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Dear Merlin,

Is the Slut as bright on Earth
as it is in space? In pictures
of the Sn,,, it is an orangish-
reddish color; but in the sky it's
super bright and yellow. Why?

Ian Gilbert

St. Louis

The Sun doesn't look
quite as bright from Earth's
surface as it would look
if you were out in space.
Earth's atmosphere filters
the sunlight a bit, scattering
some of it (which is why the
daytime sky is bright) and ab-
sorbing some of it. When the
Sun is low in the sky, its light
must pass through a thicker
layer of air as it races toward
your eyes, so it looks even
dimmer (and redder). Even
with some of its light missing,
though, the Sun is so bright
that you never want to look
at it directly because it can
cause eye damage.

The Sun's light consists of
many different wavelengths
or colors. To the eye, that
blend of colors looks yellow-
white. Many scientific pic-
tures of the Sun, however,
are taken through filters that
isolate specific colors - espe-
cially redder ones. Those pic-
tures give scientists a better
idea of what's happening on
the Sun's visible surface and
in its atmosphere.

Dear Merlin,
Our solar system had eight

planets, and all but two have
large moons. All of them have
names except one: Earth's moon.
Why is that?

Billy Wooten

Prince George, Virginia

Merlin hates to disappoint
you, but Earth's natural satel-
lite has a perfectly good name:

z A

K'1

k is

the Moon. It is the official
name adopted by the Interna-
tional Astronomical Union,
the group that names all as-
tronomical objects.

The name "Moon" has
been used by English speak-
ers for centuries. When
it first came into common
usage, Earth's moon was the
only known satellite of any
planet. Not long after Gali-
leo Galilei discovered the four
largest satellites of Jupiter,
in 1610, those worlds came
to be known as "moons" be-
cause they orbited a planet,
just as the Moon orbits Earth.
The convention stuck, and
the natural satellites of all
planets are regularly referred
to as moons.

Dear Merlin,
Does time stop at the speed of

light?
Monica Adams

Ruckersville, Virginia

Merlin reserves the right
to waffle on any question,
so he'll exercise that option
now: Yes, relatively speaking.

Assume that you're
on your deck on a su
night, enjoying thev
the sky. Assume, to
you can see individu
tons - "packets" o
Now assume that
those photons hasa
strapped to its backsid
big enough to see ac
infinite distance. No
how long you watch
photon, you'll never
clock tick off even a
second. So from yo
spective, time has stop
the photon.

As experienced by t
tor itself, another to
relativity thecry take
For anything moving
speed of light. distant
come infinitely sm
from the photon's p
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tive, its journey begins and
ends at the same moment,
even if the photon traverses
billions of light-years. So
time doesn't really "stop"
for the photon - it just
can't travel far enough to
register the passage of any
time at all.

Physical objects, such as
starships, would need an
infinite amount of energy
to accelerate to lightspeed,
so they could never achieve
that speed. They could, how-
ever, reach almost the speed
of light. As a ship moved
closer and closer to that ve-
locity, its clocks would tick
slower and slower as seen
by an outside observer, al-

e sitting though they would continue
mmer's to move at the "normal" rate

view of as seen from inside the ship.
o, that This effect is known as
al pho- time dilation, and it's a fa-
f light. vorite of science-fiction
one of authors. It means that the
a clock crew of a starship that ac-
le that's celerated to, say, 99 percent
ross an of the speed of light could
matter travel to another star and

:h that return in a few years as mea-
see its sured aboard the ship, yet

a single centuries would have passed
ur per- on their home planet. That
pped for opens the possibility of trav-

eling to the stars in the span
he pho- of a human lifetime (as-
enet of suming you can develop the
es over. technology) - but only if

at the you're willing to accept that
ices be- all of your friends and family
all. So will be long dead by the time
erspec- you return.
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Before the Naval Observatory tele-
scope, Alvan Clark & Sons already
had built the world's biggest refractor,
with an 18.5-inch primary lens, and
hundreds of smaller telescopes for am-
ateurs and college observatories in the

United States and elsewhere. Alvan
Clark himself had refigured the lens-
es on other Naval Observatory tele-

scopes, greatly improving their view.

"Clark had established his reputation
as the pre-eminent lens maker, if not

in the world, at least in the U.S.," says

astronomer Geoff Chester, the obser-
vatory's public affairs officer.

Hall was placed in charge of the
telescope in 1875. The Connecticut-

born astronomer had joined the obser-

vatory near the start of the Civil War,

and stayed at the telescope even on

nights when cannon- and musket-fire

from nearby battles filled the air. In
December 1876, Hall made the first
major discovery with the Clark refrac-
tor, when he saw a puff of white clouds

in the atmosphere of Saturn. By track-

ing the storm as the planet rotated, he

computed the most accurate measure-

ment of the length of Saturn's day to

that time.

By August 1877, though, Hall was
growing a bit despondent about his
search for Martian moons. He'd found

nothing, and fog frequently overtook

the observatory site, wiping out any

chance of observing. Hall was begin-

ning to wonder if it wasn't time to

abandon the hunt. Chuffed by a talk
with his wife, though, he persevered.

Mars itself looked so big and bright
in the telescope that Hall had to
point away from it, instead scanning

the space quite close to the planet.

Finally, on August 11, before the fog

once again rolled in, the telescope's

exquisite optics revealed a small "star"

just a fraction of a degree from Mars.

On August 17, Hall saw a second

one. Tracking them between fog and

thunderstorms over several nights re-

vealed that the little points of light
stayed close to Mars, indicating that

they were not stars at all, but instead

were small objects in orbit around the
planet.

The search was over. Hall had dis-
covered the two tiny moons of Mars,

later named Phobos and Deimos.

6 SEPTEMBER/OCTOBER 2015

The discovery

earned Hall in-
stant fame and a

spot in astronomy

history. It also so-
lidified the repu-
tation of Alvan
Clark & Sons as
the leading tele-
scope makers of
the day - not

just in the United
States, but in the

Almost 140

years later, the

Naval Observa-
tory's refractor

still scans the sky
on most clear nights (although from

a new location, a few miles from its

original site), plotting the orbits of

binary star systems. It is the last of the

big Clark telescopes still dedicated
primarily to research.

