space  communications 3 in 3 circular, low-Earth
antenna outside Beijing 1o China's Chang’e 1 s 3 L8 parking orbit” before
communicate with the probe, B N R continuing on.
an investment that will support 125 miles {200 km) above the lunar Since the 1980<,
future deep-space missions. surface. however, most launch
vehicles have been

Satellite Practice

The highest-altitude massion Rown previously
by China was Tan Ce 1, one of two Dowubile Star
satellites aunched in 2003 for a collaborative
research project with the European Space Agency.
The Double Star spacecraft worked with ESA's
four Cluster satellites to monitor energetic events
m Earth's magnetosphere

According to the China National Space
Administration [CNSAJ, Tan Ce | provided useful
practice in controlfing satelfites far from Earth. Hs
apogee of 43300 miles put it twice the distance
of the gecstationary satellites that China had
launched up to that pomnt, bt only 20% of the way
to the Moon. Tan Ce | re-entered the atmocphere
and ended its mission in October 2007

optimized to send payloads to 2 “geostatinnary
transfer orbit,” with a low perigee and an apogee
near 12,240 miles (35,800 km), to serve the
communications-satellite industry. It turns out
that 2 lunar probe can be launched with the same
method. Once 2 spacecraft is cirding Earth,
instead of firing an engine 2t apogee to circularize
the ardit high over the equatod, 2 Comparadly kong
burn is mace at perigee to etongate the orbst out
1o the Mooa's gravitational influence. This means
that todiy, any country with the technology to
launch 2 peostationary satelite already has the

ability to mount 2 lunar program

Jonathan McDowell examines spacecraft from

il natrons 2t www planct4389.0rg
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duced opposite results about the planet's
atmosphere.,
Astronomers used a spectrograph on

the Hubble Space Telescope to examine
the star with and without the planet in
front of it. The difference revealed spectral
evidence from the tiny fraction of light
qkimrﬂing I!hrc’mgh the |:I'|il]'l.l."1 % atro-
sphere on its way to us. Signs of sodium,
potassium, and water were expected

— but not seen. The best i:').|:].1|1;1‘.i|:r:|. the
researchers say, is dust haze obscuring the
planet’s upper atmosphere,

Astronomers using the ground-based
but much larger Hobby-Eberly Telescope
in Texas performed a similar project. They
detected sodium in the planet’s atmo-
sphere, though just barely. Apparently
dust doesn't completely block light from
filtering through.

Europa's Bitter Sea

The icy shell of Jupiter's moon Furopa is

scarred with a crazy quilt of cracks and

grooves and stained with brown stuff that

in places, seems to have oozed out of them.

+ Beneath the ice hides a global ocean. Could
any sort of life be swimming there?

" The answer depends partly on the

¢ flavor of the water. Earth's oceans are

* full of minerals, salt in particular, Kevin

* Hand. a planetary scientist with NASA's

: Jet Fn::upﬁjh-::in:n ]..H]J'Ilr'.itlilr:r', gavs the con-

: ventional wisdom is that Europa's ocean 1s

dominated instead

|:|'f. Illi‘lgll‘l_':\-'p'llr'l:

sultate, MgS0 . “If

vou take a bunch

of chondrites —

space rocks — and

crunch them to

form a |'l.|..l'll". or a

moorn, the domi-

Jonathan McDowell

GLAST at Last

In late November, the Gamma-ray Large Area
Space Telescope (GLAST) arrived at the Naval
Research Laboratory in Washington, DC, to
undergo its final tests before kaunch.

Built at the General Dynamics factory in Gilbert,
Arizona, GLAST has already survived two rounds
of stringent evaluation there. Vibration testing
subjected the satellite to a spectrum of shaking
that simulated the rattle of the rocket ride to

NASA's Gamma-ray Large Area Space Tele-
scope [GLAST), scheduled to launch in May,
will map the high-energy universe.

orbit. Electromagnetic testing ensured that the
spacecraft’s varied electronic components won't
interfere with each other or with sensors such
35 the magnetometers used to determine the
satellite’s orientation,

Now GLAST will suffer the thermal-vacuum
test, a major rite of passage for all spacecraft. The
satellite & placed in a large chamber, and the air is
pumped out. Then engineers repeatedly bake and
freeze the craft to simulste the harsh conditions
of space as it shifts back and forth from sunlight
to darkness in Earth orbit. “Thermal vac” is the
last majar checkout before GLAST gets shi pped to
Cape Canaveral for launch in May.

GLAST's main instrument, the Large Area
Telescope (LAT), developed by a team based at
Stanford University, accounts for more than 65%
of the satellite’s mass. It will map the gamma-ray
sky at energies from 30 million to more than 300

ML | DR lE A [Frydiedy

billion electron valte. The ltalian satellite AGILE
is the only other spacecraft currently observing in
this regime (S&T: August 2007, page 22).

The satellite's second instrument is the
GLAST Burst Monitor (GEM). It's a follow-on
to the Compton Gamma Ray Observatory's
BATSE telescope, which discovered the uniform
distribution of gamma-ray bursts (GREs)
throughout the sky and set the stage for the
understanding of their extragalactic nature.

Swift Restored to Service

NASA's Swift gamma-ray observatory completed
three years in space on Movember 20th, by which
time it had discovered 284 GRBs. Astronomers,
have found redshifts for almost 100 of these.

Trouble with the craft's gyrescopes developed on
August 10th, resulting in a two-month cessation of
observations. Engineers developed 2 workaround .
for the problem, and the satellite has retured to
full operation.

Although GRBs remain Swift's main focus,
active galames and galactic neutron stars have
become a larger part of the observing program as
astronomers accept Swift as one of their standard
space-based discovery tools,

GLAST and Swift will complement each other.
Swift will be able to determine more accurate
locations for bursts discovered by the GEM, and
GLAST can provide better spectral data for Swift
sources.

Contributing ecttor jonathan McDowell prosides insight
on many space missions af www planetd585.org.

Last year Swift caught two supernovae in one
galaxy, MCC +05-43.16 in Hercules, some 180
million light-years distant.
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The diagram at bottom left is not to
scale. The large hole is 180 times the
diameter of the small one, and even the
large one (700 a.u. wide) would be onh
about 1.6 mm wide at the scale of their

separabion here

Stars Born in the
Middle of Nowhere

Rarely do stars form uutb'idr;ul'f_{mﬂuxi{'x. i
it happens. Astronomers using an ultra-
violet telescope on the GALEX spacecraft
]Iij'l.L' :HE,'IL:IHL'LJ AR
young star clusters in
intergalactic space not
far from ME1 (left) and
M&2 in Ursa Major.
The two galaxies,
familiar to backyand
observers (see page
51), underwent a close
Ayby or collision about
= 200 million years ago,
Radio astronomers see
. far-flung streamers of
gas around the pair
dating from that event. The blue clusters
spotted by GALEX (for instance, near the
cross above) lie in one such streamer and
seem to have formed since the time of the
collision. It's the first time young stars have
been seen this far from a galaxy.

Tunguska Blast
Revised Downward

New computer modeling has revised the
power of the great 1908 airburst near the
Tunguska River in Siberia from 10-40
megatons down to
only 3-5 megatons
of TNT. That's still
the equivalent of

a large hydrogen
bomb. The new
work included full
3-D modeling of the
incoming object’s
material as it broke

a
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The Lumps in Our Planet

For two centuries, scientists have been trying

to determine the exact shape of our planet's
geoid, the imaginary surface that's everywhere
perpendicular to the downward pull of gravity
and coincides with mean sea level. Although
Earth is roughly an ellipsoid — 26 miles (42 km)
smaller through its poles than acress its equater
— variations in density create localized deviations
of up to 300 feet (100 meters). Thanks to two
remarkable satellites, the geoid is now known to
an accuracy of around 0.4 inch (1 cm).

In March 2002, a converted Russian
sntercontinental missile launched twin geodetic
sateflites into closely spaced polar orbits
around Earth, These Gravity Recovery and
Climate Experiment ({GRACE) spacecraft, built
by a German-American collaboration, perform
accurate measurements of their mutual separation
wsing radig links and GPS receivers.

Deviations of Earth's gravitational field from
perfect spherical symmetry impart different
accelerations to the two satellites, causing tiny
shifts in the distance between them. As the
leading sateflite approaches a lumpy gravity
anomaly, it's pulled and speeds up; once past,
it slows down. Then the second satellite does
likewrse as it crosses the region. Analysis of these
data at the University of Texas, Austir, at NASA's
Jet Propulsion Laboratary, and at Germany’s
GeoForschungsZentrum has yelded
a precise descriptson of
gravity variations as the
satedlites fly over every
point on the globe.

The German Space
Owperations Center
in Dberpfaffenhofen
cantrals the two
spacecraft, which
maneuver every month or
twa to remain separated by 100 to 135 miles. Laser
retroreflectors, star cameras, and accelerometers
detect other forces acting on the GRACE satellites
in grcer to isolate the purely gravitational signal.

Researchers released the first GRACE gravity
model in july 2003, but the mission continues,
extended through 2009. Remarkably, these models
describe how our planet's gravity field varies with

Clobal gravity map

time due to shifts in ocean currents and seasonal
changes in snowpack and groundwater, Using
GRACE data, scientists detected accelerated
melting of Greenland's ice sheet, with its
imphications for cimate change.

Shaping Up the Moon

MASA has selected a new Discovery mission that -
will do for the Moon what GRACE is doing for
Farth. The project will be led by MIT's Maria Zuber
and launched in 2011_ its rather contrived name,
Cravity Recovery and Interior Labaratory, yields
the snappy acronym GRAIL. Because the Moon has
no atmosphere,

the mission's two

The two GRACE craft

Lockheed Martin design used for the Alr Force's
X551 microsatellite, which demonstrated precise
station-keeping in order to sneak up nert to and
photograph other satellites,

NASA's Lunar Orbiter missions in the 1960s
discovered mass concentrations {mascons) under
the Moon’s surface that disturbed their orbits.
These posed a nawigation challenge to the Apello
spacecraft and would be fatal to any low-altitude
orbiter lacking its own propulsion. Over time,
the Moon's irregular gravity field would alter the
spacecraft’s orbit until its lowest point dipped

below the surface. The resulting crash would, of

course, not be heard in the lunar vacuum.

Selenodesy, the study of the Moon's shape,

was bolstered by the Lunar Prospector and®
Clementine missions in the 1990s and is currently
being greatly improved by Japan's recently
deployed lunar orbiting triad of Kaguya, Ouna,
and Okina [S&T: December 2007, page 17).
GRAIL should achieve a further hundredfold
improvement in the accuracy with which we can
map the selenaid,

Contributing editor Jonathan McDowell
tracks the progress of space missions ot www
planetd589.0rg.
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HE 0437-5419, seems to be fiving not fron
the Milky Way's center but from the Large
Magellanic Cloud (LMC, on the botton

of the previous page). The trouble is, the
LMC contains no
However, astronomers find that
with a mere 1,000 solar masses could suf-
fice. One team suggests, “This is the hrst
observational clue that 2 massive black
hole exists somewhere in the LMC."

supermassive hlack hole

4 noe

A Neutron Star’'s Hard Core

What's in the middle of a neutron star?
Pressures and densities there are so great
that nuclear-matter theory gets vague

about what it predicts.

Some real-world evidence now comes
from two neutron stars more massive than
usual. Most of the ones whose masses
can be estimated top out at 1.4 Suns, as
expected for collapsing giant-star cores,
But in two globular clusters, including M5
p-if‘rurEd above, radio astronomers recently
announced millisecond pulsars (fast-spin
ning neutron stars) that seem to contain
about 1.9 and 2.7 solar masses. They
presumably got that way by accreting a lot
of extra matter after they formed

Their existence means that neutron-
star matter is more incompressible
(*harder”) than theorists expected. Other-
wise gravity would have squeezed the stars
right down to become black holes. This
argues that their innermost matter is not
EDmp:‘rﬁ:{eﬁ into 3 se3 of undiferentiated
“quark matter.” but rather remains as dis-
tinct neutrons (a neutron is three quarks
bound together). Pure quark matter, physi-
cists think, would be more compressible

; dea'te Jonathan McDowell

Voyager 2 at the Edge

The Woyager 2 spacecraft has passed anather milestane
on its 30-year journey, cressing 2 boundary thal means
#'s soon toexit a physcal edge of the solar system.

As the Sun and solar system meve theaugh the local
nberstellar medium (ot 35 km per second), the solar
wird and its erarained magnetic fueld blow 3 comet:
ke bubbile moving throwgh the thin interstellar gas
and leaving 3 wake behind. The bubble is kirger than
the orbits of Neptune and Pluto. On the inner edge of
the bowndary, called the helfopause, the solar wind's
sutward wehocity draps to 2ére a8 it's pushed back
around the boundary into the tail of the hefiasheath.

In August W32 the plasma-wave ingtruments on
Voyugers 1 and 7 detected radio emissios from the
heliopause [SET: October 1993, page 30), generated
where the salar wind crashes into the intersteliyr
medsurn, It wasn't until December 2004, when 54
astromamical units from the Sun (8% billion miles], tha
Voyager | passed through the termmation shock, where
the solar particle Aow becomes ssbsonic, and made the
first direct measurements of the hebiosheath, 3 transition
region between the shock and the mtersiellar gas

Voyager 2 unexpectedly reached the shock front on
August 30, 2007, while only 84 2.u. from the Sun. Its
instrumenty measured the velocity of particles in the
surrownding plesma dropping from around 400 km
per second in the solar wisd to only aboet 100 km per
second in the helicsheath.

