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Dear Merlin,
W hat would happen if two

black holes converged? Has such a

phenomenon ever been observed?

Waldemar Kinentt
Kihei, Maui, Hawaii

No one has seen it happen,
but assuming the black holes
are encircled by their usual
disks of gas and dust, the fire-
works from a merger would
be spectacular. Author Poul
Anderson speculated about
the pyrotechnics in his 200 3
novel For Love and Glory:

Minute by minute, second
by second, the [black holes]
swelled in sight, blazed more
wildly brilliant, roared the louder
throughout every spectrum of
radiance. The discs were swirl-
ing storms, riven, aflare with
eerie lightnings. Vast tatters
broke off, exploded into flame,
torrented back down or threw
red spindrift across heaven be-
fore vanishing into vacuum ... .

The black holes met.
Nobody in real time saw that.

It was too swift. At one heart-
beat they were well apart, at the
next they blurred into streaks,
and then light erupted. White it
was at the center, raw sun-stuff;
thence it became night-violet,
dusk-violet, day-blue, steel-blue,
gold-yellow, brass-yellow, blood-
red, sunset-red. Outward and
outward it bloomed. The fringes
were streams, fountains, lace in a
wind. They arced over and began
to return in a million different,
pure mathematical curves.

Anderson's description
is reasonable. What you
wouldn't see, but would "feel"
from close range, would be
powerful ripples in spacetime
caused by the merger. Known
as gravitational waves, they
might be powerful enough
for Earth-based instru-
ments (or future space-based

LP (

ones) to detect. In fact, an
upgraded gravitational-wave
observatory is scheduled to re-
sume operations this summer,
with scientists hoping it will
feel the ripples of black-hole
mergers and other powerful
events.

Dear Merlin,
With all the exoplanets being

discovered, do we know the aver-
age age at which a star develops a
planetary system?

Phillip Virden
Lake City, Colorado

Stars are still infants when
their planets form.

Planets are born from a disk
of gas and dust that encircles
the newborn star. Solid par-
ticles stick together to form
larger and larger bodies. If
these planetary cores are far
enough from the star, where
conditions are cold, they may
sweep up vast amounts of left-
over gas to form giant worlds.

Observations of newly
formed stars and planets,
along with theoretical studies,
suggest that most planets take
shape within 10 million years
or so. By then, the star's radia-
tion and winds have cleared

away most of the p
making material, leavin
the planets and some le
building blocks. The
ity of the giant planets
many of the building b
although some form the
asteroids and comets.

The planetary system
necessarily in its final fo
then, however. Gravita
interactions can caus
planets to migrate towa
away from the star, chan
bital planes, or even getk
out of the system. And th
over asteroids and come
still pound the young pl
altering their surfaces.

So while the planet
born quickly, they may
tinue to evolve through
lifetime of their solar sys

Dear Merin,t
Did Europa 'lave a liquid

ocean when it was cooling

froi its formation? Will it have
one when the Sun expands?

Max McCall
Easton, Maryland

There probably hasn't been
a time when swimming trunks
and sunscreen would have
been appropriate attire on Eu-
ropa. There may be such a
time in the future, but it won't
last long.

Europa is one of the large
moons of Jupiter, and it ap-
pears to have a deep ocean of
liquid water beneath its thin,
icy crust. The ocean formed as
the result of the gravitational

lanet- pull of Jupiter, which produces
g only tides in Europa's interior. The
leftover tidal gravity is so strong that it
gray- heats Europa's interior, which

expels melts some of the ice at the
)locks, bottom of Europa's crust.
star's There's not enough heat to

melt the ice all the way to the
n isn't surface (either today or soon
rm by after Europa's formation). And
tional even if the crust did melt, Euro-
e the pa has no atmosphere to speak
ard or of, so any liquid water would va-
age or- porize and stream off into space.
kicked The Sun will expand near
he left- the end of its lifetime, destroy-
ts can ing the inner planets and
anets, warming the outer ones. Eu-

ropa's crust may briefly melt,
[s are but without an atmosphere
/ con- the liquid water probably will
ut the boil away quickly. And as the
tem. Sun continues to expand, Eu-

ropa become too hot for water
to exist on its surface in any

suefrfce form, leaving only a small,
down burned-out hulk of a world.
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Mayer found that the surface tempera-
ture varied between about 550 and
660 degrees Fahrenheit, with a margin
of error of around 200 degrees.

As the Space Age began, the Unit-
ed States and the Soviet Union sent

a cavalcade of spacecraft to Venus,

with nearly 20 missions in the 1960s
alone. NASA's Mariner 1 failed during
launch, but Mariner 2 flew by Venus
in 1962 (see "Venus Bytes the Dust,"

StarDate, November/December 2012)
and detected cool clouds and a very

hot surface. In 1967, the Mariner 5
flyby studied Venus' magnetic field and

ultraviolet radiation from the planet.

The more ambitious Soviet pro-

gram had a much higher failure rate.

A dozen of their 16 probes bound
for Venus in the 1960s failed, mostly
during launch. However, Venera 4 be-

came the first spacecraft to send back

data from the atmosphere of another

planet. It studied Venus' atmospheric

chemistry, found the atmosphere more

dense than expected, and confirmed

the planet's high surface temperature.
The Soviets kicked off the next de-

cade by landing Venera 7 in 1970, the
first spacecraft to land on another plan-
et and communicate with Earth, and

duplicated the feat two years later with

Venera 8. (Both probes soon failed due
to the high temperature and pressure
on the surface.) In 1975, the Venera 9
lander sent back the first images from

the surface of another planet.
NASA sent a trio of missions that

decade that also performed well. In
1975, Mariner 10 flew by Venus and
made the most detailed studies of the

atmosphere yet. It discovered that the

planet's clouds are made mostly of

sulfuric acid, have a multi-layer struc-

ture, and can swirl around the planet

60 times faster than the surface spins.

And in 1978, the Pioneer Venus mis-
sion deployed an orbiter and a set of
probes that parachuted into the toxic

atmosphere.

In the 1980s, the Soviets had mixed
success with their Venus missions.