Yet many of the company's other

telescopes, large and small, soldier on

as well. They help train new genera-

tions of astronomers, inspire students,

and offer crisp views of the night sky
to tens of thousands of stargazers every

year. Visitors can peer through the

telescope that Percival Lowell used to

map the "canals" of Mars, for example,

or the one that discovered the first

white dwarf.
And to most telescopistas, an Alvan

Clark & Sons instrument is more than

just a few disks of glass and a metal
tube. It is the equivalent of a vintage

Tiffany lamp or Omega wristwatch,
elevating everyday function to the

realm of art.

T elescopes weren't Alvan Clark's

first artistic creations. At age
18, after working at the family

farm and grist mill, he taught himself
to draw and he studied engraving. He

was hired by a Boston engraving com-

pany, which dispatched him to New

York. In his spare time, he studied art

and began painting small snapshot-

sized portraits. Business boomed, so
Clark quit his engraving job and re-

turned to Boston, where he painted

members of the city's leading families.
Today, many of his Dieces are in the

collections of the National Gallery of
Art and other art museums.

But "Alvan Clark was more than
just a painter, he was also one of those
Yankee inventors," says Chester. "He

held a number of patents. The best
known was a false muzzle for loading

rifles. Then he got into telescopes al-
most by accident."

According to the story, Clark's old-
est son, George Bassett, came home
from school with pieces o_ metal from
a large bell that had shattered. George
melted the scraps to maie a mirror

for a reflecting telescope, and the

elder Clark helped out. Their mir-
ror worked, but the view it provided

wasn't great. "Making a mirror was

such a pain in the neck that Alvan

Clark decided to try his hand at mak-

ing lenses instead," Chester says.

Clark began each lens with a disk of
the highest-quality glass, free of cracks,
bubbles, or other defects. Then, over
weeks or months, he carefully ground

the disk to the proper shape. Although
the Clarks preserved few details about
their techniques, Alvan did much of
the work by hand, "feeling" when the
lens had achieved the correct curva-

ture.

Clark's lenses proved so popular that

he established a telescope-making
business, Alvan Clark & Sons, in
1851. While George built the me-
chanical components - the telescope

tubes, mountings, and pointing mech-

anisms - the younger son, Alvan

Graham Clark, helped his father make



the lenses. By 1860, the company was

so busy that the elder Clark closed his
portrait studio to devote full time to

telescopes.

The Clark creations outperformed

those produced by the top telescope

makers of Europe, which held a near-

monopoly on the business. While
testing a new 18.5-inch lens - the

company's first "world's largest" - in
1862, for example, the Clarks discov-

ered a small companion star to Sirius,

the brightest star in the night sky.

(The companion is a white dwarf, the

tiny corpse of a once-normal star -

the first white dwarf ever seen.) The

discovery quickly added to their repu-
tation, bringing an impressive list of

assignments, including the 26-inch for

the Naval Observatory and a 30-inch

for Russia's historic Pulkovo Observa-

tory, each of which was the world's

largest at the time And more giants

were to come.

When Lick Observatory

opened in the late 1880s,
it quickly became a major

tourist attraction. Businessmen in

nearby San Jose, California, built a
grand 150-room hotel to accommo-
date the throngs. Railroads offered
special package deals from San Fran-

cisco, and a new stagecoach service

ferried visitors up The twisting, dusty
road to the observatory. And in adver-

tisements and postcards, the commer-

cial ventures touted the jewel at the
summit of Mount Hamilton: a grand
new 36-inch telescope, the largest re-
fractor in the world - built, of course,

by Alvan Clark & Sons.

"Lick was the first permanent high-

altitude observatory on Earth, and the

36-inch telescope was its centerpiece,"

says Paul Lynam, a staff astronomer at

Lick, who spends part of his time op-

erating the telescope. "It was a testa-

ment to United States ambition, and

shows how the U.S. came to dominate

the world of observational astronomy."

It also was a testament to persever-
ance. The Clarks hired a French firm

to provide the glass blank for the
telescope's two 36-inch lenses. (A

single lens can produce flaws in both
the color and sharpness of the view.
Adding a second lens with a differ-
ent curvature can correct the prob-

lems. Thus, several of the large Clark
telescopes have "doublet" primary
lenses.) The first 18 blanks for one of

the lenses failed because of flaws that

Clockwise from left: Visitors stream past the Lick retractor in
a long exposure; a postcard from the 1880s touted the virtues
of the new Lick telescope; technicians carefully clean the
telescope's double lenses.
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n 1936, as amateur cstronomy group in Rhode Island, Skyscrapers, paid $1,000 or a scientific
treasure: an eight-inch Alvan Clark & Sons telescope completed in 1878. The telescope was a favor-
ite far decades, but slowly began to deteriorate. Some of its original equipment was rep aced, and

vandals broke into the telescope's home, Seagrave Observatory, and scattered many of its components
through the surrounding woods.

A few years back, though, led by member Al Hall, the group painstakingly restored the telescope,
strippirg it apart and cleaning, refurbishing, or recreating each piece. "It's like a piece of art," says
Skyscrapers historian Dave iuestis. "We want to maintain that link to the past." Today. the telescope
(see ploto, pages 4-5) is available for public viewing on many Saturday nights.

It's one of many (lark telescopes that are open for public viewing or tours. Here are a few others:

YERKES OBSERVATORY
William; Bay, Wisconsin
40-inch (world's largest refractor) used for edu-
cation; available on public tours, but no public
viewing through the telescope
cstro.udhicago.edu/yerkes/visit.html

LICK OBSERVATORY
San Jose, California
36-inch; open to tours, available for skywatching
during summer events
www.ucolick.org/public/visitrs.html

LOWELL OBSERVATORY
Flagstaff, Arizona
24-inch available for public skywatching during
weekly star parties
lowell.e'u/9Ltreach

CINCINNATI OBSERVATORY
(incinnati, Ohio
16-inch ;above) available for public skywatching
curing weekly star parties
www.cincinnatiobservatory.org

SEAGRAVE OBSERVATORY
North Scituate, Rhode Island
8-inch available for public viewing during some
Saturday night star parties
www.theskyscrapers.org

JEWETT OBSERVATORY
Pullman, Washington
12-inch available for public
monthly star parties
www.wsu.edu

viewing during

U.S. NAVAL OBSERVATORY
Washington, DC
26-inch used for research; available bor inspec-
tion on public tours; 12-inch available for public
viewing during star parties
www.usno.navy.mi/USNO/fours-events

CHAMBERLIN OBSERVATORY
Denver, Colorado
20-inch available for public vewing during twice-
weekly public nights
www.denverastrosociety.org/chamhcrlin.html

could spoil the telescope's view.

