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All five of the planets that are easily visible to
the unaided eye put in good appearances this

month. Venus reigns as the brilliant Morning Star,

while slightly fainter Jupiter sparkles from late eve-
ning until dawn. Mars inches farther from the Sun
in the morning sky, as does golden Saturn. Mercury
does double duty: It is low in the southwestern eve-
ning sky as the month begins, then climbs low into
the southeast at dawn by month's end.

2 Earth is at perihelion, its closest approach to the Sun for the year, at a
distance of about 91.4 million miles (147 million km).

3 The Quadrantid meteor shower is at its peak late tonight.

3 Mars stands close to the lower left of the Moon at first light, with Spica,
the brightest star of Virgo, a little farther to the lower right of the Moon.

FEATURED EVENT

6/ 7 The Moon slips past the grouping of the planets Venus and Saturn
and the star Antares. Venus is the Morning Star, with Saturn close to its
lower left. Antares, in Scorpius, is farther to the lower right of Venus.

9 Venus and Saturn snuggle close.

19 The Moon will pass in front of the star Aldebaran this evening, blocking
the bull's orange eye from view.

25 Regulus, the heart of Leo, is close to the upper left of the Moon as
they rise in mid-evening.

26/ 7 Jupiter and the Moon stage a close passage on these evenings.
Jupiter looks like a brilliant star.

30 Spica stands close below the Moon at first light.

31 Mars is to the lower left of the Moon at first light, with Spica about
the same distance to the lower right.

Su M T W Th F Sa

Windy Planets

T wo cloudy, windy planets stage a brilliant encounter
in the early morning sky this month. Venus is low

ih the southeast as the sky begins :o brighten. It's the

Brilliant Morning Star, so you can't miss it. Venus will

slide down past Saturn, standing side by side with the

fainter planet on January 9. The crescent Moon will join

them on the mornings of January 6 and 7. enhancing

the performance.

Saturn is the second-largest planet in the solar system,

e ball of gas that is almost 10 times As wide as Earth. Its

thick atmosphere is tcpped by clouds that form globe-

circling bands. Winds in these bands can reach 1,000

miles per hour.

Winds in the upper atmosphere of Venus are fast, too,

which is a bit of a puzzer.

Venus is a ball of rock that is about the same size as

Earth. Clouds of sulfuric acid completely blanket the

planet and its hot, dense atmosphere.

Clouds at the top of the atmosphere blow around the

planet in just four days, for an average speed of about

200 miles per hour. Yet it takes aboat eight months for

Venus to make one turn on its axis. That's the equivalent

cf clouds blowing all the way around Earth in just a few

minutes. So far, though, scientists can't explain why

Venus' clouds move so fast.

To complicate the picture, the speed is increasing. The

Venus Express spacecraft found triat the average wind

speed around the planet's middle has jumped by about

F0 miles per hour since 2006, adding to the mystery of

Venus' windy skies.

4 JANUARY FEBRUARY 2016
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Accio Stars

H arry Potter fans may boo whenthey hear its name, but Bellatrix,

one of the stars of Orion, is nothing

to sneer at. It is one of the hottest,

brightest stars in the neighborhood.
It forms Orion's right shoulder. As
night falls on January evenings, it

stands above Orion's Belt and to the
right of the hunter's other shoulder,

orange Betelgeuse.

J.K. Rowling filled the Harry Pot-
ter universe with characters named
for stars and constellations. The best
known are Bellatrix Lestrange and
her cousin, Sirius Black, Harry Pot-
ter's godfather. Other members of the
Black family include Orion, Cygnus,
Regulus (named for the brightest star
of Leo), and Alphard (the brightest
star of Hydra).

Sirius is the brightest star in the
night sky. It rises below Orion's Belt.
It is quite low in the sky as night
falls as the month begins, but much

more prominent by month's end.

Sirius looks so bright in part because
it is about 25 times brighter than the

Sun, and in part because it is one of

our closest neighbors, at a distance

of just 8.6 light-years.
Bellatrix, whose name means "fe-

male warrior," after the Amazons

of Greek mythology, is much more

impressive. It is tens of thousands
of degrees hotter than the Sun and
thousands of times brighter. The key

to that power is the star's mass -
about eight or nine times that of the
Sun. Heavier stars burn through the
nuclear fuel in their cores in a big
hurry, so they produce far more en-

ergy than stars like the Sun.
Such stars pay a price for their

showiness, though they live much
shorter lives than less-massive stars.
In fact, Bellatrix is probably nearing

the end of its life. It is not massive
enough to explode as a supernova, so
its fate most likely is similar to that of

Sirius and the Sun. It will cast its
outer layers into space, leav-

ing only the star's hot,
dead core, known as

a white dwarf. This
faint cosmic ember

will be far too faint
to see from here

on Earth, so one
of Harry Potter's

greatest foes will

fade from view.