Among the highlights, Venera 13 sent
color images from the surface and stud-

ied the soil, Venera 15 mapped a quar-
ter of the planet with radar, and Vega 1

launched the first balloon experiment
in the atmosphere of another planet.

Meanwhile, NASA was preparing
for the largest
Venus mission

yet. Originally
called Venus Or-
biting Imaging
Radar (VOIR),
like many other BEHEPA 2 . 197

space missions

it was can-

celled because
it was too ex-

pensive, then -BEHEPR-1I-b

later reborn in

a trimmed-down v

became Magellan.

version. This is what

By the time Magellan blasted
off inside the cargo bay of

space shuttle Atlantis on May

4, 1989, portions of the planet had

been mapped with radar, which peers

through the constant cloud layer, and

the atmosphere had been probed. But

ql 2 - u 25~LMi,~

A From the 1960s through the 198(
.: era stamps celebrated the Venera mis

HEP11969
HA eHEPE

Magellan was designed to
radar map the entire plan-

et with resolution 10 times

greater than any previous

Earth- or space-based experi-
ment. It arrived at Venus on

August 10, 1990.
Back home, a lot of peo-

ple were anxious for results.

"There was a large science

team for Magellan of about

40 people, most of whom
were interested in the geol-

ogy and geophysics of the
planet as a whole," says Peter

The Soviet Venera 9 and 10
landers sent back the first images
from the surface of another planet.

7F-

5 5PA6TKA 2fflI Hcr

75 O5PAEOTKA

Ford, principal research scientist at

MIT's Kavli Institute for Astrophys-

ics and Space Research. "They were

asking very serious questions about

how Venus works as a planet: Does it
have plate tectonics, as Earth does? If

not, why not? How old is the surface?

What are the principal ways the sur-

face has changed over geologic time?

Are there any indications that the sur-

y,,tie H

91U

Os, Soviet postage
ssions.

6 JULY/AUGUST 2015



_

J{ r V ,

. \ 4

a 1 _

, y '
V

__ __ _

face was very different in the past? ...
Is the atmosphere a recent creation, or
has it been there over geologic time?"

Magellan's main tool designed to
answer these questions was its syn-
thetic aperture radar, which moves an
antenna over a large area (in this case,
via the orbital mo-ion of the space-
craft) to mimic a radar system with a
much larger antenna.

Magellan also carried a radar altim-
eter that "beamed the energy straight
down to the surface and picked up
the reflection, to work out the pre-
cise range to the surface," Ford says.
"And therefore, knowing where the

{ BEHEPA-13"* BEHEPA-14

1B- 1 HPA.GV "1"63
HA EEHEPE

spacecraft was relative to the center
of the planet, you could work out the
racius of the planet at that point. And
you could do it over hundreds and
thousands of such points to make a
topographic map."

From the late 197Cs to the mid-1990s,
Ford worked on the racar teams for Pio-
neer Venus and Magellan. He helped
design the latter's radar altimeter, and
processed and interpreted the data both
missions returned frcm Venus.

Magellan conducted three radar
mapping cycles, with each cycle lasting
one Venus rotation (243 Earth days).
For the first and third cycles, the radar
looked in one direction and mapped
about 84 percent of the surface. It
uncovered wind patems by providing
views of the deposits of dust and sand
scattered across the surface. In its sec-
ond cycle, the craft mapped the surface
looking in the opposite direction.

The views from these cycles were
combined to produce a richer picture
of the surface. In March 1993, the
Magellan team presented a global map
of Venus that showed mountains, can-

yons, and other features at the highest
resolution yet seen.

After the mapping campaign ended,

Magellan entered a new phase of op-
erations: gravity mapping. Mapping
Venus' gravitational field allowed sci-

entists to probe beneath the planet's
surface the way geologists use seismol-

ogy to probe inside Earth.
For eight months, Magellan mapped

the planet's gravity from its original,
highly elliptical orbit around Venus.
At its farthest point, Magellan was

1,300 miles (2,100 km) from Venus'
north pole, and a bit farther from the
south pole. From those heights, the
craft's view of the planet's gravity field
was blurred.

To sharpen the view, the Magellan
team tried a new maneuver to lower
the spacecraft's orbit and make it al-
most circular. Known as aerobraking,
it was a maneuver that had never
been tried before. "Although aero-
braking creates some risk of losing the
spacecraft, the scientific benefits make
the risk worthwhile," project manager

Douglas Griffith of JPL explained be-
fore the attempt.

Over about 75 days, Magellan

dipped deeper and deeper into Venus'
atmosphere, using aerodynamic drag
to slow the spacecraft. Magellan's orbit
went from a highly elliptical one with
a minimum altitude of 186 miles (300
km) to a nearly circular orbit 111
miles (180 km) above the surface.
The move was a success, and the
craft's new orbit gave it a much better
look at Venus' polar regions. Magellan
went on to map gravitational varia-
tions across almost the entire planet.
And its aerobraking campaign was so
successful that aerobraking is now a
fairly routine maneuver on planetary
missions.

Magellan's radar mapped 98 percent
of the planet over three Venus days. It
mapped pancake-shaped lava domes,
craters, mountains, and volcanoes.
It found that 85 percent of Venus'
surface is covered by volcanic rock,
which forms great plains. The surface

STARDATE 7



is dotted with volcanoes, including
several types not seen before.

The maps also revealed lava chan-
nels snaking hundreds of miles across

the plains - much longer than simi-

lar lava channels on Earth. Magellan
found the longest known channel in
the solar system, which spans 4,200
miles (6,800 km) - comparable to
the length of the Nile River.

Magellan mapped impact craters,
though none smaller than about three

miles wide. This indicates that smaller
asteroids or comets must burn up in

Venus' thick atmosphere before they

hit the ground. And the craft found
no evidence of past rivers or oceans,

indicating that the planet has been dry

since early in its history.
It also found no evidence of plate

tectonics. On Earth, the crust consists

of a series of thin, lightweight plates

that ride atop an underlying mantle.

The interactions between these plates

as they crash into each other or slip

and slide over each other drive Earth's
geologic processes.

After four years in orbit, Magel-
lan became the first working

spacecraft to be purposefully

crashed on another world (a practice

that is also now fairly common, most
recently with the MESSENGER mis-
sion to Mercury).