With an acceptable glass finally
in hand, the Clarks slowly ground,
polished, and smoothed the lenses to
achieve the proper focus. The lenses

then were shipped cross-country by

railroad, and finally hauled up the
mountain on horse-drawn wagons.

Warner & Swasey, a Cleveland com-

pany that made machine tools, was

hired to build the telescope tube and
the enormous structure to hold it in

fine balance. (Warner & Swasey later

built McDonald Observatory's first big
telescope, an 82-inch reflector, in the

1930s).
The telescope was set to take its first

look at the night sky on January 3,
1888, Lynam says, with Alvan Graham

Clark and Ambrose Swasey among
the dignitaries waiting to take a peek.

"It was quite cold, and the dome was

frozen solid, so they couldn't rotate

it - they could only open the slit and

wait for a suitable target to rotate into

view," Lynam says.

The first good target was the star

Aldebaran, the orange eye of Taurus.

"The view was absolutely terrible,"

Lynam says. "But Mr. Swasey realized

that the tube had been made a bit too
long, so he sent for a hacksaw. When

it came back, he cut six inches off the

[eyepiece] end of the tube."

On January 7, under better condi-
tions, the shortened telescope (a bit

less than 58 feet long) was pointed at

Saturn. "It was the finest telescopic

view ever beheld by man," Lynam says,

with perhaps a bit of pride in the tele-

scope. "It was so good that they even

saw a gap in Saturn's rings that hadn't

been seen before."

Like many other telescopes of the

day, the Lick refractor spent much of

its time studying double stars. To the

eye alone, these systems look like a

single pinpoint of light. The telescope

splits them apart, revealing the indi-

vidual components. Tracking the orbit

of the two stars over months, years, or

decades reveals the mass of both stars.
Those measurements helped scientists

deduce what powers stars, and are criti-

cal to developing accurate models of

how stars are born, how they evolve,

and how they die.

And like Asaph Hall before him,

8 SEPTEMBER/OCTOBER 2015



Lick astronomer Edward Emerson

Barnard used his Clark telescope to

discover a moon of another planet:

Amalthea, the fifth known moon of
Jupiter. It was the first Jovian moon

discovered since Galileo Galilei found
the first four, in 1610, and the last

moon of the solar system to be discov-

ered by observing through a telescope's

eyepiece (later discoveries were made

photographically).In the 1890s, Alvan Clark &

Sons made one last venture into

world's-biggest-telescope territory.

Although the elder Clark had died
shortly before the Lick telescope en-

tered service, his sons accepted a com-

mission to build a 40-inch telescope
for the University of Chicago's new

Yerkes Observatory in Wisconsin.

The telescope was installed at Yer-

kes and ready for duty by 1897. Not
only was it the largest refracting tele-

scope of its day, it remains the largest

research-grade refractor ever built.

By then, the era of giant refractors

was over. Larger lenses would be so

heavy that gravity would cause them

to sag, ruining their focus. Glass mir-

rors were beginning to replace metal

ones in large reflecting telescopes,

making them easier to maintain and

sharpening their view. In the early

20th century, a series of ever-bigger

reflectors quickly outpaced the giant

refractors of the previous century.

The change coincided with the de-
mise of the Clark family. George Bas-

sett Clark died in 1891, and Alvan
Graham Clark six years later. Their

company was passed on to an assistant,

also an accomplished lens maker. It

continued under the Clark name until

the 1930s, when it was absorbed by a

larger company.

Yet many of the Clark creations
live on. Most of the giant refractors

remained full-time research instru-

ments well into the 20th century,

with astronomers substituting cameras

and spectrographs for the eyepiece to

enhance their scientific value. Even

those upgrades weren't enough to keep

the telescopes at the forefront of re-

search, though, so over the decades,

fewer and fewer hours were dedicated

to science.

All but the Naval Observatory tele-
scope have transitioned to new roles

in education and public outreach. Ob-
servatories and university astronomy

departments maintain the telescopes,
and sometimes refurbish them to

knock off the rust and bring them back
up to spec.

In the 1980s, for example, Cincin-

nati Observatory restored a 16-inch

refractor that had been mothballed

since shortly after World War II. "Our

restorer comes to the tube, flips it
over, and buckets and buckets of water
pour out," says Dean Regas, the ob-

servatory's outreach astronomer. "But
he took it apart, every single piece,

cleaned everything, and put it back to-

gether. It's in pristine condition. ... It's
startling how good the quality of the
lenses are." Today, hundreds of visitors
look through the telescope during star
parties, and thousands more gaze upon
it during tours.

Perhaps the king of the publicly
accessible Clark refractors, though, is
the 24-inch telescope at Lowell Ob-

servatory in Flagstaff, Arizona. The

observatory says that more than two

million people have looked through
the telescope, which was first used in
1896 and reopened to the public in

May after a $290,000 restoration.

Percival Lowell commissioned the

telescope, at a cost of $20,000, after he

established the observatory in 1894.
It was shipped to Flagstaff, where it
was fully assembled inside its original
dome, tested, then disassembled and
shipped to Mexico for Lowell to ob-

serve another close passage of Mars.
After months of Mars watching, dur-

ing which Lowell mapped more of the

supposed "canals" on the planet's sur-

face, the telescope was torn down once

again, and shipped back to Flagstaff.

Beginning in 1912, Lowell astrono-
mer Vesto Slipher used the telescope
to measure the motions of bright
"nebulae," which today are known
to be galaxies far beyond our own.
The observations provided the first
evidence that the universe is expand-
ing. In 1930, Lowell astronomers used
the telescope to confirm Clyde Tom-

baugh's discovery of Pluto, made with
a smaller telescope just up the hill
from the Clark. And in the 1960s,

Apollo astronauts looked through the
telescope to learn more about the sur-

face of the Moon.