The next, and mostimportant, milestone is rossing
the heliopause, which marks the trse bosndary of the
solar system, electromagnetscally speaking. This wil
happen when one of the Vdyagers sees the flow direction
change and the magnetic-field strength sise. At that
paint it will become the FRirst human artifact to enter true
interstellar space.

Voyager 1, in Ophiuchys, is heading nearly upstream

The Voyager 2 spacecraft has joined its twin
in the heliosheath. One of them may cross
the heliopause, the true outer boundary of
the solar system, in a few years.

bowiard the oncarming solar wind, whae Voyager 2, in
Telescopium, i moving sideways to the Sun’s motion,
The heliopause may be reached in only 5 to 10 years
- increasing the chance that Voyager 2 will s4ill be alive

i report back from the event

The next chance 1o study the termination shock won't
o wntil the 20305, when the New Honzons probe will
head toward Sagittarivs after its fyby of Plubo,

ETRI R A o,

The International Space Station now has a
trio of astronomical instruments (arrowed)
on the Columbus module added in February.

Space-Station Astronomy

The Eurapean Space Agency's Columbus module for

the International Space Staticn (155) rode to orbit on
the Space Shuttle Alantis an February Tth. Although its
presiunted compartment 1o house Esropean astronauts
got the mogd publicity, the module also bogsts some
scentific instruments, including in astronomical
experiment dubbed Solar,

Salar carvies three solar-physics instruments. They
will accurately study the Sen's total energy cutput from
the extreme ultraviolet to the mid-infrared, & critical
parameter for climate-change studies.

The Solar Varniable and Irradiance Monitor consists
of W differest detectors. Three of them incorporate
the difficult technology of absolute radiometers,
which directly measure the wattage of radeation
collected, instead of calibeating their energy scale using
workarounds such 2% standard stars

The other matruments face Hmmlir{h]”tﬁﬂﬁ_
Calibration will be tricky with the spectrophaiometers,
which will collect entreme-ultraviclet photons uning
grazing-incidence telescopes. The Solar Spectral
lirachance irstrument has fown in space several fimes
on Spacelab missions Listing up 1o two weeks.

Salar's nstruments will be controlled from 2
science missaon center in Brussels, Belgwum, working
in comoer with the masm Columbas control comter in

Obepfalferholen, Germany
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Four Martian Landslides
Caught in the Act

4 YL W L = -

'-'-'_—"-'". Mars s north podar o Nas | ITSEES sa G: ' jt E
SEET S H 2y avdlid

Thee sdfitey of Uivises o comeng 1o a0 end gher 3

R in a sing age t , .
A £ . s pessiul EE-pear Mstnn orbting the Sian

ars Keconn 154 -
- l : d Ubysses was one of the European Space Agency's first
Urbater. | he «

deep-tpate prosects. followsng the Cootto comet probe
it had a bortoous pestation as a joent MASAESA out-
of-eclptnt mrgsion jad then 34 the Interngtanal Solar
Polar Mission, featuring twn probes — one of whch
was Canceded when BetUS dropped ot leaving better
transatiantyc feelings.

The messeon faced further delays followsng the
(hadlenper acodent in 1986 and the canceflation of the
Shuttie-Centaur upper vlage. (o October 1990, however,
the Space Shutthe Drscovery deployed the probe meth
i thepe-siape sobic-rociet sysiem that coslergied if
1o 15.2 km (9.4 miles) per second toward an encounter
with jupiter — the fastest Earth sscape ontd the Miw
Hasrang bunch i 2006

The jupser fivby m Febraary 1962 sent Ulysses imnto
the first artifical-satefite orbst 1o purss over the poles of
the Sun. The imitial swang over the solar south pole m
1934 was fodowed by the Frst northern pass in 1995 Teo
orbits later. Ulysses was completing its thard northern
potar pass 2t the start of X008

s B BEIng recRtops EERETRtors continetd te
nun down, the probe’s ydrazine fuel was in danger
of freering. But the logs of tee maon X-band radhs
tramsemetier on [amuary 15h prompled reseanchers to
wrap up the sence program by the end of june. The
bachup S-band transmutter can’t return endugh dats to
make i worthwhss (onbisung,

Ulysses leaves an extengive soentific legacy. it
disrovered thal the solar wang 5t beph Libtudes Sows
3 fast and steady 750 km per second comparned to 4
wiidly fluctisting snd tower 400 km per Lecond rear
the eckiptic. The Fast wend is aleo cooler, thinner gnd
more diecily reflets the comperstmon of the Sus's
photosphere than the show wind, whach o affected by
[onditsons in the chromasphens

Ubysses ssg descovered that the magnets fuesd »
e sodar wind kg 3 sumilar sErength b 38 Labtudes
drsproweng earfes thearss that predwted stromper Relds
rear the poles

Looking for Dark Matter

Now that the Indermational Space Stabon (T85) has iis

motks, high-reso
tion shot caug!
widely separated litth
landshdes happs
along the £
(700-meter) high chiff
Apparently the j:--;::
ice is on the move. "It
really surprised me.”
Sd¥E {.'i.:.‘-'-l.'-\.“. erer |n ET;:
Daubar Spitale. “It's
great to see some-

[I"L'I I'Ig =0 I.]‘n'l'lij."!‘. B O30

.
I.|IJT

Mars. A lot of »
we see there ha_ir_l t
changed for milhons
of years.” The top of
the cliff is at the top of

the image at night.

Mare Mercury
On Sun-baked Mercury, enign
smooth plains™ cover pretty

EVErYWHEe Ei';,j.' 150 [ 4 CTateT. For

ave wondered whether th

Fstromomers D

plaing are lava Bows or thick blanket solar tetescopes (May sue, page 15), there's hope that
of impact debris. Close inspection of 4 may abso fulfill its obigatiors for cosmology

Ouring early stabon planning n the 1980 and 19905

the recent Messenpger spacecraft images

§ P A S T cted b i J §
seems to settle the issue: they re lava scaentrsts snpectad that the orbaing faobty would host

olains. lust about all of MeTcury : 3 slew of “attached pavloads™ that would wend 3 few
Rl Ll jlad-l LFLAL 1L LFE VRS LR LA | !

L FEArY Boitad 1o the vapretianeed thuss A the 185
g, heavily cratered "mare, ke t

patches of dark lava plains on the Moor

(WESGLRVALEICE  Jonathan McDowell

After 18 years and nearly three orbits of

the Sun, Ulystes has finally cuecu

the harshness of Space

assembly schedule sispped and the budget ran over,
these external soence pavloads el by the wayside. Al
that remging % the T-tos Alphg Mapnetic Spectrometer
(AME], which will use 3 magnet cooled by luguid helbum
b0 search for enbimatier and dar-mutier particles.

A prototype detector made a brief Bxght on Space
Shutthe Descowery in 1988 to confarm the basic desgn.
The partcis-phvpcs detector 5 well suited to the station
b et umiake 3 Jstronomacy telesiope i dostnt
need 1o be posnted or held very steady, and s large
s made it 2 natural Bt for a shutthe launch

Unfortunately, the deciion to retive the shuttle
i 2000 leFt AMES withowt 2 ride, and the Srpensme
e inamen] weemed deitined t nernaen l‘i.l'ﬁhhﬂ'"._‘; "
besghoer-praanty payloads took the fna! cargo spaces on
MNALE's womged spaceshps [May s, page 36

Novw. Congress o teflimg NASA to find 2 way 1o Lunch
i, even though this could mean savage cuts to other
mussons. Adding an extra thuttie E-rl: ir T A, St
i ties ap resources thal tousd otherwre be reasugned bo
the Comstellation explorabon program_ The ilematiee of
redesqgrang AMS to aliow i to By on its cen would cost

B much #5 e smdller soene sabelites

Comtributing editor jonathan MeDowell trocks

spacl Feriiont O wwwe planetd 589 org
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To read more about any of these
stories, go to SkyandTelescope
.com and search for the keyword
SkyTeljul08.

What Is Inside Enceladus?

When the Cassini spacecraft skimmed
past Saturn’s moon Enceladus on March
12th, its infrared spectrometer recorded
heat glows all along the lengths of the
“tiger stripe” cracks near the south pole of
the icy little world. The image here over.
lays part of the
the low-resolution
heat map (color)
on a high-resolu-
tion surface view,
The cracks are
about 100 miles
long. Yellow aster-
isks mark sites of active ice-powder gey.
sers. Most of Enceladus’s surface is colder
than -200°C, but the warmest stretch of
the cracks measured -93°C (-135°F). This
increases the likelihood that Enceladus has
a liquid ocean under the ice.

And it’s a rich brew. Cassini flew right
through a spray plume and detected not
only water but carbon dioxide, carbon
monoxide, methane, and more complex
organic (carbon-based) compounds; these
may include ethane, acetylene, propane,
and others.

Titan's Free-Floating Crust

Enceladus may not be the only oceanic
moon of Saturn, Big Titan, with its meth-
ane-ethane river channels and apparent
lakes on top of a “bedrock” of ice, seems to
have a global ocean deep inside, probably
ammeonia water, that keeps the
ice crust detached from the
interior.

The evidence is several
years of radar data that
show Titan is rotating not
quite in lockstep with its
: 16-day arbital period and other
gravitational influences, as dynamicists
had expected. Moreover, Titan'’s rotation
has actually changed by a trace even since
Cassini began watching.

Shifting seasonal winds in the north-
ern and southern hemispheres could exert
a spin-altering torque on Titan. But this

Mission “iipt'li_at'c

Akari Warms Up

Japan's Akari infrared observatory has opened

a new chapter of its mission, It was launched in
February 2006, and by August 2007 it had surveyed
94% of the celestial sphere (S&T: October 2007,
page 16). But on August 26th the satellite used

up the last of its 45 gallons (170 liters) of liqusd
helium, after which its 27-inch (68-cm) main
telescope began to warm up from its operational
temperature of & kelvin (6°C above absolute zero),
This forced the retirement of Akari's Far-Inirared
Surveyor, which is sensitive to infrared light with
wavelengths between 50 and 180 microns. Akari's
shorter-wavelength detectors still operate, thanks
to mechanical coolers that keep the focal plane at
about 40 kedvin,

In early December Alkari was maneuvered to
correct the small altitude increase caused by two
years of venting helium and returned to a perfectly
Sun-synchrenous orbit. This maintains a constant
angle between the spacecraft and Sun, keeping
the salar panels sunny-side up and the telescope
aperture nice and dark.

Meanwhile, on the ground, an international
team will prepare catalogs of the sources Akari

Abari imaged 94% of the sky at infrared
wavelengths, as seen in this low-resolution
thumbnail,

detected, which will supersede the 20-year-old
Infrared Astronomical Satellite (IRAS) survey and
provide rich target lists for new observatories
stich as the European Space Agency's soon-to-be-
launched Herschel satellite [SET: December 2006,
page 30). By the time you read this, engineers
should be recalibrating Akari's instruments for
the “warm phase,” so they can make longer
observations of specific 1argets.

A Russian Phoenix Rises

The Russian-led Spektr Rentgen-Gamma mission
is once again proceeding toward launch after yet

Jonathan McDowell

When Japan's Akari spacecraft ran outof
liquid-hefium coolant, one of its main cam-
eras became useless. Bul more science can
still be done with its other instruments.

ancther miraculous resurrection.

SRG [also known as Spectrum X Gamma), an
international mission that features an array of
telescapes, should have been orbited in the early
19905 but fell victim to the fall of the Soviet Union
(S&T: October 2001, page 28). The launch date
gradually slipped into the following millennium.
As other missions such as NASA's Chandra X-ray .
Observatory superseded SRG's technology, it
seemed unlikely that the spacecraft would ever fly.

indesd, although the new plan envisages lofting
a spacecraft named Spektr Rentgen-Camma
around 2011, it has almest nothing in common
with the original mission — the telescopes,
instruments, rocket, and orbit all have changed.

The new SRG features the Extended Réntgen
Survey with an Imaging Telescope Array
[eROSITA), a German-led imaging system. It will
make an all-sky survey at the X-ray energies of
2,000 to 10,000 electron volts per photon and will
miake up for the ABRIXAS satelfite, which failed
shortly after launch in 1999 (S&T: October 1999,
page 30). SRG's seven X-ray telescopes are similar
to those on ABRIXAS but have been enlarged
to improve the survey's sensitivity to hot gas in
distant galaxy clusters.

Also aboard will be 2 second, higher-resolution
imager: the Astronomical Rintgen Telescope
K-ray Concentrator (ART-KC). Its proposed US
companent would use innovative multilayer optics
for 25-arcsecond imaging.

The new SRC will now be launched by a Seyuz
rocket into 2 low orbit, probably from a newly built
Soyuz pad in Erench Guiana,

Contributing editor Jonathan McDowell
follows experiments in Earth orbit and
beyond at www. planetd589.0rg.