By the time its mission ended, it had
returned more data than all previous

planetary missions combined. Mission

planners knew that Magellan's maps

would require hundreds of names for

the planet's newly discovered features,
so scientists invited the public to sug-

gest names, which were then vet-

ted by the International Astronomi-

cal Union. Names of notable women
were used for volcanic features and

impact craters. Larger structures that

had been discovered prior to Magel-
lan already were named for goddesses

of ancient religions and cultures. In

fact, all structures on Venus, with a

few early exceptions, are given female

names.

"Never has so much territory been

discovered and mapped in so short a

period of time," said Ray Batson of the
U.S. Geological Survey.

Despite everything Magellan uncov-
ered, some of Venus' mysteries remain.

One of the most surprising, Ford says,

is that the age of Venus' surface is still

undetermined. Planetary scientists ex-

pected to be able to study the distribu-
tion of impact craters over the surface

to solve that mystery, to no avail.

"On Venus, it's as if they were just

scattered randomly," he says. "So there

is no obvious way of determining what

is an older part of the surface from
,hat is younger. I don't think anybody

messed it would be that difficult.
hat's one of the main surprises" from

Magellan, he says.

"And it means that there are really

still two theories about how Venus

worked in the long term. One says

that episodically, one part of Venus

has volcanism which coats the surface

vith lava plains] and wipes out any

listing evidence of craters on that

part of the surface, and then some time
iter, another part gets resurfaced. The

,surfacing would have to be in really
:ther small areas at once, or else you

vould see it as an imbalance in the

number of existing craters."

However, "the other alternative is

that some rather short time in the

distant past, maybe half a billion years
ago, the surface just completely turned

Top: Three-dimensional view of the volcano
Maat Mons from Magellan. Bottom: Magellan
radar view of the boundary between lowland
plains covered by smooth lava (right), and
the more complex highland terrain of Ovda
Regio (left).

8 JULY/AUGUST 2015
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over. And volcanism became very,
very prevalent for a relatively short
time, then it stopped again. And then
that surface has now absorbed new im-
pact craters, and that's why it all looks
pretty much the same age."

Since Magellan, several other

probes have flown past the plan-
et, and another took a long look

at it from orbit.
The European Space Agency

launched the Venus Express orbiter in
late 2005. This highly successful mis-
sion studied the planet for eight years,
only ending in December 2014. Venus
Express studied the planet's intrigu-
ing atmosphere intensively, confirm-
ing lighting in its clcuds, measuring
changes in high-altitude wind speeds,
and much more.

A Japanese probe, Akatsuki, tried
to enter orbit around Venus in 2010,
but overshot the mark. However, Ja-
pan's space agency plans to try again
when Akatsuki swings past Venus in
December.

NASA continues to look at new
ideas for Venus missions to provide
answers to many intriguing questions
about our nearest planetary neighbor.

For example, says Ford, the paths by
which heat from the planet's core es-
capes to the surface is still unclear. "It's
still up for grabs," he says. "And that's
why people are still proposing new
missions to go to Venus, to look more
carefully. Particularly to see whether
there is current volcanism or very re-
cent volcanism, so they can get some

idea of what an active or dormant
Venus volcano actually looks like."

While the planet itself bears further
examination, what we know about
it already can be a lesson for scien-
tists looking to characterize planets
in other star systems. Earth's sister
planet was once assumed to be much
like Earth. It formed at the same time,
and out of the same material. Yet
we now know that Venus is a rocky,
cloud-covered world that spins in the
opposite direction of most of the rest
of the planets in the solar system. Its
atmosphere is mostly carbon dioxide
and nitrogen, with clouds of sulfuric
acid. Its surface temperature is blast-
furnace hot, at 880 degrees Fahrenheit

(470 C), and the surface pressure is
the equivalent of the pressure at a
depth of almost two-thirds of a mile in
Earth's oceans.

Venus is "a salutary lesson in not
assuming that size and location means
everything," Ford says, "because Venus
and Earth are so close in so many re-
spects. ... It's not just the surface that
is different about Venus, it looks as if
there really is no large, planetary wide
convecting system which is bubbling
up to its surface as there is here on
Earth. And that must make an enor-
mous difference to a planet, to have
the Earth's style of free convection of
crustal material."

While current technology doesn't
allow astronomers to study the details
of Earth- or Venus-sized extrasolar
planets, "given a few more years and
a few more technological advances
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StarDate:Venus
stardate.org/astro-guide/ssguide/venus

Magellan
jpl.nasa.gov/magellan

Venus Express
esa.int/OurActivities/Space Science/VenusExpress

Soviet Venus Missions
russianspaceweb.com/spacecraft planetary venus.html

Solar System Exploration
solarsystem.nasa.gov

STAR DATE 9

-.
j ' ;, .

.i

' '
,. ,

, 
t

- .

.. should start being able to look
idealat planets of Earth's size, or

perhaps a bit larger, to determine their
atmospheres," Ford says.

"The main thing is that, obviously,
Earth's atmosphere is very, very pecu-
liar. It's chemically entirely unstable;
it has no business having any oxygen
here. It's the main signature that there
are biological processes going on. If

you removed the biology from the
Earth, I don't know how long it would
take for the oxygen to disappear, but I

suspect it would be very quickly."
However, he says, "It may be that

most such planets [that we find] would
look like Venus. ... It's very hard to
make plans when you only have two

examples. ... Venus could be one ex-
treme and Earth could be the other.
We don't know."

Rebecca Johnson is editor of StarDate

magazine.
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V enus and Jupiter lord over the early evening, and
summer's leading constellations, Sagittarius and

Scorpius, put on a show in the south. July and August
also bring the best views of the Milky Way's glowing
band, especially if you have access to a dark-sky site
from which to view it.

JULY 1 -15
July begins right in the midst

of an epic Venus-Jupiter pair-

up that's happening in twi-

light. All through June, the
two brightest celestial objects

after the Sun and Moon draw

toward each other in the west

at dusk, becoming ever more

eye-catching even to people
who don't normally notice
such things. The two planets
reached their closest conjunc-
tion on June 30, shining just

0.3 degree apart: less than

the width of a pencil at arm's

length, with Jupiter above

brighter Venus.