The telescope was retired from re-

search duties in the 1980s and dedi-
cated to full-time public outreach. By
a few years ago, though, some of its

mechanical systems were wearing out.
The telescope made odd sounds and
it shuddered when it moved. So the
observatory raised money to restore

the telescope and its historic dome,

and began the work in 2013. Engineers

removed the telescope from the dome,

took it apart, cleaned all of its parts,

stripped off old paint and repainted it
in its original color, polished its brass,

and cleaned the lenses, which the ob-
servatory says were the last created by
Alvan Graham Clark.

"It's a wonderful mechanism, and a
beautiful piece of engineering," says
engineer Ralph Nye, a 40-year Lowell

veteran who headed the project. "We
tried to bring out the craftsmanship of
that era. Hopefully, everything we did
will last another hundred years."

Thanks to that original craftsman-

ship and a little TLC over the decades,

the Lowell refractor and many other
Clark telescopes still maintain their
sharp view of the night sky.

"The view you get through the 36-
inch telescope today is faithful to
the first views back in 1888, after
Mr. Swasey made his cut," says Lick's
Paul Lynam. Thousands of visitors
look through the telescope (the largest
Clark refractor available to the public)
during summer skywatching events,
and many of them are astonished by
the view. "We hear gasps from people
when they first look through the tele-
scope. Some people think we've in-

serted a slide or something. They don't
believe it's real," says Lynam.

"This was the most powerful in-
strument in the world for a decade,"
he adds. "My hope is that, almost
128 years into operations, the tele-
scope will be operating for another 128
years. It should be preserved for the

generations ahead."

Damond Benningfield is the executive

editor of StarDate and the writer/

producer of StarDate radio.
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O n Fall nights, Saturn blazes in the southwest.
Venus lords over the pre-dawn skies, with dim

Mars nearby. As Mars moves away, Venus is heading
for a close encounter with Jupiter in late October.
Fomalhaut, the "autumn
southeast in the evening.

SEPTEMBER 1 -15
Now that Venus and Jupiter

have departed the evening sky,

Saturn is the one bright planet
left to greet skywatchers after
dark. Look for it in the south-
west at nightfall; it sinks lower
through the evening.

Saturn continues to dwell in
an interesting region. Its back-
ground constellation, Libra, is
one of the dimmest of the zo-
diac. Luckily, Saturn lies barely
west of Scorpius, one of the
brightest constellations.

Look to the left of Saturn, by
just a couple of finger-widths at

arm's length, for Beta Scorpii.
It's the top star of the nearly
vertical row of three that marks
the scorpion's head. The middle
star, Delta Scorpii, is currently
the brightest of the three. A
long-term variable star that
nearly doubled in brightness in
July 2000, Delta Scorpii has
been fluctuating slightly ever
since.

Brighter Antares, the heart
of the scorpion, shines to the
left of this row of three. It's
one of the sky's leading red
supergiant stars. Such stars
are rare, but they are so lumi-
nous (Antares puts out 50,000
times more radiation than the
Sun) that they are plain to the
naked eye even from hundreds
of light-years away. Antares is
about 550 light-years distant.

Antares is flanked by two
fainter stars on its right and
lower left. The rest of Scorpius
curls down and around to the
lower left from there.

Vega, one of the two bright-

star," hangs brightly in the

est stars of summer, now shines
high overhead as darkness falls
each evening. It has been climb-
ing up the eastern side of the
sky at dusk since early spring.

Now it's all downhill for Vega,

as it begins its long descent in
the west. It will disappear in
early winter.

When Vega is high overhead,
that always means that Arc-
turus, Vega's equal in bright-
ness, is shining in the west. You
can't miss it: Arcturus is the
brightest star on the western
side of the sky. It's pale yellow-
orange.

Look to the right of Arc-
turus, in the northwest, for the

Big Dipper. Its bowl hangs to
the lower right and its handle
curves to the left, pointing more
or less in the direction of Arc-
turus.

Up early? Before dawn, Venus
blazes strikingly bright in the
east as the "morning star."
Look to its left or lower left, by
about a fist at arm's length, for
little orange Mars. The waning
crescent Moon poses between
them on the morning of Sep-
tember 10.

SEPTEMBER 16-30
Saturn and Scorpius remain

in the southwest at dusk. Watch
Saturn creeping closer to Beta
Scorpii (to its left) from week to
week. The crescent Moon shines
with them on the 18th.

As summer turns to fall, Vega
moves westward past the zenith
after dark and yields to lesser
Deneb the title of overhead star.
Meanwhile, Arcturus settles
lower in the west-northwest.

Arcturus is traditionally

called the "spring star" and
Vega the "summer star," but
both of them shine far outside
of their namesake seasons. Not
so Fomalhaut, the "autumn
star," now making its way up to
twinkle low in the southeast by
mid-evening. Fomalhaut is far
south on the celestial sphere, so
it comes and goes more quickly.
For evening stargazers (in the
world's mid-northern latitudes),
Fomalhaut really is just an au-
tumn star.

Physically, Fomalhaut is
rather similar to Vega. Both
are youngish, white-hot stars
of spectral type A that are
somewhat larger than the

Sun. They also happen to lie at
exactly the same distance from
us: 25 light-years. Therefore,
the reason why Vega looks
brighter than Fomalhaut is
that it really is brighter. Vega
is 50 times as luminous as the
Sun, while Fomalhaut is only
20 times as luminous.

As luck would have it, each
is known to be ringed by great
disks of dust and rubble, the
signs of relatively recent planet
formation. Although both stars
are fairly young, they're old
enough that planet-building
should be finished by now. As-
tronomers think that the solid
bits ringing these stars are de-
bris from leftover bodies collid-
ing and grinding down. The
same is still happening much
more slowly in our own solar
system's asteroid belt.

Meanwhile, three plan-
ets for earlybirds shine low in
the east in early dawn. Venus
is the brightest and highest.
Faint Mars is to the lower left of
Venus. And down below Mars,
Jupiter is working its way up
into better view each day. They
have big things in store for Oc-
tober.

10 SEPTEMBER/OCTOBER 2015



OCTOBER 1 - 15
Saturn, and Antares about

a fist-width to Saturn's left or
lower left, sink lower in the
southwestern twilight as au-
tumn advances. They set fairly
soon after dark, leaving no
bright planets in the sky until
Venus peeks above the eastern
horizon around 3 or 4 a.m.

But two planets hang high in
the evening nonetheless. And
one of them is even detectable
with the unaided eye, if you
have true darkness and charts
showing exactly where to look.