SKY & TELESCOPE July 200X

TS




red vision, however, you'd see it glowing
deep red, as in the infrared image on the
ril-_',}:n of the faci ng page

Other less-than-red-hot brown dwarts
are known, but this one is apparently the
frst that's cool enough to show ammonia
in its spectrum. And that places itin a
new proposed spectral class: Type ¥

The object, designated CFBDS
J005910.83-011401.3 {or just CFBDS 0039),
is about 40 light-years away in Cetus. Its
discoverers estimate that is has a run-of-
the-mill brown-dwart mass of 15 to 30 Jupi-
ters. But in terms of temperature, they're
calling it a bridge between brown dwarfs
and giant planets, Both Jupiter and Saturn
emit a little internal heat of their own as a
weak infrared glow, though for this, no one
has yet invented a spectral type.

“Pioneer Anomaly” Solved?

As Pioneer 10 and 11 cruised out beyond
the orbit of Pluto during the 1980s, mis-
sion trackers realized something strange:
the twin spacecraft were not quite follow
ing the trajectories predicted by Newton's
laws of gravity. The difference was minus-
cule but real (S&T: July 2006, page 20.)
Could some kind of unknown physics be
modifying the laws of gravity?

Probably not. The latest examination
of the “Pioneer anomaly,” funded by the
Planetary Society, concludes that no exotic
explanation is needed. Slava Turyshev
(Jet Propulsion Laboratory) finds that tiny
forces due to uneven radiation of heat

from the ﬁpat.ﬂ'[.aﬂ account for some,
and possibly all, of the observed displace-
ment — especially if “space weathering”
has altered the thermal properties of the
crafts’ surfaces.

IESTRITGETEM  Jonathan McDowell

energetic particles in the solar wind interact with
atoms in the interstellar medium. Comparing
the observed map with theoretical models
should reveal the strength of the “termination
shock™ and allow scientists to generate 3

Nanosatellites Reach Orbit

Probably the smallest stronamical satellite ever,
AALSat 2 from Aalborg University in Denmark,
carries a tiny, 200-gram gamma-ray-burst

detector within its 4-inch cubic shell.

The hall-pound (1-kg) satellite was thete-cimensiondl modes of fhe

launched into polar orbit on an Indian hqu:h:

rocket on April 28th, along with iy 1Hm_

an international cluster of other ﬂ.m 175-pound IBEX must get as

R % high as possible above Earth's
mm!mmm mlgrﬂupllu'ﬁ.'ﬁlm

Research Institute, which built the HEHMWMH"&PH&

WATCH gamma-tayburstmonitors ~ Measuring 4 inches  and release a Pegasus rocket while

that flew on the Soviet Granat (10 cm) on a side, the over the ocean. The extra eastward

observatory from 1989 to 1994 and the high-energy-sensing Mmhlmw

; AAUSat 2 is slightly  equator lets IBEX carry an additional
ropean EURECA satellite in 1992-93, .
s e L larger than a softball. & pounds compared to a conventional

The new detector has a single-pixel _

eadmiumzine telluride crystal that's Florida departare.

sensitive to X and gamma rays ranging from 5,000 Tﬁehﬁnﬂfﬂﬂﬂuﬁhﬂﬂb@ﬂﬂl

t0 300,000 electron vols. maily vant a solid-racket motor will boast it more than 54,000

mmhﬂmmﬂ:'m"""#m miles above Earth. Over the following weeks, 3

it Wil langac versions oF the bl liquid-propellant engine will raise the orbit to an 8-
day loap ranging from 4,300 to 200,000 miles, with

Collecting Interstellar Atoms ~ *ipomt b sfuasibeliomn,

NASA's Interstellar Boundary Explorer (JBEX) is 1ma "m l“dl"““m .r;h:iu.l::ﬁ

expected to soar into high orbit in August and B tible o leunch stresses then expecied,

begin mapping the boundary of the heliosphere, prompting a last-minute design change

the realm of the Sun’s influence. |

et 'Ef“"’uﬂiﬁm; Contributing editor Jonathan McDowell i

Cooranad by salallies chdbving paticls an gstronomer at the Harvard-5Smithsonian

acceleration in the Earth's magnetosphere. Unlice 2788 for Astrophysics.

free electrons and protons, the paths of

neutral atoms aren't bent by the magnetic 4 The Interstellar Boundary Explorer

fields that permeate interplanetary ; will study the interface of the solar

space. Thus the direction they're wind and the interstellar medium

coming from when they hit a from high Earth orbit. IBEX will be

satelite pinpaints where they launched by a Pegasus rocket, -

originated, allowing a neutral which is carried undemeath the

atom “telescope” to make fuselage of a high-flying aircraft.

pictures ofthe sky.

The spinning IBEX spacecrafi

has two single-pixel neutral-atom cameras
that cover different energy ranges. They have 7°
fields of view and point in opposite directions.
They will slowly map the intensity of the neutral
atoms reaching Earth's vicinity from all around
the sky.
The atoms they will see are expected to be

mostly from the edge of the solar system, where
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More Supernovae: A White
Dwarf’s Messy Blowup

Type la supernovae are critical tools for
cosmologists, because they offer a way to
measure really big cosmic distances e
pendent of redshift. So it would be nice to
know how they
work. Astrono-
mers know the
I‘“U':II'_:I l::l'.ﬂ']lr“.':
an overloaded
white-dwarf
star starts to
collapse under
its own weight,
and this sets off thermonuclear fusion
that suddenly consumes it completely. But
supercomputer models are showing that
the process is anything but simple.

As soon as thermonuclear “burning’
starts near the compressed white dwarf’s
center, the “reaction flame” forms a huge
bubble that rises to the surface in less
than a second and bursts out of one side
of the star {top right in frame from movie
above), The bubble debris Alows around
the star and collides on the far side. This
collision ignites a faster, more powerful
thermonuclear shock wave that detonates
the entire remaining star from the outside
edge inward. Further work should refine
this complicated model and show whether
it happens in all cases or just some.

Jupiter's Three Red Spots

[upiter's atmosphere has been going
through an upheaval in the last couple
years, and now it sports not just one red
spot, not just two, but three. In May the
Hubble and Keck telescopes joined a cam-

paign (led in part by amateurs) to track the

spots as they develop.

No one really knows the cause of their
color. The most popular hypothesis is that
!hl‘.'!r' drPrng up chemicals from the -IJ_E':_‘?
that turn red when exposed to sunlight.

IESGIRVTETCR  Jonathan McDowell

Hinode Has a Hitch

|apan's Hmnode solar observatory (April issue,
pape 64) has run into communications problems.
I late 2007 the X-band antenna, the primary
means to send back images and data, began
behaving erratically, The problem worsened in
early 2008 and the Hinode team switched to a
backup antenna, which uses the lower, S-band
frequencies and has less capacity. It was like
downgrading from broadband to a dial-up modem
for your Internet connection.

Even after doubling the number of times per
day that the ground contacts the spacecraft,
Hinode cannot return as much information
as before. The Japanese space agency, JAXA,
is adding extra ground dishes to the tracking
network, compressing files on the spaceeraft, and
tuning observing strategies to make fewer rapid-
fire observations that need extra bandwidth. To
ensure that the mission will return to its former

e
Japan's Hinode ' /=g

spacecraft will mark
two years in orbit in

September.

\d

productivty in time for the approach
of solar masimum [expected in 2012),
flight controllers will aptimize such techniques
while Hinode spends extended periads in Earth’s
shadow from May to August.

Faster Solar Snapshots

The visible-light and X-ray images from Hinode,
and the estreme-ultraviobet images from NASA's
Transition Region and Caronal Explorer (TRACE)
satellite, have focused solar physicists’ attention
on the dynamic waves and shock fronts coursing
through the Sun's atmosphere. A new mission set
for launch in December will let us study quicker
processes on the Sun.

The Solar Dynamics Observatory (SDO) will
walch the Sun from geostationary orbit with three
instruments. A key feature of these experiments
is their high cadence, how fast they take pictures.
SDO will also cover the Sun's full disk at once,
unlike the narrow fields seen by the telescopes on
TRACE and Hinode

SKY & TELESCOPE
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NASA's Solar Dynamics
Observatory (SDO) is the
next step in scrutinizing our star.

The Atmospherie Imaging Assembly (A1) will
cycle through eight 16-megapisel solar images,
taken through eight narrowband filters, every 10
seconds. Pictures can be taken every 2 seconds
through a single filter if desired. [TRACE'sbest
speed is about once a minute.] AlA consists of
four extreme-ultraviolet telescopes, each with two
radiation from particular ions in specific regions
of the solar atmasphere, from the corona down to
chromosphere.

The Helioseismic and Magnetic Imager (HMI)
has a S¥inch {14-cm) visible-Eght telescope and
will take polarized images at slightly different
wavelengths to measure Doppler-shift velocities
and magnetic-field strengths. This will tell
astranomers about the local solar weather and
let them probe the interior of the Sun with solar
seismology.

Finally, the Extreme Ultravialet Variabelity
Experiment (EVE) will measure variations in the
energy output of the Sun with much higher spectral
resolution than previous missions, with the same
high cadence as the other SDO instruments,

GLAST Reaches Orbit

High-energy astronomers breathed a sigh of relief
when MASA's GLAST observatory (the Camma-ray
Large Area Space Telescope; see the june issue
cover story) successfully launched on june th.
Shakedown operations are continuing; GLAST
should begin its science work in mid-August.

In keeping with traditan, by the time you
read this NASA may have renamed GLAST for
some distinguished, and deceased, high-energy
asironomer.

Contributing editor Jonathan McDowell
provides spacecraft news as he orbits the
Internet at www.planet4589.0rg.
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and broke up. Amateurs working online
nave led the tedious job of examining
noisy SOHO images for the tiny moving
specks of “unidentified frying objects.” As
a result of their efforts, the count of SOHO
comets recently passed 1,500.

The one in the picture on the previ-
ous page 18 unusually obvious against
the Sun's streaky corona. The flat disc at
the bottom is an occulting mask, and the
white circle marks the Sun's edge

The Sun Twists its Pitches

The more closely we examine the Sun,
the more complicated it looks. At the
annual meeting of the Solar Physics Divi-
sion of the American Astronomical Soci-
ety, space scientists presented a movie of
a coronal mass ejection that shows the
Sun not just blowing off a puff of gas,
but giving it a strong mag-

netic twist, The amount
of energy that went into

the twist was prob-

ably enough to affect
~ whatever it is that causes
"#  coronal mass ejections in

the first place.

.

Mission Update

Messenger Returns to Mercury
NASA's Messenger probe is heading back for
its second pass by the innermest planet on
October 6th. This time it will zoom 200 km
(125 miles) above Mercury's equator on the
opposite side of the planet from the first flyby
in January (May issue, page 14)

The region beneath at closest approach
was seen by Mariner 10 in the 1970s, but
Messenger will provide much more detail,
and it will also image more
of the planet's previously
unseen part. Messenger
will look too for
changes in Mercury's
thin atmosphere since
its first visit, using
particle detectors and an
ultraviclet spectrometer.

After the first encounter, spacecraft
navigators at Messenger's mission contral

18 October 2008 SKY & TELESCOPE

How Little Asteroids
Go Double

About 15% of small asteroids that pass
Earth are not single but double. That's way
[Lw F] HLER R LG i'..:". L {IZI'I'I'IE,'-J I". I_._.-l_l:'C!I_.-r'lr_
which 18 probably how some larger aster-
oids got their moons
A new study finds that
instead, sunlight can
make a small asteroid
spin up s0o fast that it
flies apart.

Researchers
invoked the YORP
eftect, which can
make a small body gradually spin up or
slow down as it absorbs sunlight and re-
radiates it as heat. For a spherical object
the slight radiation pressures involved
have no net effect on rotation. But if an
asteroid is irregular, as most small ones
are, infrared heat radiates at some angles
more than others, causing a tiny torque.
In computer simulations, a loose, "rubble-
pile” asteroid can gpin up this way to the
point of shedding rubble that, in some
cases, reaccumnulates to form a small satel.
lite close by.

Jonathan McDowell

{at Johns Hopkins University's Applied
Physics Laboratory in Maryland) were
pleased to discover that the trajectory was
only 2 km off the planned position. This
leaves the probe on track for its third Ayby, in
August 2009, with only minimal adjustments.
Messenger will finally take up orbit around
Mercury in March 2011,

Rosetta's First Asteroid

Europe's Rosetta spacecraft is in the
fourth year of its decade-long adyssey to
Comet 67P/Churyumov-Gerasimenko. After
dawdling around the inner solar system with
two flybys of Earth and one of Mars to gain
velocity, Rosetta entered the asteroid belt
this year. On September 5th it will perform
its first flyby of a previously unvisited
celestial body, passing 800 km from the
minar planet 2867 Steins.

Discovered in 1969 and named for Latvian

[he image at left shows the Clearwater
Lakes in Canada, caused by the impact of
a binary asteroid about 290 million years
ago. The larger lake is 20 miles (32 km)
wide, Double craters like this are more
COIM ITION il [l:l;, Sodar H:r'bTI_"I."I ”':H'II I'.HI'II'J.I.HT'I.

chance would suggest.

Dark-Sky Park in Pennsylvania

Bit by bit, the world is acting to reduce
wasted artihicial light in the night sky.