On July 1, they're only a

trace wider than the evening
before, but with Jupiter now to
Venus' right or upper right.

Watch them spread farther
apart every day after that,
as they descend into the July

sunsets. The Fourth of July
finds them two degrees apart
- about the width of your
thumb at arm's length - and
almost horizontal depending
on your latitude. And look,
too, for little Regulus twink-
ling three times as far now to
Venus' upper left.

On July 10, Jupiter shines
four degrees to Venus' right
low in twilight, while Regulus
has crept down to glimmer a
little closer to Venus' upper
left.

On the 14th, Regulus is
hardly more than two degrees
above Venus, and Jupiter is five
degrees to Venus' right.

While this planetary drama
plays out in the west, Saturn

10 JULY/AUGUST 2015

is putting on a lonelier show

of its own in the south during

and after dusk. It's the bright-

est object there, but not by very

much. Look down to Saturn's

lower left by a little more than

a fist-width at arm's length for

Antares, the red supergiant

star of high summer.
Antares is the bright-

est star of Scorpius.
Three stars line up
almost vertically
between Antar-

es and Saturn;
these tradition-
ally mark the
scorpion's flat
forehead.

You'll prob-
ably notice that
the middle star of

the three is brighter
than the other two.
That's Delta Scorpii,
noteworthy because it
has been in an extended fla-
reup since 2000. It used to be a
trace dimmer than the top star

of the three, Beta Scorpii. For

much of the last 16 years, its
brightness has fluctuated slow-
ly and irregularly. Sometimes
it has almost seemed to chal-
lenge Antares for attention.
Delta Scorpii is an extremely
hot, fast-spinning star that has
been throwing off luminous
gases from its equator.

JULY 16-31
The Venus-Jupiter-Regulus

gathering isn't finished yet,
though it's sinking ever lower
in the western twilight. On
July 18, a thin Moon joins the

group, only a degree or two

below Venus. That evening, all

four objects will fit in a bin-

ocular field of view six degrees

wide.

On the 19th, the Moon

hangs farther off to their upper

left. Watch for the rest of the

month as the three points sink

lower. When is the last you can

see them? Venus descends fast-

est, while Jupiter moves toward
Regulus.

Earth's orbit around the Sun is
not a perfect circle. On July 6,
Earth reaches its farthest from
the Sun for the year, a milestone
called aphelion. It will be more
than 3 million miles farther than
at its closest approach, called
perihelion, which occurred on
January 4.

Saturn remains in the south
at nightfall, to the upper right

of Scorpius' head and heart.
Saturn is actually in Libra, but
Libra is dim and dull compared
to showy Scorpius.

The waxing gibbous Moon
shines to the right of Saturn

on July 25 and above Antares

on the 2 6th.
Elsewhere in the sky now,

bright Arcturus shines high in

the west as summer approach-

es its midpoint. The Big Dipper

is similarly high in the north-

west, with its handle arcing

leftward to point back toward

Arcturus.

The big Summer Triangle of

Vega, Deneb, and Altair stands
high in the east at nightfall.

Vega, the brightest of the

three, is its top corner. Deneb
is the brightest star to Vega's

lower left, and Altair is

the brightest farther to

Vega's lower right.
Deneb is the lead-

ing star of Cygnus,
the swan, whose
five or six bright-
est stars form the

Northern Cross.

The cross is lying

on its side now,
with Deneb at its

head and its shaft
extending below

Vega. Deneb is the
swan's tail, and the

foot of the cross (the col-
orful telescopic double star

Albireo) is the swan's beak. Al-

bireo is barely inside the Sum-
mer Triangle, less than halfway
from Vega to Altair.

Cygnus lies along one of the
brightest portions of the sum-
mer Milky Way. This "Cygnus
Star Cloud" is visible as a vague

dimness even in skies too light-
polluted for much of the rest of
the Milky Way to show.

AUGUST I -15
Venus is gone, and Jupiter is

almost gone. But get out those
binoculars or your wide-field
telescope. On August 6 and
7, Jupiter bunches up with
Mercury and fainter Regulus
to form little triangles just 1.8



degrees wide on the 6th and 1

degree wide on the 7th. Sweep
for them just above the horizon
a little to the right of due west,
starting about 20 minutes after
sunset.

Saturn and the stars of Scor-
pus start to move lower into
the southwest after dark now.
So let your telescope do its best
here early, before everything
descends farther into the poor
atmospheric seeing conditions
closer to the horizon.

Vega, dragging the rest of
the Summer Triangle up be-
hind it, reaches its highest
point overhead only an hour
after dark now.

On the northern side of the
sky after dark, look for two im-
portant starry landmarks. You
can't miss the Big Dipper high
in the northwest, with its bowl
to the lower right and handle
to the upper left. Look in the
northeast, somewhat lower at
dusk, for the flattened W of
Cassiopeia, rather smaller. The

The Shower
Perseids
Named for the constellation Perseus, the
hero, which climbs into view in the early
morning hours.

Peak
Night of August 12

Notes
The Moon is out of view all night, so it
won't interfere with the meteors. Just he
sure to get away from city lights to fully
enjoy the shower.

W is currently tilted with its
right side higher.

The Dipper sinks and Cas-

siopeia rises as both the clock
and the calendar turn. The two
groupings stand equally high
as evening grows late. By the
end of August, they do so at
dusk.

This is an excellent year

for the Perseid meteor show-
er, which peaks the night of
August 12 and the pre-dawn
hours of the 13th. There'll be
no moonlight brightening the
sky. Some Perseids will be visi-
ble in the evening, but the later
you watch the better.

Bring blankets and a reclin-
ing lawn chair to a dark spot
with an open view overhead
and no glary lights to get in
your eyes. Lie back, gaze up
into the darkest area of your
sky, and be patient. You may
see a meteor per minute on av-
erage, or fewer if you live under
light pollution.

Lesser numbers of Perseids
will be visible for several nights
before and a few nights after
the shower's peak.

AUGUST 16 - 31
Saturn remains in the south-

west after dusk. It's six degrees
from fainter Delta Scorpii to its
lower left, and 13 degrees from
Antares in not quite the same
direction lower left.