These are Uranus and Nep-
tune, located in Pisces and
Aquarius, respectively. They're
high in the southeastern side
of the sky by mid-evening. Ura-
nus is magnitude 5.8, within
naked-eye detectability under
excellent, moonless conditions.
Binoculars show it in any con-
ditions. Neptune is magnitude
7.9, which is trickier in bin-
oculars.

Now that summer is gone,
the big Summer Triangle is
passing highest overhead just
after dusk. Vega shines a little
to the west of the zenith. Lesser
Deneb is about at the zenith,
two or three fist-widths east
of Vega. The triangle's third
star, Altair, is lower toward the
south the brightest star in
that region of the sky.

Meteor Wath
The Shower

Orionids
Named for the constellation Orion, which
is notable for its three-star belt and for
the Orion Nebula, which is visible below
the belt as a hazy smudge of light. At its
best, this shower produces perhaps 15-20
meteors per hour.

Peak
Night of October 21

Notes
The Moon sets in the early hours of the
morning, so it will be out of view when
the shower is at its best, in the hours
before dawn.

Altair is another white type-
A star, larger and brighter than
the Sun, and it's only 17 light-
years away. It appears to have

a little companion to its upper
right: Tarazed, an orange giant
that's actually far in the back-
ground, about 400 light-years
distant.

The Great Square of Pega-
sus looms high in the east. It's
tilted to one side, and is not
quite as big as the Summer
Triangle. Find the square's left-
hand corner. Two long rows
of stars - one bright and one
faint trail away from it to the
lower left. These stars mark the
constellation Andromeda.

This constellation is, of
course, home to the Androm-
eda galaxy. Have you ever seen
it? This is a good time to make
its acquaintance, because it's
floating above those two rows
of stars.

Turn to the October evening-
sky map on page 13. Turn it
around so the horizon labeled
EAST is level at the bottom.
Note the Great Square of Pega-
sus, and the two star-lines of
Andromeda extending from its
left corner. The galaxy is the
little oval labeled M3 1.

It takes a good, dark sky to
see M31 clearly with the un-
aided eye. Look for a dim, soft
glow at exactly the spot shown
on the map; locate the posi-
tion carefully with respect to
the stars nearby. If your sky is
light-polluted, a pair of binocu-
lars should reveal the galaxy
easily enough - once you've
got the exact spot. M31 is 2.5
million light-years away.

Meanwhile, in the dawn sky,
Venus, Jupiter, and Mars be-
tween them are moving closer
together in the east. Venus is
the brightest, Mars the faintest.

OCTOBER 16-31
At this time of year, we en-

counter an interesting land-

mark of the changing seasons.
Bright Arcturus still sparkles
in the west-northwest, though
lower in the dusk each week.
As Halloween nears, Arcturus
becomes "the ghost of summer
suns.

What does this mean? For
several days centered on Octo-
ber 29, Arcturus shines at just
about the same position above
your western landscape as the
Sun did, at the same time by
the clock, back in June and July,
when summer was at its height
and sunsets came late. Look
at your watch. Instead of the
Sun blazing orange in the west

T he night of September 27 offers a full Moon with enough titles for anentire royal family: Bloody Harvest Super Moon.
It's known as the Harvest Moon because it is the first full Moon after

the autumnal equinox. In earlier eras, farmers used the extra moonlight
to gather their crops well into the night.

The Super Moon designation applies to a full Moon that is especially
close to Earth. The Moon usually isn't closest when it's full. This month,
however, its closest point comes within minutes of the full Moon, so it will
look a bit bigger and brighter than average.

Finally, there's a total lunar eclipse. Sunlight filtering through Earth's
atmosphere gives the Moon a reddish tint, which has been described
as a Blood Moon. The entire eclipse will be visible across the eastern
United States. From the rest of the country, it will be under way as the
Moon climbs into view.
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at this time of evening, beam-
ing on backyard barbecues and

softball games, we now have
just a cold little twinkler there,
and it's time to turn up the col-

lar and hurry indoors.
But plan to go back out again

in the colder dawn for those

planets in the second half
of October! On the 17th and
18th, little Mars passes Jupiter
by just 0.4 degree. That's less
than the width of a pencil at
arm's length.

Mars moves away below Ju-
piter after that. But Jupiter and
Venus continue drawing closer
together. They stage a lovely
close conjunction on October
25 and 26, when they'll be 1.1
degrees apart. Definitely worth
setting the alarm clock. I'll be
setting mine for about an hour
and ten minutes before sunrise.

Alan MacRobert is a senior editor
of Sky & Telescope magazine.
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A Day in the
Solar System
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A most a score of spacecraft are keeping their eyes on the solar system,from the Sun to the Kuiper Belt, the icy realm that includes Pluto. We've
gathered a few of their images that were shot on a single date, July 9, provid-
ing a snapshot of our cosmic home.

At left, the two Mars rovers, Curiosity and Opportunity, were surveilling a
pair of craters. Curiosity was inside Gale Crater (color image), while Opportu-
nity was just inside the rim of the much smaller Endeavour Crater. Below that,

Cassini saw part of a crescent Saturn, with its rings, viewed
edge-on, forming a bright horizontal stripe across it. Solar
Dynamics Observatory used several filters to see details on the
surface of the Sun, which are shown in a stunning false-color
image. Billions of miles away, New Horizons viewed Pluto
and Charon just days before its closest approach (page 20).
And finally, Rosetta watched as gas and dust streamed off the
surface of Comet Churyumov-Gerasimenko. DB
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measurements of brightness and glare
to separate natural light from human-

caused light. The data give park man-

agers scientifically sound information

about the quality of their night skies.
NPS works with cities and towns near

parks on dark-sky principles such as
zoning for appropriate outdoor lighting
usage. NPS policy calls for avoiding
artificial lighting in park areas where it
will disrupt natural events, such as sea

turtle nesting.

The team produced lighting guidelines
that were adopted by many parks in the

system. "The concept is well understood

by the vast majority of parks," Duriscoe

says. "We advise a zoning system, with

no permanent outdoor lighting in wil-

derness or naturally dark zones, progress-

ing inward to developed areas with a
definite need for outdoor lighting. The
idea is to keep illumination levels in
harmony with the zone and its use by

humans, although even in developed
zones, you want minimal light trespass

and skyglow."
Individual parks decide on dark-sky-

friendly practices, and many actively

protect their darkness. The following
parks have been recognized as Interna-

tional Dark Sky Parks by the Interna-
tional Dark-Sky Association, or have

been identified as having dark skies by
park service scientists. If you're looking

for a dark, safe place to go skywatching,

these are good bets.