Hubble Space Telescope
view of Sirius and its

white-dwarf companion
(small spot at lower left of

bright star)

January 3
Sumnei arrives in the northern hemisphere of Mars. Mars is also near
its fathest point from the Sun, so the planet is moving fairly slowly in
its orbit around the Sun. As a result, summer lasts about 24 days longer
than Ninter. But since the Sun is far away, the northern summer is cooler
than the short summer of the southern hemisphere, which comes when
Mars is closestt to the Sun.

January 15
In 2)06, a capsule bearing grains
of comet'dust parachuted to a land-
ing in the Utah desert. The Stardust
mission had flown within 150 miles
of Comet Wild-2 in 2004, using a
bed of a material known as aerogel
to capture particles from the comet's
comc. Today, the capsule is on display
at the National|Air and Space Museum
in Washington, D.C.

L~-

A technician inspects the Stardust sample-return
capsule; a microscopic view of a dust grain embedded
in the aerogel (right).
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T he brilliant stars of winter offer some of the mostbeautiful skyscapes of the year. Orion is in the
south at nightfall, with dazzling Sirius, the brightest
star in the night sky, twinkling fiercely to its lower
left. By late in the month, though, the stars of spring
slide into better view. Leo clears the horizon by
mid-evening, with Virgo trailing the lion. The planet
Venus is dropping lower in the morning sky, while
Jupiter charges into the evening sky, and by month's
end is in view most of the night.

1 Mars stands quite close to the lower right of the Moon at first light.
Zubenelgenubi, the southern claw of the scorpion, is directly below Mars.

3 Saturn is close below the Moon at first light, with Antares, the heart of
the scorpion, farther to the lower right of the Moon.

6 Mercury, which is farthest from the Sun for its current morning appear-
ance, perches below the Moon at first light, quite low in the sky. Much
brighter Venus, the Morning Star, is farther to the right of the Moon.

15 Aldebaran, the eye of the bull, is close to the left of the Moon at
nightfall.

21 Regulus, the heart of Leo, crouches close to the lower left of the Moon
at nightfall, and moves even closer by first light on the 22nd.

23 The brilliant planet Jupiter is close to the upper left of the Moon as
they rise in early evening.

26 Spica, the leading light of Virgo, stands to the right of the Moon as
they rise in mid-evening.

29 Orange Mars passes close to the lower left of the Moon at first light.
Antares and Saturn are farther to their lower left.

FEATURED EVENT

29 Ioday is leap day.

Taking a Leap
T he concept of a leap day is as old as the calendar

itself. The ancient Roman calendar, which was based

on the motions of the Moon, threw in leap days, weeks,

and months to make things balance. After centuries of

such additions, though, the calendar was such a mess

that Julius Caesar ordered the creation of a new one in

46 B.C.

The resulting Julian calendar is almost identical to the
one we use today. Most years in the Julian calendar con-

sist of 365 days, with a leap day added to every fourth

year, creating an average of 365.25 days per year. The

true year, however, is about 11 minutes shorter than

that, so the Julian calendar gradually drifted out of

alignment with the seasons.

To correct that problem, in

1582 Pope Gregory XIII insti-

tuted a slight update. Under the

new Gregorian calendar, three

leap days were dropped for

every 400 years. Leap days

are still added to years that

are divisible by four, with

the exception of century

years, such as 1900. How-

ever, century years that are

divisible by 400, such as

2000, retain the leap day.

h
Ap

With this change, the difference between the calendar

year and the true period of Earth's orbit around the Sun

adds up to one full day every 3,300 years.

Most of western Europe adopted the Gregorian calen-

dar within a few years of its introduction. Each country

then dropped 10 days from the year to align the calendar

with the seasons. Great Britain and its colonies, includ-

ing the present-day United States, waited until 1752 to

adopt the leap year, requiring the deletion of 12 days.

Incidentally, the name "leap year" comes from the fact

that the extra day causes succeeding days to leap over a

day of the week. For example, Independence Day, July 4.

fell on a Friday in 2014 and a Saturday in 2015. This

year, however, the date leaps over Sunday and falls on

a Monday.

Su M T W Th F Sa
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And a Star to Steer Her By

T he North Star, Polaris, has servedas a beacon for centuries. Its con-

stant position in the night sky allows

navigators to plot their latitude north

of the equator.

For truly long-range travel, though,

the beacon of choice is Canopus, the

second-brightest star in the night

sky. If you live south of about Okla-

homa City, it's in view on February

nights, well below Sirius, the night

sky's brightest star. It stands quite

low in the south at about 10 p.m. as

February begins, and at about 8 p.m.

by leap day.

Canopus is as impressive as its ap-
pearance suggests. It is roughly 9-10
times as massive as the Sun, dozens of

times wider, and thousands of times

brighter. It may be massive enough to

end its life as a supernova a titanic

explosion that will blast most of the
star to cosmic dust.