What of the other bright
planets? Mercury is low in the
west in bright twilight; look for
it about a half-hour after sun-
set, and don't be disappointed
if you don't pick it up.

Jupiter is behind the glare of
the Sun. Venus and Mars are
still deep in the dawn; they'll
come into good morning view
this fall.

When the stars come out
iL late August, bright Vega
is already close to the zenith,
approaching from the east.
Whenever Vega is near the
zenith. Altair stands high as
tie brightest star toward the
sc-utheast or south. Lcok left of
Altair by abcut a fist and a half
at arm's length for the dim,
compact constellation Delphi-
nus the dolphin.

Due south, well to the left
of Saturn mnd Antares, an-
other sky landmark reaches

its height right after dark:
Sagittarius. No bright star
marks this important group,
but eight somewhat lesser
stars form the unique Sagit-
tarius Teapo:. It's a little larger
than your fist at arm's length.
Its triangular spout is on the
right, and its handle is on the
left. It's currently tilted as if
pouring.

Just above the Teapot's
spout is, appropriately, a big
puff of steam the Large
Sagittarius Star Cloud, one of
the brightest patches of the
summer Milky Way.

Alan MacRobert is a senior editor
of Sky & Telescope magazine.

9:08 pm 9:53 am
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10 Things to Know
About Pluto
The New Horizons mission is set for its historic encounter
with Pluto on July 14 (see page 20). Here are a few tidbits
about the mission and its famous target.

Based on discrepancies in Uranus' orbit, in 1906
Percival Lowell started a search for a planet
beyond Neptune, dubbed Planet X, which even-
tually led to Pluto's discovery. Decades later, new
observations of Neptune's mass demonstrated
that no Planet X was pulling on Uranus.

Clyde Tombaugh, a 24-year-old Kansas farm
boy and amateur astronomer, discovered Pluto
on a pair of photographic plates on February
18, 1930, at Lowell Observatory in Arizona.
The images had been taken in January, and
Tombaugh saw the tiny world shift position from
one photo to the next.

PLUTO NUi IL 'rn

New Horizons carries a small sample of Clyde
Tombaugh's ashes and a 1991 postage stamp
(above) with a painting of Pluto and the caption
"Not Yet Explored."

Venetia Burney, an 11-year-old schoolgirl in
Oxford, England, suggested naming the new
planet for Pluto, the god of the underworld.
Lowell astronomers selected the name from a
list of finalists. As a reward, Burney's grandfa-
ther gave her 5.

Pluto was photographed by Yerkes Observatory
in 1909, and by Lowell Observatory in 1915,
but no one detected the tiny dot on any of the
images until well after Tombaugh's discovery.

It takes about 4.5 hours for a radio
signal to travel from New Horizons to
Earth, so the spacecraft's encounter with
Pluto must be completely automated.

Stanton Coblentz was the first science
fiction author to capitalize on the fame of
the new world. His story "Into Plu-
tonian Depths," about
two space travelers who
find adventure beneath
the planet's surface, was
published in Wonder Sto-
ries Quarterly in 1931.

In 1941, physicist Glenn
Seaborg named a newly dis-
covered element plutonium in
honor of the planet.

Pluto has been nicknamed "the
incredible shrinking planet."
When it was discovered, astrono-
mers estimated it was roughly as
big as Earth. By the 1960s, the best
estimates had halved that size. And
when Pluto's biggest moon was
discovered, astronomers got their
most accurate measurement to
date: two-thirds the diameter
of Earth's moon, or only about
15 percent of the original es-
timates.

Pluto orbits the Sun once every
248 years, at an average distance
of about 3.7 billion miles (5.9 billion
km). The orbit is so lopsided, though, that from
1979 to 1999, Pluto dipped inside the orbit of
Neptune, the outermost major planet.

- . 1930, A
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From top: Clyde Tombaugh in 1930; the first sci-fi
story about Pluto; the photos on which Pluto was
discovered, with arrows pointing to the tiny body;
some of Tombaugh's ashes are in this small container
(close-up, and view of its location on the spacecraft)
aboard New Horizons.
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by Damond Bennin field

The central mountains of Sierra
Madera (left); visitors get a close

look ao Meteor Crater in Arizona

/

Digging Into Some Big Holes

a"

4. __

An impact crater is more than just
a big hole in the ground. It's a

reminder that Earth interacts with -he

space environment around it, as asteroids

slam into our planet - sometimes with

devastating results. Wind, rain, and the

motions of Earth's crust have erased the

scars of most of these encounters, but

a few are still visible. Here are a few
across the United States that are both

easy to see and easy to access.

Meteor Crater, Arizona
Also known as the Barringer crater,

this is the freshest big crater on the

planet, dating to just 50,000 years

ago. The crater spans about 4,000

feet (1.2 km) and is about 550 feet

(170 meters) deep. Apollo astronauts

trained for their Moon missions inside
tI-e crater, and NASA has tested
equipment for possible Mars missions

there. An extensive visitor center offers

a museum, spectacular views, and short

walks along the crater rin.

Sierra Madera, Texas
U.S. 385 cuts across this eight-mile-wide

(13 km) crater south of Fort Stockton,

not far from McDonald Observatory.

Although the crater is roughly 100

million years old, it retains its outer rim

and the rugged hills that represent the
central uplift.

Odessa, Texas
Although it's only about 550 feet (165
meters) across, and much of it has been
fil ed in by the wind and rain, this small
feature is still identifiable as a, crater. A
visitor center at the site, which is near

In-erstate 20, displays a large chunk of
the asteroid that created the crater.

Upheaval Dome, Utah
Researchers recently strengthened the
idea that this spiral-shaped structure

at Canyonlands National Park is an
impact crater. It's about three miles in

diameter, and displays dramatic folds in
the region's rock layers.

Middlesboro, Kentucky
About 10,000 people live in the city of
Middlesboro, which sits inside a 300
million-year-old crater. The crater is

more than three miles (5.5 km) wide,

and remnants of its central peak are

visible in the city's golf course.