Acadia National Park, Maine
Acadia, one of the nation's most-

visited parks, enjoys dark skies thanks to
its location on an island off the coast of

Maine. The park launched a night sky

initiative in 2008 to promote, protect,

and preserve the night sky. Staff mem-

bers work with surrounding communities

on ordinances controlling external lights
and fixtures. In partnership with Friends

of Acadia and Musco Lighting, the park

replaced lighting in its two campgrounds

to reduce light pollution. Rangers beefed

up interpretive programs and will host
the Acadia Night Sky Festival Septem-
ber 10-14. This four-day festival pro-
motes and celebrates the night sky with
a wide variety of programs and activities.

Big Bend National Park, Texas
This vast park - the largest expanse
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of roadless public lands in Texas - re-
ceived certification from the Interna-

tional Dark-Sky Association (IDA) in

2012.
"Before applying, we retrofitted all

lights at the Panther Junction Visitor

Center and in Chisos Basin with LED
lights specifically designed for the site,"
says David Elkowitz, chief of interpre-
tation and visitor services. Big Bend

worked with its friends organization,
concessionaires, and a lighting firm.

"Part of the design was to make sure

people can still see where they're going,"

Elkowitz adds. In addition to improv-
ing night skies in the Chisos Basin, at
the heart of the park, lighting changes
reduced energy use to less than one per-

cent of previous levels.

Big Bend rangers offer night-sky pres-

ervation programs year-round, and, in

winter, astronomy programs that include

identification of constellations, star clus-

ters, nebulae, and other celestial objects.

Bryce Canyon National Park,
Utah

Night skies here remain so dark that

rangers say the planet Venus casts shad-

ows. Kathleen Gonder, chief of interpre-
tation, says the park switched to amber

bulbs in outdoor lighting and is working
to replace some fixtures with shielded
lights. The park suffers some light tres-

pass from nearby Bryce Canyon City and

is working with that town to promote

dark-sky-friendly practices.
During the summer, rangers present

astronomy programs on Tuesday, Thurs-

day, and Saturday evenings. An annual

four-day astronomy festival, staged with

Bryce Canyon's Astronomy Rangers and

the Salt Lake Astronomical Society,

takes place each June.
"Our main focus is geology, but a dark

sky is one of our assets" says Gondor. "A

significant majority of our visitors might

have seen only a handful of stars, so to

come here and see ... thousands of them

is very inspiring."

Capital Reef National Park,
Utah

This off-the-beaten path park, which
sits along a 100-mile long wrinkle in
Earth's crust, became the latest na-

tional park to receive Dark Sky Park

designation, in April, says Lori Rome,

chief of interpretation.

Park staff spent the previous year iden-

tifying lighting issues and correcting
problems, beginning with changing all
park housing to low-LED bulbs. Rome

says other lighting will be adapted in
stages as funding becomes available.

"We are kind of an unknown park,

which might be part of our charm," she
adds. "Cell phones don't work here, you
won't get wi-fi. We just do naked-eye
stargazing tours and moonwalks, and

just enjoy the night sky." The park has
a small but growing star party, Heritage

StarFest, scheduled this year for October
9-10.

Chaco Culture National
Historical Park, New Mexico

This park, home of multiple major cul-
tural sites, ancient roads, and rock art, is

more than 99 percent free of permanent

outdoor lighting, and earned Dark Sky
Park certification in 2013. Efforts to
maintain dark skies here include an
inventory of night sky conditions that

serves as a baseline for monitoring and

use of IDA outdoor lighting guidelines.

"Part of becoming a dark sky park

was working on our lighting system,"

says ranger G.B. Cornucopia. "We refit-

ted and shielded all those. We also do
outreach, and we have an observatory

where we offer public programs three

nights a week with telescopes." Programs

combine astronomy with information

about the ancient people who lived here

to convey the importance of the night

sky. The park also hosts star parties a few

times a year, usually in spring and fall.

Death Valley National Park,
California

Certified as a Dark Sky Park in 2013,
Death Valley is a land of extremes:
from 11,049-foot-high Telescope Peak to
Badwater Basin below is a vertical drop

equal to twice the depth of the Grand
Canyon.

Ranger Cheryl Chipman says the park
has been working on a major retrofit,

switching to lower-wattage bulbs and

shielded fixtures. "As remote as we are,

we're very lucky to have dark skies and

are working hard to preserve those,"

Chipman says. "We do see sky glow from

Las Vegas, but the park is so big that in

many places you can't see it."



The park's extensive nighttime pro-

gram stresses the importance of dark

skies as an increasingly rare natural

resource. "We have people coming from

Los Angeles who have never seen the

Milky Way, which kind of blows my
mind," Chipman says.

Great Basin National Park,
Nevada

This park on the eastern edge of Ne-

vada is working toward Dark Sky Park
designation, says ranger Kelly Carroll,

coordinator of astronomy programs.

Great Basin staff members conducted

darkness measurements throughout the

park in 2014, and changed lighting at
Lehman Cave visitor center, where

astronomy programs take place, to red

light, which doesn't interfere with

night vision as much as white light. "It

is a dark place," Carroll says. "We're

proud of how low our external light

output is."

The park is partnering with the Great

Basin Foundation to build an observa-

tory, and it offers regular astronomy

programs seven months of the year. "We

have nearly a light-pollution-free sky,
which is almost unattainable these days,
and very clear air, which makes it world-

class skygazing," he adds.

Hovenweep National
Monument, Colorado and Utah

This park, which contains six villages

built between A.D. 1200 and 1300, re-

ceived Dark Sky Park designation in

2014. The park made several lighting
changes, including switching to lower-

wattage bulbs and reducing the number
of lights in some places. Motion detec-

tors activate outdoor lights on camp-

ground bathrooms and housing units.

With the nearest town an hour away,

Hovenweep enjoys less than 10 percent

sky glow, although park officials express
concern about increased oil and gas de-

velopment in the area.