Canopus was the brightest star of
the ancient constellation Argo Navis,
which represented the ship that car-
ried Jason and the Argonauts

on their epic journey. The

star's name may come
from the pilot of an-

other mythological

ship, which res-

cued Helen of Troy.

When NASA began planning mis-
sions to the Moon and planets in the

1960s, it needed a star to serve as a
handy navigational beacon. Locking

on to the star and the Sun would keep
a craft on target. Canopus was the
obvious choice. Not only is it bright,

it also is well away from the Sun's

path across the sky, allowing a craft
to use Canopus and the Sun to trian-

gulate its position. And there are no

other bright stars or planets around

Canopus to confuse the tracking sys-
tem. Canopus made its debut with the
Surveyor missions to the Moon and
Mariner missions to the planets, and it
still helps guide spacecraft today.

Canopus has even played a role in
navigating to the stars. It was home to

the planet Arrakis in the novel Dime.
The planet contained the only sup-
ply of a mysterious substance known
as "spice." Consuming it in large
amounts over a long period of time
gave the user the ability to navigate

between the stars. So stellar navi-

gation was made possible
by Canopus - a star

that helps modern-

day navigators sail
to other worlds.

Mariner 4 (left) and Surveyor 3 were among the first
spacecraft to use Canopus as a navigational beacon.

February 2ALENDAR EVENT

Legend says that if a groundhog sees its shadow when it pokes its head
out of its burrow on February 2, winter will last another six weeks; if not,
expect an early spring. In ancient Britain, February 2 was known not as
Groundhog Day, but as Candlemas, and it represented the end of winter
and the beginning of spring. It was one of the year's four cross-quarter
days, which occur about halfway between a solstice and an equinox.
These dates marked the changing of the seasons, and people celebrated
them with feasts and religious ceremonies.

February 3

In 1966, the Soviet Union's Luna 9 became the first spacecraft to land on
the Moon. It operated for three days and transmitted nine pictures of its
surroundings in the Ocean of Storms, a vast volcanic plain. It confirmed
that a craft could land without sinking into the lunar dirt.

February 8 CALENDAR EVENT

Today is the Chinese New Year, marking the start of the Year of the Mon-
key. The Chinese calendar is based primarily on the Moon, although extra
days are added to keep the calendar in sync with the seasons.

February 12

tv i Iw'I lt/ US

A NASA spacecraft ended its mission
15 years ago when it touched down on
the surface of the asteroid Eros. NEAR
had orbited the asteroid for one year,
snapping 160,000 pictures of the rocky
body. Although it was not designed to
land, it was running out of fuel, so flight
controllers guided it to a soft touchdown
to test techniques for future missions.

STAPDATE 7



T he warmer nights of spring bring a panoply ofnew stars and constellations for skywatchers to
enjoy. Leo is in good view by nightfall, climbing
straight up from the eastern horizon, led by his
bright heart, the star Regulus. Virgo follows the lion
a couple of hours later. Bobtes, the herdsman, is to
the maiden's left, marked by yellow-orange Arcturus,
one of the brightest stars in the night sky.

1 A trio of bright lights arcs around the Moon at first light: Mars to the
right of the Moon, the star Antares below it, and Saturn to the lower left.

2 Golden Saturn is close to the lower right of the Moon at first light.

7 Venus, the Morning Star, stands close to the lower right of the Moon
as dawn twilight increases. They are quite low in the sky, however, so you
need a clear horizon to spot them.

FEATURED EVENT

8 The planet Jupiter is at opposition.

13 Daylight Saving Time begins in the United States at 2 a.m. local time.

13 Aldebaran stands to the upper left of the Moon at nightfall.

14 Aldebaran stands closer to the Moon tonight, with Betelgeuse, in
Orion, farther to the right of the Moon.

19 Spring arrives in the northern hemisphere with the vernal equinox at
11:30 p.m. CDT.

20 Regulus, the heart of Leo, stands above the Moon at nightfall, with
brilliant Jupiter farther to the lower left.

21 Jupiter is close to the upper left of the Moon at nightfall.

24 Spica, the brightest star of Virgo, perches close to the lower right of
the Moon as they rise in mid-evening.

28 Mars rises below the Moon in the wee hours of the morning, and
stands to the lower left of the Moon at first light.

29 Saturn is close to the lower left of the Moon at first light, with Mars
and Antares farther to the lower right. Mars stands higher than Antares.

Su M T W Th F So
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Squeezing a Giant
H ydrogen is the simplest and most common chemical

element, accounting for more than 90 percent of

all the "normal" atoms in the universe. That might make

it sound a bit ordinary, yet it can do some extraordinary

things. Chill it to just above absolute zero and it makes a

powerful rocket fuel. Squeeze it tightly in the heart of a

star and it makes the star shine.