Wetumpka, Alabama
A thousand-foot meteorite struck whct is

now central Alabama about 80 million

years ago, gouging a crater about four

miles (6.5 km) wide. State highway 21
skirts exposed parts of the crater's rim

near the town of Wetumpka.

Drive on Through
Highways cross through several other,

largely degraded, craters, including:
" Missouri Highway 5 crosses the

Decaturville crater near Camden

" Wisconsin 72 nips across the edge of
Rock Elm Crater 'n western Wisconsin

" U.S. 41/52 passes through an eight-
mile-wide crater at Kentland, Indiana
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Modern astronomical telescope is a marvel of precision
engineering. Its mirrors are crafted to the exact curved
shape required to focus the light from distant objects,

and the telescope's mechanical frame is designed to hold those
mirrors in fixed positions, changing imperceptibly as the tele-
scope points in different directions. And every optical surface
is specially coated to achieve maximum brightness for the faint
objects that astronomers study.

But even the best telescope can be improved. Upgrades often
take the form of specialized devices that attach to the telescope
to perform some particular task, compensating for limitations
in the telescope or its environment. The list of devices and
techniques includes adaptive optics, which provides a sharper
view of astronomical objects; coronagraphs, which reveal faint
objects next to bright ones; polarimeters, which measure the
direction in which light waves are oscillating; and imaging
spectrographs, which deliver enhanced color vision.

E arth's atmosphere is a necessity
for life on our planet, but a major

headache for astronomers: It blurs

their view of the heavens. Even when

the sky is clear and calm, turbulent
bubbles of warmer and cDlder air cause
light rays to change direction, rapidly
and randomly, like the shimmery heat
waves seen over a parking lot on a
hot day. For stargazers, this atmo-

spheric turbulence makes stars appear
to twinkle. Through a telescope, the
twinkling appears as a blurring ef-
fect, turning a point-like star into a
continuously moving blob of light.
Observatories are built in locations
with minimal atmospheric turbulence,

so the twinkling effect is small - the
blob usually is much less than one
thousandth of a degree wide. Even so,
this amount of blurring often hides
interesting details, such as surface fea-
tures of a planet or the intricate struc-
ture of a spiral galaxy.

Drawing upon technology devel-
oped for the "Star Wars" anti-missile
program of the 1980s, astrcnomers
developed a technique called adap-
tive optics (AO), which measures the
atmospheric distortion and corrects
it so that stars, planets, and galax-
ies appear crisp and sharp. This task
is challenging, because the distortion
is different for each light ray enter-

ing the telescope, and the distortion
pattern changes hundreds of times
each second. AO therefore requires

advanced technology like fast digital
cameras, high-speed computers, and

flexible mirrors.
If there is a bright star in the direc-

tion that the telescope is pointing, the
AO system uses that star as a reference

point, adjusting the light ray angles to
make that guide star look like a sharp
point of light instead of a blob. As a
result, other objects near the guide star
are also sharpened. If no natural guide
star is available, an artificial guide star
can be created by shining a powerful
laser up through the telescope to re-
flect from a high-alti:ude layer of the
atmosphere.

Successful adaptive-optics systems
have been built and used a: many ob-
servatories over the past two decades.
In some cases, they deliver even bet-
ter images than space telescopes. The
sharper views of the heavens aren't
just aesthetically pleasing; they let re-

searchers see details and dynamics that
otherwise would be invisible. Planetary
scientists use AO to distinguish the
closely-spaced rings encircling gas giant
planets like Uranus. Farther afield, AO
is useful in the crowded environments
of star-forming regions, where huge gas
clouds are collapsing to form stars. AO
also makes it much easier to distinguish
single stars from binary stars.

One of the most exciting applica-
tions of adaptive optics lies in using it
to study the supermassive black hole
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at the center of the Milky Way galaxy.
Although we cannot observe the black
hole with visible light, because it's ab-
sorbed by thick clouds of dust between
Earth and the galaxy's heart, infrared
reveals a swarm of stars orbiting the

black hole. With super-sharp AO vi-
sion and other techniques, astrono-

mers have made time-lapse movies

of the stars closest to the black hole,
tracing their orbits and thus confirm-

ing that the central dark mass is too

compact to be anything other than a
black hole.

T echnology also is enabling glimpses
of planets orbiting other stars. The

vast majority of these exoplanets were

discovered indirectly, via the "wobble"
of their parent stars or the slight dim-

ming of the stars when planets pass in

front of them. Of course, astronomers

are eager to take pictures of these plan-

ets, but that is exceedingly difficult:
Stars are millions of times brighter

than their planets, so the planets get

lost in the glare.

Simply putting an opaque block-

ing disk inside the telescope to make

an artificial eclipse is not effective,

due to light's tendency to "leak," or

bend around the edges of solid objects
(a phenomenon called diffraction).
To properly squelch the light from

a star, then, the optics must block

the starlight in multiple stages, with

each stage intercepting the diffracted
starlight from the previous stage. This

concept, called a coronagraph, was in-

vented in the 1930s to study the Sun's

corona - the faint, hot gas that forms

the Sun's extended outer atmosphere.

In recent decades, the same idea has

been adapted to suppress the light

from distant stars.

Because planets appear so close to

their parent stars as seen from Earth,

atmospheric blurring is a big problem.

Stellar coronagraphs are therefore a

great match with AO systems, which

can keep the view sharp enough to

reveal the planets. Most coronagraphs

for ground-based telescopes have an

AO device built in, or are designed to

be used with an existing AO system.

A stellar coronagraph was used

in 1994 to discover one of the first

known brown dwarfs, objects which

are not quite massive enough to shine

like a star, but too large to be con-

sidered a planet. Predicted decades
earlier, these objects had never been
observed because they are so faint.

Working under the hypothesis that red
dwarfs and brown dwarfs often form in
pairs, astronomers built a coronagraph

for the 200-inch Hale Telescope at
Palomar Observatory and started to

survey nearby red dwarf stars, looking

for brown dwarf companions.

Looking at a nondescript star named

Gleise 229, they discovered a faint
companion which later analysis proved
was a brown dwarf, 20 to 50 times
heavier than Jupiter. Coronagraphs
have since enabled the discovery of

many more brown dwarfs, as well

as capturing images of disks around

newly formed stars. The material in

these disks will probably coalesce into
planets, so study of such disks' sizes
and dynamics is critical to understand-

ing how planets are formed.