The park recently began offering night

sky programs, including full Moon walks

and stargazing during new Moon.

Isle Royale National Park,
Michigan

Famous for moose and wolves, this park
on an island in Lake Superior also offers

views of the colorful northern lights.

Paul Brown, chief of natural resources,

says that the NPS Night Skies Division
analyzed the darkness of the skies here.
"Because we're so far from land, we are

generally quite dark, although we did
notice light plumes from Thunder Bay,

Ontario." Based on the assessment, the

park changed bulbs and retrofitted light
fixtures. Isle Royale generates its own

electricity, and thanks to an upgrade to

the system, which included installing
solar panels, was able to turn off more

lights.
"Beyond that, it is a very dark place

and there isn't much else we need to

do," Brown says. The interpretive staff

occasionally offers evening programs

about night skies, but for the most part,

visitors can just enjoy the northern

lights and the Milky Way with their
unaided eyes.

Natural Bridges National
Monument, Utah

Natural Bridges became the first park

to receive Dark Sky Park certification,

in 2007. Dark Sky ranger Ted Hodson
says all exterior lighting is directional
or shaded so that light shines on the
ground and not into the sky. The park

uses orange bulbs outdoors to further

reduce light pollution. "We have zero

light pollution here at the park - we're

far enough from the nearest town that

we're good to go in that regard," Hodson

adds. The dark-sky-friendly moves also
reduced energy costs.

The park holds free astronomy pro-

grams from May through September on

Wednesday and Friday nights, weather

permitting, using its 16-inch telescope.

Pictured Rocks National
Lakeshore, Michigan

Named for sandstone cliffs along 40
miles of Lake Superior shoreline, this

park preserves its dark skies with mo-

tion detectors and photovoltaic lights.

Visitor centers at each end of the park

are open only from early May to mid-

October, says ranger Bill Smith, so light-
ing does not burn year-round here. Staff

members retrofitted light fixtures at the

west end facility, which is about an hour

away from the nearest town.

Melissa Gaskill is a freelance writer in Aus-

tin and a frequent contributor to StarDate.

INTERNET

National Park er-'ice
nps.gov

NP! Natural Scurds and Night skies Division
nps.gov/org;/0.i0

IntErnational Dark Sky Parks
www.darksky.orgkomponent/con rent/article?ia=86

Acadia Nigh S cy Festival
acadianightslyfeirva1 corn

Bryce Canyon Astronomy Festiva
nps.gov/brca/panourvisit/astrofestht'n

Capital Reef Heritage StarFest
heritagestarkst com
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From left: A dark basin and deep canyons
highlight Charon; Pluto in enhanced color; a
backlit view shows Pluto's hazy atmosphere

Taking Time to Get Acquainted with Pluto

And now for the hard

parts: waiting and

interpreting.

After New Horizons flew

less than 7,800 miles (12,500
km) from Pluto on July 14,
project scientists now must

wait for the craft to transmit
its observations to Earth

a process that won't be

completed until around

Thanksgiving of next year.

At the same time, they are

beginning to interpret what

the early pictures and other

readings mean.

And there's plenty to
interpret. New Horizons

photographed surprisingly

young regions on Pluto,
suggesting that the dwarf
planet could be geologically

active. It saw layers of haze

that extend far above Pluto's
surface, and detected wisps of

atmosphere up to a thousand
miles out in space. It detected

a dark basin near the north

pole of the largest moon,

Charon, and saw possible

impact craters on some of the

smaller moons.

"With flowing ices, exotic

surface chemistry, mountain
ranges, and vast haze, Pluto
is showing a diversity of

planetary geology that is

truly thrilling," said John

Grunsfeld, NASA's associate

administrator for space

science, in a statement a few

days after the Pluto encounter.

The most prominent feature

in the New Horizons pictures
is an icy heart-shaped region,

tentatively named Tombaugh
Regio in honor of Clyde
Tombaugh, who discovered

Pluto in 1930. The region
shows few impact craters,
indicating it could be less than

100 million years old. In fact,

mission scientists say that

some unknown geological

processes could still be shaping

the area.

The region includes vast

plains of frozen methane,

nitrogen, and carbon

monoxide broken by deep

troughs and strings of hills.

This blocky terrain could be

shape. by the contraction
of giant slabs of ice, or by
the weak flicker of heat from

Pluto's interior . In addition,

the images reveal that some

of the icy material has flowed

around obstacles and into
depressions, much like glaciers

here on Earth.

As New Horizons sped past

Pluto and looked back toward

the Sun, it discovered distinct

layers of haze at altitudes of
30 and 50 miles (50 and 80

km), with some of the haze

extendng up to 80 miles (130
km) high.

Scientists say the haze forms

when ultraviolet radiation
from the Sun zaps methane

and other hydrocarbons in

the atmosphere. This triggers
the formation of additional
hydrocarbons, such as
acetylene and ethylene. As

these compounds fall toward

the surface, they cool and

condense, forming an icy haze.

Some of the compounds fall all

of the way to the surface, giving
Pluto an overall reddish color.

New Horizons also detected

wisps of Pluto's atmosphere

up to a thousand miles

(1,600 km) above the surface,
and saw a "tail" of charged
particles tens of thousands of

miles behind Pluto, sculpted

by interactions between the
planet's atmosphere and the

solar wind.

New Horizons will continue
to keep its eyes on Pluto until
January, when its encounter

officially ends. And this fall,
the craft will be targeted to fly

past a second, smaller Kuiper
Belt Object in 2018 or 2019
(pending formal approval from

NASA) - giving scientists a
couple of years to process the
myriad observations of the
solar system's most famous

dwarf planet. DB
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Turning up the Heat on Saturn
N o all planetary discoveries

happen in space. Scientists
working in a lab say they have
solved a mystery about the in-
terior of Saturn, explaining why
the ringed planet is much hotter
than it should be.

In 1935, physicists Eugene
Wigner and Hilliard Hunting-
ton predicted that if hydrogen
molecules are squeezed with
enough pressure, they will be-
come metallic, and the mol-
ecules will break up and release
electrons that can carry an
electrical current. Now scientists

have used the "Z machine" at
Sandia National laboratories to
prove them right.

"That long-ago prediction
would explain Saturn's temper-
ature because when hydrogen
metallizes and mixes with he-
lium in a dense liquid, it can re-
lease helium rain," according to
Sandia scientist Mike Desjarlais.