The managers of Cherry Springs State
Park in north-central Pennsylvania have
gone further, taking stringent measures to
re-create some of the darkest skies in the
eastern United States. Cherry Springs was
recently declared an International Dark-
Sky Park, only the second site to earn this
designation from the International Dark-
Sky Association. Vacationing telescope
users take note.

To read more about any of these stories,
go to SkyandTelescope.com and search
for the keyword SkyTelOctDS.

astronomer
Karlis Steins
(191183}, the
10-km rock is

a rare E-class
asteroid: one
poor in irom,
probably due to
its parent bedy
melting and
the iron sinking
to its centar at some point in the past. After
the encounter, Rosetta will loop in for ancther
Earth flyby in 2009 to pump up its orbital
energy for a pass by the 100-km-wide asteroid
21 Lutetia in 2010. The comet rendezvous
cemes in 2014,

ll:u;-r'r!rr'f:lu;[ng Ed'ln.rjﬂnnlhﬂ'rl MeDowell
provides updates on more space missions ot
wiw. plangt458%.org.




Mission Update

Lunar Reconnaissance
Orbiter Delayed
Launch of NASA's Lunar Reconnaissance
Orbiter was pushed back when the U.5.
Air Force's X-37B experimental spaceplane
took its October launch slot. LRO is now
expected to fiy at the end of February 2009,
LRO is a key step toward returning
astronauts to the Moon. In early August it
finished its spin and vibration tests and was
prepared for thermal-vacuum testing at the
Goddard Space Flight Center in Maryland,
The LRO mission includes a secondary
payload, the LCROSS (Lunar CRater
Observation and Sensing Satellite), which
will now have to be aimed at a different crater
to adjust for changed lighting conditions.
LRO's slip means that India's
Chandrayaan-1 Moon probe, which was
delayed to October, may still beat the
American probe to Earth’s neighbor. The
Chinese Chang'e-]1 and |apanese Kaguya (with
its subsatellites Ouna and Okina) are the only
spacecraft currently in the lunar vicinity.

MNASA's Lunar Reconnaissance Orbiter is
designud to find safe landing sites for astro-
nauts, locate resources they can use, and
study the Moon's radiation environment.

International X-ray Observatory
NASA's Chandra X-ray Observatory and
Europe's XMM-Newton X-ray telescope

are both nine years old, yet they remain
astoundingly productive. But they won't last
forever, and startups of two proposed follow-
on projects, the L.5. Constellation-X and
ESA's XEUS, have been repeatedly delayed.
MNow those two projects have been merged
in a plan to develop a single International
X-ray Observatory (1X0) mission that would

22 November 2008 SKY & TELESCOPE
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On July 23rd ESA's Mars Express look the
highest-resolution images yet of Phobos’s
full disk, with a resolution of 1.7 meters per
pixel. This section is 4 miles (6.4 km) wide.
Full images: www.esa.int/SPECIALS/Mars_
Express.

combine some aspects of both.

X0 would have a large X-ray mirror and
an extensible optical bench that would put
its instruments at a focus at least 20 meters
fram the mirror — twice the |¢ngt|'| of
Chandra. The instruments are expected to
include improved versions of the imagers and
grating spectrometers used on the current
missions, and a version of the super-high-
spectral-resolution calorimeter that flew
unsuccessfully on the japanese.U S Suzaku
mission when Suzaku lost its coolant.

The IXO project is only a study for now,
and even if approved for development it
would not fly until late next decade. So
astronomers are hoping that Chandra and
AMM-Newton will stay healthy for years to
come.

Brief Notes

Cassini completed its 4-year primary
mission at Saturn on June 30th, The next
day it began its extended “Cassim Equinox
Mission” to continue exploring the Saturn
system, beginning with anather close flyby
of Enceladus on August 11th (see page 19)
and an even closer one on October 9th.

Eurape's Mars Express made several close
flybys of Phobos in July and August, returmning
high-resclution images of the little moon's
hilly, dusty surface, as shown above

Contributing editor Jonathan McDoweil
pravides updates on more missions at wsw,
planet4589 org
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: i
xt "event 15 predicted to

ar wind. The ni

come in January 2009, and sure encugh,
the first changes in the star's spectrum

have begun. This time astronomers hope

to hgure out the whole picture,

Our “Goldilocks™
Solar System

Not too hot, not too cold. . . that's just part
of what it takes to make a nice world like
ours. Recent planet-building computations
have found a new constraint. The proto-
planetary disk of gas and dust that spawns

a planetary system (see page 32| must be

neither too massive nor oo sparse.

If it's too massive, many giant planets
will form. They interact and pull each
other's orbits into chaos, expelling or
wrecking any smaller worlds, Too little
mass, and big planets wouldn't form at
all. Our own solar system, which does
have giant planets but in safe, distant,
nearly round orbits, appears to be an
unusual, right-on-the-balance case.

This in turn SUggests that ||;ni||g
giant planets in round orbits is some-
o important for a terrestrial J':-|:1|:u.=t 10
develop intelligent life. [ this were not
g0, we would be unlikely to inds our-

selves in a system of this unusual type.

b
— —
’ To read more about any of these stories,

go to SkyandTelescope.com and search
for the keyword SkyTelNov08.




Mission Update

Phoenix Races the Calendar

By the time the Mars Phoenix lander completed its
%0-s0l primary mission on August 26th, NASA had
already extended the mssion for at least another
month. The lander has been digging deeper into
the Martian soil and finding icy material about 5 cm
below the surfaze. Chemical analyses have identified
salts and perchlorates, while the camera has imaged
clouds passing over the landing site. A microscope
pravided the first clase-ups of Martian soil particles
In its extended mission, Phoenix continues trying
new methods to analyze ice-rich samples, which
have shown a tendency to stick to the robat arm’s
soil scoop. But Phoenix is in a race against time as
the bitter Martian anctic winter sets in. The lowering
Sun drains the efficiency of the solar panels, and
critical compaonents will start 1o freeze. In April
the landing site will fall into round-the-clock polar
darkness until next july.

The Infrared Eye of WISE

As the Spitzer Space Telescope nears the end of

its primary, cryogemsc phase, work on NASA's next
infrared observatory is advancing. The telescape for
the Wide-field Infrared Survey Explarer [WISE) is
having its focus checked at the Space Dynamics Lab
in Utah, before being shipped next year to Colorado,
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Engineers lower the WISE telescope's
optics into the observatory'serfyostat.
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In early September, NASA's Phoenix Lander
inserted the four needles of its thermal and
electrical conductivity probe inte the ground
for a full Martian day, or sol, to measure
changes in the soil from day to night.

where the spacecrafl bus is assembled.

Spitzer gave deep, detailed looks at narrow Relds.
WISE, a much smaller craft, will map the whole
infrared sky at several wavelengths. Its telescope
will scan the sky continuously as the satellite orbits
Earth. To avoid blurring, 3 small mirror will pivot
to counteract spacecraft motion long enough to let
WISE make tiled images in 10-second snapshots.

For optimum sensitivity, WISE's four infrared
cameras will be swathed in a block of solid hydrogen
at a temperature of § kelvins, while the telescope is
kept at a comparatively balmy 20 kelvins. Compared
to the liquid helsem used in most infrared space
telescopes, selid hydrogen is much lighter and
doesn’t evaparate as easily, making the mission
theaper and longer-lasting.

Launch of WISE is planned for November 2009,
The first sky scan should begin the following month
and be complete by summer 2000. The resulting
celestial maps will be at wavelengths of 3.3, 4.7, 12,
and 23 microns, and will reach hundreds of times
fainter than the classic IRAS map of the infrared sky
from the 1980s. WISE's near- and mid-infrared data
will complement the recent sky survey by Japan's
Aleari satellite, which aperated in the far infrared
{July issue, page 15).

Contributing editor Jonathan McDowell
provides updates on more Missions of Wi,
planet4589.0rg
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that it has been successfully launched and
is working, NASA has followed tradition
and renamed it for a human. It's now the
Fermi Gamma-ray Space lelescope, or
Fermi for short. Get used to it.

Of the 12,000 names submitted in
NASA's call for public participation, that
of the Italian-American physicist Enrico
Fermi {1901-54) stood out. Among Fermi's
many contributions to high-energy phys-
s, he was the first to suggest a workable
way for cosmic-ray particles to be acceler-
ated to nearlight speeds — just the kind
of thing Fermi was built to study.

For Carl

To ]ln:".:ﬁ staff future
exoplanet research
and to honor the
early inspiration

of many current
astronomers, NASA
has begun funding
Carl Sagan Postdoc-
toral Fellowships in
Exoplanet Explora-
tion. Like no other
astronomer of his fime, Sagan (1934-96)
popularized astronomy, astrobiology,
SETI, and the crucial worth of science
and critical thinking. He lived to see the
discoveries of just the first few exoplanets.

Low-Polluting Streetlights

The next big thing in streetlights will

be hght-ermithing diodes, which not only
use less power than current bulbs, but
can alse be more accurately aimed. The
proposed Energy Star rules for these
future streetlights include a "full-cutoff”
provision from the outset, so that no light
beams skyward. The world is learning, 4

: To read more about any of
y these stories, go to Skyand

Telescope.com and search for
the keyword SkyTelDecO&.
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measuring the Sun's limb with much bet-
ter precision than is possibie even during
eclipses. The result? The Sun's rotation
causes its midsection to bulge a tiny trace
more than predicted
The expected bulge,
78 milliarcseconds,
15 about the appar-
ent width of a dime
in Boston seen

from San Francisco.
But researchers
announced in October that the Sun is
actually oblate by a hair more than 8
milliarcseconds. Moreover, this bulge

becomes even more pronounced, by
another 10.8 milliarcseconds, during
times of high solar activity

Whenever you measure anything with
new precision, whole new phenomena are
likely to come into view. The Sun's chang-
ing girth apparently arises from magnetic
ridges on its surface that subtly mimic the
texture of a cantaloupe’s skin. The devia.
tion from a perfect ellipsoid has implica-
tions for how the Sun pulls on Mercury
how the solar core is shaped, and perhaps
how acoustic waves propagate throughout
the Sun's interior.

Little Asteroid
Makes Big Splash

There's nothing like an asteroid hitting
Earth to grab attention. The astercid in
question, 2008 TC , was only about the
gize of a car. Nevertheless, the near-Earth
asteroid hunters at the Catalina Sky Sur-
vey on Mt. Lemmon in Arizona caught it
in their imagery early on October 6th. Just
19 hours later it struck the upper atmo-
sphere over northern Sudan and exploded
with the energy of about 1,000 or 2,000
tons of TNT. The airburst was recorded In
an infrasound sensor in the International
Monitoring System, which listens for sur
reptitious nuclear tests. This was the first
time an Earth-impacting object was seen
hit, [t won't

hetore 1 be the last.

LY
:@ To read more about any of these

stories, go to SkyandTelescope.com and
search for the keyword SkyTeljan09.
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One site in the running for NASA's Mars
Science Laboratory is a flat, apparently boul-
der-free slope of ancient lakebed sediments
in Holden Crater. This infrared image by the
Mars Reconnaisance Orbiter is color coded
by surface composition. The frame is 75
miles (120 km) wide.

Mars Science Laboratory:
Landing Sites

NASA's ambitious Mars Science
Laboratory (MSL) remains scheduled for
launch in late 2009, despite major budget
overruns and threats of cancellation last
fall. The probe is the agency's next major
Mars mission; it features a super-rover
that will dwarf the Sojourner, Spirit, and
Opportunity rovers that have brought
mobility to Martian exploration.

The rover itself will weigh 1,900 pounds
(850 ng, five times greater than Spirit and
Opportunity. The entire spacecraft will
weigh 3,400 kg. making it the heaviest U5,
Mars probe since the Vikings of the 1970s

Where should MS5L land? Mars
sCientists recently voted on their favorite
regions, all in dried-up lakes and riverbeds
that could reveal details of Mars's watery
past. Three sites led the polling. Two
are near each other among the Nirgal
Vallis riverbeds lying between the Valles
Marineris canyon region, the huge Argyre
Flanitia basin, and the dark Margaritifer
Sinus albeds feature. Eberswalde crater

MALE AP

(at latitude 23.86° south, longitude 326.73°
east) seemns to have a river delta with
passible lake sediments, Holden [26.38°
S, 325.08° E) is a huge, 150 km crater with
an apparent dried-up river, Uzboi Vallis,
feeding into it. The third leading site, Cale
(4.43° 5, 13742"° E) is a large crater lying
south of Elysium Planitia with an odd, 3-
kilometer-high mountain in the middle.

MAVEN and Mars's
Dwindling Atmosphere

Following the success of the Mars Phoenix
lander on an icy nerthern plain, NASA has
chosen the second in its planned series of
srmall Mars Scout missions. MAVEN, the
Mars Atmosphere and Volatile Evolution
mission, should launch in Novernber 2013,
The probe will be an orbiter making dips
inta the red planet's upper atmosphere
starting in September 2074,

Amaong other things, MAVEN will try to
find out what happened to Mars's original
atmosphere — in particuler, how fast water,
carbon dioxide, and nitrogen are leaking
away into space today, and how the upper
atmosphere interacts with the solar wind.
Data from Mars Global Surveyor indicate
that the great "Halloween” solar flare of
October 2003 temporarily changed the
density of Mars' upper atrnmph!l‘t bya
factor of 10. Similar events could cause a
significant amount of atmosphere to be
blown away by the selar wind sporadically, #

Contributing editor Jonathan McDowell
provides updotes on more missions ot W,

planet4589.0rg.