Stellar coronagraphs are also reveal-

ing true planets. One such effort is

Project 1640, which combines an ad-
vanced AO system and a coronagraph

on the Hale Telescope with sophis-

ticated computer algorithms. Using

this device, astronomers have directly

observed four planets orbiting the star

HR 8799, and detected the signatures

of methane and ammonia in the plan-

ets' atmospheres.

A stronomers usually measure just

the image, brightness, and spec-

trum (color patterns) of an astronomi-

cal object, but sometimes there is

also valuable information hidden in

INTERNET

The Telescope
telescopes.stardate.org

Adaptive Optics
mtwilson.edu/ao

Coronagraph
amnh.org/exhibitions/past-exhibitions/exoplanets/
coronagraph

Polarimetry
polarisation.eu/index.php/outreach/astronomy

SAURON
strw.leidenuniv.nl/sauron

the polarization of the light. Light
waves consist of intertwined electric

and magnetic fields rippling through
space, and the electric field can have

a preferred direction of oscillation as it

moves along. To visualize this, think of

vibrations travelling along a stretched

rope: They might be oscillating up and

down, left and right, diagonally, or
randomly in all directions. Light waves

can be similarly polarized or oriented
in a particular direction.

Most cosmic objects, like stars and
nebulae, emit light that is polarized
randomly, because the hot gases that

emit the light are uniform. But in

special cases, such as light reflecting

from flat surfaces or electrons twirling

around magnetic fields, the light will
be partially polarized in one direction.

By measuring this directionality, we

can deduce details about the object
that otherwise would be invisible.

To perform these measurements, as-

tronomers use a polarimeter, a device

that filters or redirects light based on
the direction of its polarization. In its

simplest form, a polarimeter consists

of a special piece of glass that lets only

one polarization pass through. By ro-

tating this filter and taking a picture at

each rotation angle, astronomers can

tell which parts of an astronomical ob-

ject are emitting or reflecting polarized

light. The direction and strength of

the polarization can then be depicted

by lines overlaid on an image of the

object, like flags that indicate wind
direction on a weather map.

Polarimetry is particularly useful for
measuring magnetic fields, which play

an important role in both the for-

mation and the destruction of stars.

Observing gas clouds which are slowly
collapsing to form stars, telescopes

fitted with polarimeters show clear
patterns that indicate magnetic fields

and gas motion - for instance, in a

spiral pattern as a cloud collapses and

spins faster. This information is an

important clue to understanding how

clouds form stars.

At the other end of the stellar life
cycle, the expanding gas clouds from

a supernova explosion show a strong

polarization signal that is oriented

radially, like the spokes of a wagon
wheel. This pattern indicates that in
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addition to magnetic fields, there are

also huge quantities of dust - micro-

scopic particles of elements like silicon
and carbon - which are long and
skinny like needles, and have oriented
themselves parallel to the magnetic

field lines, like iron filings in a child's
toy magnet. It is still a mystery how
such elongated particles could form,
but these observations provide insights
into the conditions within the super-

nova explosion and its aftermath.

N early all digital cameras used for
astronomy research actually take

black-and-white pictures. Astronomers

create color images by taking a series of

exposures through different color filters,
and then combining the exposures into

a composite image. This approach can

reveal fine detail over wide areas of the

sky, but the color information is usually

fairly limited. A complementary tech-

nique called spectroscopy can measure

many thousands of component colors

(that is, individual wavelengths of light),
revealing information about the object's

motion, composition, and other charac-

teristics. But spectrographs are typically

limited to viewing a single point or a

narrow slice of the sky at once.

For many sorts of research, astrono-

mers need detailed spectroscopic in-

formation for many different points

in a region of the sky - for instance,

using spectroscopy to determine how

the gas mixture varies at different

locations within a nebula, or measur-

ing the velocities of thousands of stars

within a star cluster to determine if the
whole cluster is rotating. For these ap-
plications, it is tremendously useful to
have a device that can acquire spectra
and images simultaneously.

One such imaging spectrograph is
called SAURON (after the primary
villain of The Lord of the Rings). This
device was built by a consortium of
European astronomers specifically to
study galaxies. SAURON uses a square
grid of tiny lenses to focus all the light
from each small section of a galaxy

down to a single point. These focused

beams then pass through a prism that
spreads each of the points of light
into a color spectrum. The lens grid
is rotated relative to the prism so
that adjacent points are slightly off-

set from each other, preventing the
spectra from overlapping. The result
is that the spectra of more than 1,400
small regions within a galaxy can be
obtained at once - a much more
efficient use of the telescope than re-
pointing it 1,400 times!

These four categories of "telescope
turbochargers" - adaptive optics, co-
ronagraphs, polarimeters, and imaging
spectrographs - are just the tip of
the iceberg. Astronomers have invented
many other powerful and innovative

technologies, and adapted still others
from different fields of :echnology. With
these devices and techniques, venerable
telescopes from the early 20th century
are still perform cutting-edge research

and modem telescopes work even more

effectively, providing us with a better
understanding of the universe.

Former McDonald Observatory astrono-
mer Bradford Behr works near Washing-
ton, D.C., designing spectroscopy sys-
tems for a variety of applications.
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New Horizons Prepares to Scan

a Well-Known Little-Known World

In the 85 years since it

was discovered, Pluto has

been celebrated, lauded,

demoted, and rallied around.

Over the next few weeks, we

should finally learn what all

the fuss was about.

New Horizons, the fastest

spacecraft ever launched,

will zip less than 8,000 miles

(12,500 km) from Pluto on
July 14. During an encounter

sequence that began in

January and will continue

until autumn, the craft

will snap more than 7,000

pictures of Pluto and its

five known moons.

It will study A

the composition of Pluto's

surface and atmosphere, look

for evidence of a magnetic

field, and probe its interaction

with the Sun. And it will look
for more moons and for faint,

thin rings.