His colleague Marcus Knud-
son agreed. "Essentially, helium
rain would keep Saturn warmer
than calculations of planetary
age alone would predict."

They tested the 80-year-

old theory using a sample of
deuterium, also called heavy
hydrogen, in the Z machine.
The apparatus sends a huge
but precisely tuned pulse of
electricity at its target. The
strong magnetic field generated
by the electric pulse squeezed
the deuterium under enormous
pressure.

"When the liquid [deute-
rium] was compressed over 12
times its starting density, we
saw the signs that it became
atomic rather than molecular,"
Desjarlais said. RJ

Hundreds of Phantom Gaaxies
Lurk i aos lse
A stronomers combing through the data

archives from the Subaru Telescope

have discovered more than 800 "ultra-

dark" galaxies in the Coma Cluster, a large -

and massive cluster of galaxies in the

constellation Coma Berenices. The research

by Jin Koda of the State University of New

York, Stony Brook. and colleagues from

the National Astronomical Observatory of

Japan, was published in Astrophysical Journal
Letters.

These dark galaxies are not the first of

their kind found in the Coma Cluster - the

first 47 were discovered last year but their

sheer number is significant.

The dark galaxies are full of old, dim

stars. Somehow, they lost the gas needed

to produce new, bright stars. The galaxies'

gas reserves may have been stripped as the

galaxies moved through high-pressure winds

within the cluster. Future studies of starlight

from these galaxies may reveal their history

of star formation. Koda said.

The dark galaxies are much less dense

than normal galaxies, so Koda's team

speculates they must contain large

amounts of dark matter to keep them

from flying apart. The galaxies contain

only one percent luminous matter and 99

percent dark matter, the researchers said

a much higher proportion than in the , )i 'p a. of hK/e Coma C/uste

universe as a whole. RJ with some dark galaxies indicated.

BlackHolebSurprises Pop Up

in Stellar Pair, Nearfy Galaxy
A stronomers have bee, surprised by

block holes at opposite ends of the
mass scale recently. A black hole in a binary
star system "woke up" after being dormant

for more than a

quarter century.
And radio

found a black
hole at the heart
of a galaxy long
thought to be
without one.

The "Sleeping
Beauty" black
hole lies about .~

8,000 light- 11404 Cygr'i ~f this image
years away in from Swift.
the binary star

system V404 Cygni. The black hole had been
inactive for 26 years when t suddenly flared in
X-rays on June 15. The Swift and Integral space

telescopes picked up the flare, and so did an
X-ray experiment on the nrernational Space

Station.

V404 Cygni is a low-mass X-ray binary star,

in which a star a bit smaller tan the Sun orbits
a black hole 10 times more massive. The b ack
hole's gravity pulls gas away from *ts partner

and into a disk around itself. When enough gas
builds up in the disk, the gas rapidly falls into
the black hole, heating to millions of deg-ees
and giving off copious X-rays.

Before V404 Cygni's last fla-e, in 1989, the
system flared in 1956 and 1938.

For decades, astronomers hcve been looking

for a supermassive black hcle at the heart of
M32, a satellite of the much larger Andromeda
galaxy. They had found s:me evidence from
stellar motions around M32'3 center and from
X-ray studies, but no smoking gun.

Radio astronomers recently pointed he Very

Large Array at M32's heart. The array of 27

radio-telescope antennas, built in the 1970s,

recently underwent a multi-mil ion-dollar
upgrade to improve its sensitivity.

The array found evidence cf wea< radio
emission from the heart of M32 - evidence of
material falling into a black Fole at the galaxy's
center. RJ
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Venus 'Hotspots' are Tell-Tale

Sign of Active Volcanoes

S scientists have known for decadesthat Venus is dotted by volcanoes,

but have debated whether they are

now active or have been dormant

for perhaps millions of years ("Sister

World," StarDate, July/August 2015).

Now data from the European Venus

Express probe indicate the planet

indeed may be geologically active.

The newly analyzed Venus Express

data revealed spikes in the planet's

temperature at various spots on the

surface. The hotspots ranged in size

from one to more than 200 square

kilometers (0.4-70 square miles), with

temperature spikes of several hundred

degrees lasting only a few days.

This combination of factors led the

researchers to theorize the hotspots

were caused by fresh lava flows.

The hotspots cluster around cracks

in Venus' surface that make up a rift

zone, which was caused by internal

shifts and hot magma making its way

to the surface. Earlier mapping of this

zone, called Ganiki Chasma, by Soviet

Venera missions and the U.S. Magellan

mission indicated the formation is

geologically young.

"We knew Ganiki Chasma was the

result of volcanism that had occurred

fairly recently in geological terms, but

we didn't know if it formed yesterday

or was a billion years old," said

James W. Head of Brown University.

The temperature data from Venus

Express, together with the mapping

information from Venera and

Magellan, make a compelling case for

active volcanoes on Venus.

Head's team published its findings in

Geophysical Research Letters. RJ
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AsIronlonics See Hiflis
of PriiiiveSIas

any of the first stars in the universe should have been
hundreds of times heavier than the Sun, millions

of times brighter, and unpolluted by heavy elements. So
far, though, astronomers haven't seen a single one. But a
recent study found some of the strongestsevidence yet for
their existence.

These hypothetical stars formed from the hydrogen,
helium, and lithium that were created in the Big Bang. The
stars quickly forged carbon, oxygen, and other elements in
their cores, then expelled them into space where they could
be incorporated into new stars.

Known as Population Ill (populations I and II, which
are found in the modern universe, have different com-
positions), the stars lived when the universe was quite
young. Observed from Earth, the stars would be billions of
light-years away. At that great range, even the brightest
individual star is far too faint to see with today's telescopes.

A study using giant telescopes in Chile and elsewhere,
however, recently detected a galaxy that seems to contain
Population Ill stars. Known as CR7, the galaxy is 13 bil-
lion light-years away, so we see it as it looked when the
universe was just 800 million years old.

The study detected the chemical fingerprint of helium
in the galaxy, but no heavier elements. That suggests the
galaxy is dominated by Population Ill stars, which have not
yet created heavier elements and expelled them into space.

Astronomers are conducting follow-up observations with

other telescopes to confirm the primordial composition of
the galaxy's stars. DB
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