Out of 20 proposais for the next Mars Scout
mission, NASA chose the $485 million Mars
Atmosphere and Volatile Evolution (MAVEN)
project as likely to have the best science value
and lowest risk.




:@ To get astronomy news as it breaks, visit
’ SkyandTelescope.comnewsblog,

producing dust. And as co-discoverer
Bruce Macintosh points out, “All three
seem to be orbiting in the same plane,
and they're going around in the same
direction. This would imply they formed

in a protoplanetary disk, like planets do.”

The near-infrared image at tar lower
left shows the three objects after pro
cessing to reduce the star's overwhelm-
ing glare. Crosses mark their positions
on images taken on earlier dates, show-
ing orbital motion.

3. In addition, a French team has
imaged a glowing speck at the inside
edge of the famous debris disk around
Beta Pictoris, an A3 star 63 light-years
away. The objett is about 8 a.u. from
the star, and its infrared brightness
suggests that it has 8 Jupiter masses.

New Close-ups of Enceladus

On October 31st the Cassini spacecraft
made its second close flyby of the rumpled
icescapes hiding gevser vents on Saturn’s
moon Enceladus. The frame below is

a tiny snippet of one of the panoramic
images available online at the Cassini
imaging team's website, ciclops org. The
frame is 3.4 miles (5.5 km) wide; |'.-:xi'|:-' AT
40 feet (12 m) across. The ice boulders lit-
tering the folded surface are typically the
size of a gymnasium,

VIESCLIRIGGENCM  Jonathan McDowell

IBEX Begins Work

MASA's Interstellar Boundary Explorer
has begun its mission to map the edge
of the solar system, by detecting neutral
particles coming from the interface
beyond the orbit of Pluto where

On October 18th, an hour after it flew out of
ranige of its Chile tracking station, another
tracking station near Madrid failed to pick up
its signal. That's not unheard of for satellites;
a loss of signal can be due to something as
easily corrected as a mis-typed aiming

the solar wind hits the

interstellar medium (S&T:

August 2008, page 15).

command, or a cosmic-ray hit an
a computer chip requiring the
spacecraft to be rebooted. Flight

The spacecraft isn't controllers at the European
going there_ It's in an Space Operations Centre
elliptical Earth orbit that in Darmstadt ran through
brings it nearly to the standard procedures to fix such
distance of the Maon. problems, but none of them
worked; there was still no gignal
Chandrayaan-1 from XMM-Newton,
at the Moon MASA's IBEX observatary Fears that the venerable
India’s first Moon mission 1 designed to map and cheerisiory ad behen )8
began with the launch of analyze neutral (uncharged)  in a deadly runaway spin, or,
the Chandraysan-] phobe atoms that are accelerated  had been destroyed by space
on October 22nd. Within 1 the solar system'sedge. debris, were allayed when
threswesks huorid Ferstare manenom 5 Sgoind biad feelipes
its way into a 100-km :M“”:h?' ﬂl::him;:h
circular orbit around the S b e
Moan, where its Indian- . h'% ﬁ*Mtdﬂp:pﬂ!
built Terrain Mapping gkl AL:;P:"? Tﬁ'
Camera began imaging T oS ikt g
the surface with 5-meter the spacerrail Analyss of S
resolution, In addition signals suggested that one of
to Indian instruments, the settings of the satellte’s
the probe carries radio transmitter had failed,
experiments from NASA The 34-meter NASA dishes at
and several European amﬁﬂdﬁmn:;:::
countries, Attached to by i :
Chandrayaan-1 was a 29- switch! .atth_e tops of their
kg Moon Impact Probe eleclrrlnm:: voices, and that did
that was ejected toward mt]'l:ed;cnvuf}' anhi
:;:T:;:::ﬁ::ﬂgﬁ nervous week in which NASA's
replay of NASA's Ranger Chandra I-Rlsr_nr Observatory
missions of the early !::sﬁrfd A :.-hmt w:t::
1960s. Lunar images were  To test its camera, Chan- e fope 1 9 gy
not available at pf:s.s time; ~ drayaan-1 looked back I, 406 Y SR tﬁmmﬁ
check wwiisra.0rg/ at Earth on its way out. reactivation termporarily !':Islai
Chandrayaan. Southwestern Australia With all three nft.heu major
shows through morning space observatories finally back
clouds at right. in service, astronomers began
XMM-Newton ng breathing a lot easier, 7
Dodges a Bullet

European X-ray astronomers had a scary
few days in October when the XMM-
Newton high-enengy observatory fell silent

provides u
WL plan

SkyandTele

Cortributing editor Jonathan McDeowell

pdates on more missions ot
et4589 org.
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Mission Update

Juno: Return to Jupiter

MNASA's second New Frontiers mission,
the June probe to orbit jupiter (S&T:
September 2005, page 24), is moving into
its construction phase,

In 1995 NASA's Galileo orbiter dropped
a probe into jupiter's atmosphere,
which destroyed it when it was 1% of
the way to the planet's center. To probe
the deeper interior, Juno will skim close
above the cloudtops and use remate
sensing methods. By measuring shght
variations in juno's orbit, researchers will
map Jupiter's gravity field well enough to
reveal the distribution of matter inside the
planet. juna’s |IRAM instrument (jovian
Infrared Auroral Mapper) will determine
the composition of the lower atmosphere
down to where the pressure s 7 times
Earth's surface pressure. The MWR
(Microwave Radiometer) will allow Juno
to infer the temperature profile all the way
down to 200 times Earth pressure,

Particles-and-fields instruments
named JEDI (Jupiter Energetic particle
Detector Instrument), WAVES (Plasma
Wave Instrument), FGM/SHM
(Fluxgate Magnetometer/Scalar Helium
Magnetometer), UVS (Ultraviolet
Spectrograph), and JADE (Jovial Auroral
Distributions Experiment), together
with |IRAM, will characterize the
magnetosphere and aurora. And the
JunoCam imager will return the most
detailed close-up images of the jovian
clouds ever seen.

Juna is expected to launch in August
2001 for a roundabout, five-year journey
including an Earth flyby in 2013. Once at
Jupiter the probe will take up an elliptical
path around the planet's poles, dipping

Juno will be the first
outer-planets probe
to use solar panels
instead of nuclear-
powered thermo-
electric batteries. To
gather the weak solar
energy at jupiter, the
panels will span a
circle 20 meters |66
feet) across.
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to within 5,000 km (7% of a |upiter radius]
fram the tops of the clouds. It will make 32
orbits during its one-year primary mission.
The current plan is then to crash Juno into
Jupiter's atmosphere.

Dawn on Track to Asteroids

After a little more than a year in space,

the Dawn probe has completed the main
phase of using its super-efficient (but low-
power| ion engine to help it on its way.

On October 31,
2008, the engine
was shut down
after using 72
kg of xenon
propellant and
thrusting 82%
Dawn will fire its xenon-  of the time since
ion engine (blue exhaust December 2007
streak in this artist's Dawn's initial
concept] to work its way  orbit around the
into orbit around Vesta.  Sun was 1.0 by
162 a.u. at its closest and farthest points,
but the ion drive enlarged the orbit to 1.22
by 1.68 a.u. A small tweak with the ion
engine three weeks later adjusted Dawn's
track for a fiyby of Mars in February 2009,
which will send the craft into an orbit that
stretches out to 1.8 a.u. The ion drive will
be needed again to get Dawn as far as

its first target, the asteroid Vesta, whose
clasest point to the Sun is 21 a.u. Dawn
will reach Vesta in 2011, map it from orbit,
and then take off for Ceres, which it will
begin orbiting in 2015.

RS [ RACRIL

HST Servicing Mission

After many manths of delay, the long-
awaited servicing and upgrade mission for
the Hubble Space Telescope (October 2008
cover story) is set for launch May 12th. The
fuel tank and boosters for the servicing
mission were assembled at Kennedy Space
Center in early Decernber. Meanwhile,
engineers at Goddard Space Flight Center
rushed to get Hubble's replacement
command data processor ready for flight.

Contributing editor Jonathan McDowell
provides updates on more missions at wuaw
planetd4589org.

by blue-green algae. Without ongeing pho-
tosynthesis, free oxygen could not persist.
The group s work suggests new ways that
extrasolar '51'..|:|L-|r- might show spectral
evidence for life that exists in the present
or that existed in the distant past.

New Eyes on the
Cosmic-Ray Sky

Scientists from many countries gathered

at the foothills of the Argentine Andes

last November to mark the completion of
the Pierre Auger (oh-ZHAY) cosmic-ray
observatory. Its 1,600 water-hlled detectors,
spread across 1,200 square miles (3,000
square kilometers), are designed to detect
ultrahigh-energy particles striking the top
of Earth’s atmosphere and trace back their
COSMIc (ITig'.]]!-u. The fastect of these par-
ticles, mostly protons, can carry the kinetic
energy of a well-pitched baseball — up to 10
million times the punch of particles in the
biggest accelerators on Earth. On average,
only one of these
superparticles hits a
square kilometer of
the upper atmosphere
per year (5&T: March
2008, page 24).

The project went
online in 2004 with
about half its detectors in place. By late
2007 researchers had already found that the
most powerful “baseball particles” appear
to emanate from areas having galaxies with
active galactic nuclei: l.ﬂ'.r;ihr:g]".l objects

powered by supermassive black holes.

A second field of detectors, which the
tearn would like to build in southeastern
Colorado, would cover the northern sky.

The project records ultrahigh-energy
cosmic rays in two ways. The photo above
shows one of the 1,600 detectors that
records “air showers" from high-altitude
collisions. On the hill is one of four build-
ings where Huorescence detectors watch
{at night) for simultaneous glimmers of
'.|_E.':'|I in the UPDEr a1r. +#

*
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,@ To read more about any of these
stories, go to SkyandTelescope.com and

search for the keyword SkyTelMar09.




- For astronomy news as it breaks, see
# SkyandTelescope.com/newsblog.

cubic centimeter, for instance — remains
the same no matter how greatly space
expands. This means that dark energy is
somehow associated with empty space
iself rather than being some kind of par
ticles or held residing in space — which
would thin out as space expands, as atoms
and galaxies do.

In other words, quips David Spergel
(Princeton University), “Even nothing
weighs something” And the weight of
['Iﬂ:l'l]"ll[]g .l'li.i.‘t od f'l‘l‘t_’lij.z'l".'h‘ '.','|!I,J-;:_

The image at the bottom of the facing
page shows the galaxy cluster Abell 85
with its diffuse, X-ray-hot gas superposed
in purple.

The Milky Way
Doubles its Mass

Using a network of 10 radio telescopes
worldwide, a group has measured
extremely precise parallaxes (distances) of

radio sources in 18 of the Milky Way's star-

forming regios, as well as their motions
in three dimensions. The study provides a
new map of the galaxy’s rotation indepen-
dent of most astronomical assumptions.
The team fnds that the Milky Way rotates
15% faster and thus is twice as massive
as previously
thought. That
puts us on equal
footing with the
Andromeda Gal-
axy (M31) mass-
wise, even though
the Milky Way has
fewer stars.

On the Milky
Way map here

the red dot marks the location of the Sun
Yellow dots show the locations of radio
masers measured in the study,

Surprising Trove
of Gamma-Ray Pulsars

NASA's Fermi Gamma-ray Space Telescope

{formerly known as GLAST) has gotten
off to a flying start. In January its handlers
announced a major new find: the sky s
alive with gamma-ray-only pulsars. Fermi
spotted 13 of them in its first four months

Mission Update

J-MAPS: Next Step
for Astrometry

The U.S. Naval Observatory is leading
a new space mission to measure the
positions, mations, and distances of tens

|-MAPS will fill in gaps between the Hip- 4
parcos and future Caia star catalogs.

of millions of stars. The |oint Milli-
Arcsecond Pathfinder Survey, funded by
the Office of Naval Research, will generate
a catalog of star positions to fainter than
magnitude 12 — a larger, second-epoch
counterpart to Europe's pioneering
Hipparcos mission launched in 1989,

The star positions in the Hipparcos
catalog, dating from 1991, are accurate to
about a thousandth of an arcsecond (one
milliarcsecond). Stars, however, move on
the sky: each has its own “proper motion.”
Hipparcos measured this alse, to an
accuracy of about 1 milliarcsecond per year,
But the Hipparcos catalog will be 20 years
old by the time |-MAPS flies in 2012, 5o the
uncertainties in our knowledge of stars’
positions, adding up year by year, will be
approaching 20 milliarcseconds by then.

The new 1-milliarcsecond catalog of
positions from |-MAPS will reset the clock.
Even better, the two-decade baseline will
give more accurate proper motions as well,
50 we'll be able to predict precise stellar
positsons for the rest of the century — and
be able to better map the Milky Way's
ratation, the motions of star streams,
and members of widely dispersed
maoving groups (disintegrated clusters
and associations whose stars were born
around the same time and place).

|-MAPS will complement Europe's
much maore ambitious Gaia mission,
expected to launch in December 2011 Caia
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will generate an enormous high-precision
database of stars down to 20th magnitude,
but it will not be able to measure the
brightest stars accessible to J-MAPS.