Despite Pluto's fame, the

dwarf planet is so small and

remote that it appears as little

more than a pinpoint of light

in even the most powerful

telescopes, so scientists still

know little about it. They

used Hubble Space Telescope

images to compile a crude

map, but it shows only a few

blobs of black, orange, and

white. New Horizons began

snapping images sharper than

HST's by mid-May.
"There's a long list of

reasons for this mission," says

principal investigator Alan

Stern. 'At the top of the list,

it's the first mission to this

new class of planet and this

region of the solar system.

The discovery of the Kuiper

Belt has revolutionized our

understanding of the solar

system, and studying

Pluto will teach us

more about the birth

and history of the
solar system."

Pluto is the
most famous
member of

the Kuiper
Belt, a wide
band of

billions of icy
bodies beyond

the orbit

of Neptune.
These bodies are

left over from the

birth of the planets
4.5 billion years ago, so

studying their composition,

orbits, and other parameters

should reveal details about

the disk of material around

the newborn Sun that gave
birth to the planets. It also

should reveal details about the

migration of the giant planets
of the outer solar system,

whose gravity hurled many

of the Kuiper Belt objects into

their current orbits.

New Horizons will face

several challenges as it flies

past Pluto. For one thing,

at Pluto's current distance

of about three billion miles

(5 billion km) from the
Sun, sunlight is just one-

thousandth as intense as

at Earth, so the craft must

make long exposures. New

Horizons will be moving at

more than 30,000 miles per

hour (50,000 kph), however,

so the entire spacecraft must

rotate during its exposures

to prevent the images from

blurring.

Also at that distance, radio

signals from New Horizons

take 4.5 hours to reach

Earth, so there's no way for

engineers to intervene if

anything goes wrong during

the close encounter. And the

radio signals are so weak by

the time they reach Earth

that it will take New Horizons

about 16 months to transmit

all of its observations.

New Horizons will downlink

a few key images soon after

closest approach, however,

giving the world its first

close-up view of Pluto - and

probably a few surprises. "We

really are doing this for the

first time," mission scientist

Hal Weaver said at a November

briefing. "And almost certainly,

the most exciting discoveries

that we'll make in this mission

are the ones that we never

anticipated." DB
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Ancient Star Clusters
Turn Down the Lights

S ome giant star clusters in anearby galaxy seem to have
dimmed the lights a cit. The

clusters may be more than a

million times as massive as the

Sun, yet they produce far less
light than most clusters of that

size. That suggests that much of
their mass consists of dead stars,

giant black holes, or dark matter.
Astronomers used the Very

Large Telescope in Chile to study
globular clusters in Centaurus A, a
giant galaxy that is more than 12
million light-years away. Globular

clusters are tightly packed balls of
hundreds of thousands to millions
of stars. The clusters are among

the oldest objects in the universe,
with most of their stars at least 10
billion years old.

The astronomers measured
the mass and brightness of
almost 100 cf Centaurus As
clusters. Mos: of them follow
a well-defined relationship
between mass and brightness:

More-massive clusters have more
stars, so they shine brighter. But
a few of the clusters in Centaurus
A were much fainter than their
mass would suggest.

Some of that mass could consist

of neutron stars and black holes,

which are heavy but emit little
or no light, or central black holes
that are tens of thousands of
times the mass of the Sun. Much
of the extra mass, however, could
consist of dark matter, which
produces no detectable energy
but exerts a gravitational pull on
the visible matter around it.

The astronomers say there
are problems with each of
these explanations, however. In
particular, most globular clusters
measured so far have little or nD
dark matter, and theory predicts
they should be dark-matter free.
The astronomers will observe
other globulars to shed some
light on Centaurus As dark
clusters. DB

Mercury Orbiter Takes final Bow

As New Horizons prepared for its one-time visit to Pluto, on the solar
system's frigid outskirts, another NASA mission took its final look at

Mercury, the innermost planet.
After using the last of its fuel, MESSENGER slammed into Mercury on

April 30, more than four years after it ente-ed orbit around the hot little
planet. It orbited Mercury more than 4,000 times, at altitudes that dipped
to just a few miles during its final days.

MESSENGER mapped both the
surface features and the com-
position of the entire planet. It
confirmed that ice nestles inside
a crater at Mercury's north pole,
which never sees sunlight. And it -/ /' 4 4 "
measured features in Mercury's ",

magnetic field that revealed more
details about the planet's dense me-
tallic core and the layers of lighter
materials around the core.

At the end of its mission, flight
controllers lowered MESSENGER's
orbit to allow it to see even smaller
details on Mercury's surface and to
provide more complete maps of its
gravitational field, which will pro-
vide more insights into Mercury'sb
interior.
Two of MESSENGER's final images shcow ci'auis U, sI/Id/
craters on Mercury (top) and a landscape battered by debris
from a large impact.
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Asteroids Show
Unusual Characteristics
A stronomers have used the Keck IITelescope in Hawaii to help them

figure out what causes the behavior of
a class of strange objects called "active

asteroids." These asteroids behave

somewhat like comets, ejecting material

behind them and giving them a dusty

appearance. Unlike comets, though,

the dusty trail is not caused by the Sun

vaporizing surface ice and allowing

rocky pieces to break free. Just why active

asteroids eject dust and fragments was a
mystery.

A team led by Michal Drahus of
Poland's Jagiellonian University says

it has solved it. Drahus used Keck II

to track changes in brightness from an

active asteroid called P/2012 F5 to clock
its rotational speed. They found that it

spins once every 3.24 hours. This is fast

enough for centrifugal force to overpower

the asteroid's internal gravity, causing it

to break up.

In training the giant telescope on

P/2012 F5, previously known to be

less than a mile in diameter, the team

discovered at least four large fragments
had broken away from the nucleus and

now trail behind it.

Another group of astronomers is

studying the asteroid-comet hybrids

called Centaurs, which orbit the Sun

between Jupiter and Pluto. They may
have found a second Centaur with rings.

The first ringed Centaur is Chariklo.

A group led by MIT's Amanda Bosh

was studying the most famous Centaur,

Chiron, as it passed in front of a bright
star. The group saw that Chiron blocked
light from the star in a pattern that might

indicate rings around the asteroid. The

pattern could also be caused by a shell
of debris around Chiron, or even jets.
Further observations are needed to make
a determination, the team says. RJ
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