In addition, |-MAPS will observe
distant radio-loud quasars as faint as 16th
magnitude so that its star positions can
be matched with radio astronomy's own
highly precise coordinate system,

The small, 115-kilogram (254-pound)
satellite will be built by the Naval Research
Lab. Its star-position catalog is intended for
military as well as astronomical purposes.

Stardust Revived

In 2004 NASA's Stardust spacecraft,
orbiting the Sun since 1999, flew by Comet
Wild-2 and collected a tiny cargo of space
dust. In 2006 it sent its sample capsule
parachuting to the Utsh desert and went
into hibernation as it receded into space.
in 2007 NASA approved a new mission for
the craft: Stardust-NET, the suffix standing
for “New Exploration of Tempel.” After
the Deep Impact probe smashed a copper
projectile into Comet Tempel-1 in 2005, it
couldn't see the fresh crater through the
impact's cloud of debris. The Stardust-
NExT project is a cheap opportunity to go
back to Tempel-1 and lock.

To help get there, on January 14th
Stardust llew only 9,200 kilometers
(5,700 milles) above Earth, whose moving
gravitational field boosted it into a new
orbit that will take it to Tempel-1 in
February 20M.

Contributing editor jonathan McDowell
cowers more missions at_fonathan's Space
Report: wwaw planetd589.org.

On |anuary V4th the aging Stardust craft
swung by Earth on the way to its next
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Mission Upda"ce

Spirit and Opportunity
The Mars Exploration Rovers landed in
enormous Gusey Crater and on the flat
Meridiani Plains more than 5 Earth years ago
(that's 24 Martian years), but despite signs of
age, Spirit and Opportunity are raving still.

During 2008 Spirit basked in the thin
Martian winter sunlight, its dusty solar
panels generating just enough electricity to
keep the spacecraft healthy but not enough
to continue exploring. Spirit began driving
again on |anuary 26th, but on January 28th it
faced yet another crisis, It refused to obey its
daily driving instructions, failed to record its
activities, and seemed confused about where
it was pointing. Was this, at last, the end?

Mot yet! Spirit's handlers still don't
understand its memory lapse, but an offset to
the rover's accelerometers appeared to fix the
grientation error. Three days after the failure,
Spirit gingerly moved a third of 2 meter and
successfully resumed operations

The rover is now 1.5 kilometers (2.2 miles)
from its landing site at Colurmbia Memarial
Station on the flocr of Cusey

Meanwhile, Spirit's sister, Opportunity,
has been pressing south toward wide, deep
Endurance Crater. Its straight-line distance
from its Challenger Memarial Station landing
site is now 7.5 km (4.7 miles). The odometer
reads almost 14 km (8.7 miles), thanks to
Opportunity's meandering trail and a year-
long tour of Victoria Crater in 2007-08,

Jonathan McDowell

As it drives, Opportunity is taking pictures
of passing rocks and landforms but without
stopping as often as it once did for detailed
surveys. Upportunity ran into troubles
operating its Rock Abrasion Tool last year, but
other instruments are work ng well.

Dust buildup on the solar panels is a
cancern for this rover, too, and Opportunity is
making regular measurements of the amount
of dust on the vehicle and in the atmaosphere.

The twin rovers still have another two years
to go before they beat the seven-year Martian
surface endurance record set by the Viking 1
lander from 1976 to 1982

Koronas-Foton:

From Russia to Watch the Sun

Russia went nine years without launching
a major science research mission, but that
dry spell ended on |anuary 30th when the
Koronas-Foton satellite soared aloft from the
Plesetsk spaceport in northern Russia
Koronas-Foton's primary mission is to study
solar flares. Led by the Moscow Engineering
Physics Institute, it follows Koronas-1, which
warked fram 1994 to 1995, and Koronas-F,
active from 2007 to 2005
The new probe carries many instruments: a
gamma-ray spectrometer, a fast ¥-ray monitor
an ultraviolet instrument, a gamma-ray-burst
detector, and a hard-¥-ray polarimeter. In
addition to three other Russian instruments

and a Ukrainian particle detector, Koronas-

The Koronas-Foton satellite was mounted onto
its rocket booster at Plesetsk in January.

Foton includes a Polish full-solar-disk X-ray
spectrophotometer and an Indian solar hard:
¥-ray spectrometer. This last device measures
soiar flare properties ten times a second in the
15-150 ke’ energy range.

The Polish instrument will measure the
total X-ray output of the Sun in the 0.8-15
keV range. It can detect a much wider range
of fluxes than the existing solar-flux monitor
an the GOES weather satellite (which is
unable to measure the weak X-ray emission
at solar minimum), and it has a very fast time
resolution of a hundredth of a second. ¥

Contributing editor jonathan McDowell covers
maore missions of_jonathan's Space Report: waww
planetd589.0rg

Afier driving 104 meters (341 feet) on January 15th, Opportunity took this panorama looking back north along its tracks. Sand ripples and patches of
exposed bedrock are the hallmarks of this portion of the Meridiani Plains, which give new meaning to the word “bleak."
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Lynch saw wlmi:u.‘-fr:ell-;:r:!j objects on a
TV show about meteorite falls, he took
it to the Milwaukee Public Museum and
then to Chicago’s Field Museum. There
scientists got excited. For practically the
first time ever, a member of the public had
brought in a genuine meteorite, Lynch
(at right) learned such a big one might be
worth $100,000,

Then the story took a twist, As photos
circulated, the meteorite turned out to
have been found once before. It was the

prized exhibit that had been stolen from
the Meteor Crater Visitor Center in Ari-
zona on August 12, 1968,

Mission Update

The Life and Death of Chang’e 1

China's first deep-space mission is over.
Controllers deliberately crashed the Chang'e 1
lunar probe at a spot near the Moon's equator

on March Ist. The impact site (at 1.50° south,
52.36° east)

was in Mare
Fecunditatis,
southeast of the
crater Taruntius
P. The site was
in lunar daylight,
and it happened

Chinas Chang'e 1 lunar : :
VR led ?urgﬁ.da:.-tume
communicstions satellits. or China too,

with the Moon

up in a bright sky Apparently the China
Mational Space Administration planned no
attempt to watch for a spray of dust of ather
signs of the impact — even though Chang'e
1 was comparable in mass to the Centaur
racket body that NASA plans to crash into the
Moon later this year with a global network of
observers watching (see page 20). With the
mission over, the crash was intended to keep
low lunar orbit free of debris.

Launched in October 2007, Chang'e 1 spent
a year mapping the Moon from an altitude of
200 km, It was lowered to a 100-km orbit on
December 6th and then a 17 x 100-km elliptical
orbit on December 18th. Such low orbits
around the Moon are very tricky, because
“mascons’ (mass concentrations) underneath
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According to the Milwaukee Journal
Sentinel, Lynch plans to make a car trip to
return it personally and accept a $1,000
reward, “1've ot mixed emotions,” he

admitted to the newspaper. “I'm glad it’s
going back and a lot of people will be able
to see it. And ['m feeling sorry [ didn't get
$100,000 for it."

No word on how it made its way to the

rummage sale,

\
- @ All News Mote stories are presented
-" in greater depth, with links to further

information, at SkyandTelescope.com;
search for the keyword SkyTel|un09,
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the Moon's impact-basin maria make the lunar
gravity field lumpy (see page 15). These gravity
anomalies can quickly make a low orbit more
elongated until the spacecraft hits a mountain.
The Chinese mission controllers, satisfied

with their low-altitude flying practice, raised
Chang'e I's orbit back to 100 km after only 30
hours and carried out anather two months of
scientific studies,

The end of Chang'e leaves only the Indian
Chandrayaan-1 and the Japanese Kaguya and
QOuna satellites in lunar orbst.

A repeat mission, Chang'e 2, wall launch
in 2011, It will carry a much-higher-resolution
camera and will return an improved lunar
map. According to Chinese reports, it will also
test soft-landing technologies in preparation
for a lander/rover mission in 2012, but it's
not clear what these tests entail. The Chinese
are also considering a robotic sample return
mission for a 2017 launch.

JWST Under Construction

NASA's [ames Webb Space Telescope (JWST),
often billed as the successor to Hubble, is now
under construction. It will have an aperture of
6.5 meters compared to Hubble's 2.4 meters,
but unlike Hubble it will work almost entirely
in the infrared.

In December the hrst of its 18 hexagonal
primary-mirror segments, made of polished
beryllium,. began cryogenic testing at the
MNASA/Marshall Space Flight Center in

Alabama. The mirror segments will have to be
focusable at a temperature of 40 kelvins, with
the telescope working behind a sunshield near
the Earth-5un L, Lagrangian point a million
miles toward midnight.

The complete optical assembly and the
JWS5T's science instruments will be mounted
on an optical bench called the Backplane, now
being built in Utah by Alliant Techsystems.
Receiving infrared light from the mirrors will
be Arizona's NIRCam (Mear-Infrared Camera),
the European Space Agency’s NIRSpec
{Mear-Infrared Spectrograph), the Canadian

e ¥ -
The first hexagonal segment of the [WST's
main mirror is delivered for testing,

AL § W]

Tunable Filter Imager, and the internationally
developed MIRI (Mid-Infrared Instrument).

The entire 6-ton cbservatory will be
assembled beginning in 2011, It should launch
on a European Ariane § rocket in 2013, 4

Contributing editor Jonathan McDowell covers
mare missions at jonathan's Space Report:
wis plonet 4589 org.
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[hey used long-bazeline interferometry
combined with spectroscopy, to determine
'il: rotation axis ol !E. ||-'-_'| I 5td } ymal
haut, 25 light-years away. Fomalhaut has

a Kuiper-Belt-like disk of dust and rubble
wbout 140 astronomical units from the
star, as seen in the Hubble in 4pe dl Tignt
Ard a barely detectable planet, Fomalhaut
b, orbits just inside the disk's inner ¢ (e

March issue, pape 22)
| [

Far from Earth, Kepler ejects its spring-loaded
dust cover in this artist's illustration.

Kepler Opens Up
MASA's exoEarth-hunting space telescope
is now open to the starry dark. The Kepler
spacecraft ejected its dust cover on April
Tth as it coasted 3 mullion kilometers behind
Earth in its independent orbit around the
Sun. Kepler's 1-meter Schmidt telescope, with
a 95-megapixel array of CCDs, will stare for
four years at a region of sky between Vega
and Deneb. There it will monitor more than
100,000 selected stars {out of at least 4.5
million in view) for tiny dips in brightness
caused by planets passing in front of them
During Kepler's voyage out of the Earth-
Moon system, engineers at the control center
in Boulder, Colorado, learned to fly it, testing
ts ability to point in different directions
and communicate with NASA's Deep Space
Network. Then they fired up the science
camera and took dark exposures inside the
dust cover to calibrate the sensitivity and
stability of each pixel. The detectors were also
calibrated on the ground before launch, but
'.hr:.- behave differently in space because of the
radiation passing through the spacecraft
18 July 2009
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On March 23rd Kepler unexpectedly fell into
"safe mode” when its software got confused
by updated navigation data, but controllers
fixed the problem within a week. Kepler took
the first test images of its star field on April
Bth. Science observations should be under way
by the time you read this

Chandra Going Strong
One of MASA's older telescopes is celebrating
its tenth birthday in July. The Chandra X-ray
Observatory means a lot to me; | work at
the Chandra X-ray Center, which operates it.
Tension was high when it was launched in July
199%: we had fresh memories of the disastrous
start by its sister "great observatory,” Hubble
But the very first focus-test image came back
with a science discovery, an unexpected X-ray
jet in the quasar PKS 0637-75

After we corrected same of the wrong
rrinus signs that | had put in the software, the
|}II:1IHE5 ':itarlll'lg_-:ﬂl'l"lll'lgl:'l'.lf '|ghr side Up, and
Chandra quickly began making discoveries in
all fields of high-energy astrophysics
Processes in dl‘E tant guasars ko the [I'.l rrmation
of elements in nearby supernova remnants. All
spacecraft have their teething troubles, but the
only natable early problem with Chandra was
some radiation damage to the detectors when

Frevm

Chandra's discovery of the “Hand Nebula® in
Circinus became an internet sensation last April,
In this X-ray image, high-energy wind from the
young pulsar PSR B1509-58 interacts with inter.
stellar matter pervaded by a magnetic field. Fin-
gerlike structures extend north (up), apparently
energizing knots in the neighboring gas cloud
RCW 89 (red). High-energy X-rays are shown as
blue, medium energy green, lower enargy red.
The frame is 4%, or about 100 light-years, tall.

the telescope mirrors accidentally focused
pratons from Earth's radiatian belts anto the
CCDs. Since then the detectors have been
aging only slightly.

As Chandra passes its decadal milestone,
the only other signs of age are minor
deterioration of the thermal insulation, which
means controllers have to be more careful
scheduling where the telescope points at
particular times of year, The tefescope is as
busy as ever, being used by astronomers in
many disciplines all over the world.

Contributing editor jonathan McDowell covers
rore missions at fonathan's Space Report:
wiww. ponet 4589 org.
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CGliese 581e, it's the fourth planet discov-
ered orbiting the red dwarf Gliese 581
located 20.5 light-vears away in Libra

But don't plan on stepping out of your

starship and setting up camp. The planet
circles just 0.03 astronomical unit (about
3 million miles) from its star, so even ths
dim dwarf star must roast it to several
hundred degrees Celsius.

One of the star's other three planets
Gliese 581d, occupies a more human
friendly temperature niche, But that one
surface

15 4 Neptune-mass world whose

if any, is probably deep inside a tremen

dously massive atmosphere and therefore

extremely hot.

Mission Update

Ulysses Takes Its
Last Looks at the Sun

Eun::-pe's Lilysses solar probe confinues its
unexpected afterlife. Shortly before its planned
demise in July 2008, 18 years after launch
mission scientists found ways to eke out more
science from the craft as the Sun continued
its unexpectedly lang and interesting activity
minimum (see page 26). The drastic measures
included ﬂ-::-w:rg some hydrazine fuel througn
the attitude-control system every two hours
to keep it from freezing. With less than 1 kg of
fuel left, this strategy was expected to keep the
mission going until [ast December at best. But
to the astonishment of the spacecraft team,
the fuel still had not frozen as of this May
Multiple attermpts to revive the high-power
¥-band antenna have failed, and science dats
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Three Free-Floaters

In other I."'.--|'-'|.l.|'|-= [ news, astronomers

have identihed three planet-mass objects
Hoating loose in the star-forming nebula
IC 348 (the blue reflection nebula centered
in the im ige above), about 1,000 light.
years away in Perseus. Each body has less
than 10 times the mass of Jupiter, below
the usual 13-Jupiter lower cutoff for the
-.|:"-.I'I|.-..| ol brown ._i'-'.._l s |||:_' '||_"||Ii._|

7, less than about

VETY YOUNE

d, but the three objects

and cluster are
1 million YEears
HEVES .-.|.'l:'.::f'-. COoesE IO TUst DU oF JO07C,
which means they must be low-mass

Such tree-Hoaters aren't technicalls

Jonathan McDowell

were being returned through a marginally
usable low-gain S-band link at less than 512
bits a second — about 2 hundred times
slower thar a household telephone dialup

After 19 years and three wide orbits of the Sun,

Wiysses is still sending a trickle of data.

}'Ll:‘.v'.x because they don't orbit a star
Thev're called “sub-brown dwarfs™ or
planet-mass objects,” which is sometimes

LT ;:."ll"':".l o i,llu-l'li'!lli B

What's Going on

in Enceladus?

When William Herschel discovered a
"'..".I..::

it Enceladus, atter one of the Gigantes

noon of Saturn in 1789, he named
i Greek mythology. These enormous
children of Gaia had, among other things,
long, serpentlike lower limbs.

Drata from the Cassini probe orbiting

connection. Moreover, data were available
only during live sessions monitored by the
Deep Space Metwork (DSN). In February
MNASA approved extra DSN coverage to
double the data rate and activate the onboard
tape recorder, but this improvement was
interrupted on April 9th when the big D55-4
dish in California went out of service for a few
weeks, On May 4th Ulysses was 4.4 a.u. from
Earth at 30° above the ecliptic, Soon the fuel
must freeze or run out, Ulysses will no longer
be able to point its antenna at Earth, and the
mission will really end

Ulysses was originally known as the Qut-Of
Ecliptic mission and (before the U.S. dropped
put) the International Solar Polar Mission. It
arbits the Sun in a wide, 30°inclination polar
orbit, swinging between the arbits of Earth
and Jupiter and back every six years.
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The Sun isn't losing enough mass to
account for it, neither by the solar wind
nor the conversion of matter into sunlight
Nor 1s the gravitational constant & chang.
ing measurably. Neither the cosmic expan
slom of space nor the possible mAuence of
dark matter can do the trick.

Now three Japanese dynamicists think
they have a more mundane answer; tides,
They argue that Earth's weak pull should
raise tiny tides in the Sun, and a viscous
drag by these tides, as the Sun rotates
can transfer a trace of the Sun’s rotational
energy to Earth's orbit. They find that the
Sun’s rotation should slow by 3 millisec
onds per century due to this effect.

Exoplanet Mapping
Tested on Earth

In the hopes that a powerful “Terrestrial
Planet Finder” telescope will someday be
launched, researchers have tested a wav to
detect the presence of oceans and clouds
on Earth-like planets of far stars

They aimed the camera on NASA’s
Deep Impact probe toward Earth in the far
distance and monitored our world's total
brightness in seven colors as it rotated. To
their delight, the scientists found that this
method could identify both moving clouds
and hxed areas of continents and water,
even though crudely. Given a good enough
telesc ope, it would work just as well for
planets far outside the solar system.

The rough map of Earth created from
||I|." Dt'l_‘l_'l II'I'Ill.;‘IL! I.i.:l|r.| I."-ll' W |rr'|u*.'.| EIT-
rectly indicates the fraction of land and

water in each longitude sector

For astronomy news as it breaks,
see SkyandTelescope.com/newsblog
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Hubble Update

Like camera buffs with a new toy, the
Hubble Space Telescope scientists are
playing with the settings on their imagers
to see what combination gives the best
results. Hubble kept making astronomical
observations right up to the day before
Atlantis arrived, but the post-operative
recovery period will take awhile.

After 16 years of service, Hubble's legendary
WFPC2 camera took this final farewell picture
befare being swapped out. It's of Kohoutek
4-55, a planetary nebula 4,600 light-years
away in Cygnus.

The shuttle astronauts released Hubble
on May 19th, but the new cameras and
spectrographs remained buttoned up
tight; it takes several weeks for all traces of
Florida air to leak out from new equipment
in space. In early June most of the
instruments were still taking calibration
data with the shutters closed and were
testing commands to set up and shut
down. Controllers had some tense hours
on June 15th when the new data-handling
unit locked up and had to be rebooted.
The cause of the lockup was unknown,

The repaired Advanced Camera for
Surveys will be the first to observe the
sky; early-release images, chosen for their
“wow” factor, are due out in September,

Spitzer Enters Warm Phase

MASA's infrared Spitzer Space Telescope
has ended one phase of its career and
embarked on another. On May 15th the
liquid helium that kept the telescope’s

T TR

Massionl.lpdate Jonathan McDowell

tocal plane at anly 3°C above absolute zerg
finally ran out, and the detectors that work
in the far-infrared part of the spectrum
started to warm up, ending their useful life.
Spitzer's “cold phase” had lasted 5.5 years,
maore than twice the 2.5-year design life.
But Spitzer, behind its Sun shield, is
still cold enough to run the two shartest-
wavelength channels (3.6 and 4.5 microns)
on the Infrared Array Camera (IRAC).
So IRAC has all the observing time in
Spitzer's new “warm mission.” In late
May the Spitzer team began a month of
recalibrations to find out how IRAC behaves
in its new environment at a toasty 31 kelvins
(-242°C), before returning the observatory
to use.
Spitzer has begun a series of large-
scale "Exploration Science” surveys
lasting several weeks each. These surveys
are intended to remeasure the Hubble
constant, study the evolution of galaxies,
complete Spitzer's infrared mapping of the
Milky Way, and study the atmospheres of
extrasolar planets and the properties of
near-Earth asteroids. The warm mission is
intended to last until 2014, when the much
larger |ames Webb Space Telescope should
be ready to take up Spitzer's mantle, #

Cantributing editor Janathan McDowell
covers more missions at Jonathan's Space
Report: www.planet4589.0rg.
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Spitzer's near- and mid-infrared imagers
penetrate the dusty Swan Nebula, M17, in
northern Sagittarius.
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in the whole inner solar system, Earth
i“flud{‘d. |.!l'|.ﬂ. -J.ll.("'(,l:l':g [0 a3 Tew _‘\-':'_lL!,'u_
the tiny refinement imposed by Einstein's
theory of gravity (general relativity) lowers
this chance to about 1%.

50 we're pretty safe from an eventual
collision between Venus and Earth, por-
trayed in the artist's illustration below,

But the chance isn't zero. “The interest-

ing thing is that it can still happen quite a
long time after planets have formed,” says
John Chambers (Carnegie Institution of
Washingten). “We're sort of changing the
idea that planetary systems are formed
and then stay the same.”

In fact, the solar system is “chaotic”
on long timescales. All the planets and
smaller bodies gravitationally influence
each other, so that any imprecision in
taday's trajectories becomes r1|u][l.|ﬁin]
by a factor of ten every 10 million years
Therefore, astronomers will never be able
to predict the positions of the planets
beyond a few hundred million years out
— even it the imprecision started out less
than a trillionth of a millimeter. In the
long run, we only have probabilities, +

Al News Nole stories are presented in
greater depth, with links to further
infarmation, at Si:]'andfflfscl".- pe.com
search for the keyword SkyTelOct09.
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Mission Up&ate

Ultraviolet and X-ray Vision

MNASA has selected two new Small Explorer
missions, its cheapest scientibc satellites

The first is IRIS, the Interface Region
Imaging Spectrograph, proposed by a solar
research group at
Lockheed, Like the
group's previous
mission, TRALE,
the satellite will
study the transition
region between the
Sun's photosphere
and corona, but
this time in the
ultraviolet instead
of soft X-rays. IRIS
will fallow matter
flowing through
the chromosphere
and study how the
structure of that layer affects the supply of
mass and energy to the corona above, as
plasma is heated from 5,000 to more than
1 millsan kelvin, IR15's 20-cm telescope will
have a slit spectrograph providing both high
resolution (0.3 aresecond) and high cadence
(as often as one spectrum per second), as
well as a wider-held ultraviolet camera to
pravide context. IRIS should launch in 2013,
near sunspot maximum.

The second mission is GEMS, the
Gravity and Extrerne Magnetism SMEX,
to be launched in 2014, GEMS is the first
mission ever dedicated to measuring X-ray
polanzation. The only extrasclar object in
which X-ray polarization has been measured
15 the Crab Nebula: by a team using a rocket
n 1971 and the Orbiting Solar Observatory
& in 1976,

GEMS will observe a small number of

GEMS will study
polarization in
cosmic X-ray sources
to tease apart their
inner workings.

oright sources for long durations, since
polarization measurements pick up only
a small fraction of the incoming photons.
Scientists hope to measure the spins of
olack holes in X-ray binary stars — a key
topic in current discussions of black-hole
evolution — as well as the geometry of
neutron stars' intense magnetic fields.

Similar studies of supernova remnants will
P

Jonathan McDowell

determine whether their fields are smooth
or tangled.

For a list of all 12 of the NASA Small
Explorer satellites and their purposes, see
SkyandTelescope.com/NASASmallExplorers.

Mini Updates

MASA's LCROSS and its Centaur rocket
are expected to hit the Moon's south
polar region on October 9th around 11:30
Universal Time (7:30 a.m. EDT), The time
will be refined to within a second by two
weeks beforehand. See page 53 for exactly
where to watch for the pair of impacts.

Ulysses, the solar polar probe that got an
unexpected reprieve a year ago, was finally
switched off june 30th after almaost 19 years
orbiting the Sun,

In early |uly the Spirit rover began its
third month stuck in soft ground at the
edge of the Home Plate feature in Mars'
Gusev Crater region.

Aboard Hubble, the rehabbed Space
Telescope Imaging Spectrograph began a
study of Eta Carinae on July 1st. It was one of
Hubble's first science observations since the
Shuttle astronauts upgraded it.

The telescope for WISE, the Wide-field
infrared Survey Explorer, arrived at Ball
Aerospace in May for integration with its
spacecraft, WISE is on track for launch at the
end of the year.

Contributing editor Jonathan McDowell
covers more missions at Jonathan's Space
Report: wuww planet4589.0rg.

The WISE telescope's map of the entire infrared
sky will become 2 standard reference for astrono-
mers everywhere

F Drsialn C 5 Ly e i

oy

T



. MNews Motes

Meteorite on Mars:
A Wayback Machine

On July 18th the rover Opportunity was
rolling across the Martian plains en route
to the big crater Endeavour, when it caught
sight of a craggy rock about 2 feet across
sithing on the ruddy sand nirigued, con-
trollers back on Earth had the craft make
a U-turn and backtrack some B20 feat (250
meters) for a closer look. The rock turned
out to be a nickel-iron meteorite

Dubbed “Block Island,” the meteorite
ofters exciting hints about Mars's past
Such a large meteorite could not have sur-
vived impact unless it fell at a time when
Mars had a thicker atmosphere to cushion
it, researchers claim. This implies either
that enough carbon dioxide is locked up
in the Martian polar caps to create a thick
atmosphere during periodic warming
cycles, or that the meteorite fell billions
of years ago in Mars's early history. In the
|latter case, it probably spent most of its life
underground, where it could avoid being
weathered away to nothing over the ages,

Studies underway of its surface chemaistry

and weathering mav tell new tales of the

Martian past. *

For astronomy news ac it breaks, vizil

skyandTelescope.com/n

ewshlog
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The MAXI module (box at lower center) hangs
from the newly installed porch of japan's lab
on the International Space Station.

MAX| on the Space Station
During their July visit to the International
Space Station, the shuttle Emdeavour’s crew
installed a major astronemy experiment, The
|apanese MAXI package (Monitor of All-Sky
¥-ray Image) s designed to supersede the
All-5ky Monitor on NASA's aging Rossi X-ray
Timing Explarer (RXTE) as an early-warning
system for the high-energy sky.

MAXI carries 3 pair of 1-dimensional slit
cameras, which sweep out a view of the
sky as the Space Station circles Earth. The
main instrument, the Gas 5lit Camera,
covers a broad range of X-ray energies from
2 to 30 kiloelectron volts (keV). A second
instrument, the Solid-state Slit Camera,
covers a softer energy range of 0.5 to 10 keV,
is less sensitive than the Gas Slit Camera,
but has better spectral reselution

As with RXTE, MAX]| will create long-term
¥-ray light curves of the brightness of every
source it sees, so that the flaring behavior of
a given object can be studied over a period
of many years,

Japan’s Venus Climate Orbiter
lapan's next planetary mission is now being
built. Assembly and testing of the Venus
Climate Orbiter got under way in June at the
headquarters of the Japanese Aerospace
Exploration ﬁ.ger?:"r {|AXA) southeast

of Tokyo. The Venus Climate Orbiter,

also called PLANET-C, will be launched
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in May 2010. It will take up an elliptical

orbit going westward around Venus, to
follow the westward motion of the upper
atmosphere. The mission's main goal is to
map the atmospheric circulation. Ultraviolet
and infrared cameras will catalog cloud
compositien, and a high-speed camera will
watch for lightning.

The ultraviclet camera will see mostly the
clouctops at 40 miles {65 km) altitude, It will
measure sulfur diexide and other absorbing
chemicals. A 2-micron near-infrared camera
will see down to the 35-50 km levels and
map carbon monaoxide, A 1-micron camera
will measure the heat of Venus’s surface
(illustration below) and search for any active
volcanoes. An 8-12 micron mid-infrared
camera will map the temperatures and
altitudes of the cloudtops.

The mission is designed to complement
the European Space Agency's Venus Express
probe, now orbiting Venus.

Contributing editor Jonathan McDowell
covers more missions at jonathan's Space
Report: www.plonet4588.0rg.

JEE F LA T L TRAM

The Venus Climate Orbiter will monitor lay-
ers of the hot planet’s atmosphere from the
cloudiops down to the ground.
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20-inch (0.5 -meter) L ppsala Schimict ‘?ﬁ&" _:1.:,:_"1,." . :
telescope at Siding Spring Observatory, %ﬁ.q i'-.; Ii".*-"" el fﬂﬂﬂthﬂﬂ M‘:DE}WEH |

pictured. Since 1987 McNa ight has racked
up 38 solo comet discoveries and 12 shared
discoveries. His closest competitor is Caro
Mars Orbiter in Intensive Care .
MASA™s Mars Reconnaisance Qrbiter has
taken vast swaths of imagery at 1-meter
resclution, returning more data than all
other Mars missions combined, (Browse
11,000 images at hirise.lpl arizona.edu). But

Rosetta's Last Visit to Earth
Un November 13th, Europe’s Rosetta
cormet probe will make its last flyby of Earth

lyn Shoemaker, with 32 credited comets
There's a footnote: those are comets of
the hight. Rainer Kracht in Germany has
identified 242 comet fragments plunging
close by the Sun in images from the Solar

before heading to the outer solar system,
Launched in March 2004, Rosetta circled
the Sun cnce bafore its first return in

and Heliospheric Observatory

March 2005, which boosted its orbit out on August 26th, after a fourth unexplained i
- S to meet Mars in February 2007, The Mars computer incident in several months,
flyby sent Rosetta into the inner asteroid engineers put MRO on hold 1o study its
belt 1.6 a.u. from the Sun, then back to software. Computer reboots and similar _
Earth in November 2007 for a further “safe modes” are not normally fatal, but .
fling out to 2.2 a.u. and a flyby of the little analysts spotted a
asteroid 1867 Steins in 2008. way that two particu-
This final Earth fiyby will boost Rosetta lar failures in quick
to Jupiter's distance at 5.1 a.u., where it will  succession could kill
rendezvous with Comet 67P/Churyumay MRO permanently,
Gerasimenko in 2004 and drop a lander
onto its nucleus. Ch Eﬂd!‘ﬂ}‘ﬂl’l-vi Last GHSP i
Along the way, on July 10, 2010, Rosetta india's Chandrayaan-] spacecraft, orbit- '
will also check out the main-belt asteroid 21 ing the Moon since November 2008, went .
Lutetia. With a diameter of 100 ken, Lutetia  dead on Aupgust 28th. A source of great |
Gbser\fﬂtﬂriES Esca pe W|ld ﬁT‘E will be by far the largest asteroid yet visited  national pride in India, Chandrayaan-1 |
Mount Wilson Observatory, with its by a space probe. spent six months gathering scientific data, i

histeric 100-inch and 60-inch telescopes

and its state-of- the-art CHARA interfero-
metric array, barely escaped destruction in
the wildhire that raged through southern

California’s Angeles National Forest in

September. A massive force of firefighters

in airplanes and on the ground held the

Hames at bay. They also saved an impor-

Planck Maps the Big Bang

On August 24th the European Space
Agency's Planck spacecraft began mak-
ing its long-awaited, newly detailed map
of the cosmic microwave background
radiation (May issue, page 24). Earlier,
test results conhrmed that Planck easily

But the Indian space agency, ISRO, under-
estimated the heat the spacecralt would
receive in low lunar orbit — and took criti-
cism for keeping the resulting problems
under wraps. With Chandraysan's systems
failing, expenmenters did manage o carry
out a final joint study with NASA's Lunar
Reconnaissance Orbiter, using oblique

e —

sees the well-known “dipole” component
in the microwave background, caused by
Earth's motion with respect to the absolute

tant amateur institution, the Stony .-"fii.i_‘_!L

radar to search for lunar surface ice. {
Observator A ith itz 30-inch telesg ope, on .

An ambitious successor mission, the

a different peak five miles away. Chandrayaan-2 lander/rover, is on the

In the photo above, greenery saved by standard of rest that the background estab-  books to launch around 2013, g
firefighters around the Mount Wilson lishes. Planck also completed a mini-survey
100-inch dome stands in contrast to the of astronomical objects emitting submil- Jonathan McDowell covers more missions at i

purned mountains beyond imeter-wave radiation.

wsew. planet4589 org.

Wildfires have become an increasing

threat to mountain observatories where
climates have been turning hotter and

drier. The 200-inch Hale Telescope on

This all-sky map,

Palomar Mountain narrowly escaped aligned on the plane
a forest fire in November 2007, as did of the Milky Way,
Steward Observatory in Arizona in shows a strip of pre-
[une 2003, Australia’s Mount Stromlo liminary Planck data
Ohaervatory was not 5o luckv. Foundes circling the sky.

it 19900 1t was destroyed 1n the record

breaking bush fire of January 2003, +
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900 feet (300 meters) wide, Apophis would
arrive with the energy of several hundred
megatons of TNT, roughly 10 times more
energy than the largest thermonuclear
bomb ever tested. But as soon as its posi-
tions were measured over a ltmgu'mne
span (thanks to pre-discovery images being
located), an impact in 2029 was ruled out
completely. Nevertheless, a 1-in-45,000
chance remamed for April 13, 2036.

Now, with ever longer arbltal‘ua:hng
that chance has been do
250,000. Another impact possibihtyhas
shown up for April 13, 2068, but at only
the 1-in-300,000 level.

Do mark your calendar for Apni 13
2029, however. Apophis will miss us by
only three Earth diameters, and will be
visible to the unaided eye creeping across
the night sky as bright as 3rd magnitude.

Surviving the Late

Heavy Bombardment
Conventional wisdom has been that the
solar system'’s “Late Heavy Bombard-
ment,” which pummeled all the inner
planets and gave the Moon its biggest
impact scars, must have sterilized Earth.
The bombardment ended 3.9 billion years
ago, so biologists assume that the ances-
tors of all living things today originated
after that. Trace evidence of life exists
from 3.83 billion years ago — which
implies that life started as soon as it pos-
sibly could. That, in turn, would suggest

that life arises quickly and easily on suit-

able planets everywhere.

But a new study finds that bacteria
several kilometers deep in Earth’s crust
(where some microbes live today) could
survive even multiple blows severe enough

OLEC ABRAMOV / UNIV. OF COLORADO

to boil off all of Earth’s oceans. These
microbes could later recolonize the surface
when times improved.

If so, today’s life could have originated
anytime in Earth’s first 800 million years.
If life didn’t necessarily spring into being
as soon as conditions allowed, this weak-
ens the case that life probably gets going
easily on every good planet.

The image above is from a temperature
simulation of Earth during the bombard-
ment era. 4
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tially crippled by noisy circuitry. As with
many internet rumors, there’s truth and
there’s exaggeration. The electronic noise
affects three of Kepler’s 84 data channels
from its 42 imaging chips; the other 81
channels are fine. And mission controllers
are storing the data from the faulty three

Space Astronomy in 2010

Although 2010 looks to be a fairly light year for
launches of new astronomy missions, plenty
of science will be done by craft already up.
Here are some events to look forward to in the
upcoming months:

The year should begin with the exciting
WISE infrared sky-survey satellite (December-
issue cover story) completing its orbital
checkout after a scheduled December 9th
launch (good luck, Ned, Pete, and Amy!).

In February the Solar Dynamics
Observatory (SDO) will take off to monitor the
Sun from geostationary Earth orbit (January
issue, page 22)

In May Japan will launch the Venus
tly named Akatsuki
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"2 |apanese Hayabusa probe will
1 15 seven-year asteroid voyage and
tne Australian desert, perhaps with
2c2s of an asteroid surface sample intact.

“osetta, which made its final flyby of Earth

+ November, will pass the big asteroid 21
Lutetia on July 10th. And EPOXI, the former
Deep Impact flyby spacecraft, will whiz past
Comet 103P/Hartley-2 on October 11th.

Many more astronomy missions continue
their work on a daily basis. An inventory, by
location:

e In Earth orbit, the Hubble Space Telescope
heads up a small flotilla of visible-light,
infrared, and ultraviolet observatories including
Canada’s MOST, France's COROT planet finder,
and Japan's infrared AKARI. The X-ray sky
continues to be served by the great Chandra
and XMM-Newton observatories, along with
Suzaku, the Rossi XTE (nearing the end of its
long life), and the MAXI package (in its prime)
on the International Space Station. Fermi and
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with the expectation that they can write
algorithms to clean it up.

Kepler is continuously monitoring
100,000 stars in a 105-square-degree patch
of sky between Vega and Deneb for any
tiny dips in their light. The positions of
Kepler’s imaging chips are mapped on the

Jonathan McDowell

Integral continue to survey the gamma-ray sky.
SDO is joined in Sun studies by Koronas-
Foton, TRACE, SORCE, RHESSI, and Hinode,
as well as the ESA Solar package on the Space

Station. IBEX charts the mysterious band of
particles emanating from the edge of the solar
system. The PAMELA experiment studies
positrons aboard the Resurs-DK satellite.

e Around the Earth-Sun L, Lagrangian point,
the elderly SOHO and ACE sentinels monitor
the Sun. Around L,, WMAP and Planck
compete to return the best data on the cosmic
microwave background, while Herschel gets
down to its program of deep far-infrared
observing.

e In lunar orbit, the Lunar Reconnaissance
Orbiter continues mapping away; see page 28.

* in orbit around the Sun, Kepler and
Spitzer maintain their astronomical observing
programs, and STEREO A and B watch at the
Sun from their different viewing angles. In

On November 2nd, the enormously successful
Cassini probe made its seventh flyby of Saturn’s
moon Enceladus — and its deepest plunge yet
through the vapor-and-ice plumes jetting from
the moon's south polar region. On its way in,
Cassini took this image of the plumes backlit by
the Sun. Half of Enceladus’s night side glows
dimly by yellow Saturnshine.

sky photo on page 14. The mission should
continue for at least 3142 years. 4

News Note stories are presented in greater
depth, with links to further information, at
SkyandTelescope.com; search on SkyTelFeb10.

addition to Rosetta and EPOXI, Stardust, Dawn,
Messenger, and New Horizons continue toward
targets they will reach within the next five years.
® At Mars, Opportunity continues to traverse
the Martian sands, though its twin rover Spirit
may be bogged down for good. In Martian
orbit, Mars Odyssey, Mars Express, and Mars
Reconnaissance Orbiter look down from above.
e Venus Express orbits Earth’s cloudy sister.
e At Saturn, the 13-year-old Cassini
spacecraft is extending its hugely productive
exploration of the planet, its rings, and
especially its many moons.
® Finally, the two Voyagers, launched way
back in 1977, are still heading outward, taking
readings at the boundary of interstellar space.

Ave Atque Vale

| started reading this magazine when | was

a teenager, and it’s been a blast to actually
see my name in it each month for the

past 16 years. When | began the Mission
Update column in 1993, | was a relatively
junior scientist and still had free time on
evenings and weekends. But, in a little-known
cosmological effect, as the universe evolves
and expands, one's personal time shrinks.

I have therefore reluctantly decided to lay
down my pen (okay, keyboard) and bid farewell
to the pages of Sky & Telescope. However,
you can still keep up with astronomy-from-
space happenings in News Notes, which will
expand to fill this location. I've promised to
send editor-in-chief Bob and his crew hot tips
that | come across. And | remain onboard as a
Contributing Editor.

I hope you'll also occasionally drop by my
ever more irregularly updated Jonathan’s
Space Report, at www.planet4589.org.

— Jonathan McDowell