And in the hearts of giant planets, hydrogen forms a

metal. Currents within this dense liquid can generate

magnetic fields that extend hundreds of millions of miles

into space.

The best example of that is Jupiter, the largest planet in

the solar system. It reaches opposition early this month,

aligning opposite the Sun in our sky. It rises around

sunset, remains in view all night, and shines brightest

for the year. In fact, only the Moon and Venus outshine

Jupiter, which glows brilliantly near the outline of Leo,
the lion.

Hydrogen makes up about 70 percent of Jupiter's

mass. In the planet's upper atmosphere, it combines

with other elements to make water, ammonia, and other

compounds, creating colorful bands of clouds that en-

circle the planet.

As you move deeper, though, Jupiter's gravity com-

presses the hydrogen to form a liquid. And as you move

deeper still, the electrons and proto
in the hydrogen atoms separa

producing a layer of met

lic hydrogen that is th

sands of miles thicl

A cross-section shows
layers of molecular
hydrogen (light gray)
and metallic hydrogen
(blue-gray) am'inK
/unitpr'c -n,-

Jupiter's fast."

tion creates strong
eddies and stream
ers within this layr

generating electrical
currents. These cur-

rents create a magnetic

field thousands of times
stronger than Earth's.

Sculpted by the solar wind,
it extends almost all the way out
to the orbit of Saturn - an ex-
traordinary structure created by
the most ordinary of elements.

8 JANUARY FEBRUARY 201o
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No Monoliths Allowed

In 2010, the sequel to Stanley Ku-brick's epic 2001: A Space Odys-
sey, a crew of Soviet and American
astronauts ventures to Jupiter to find
out what happened to the crew of
Discovery, a mission dispatched to Ju-
piter several years earlier. Discovery
had been sent to investigate Jupiter
after an ancient alien artifact found
on the Moon, known as the Mono-
lith, beamed a powerful burst of
radio waves toward the giant planet.

Once at Jupiter, though, Discovery
broke contact.

In Jovian orbit, the follow-up crew
discovers signs of life on Europa, one
of Jupiter's big moons. Attempts to
study the moon prove futile, though,
and finally, the intelligence behind
the Monolith causes Jupiter to im-
plode and ignite nuclear fusion, pro-
viding a new star to warm Europa
and sustain its primitive life.

Europa actually is considered the
solar system's most likely home for
extraterrestrial life, though not of the
super-advanced Monolith-making

variety. Instead, planetary scientists
say there's a chance that simpler
life forms could paddle
through a deep

ocean below Europa's icy crust.

Europa's interior is warmed by a
constant tug-of-war between Jupiter
and some of its other moons. Europa
is locked so that the same hemisphere

always faces Jupiter, just as the same
side of the Moon always faces Earth.
However, as Jupiter's other moons
orbit the planet, they tug at Europa,

trying to turn it. That heats the inte-
rior enough to thaw some of its ice,
creating a global ocean that may be
many miles deep.

In addition, the internal heating is
likely to create hydrothermal vents
like those found on the bottom of
Earth's oceans. These fountains spray
jets of super-heated, mineral-rich
water from below the ocean floor.
On Earth, the vents are home to an
astounding array of life.

The combination of liquid water, a
source of energy, and dissolved min-
erals gives Europa the right ingredi-
ents for Earth-like life. So it's possible
that microscopic organisms (or more
complex life, such as fish or crusta-
ceans) could glide through the dark
waters of Europa, awaiting discovery

by future explorers from
Earth.

March 6
In 1986, the Soviet Union's Vega 1 spacecraft made its closest approach
to valley's Comet. It was the first of five probes to study the comet from
close rnnge - two from the USSR, two from Japan, and one from
Europe.

March 14
ExoMa-s, a two-part spacecraft produced by Europe and Russia, is sched-
uled for launch. The Trace Gas Orbiter will study the planet's atmosphere,
with ai emphasis on seeking chemistry that might be related to life.
Schiaparelli will land on the Red Planet. It is designed as a technology
derronstrator, so it will operate for only a few days before its batteries
run Du- of power.

March 10

50 /ears ago, future Moonwalkers Neil Armstrong and David Scott sur-
vive] c close call in space aboard their Gemini 8 spacecraft. After docking
with an unmanned target, completing the first docking in American space-
flight history, Armstrong and Scott were tossed about when a thruster
malfunctioned, causing their craft to tumble wildly. They regained control
with their reentry thrusters, which required an immediate return to Earth,
less than 11 hours into the flight.
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The constellations of spring climb to prominence
Ion April evenings. Leo is high in the sky as night

falls; under fairly dark skies, it's easy to see the
outline of a lion. Virgo follows the lion, highlighte
by blue-white Spica. And Boctes, the herdsma
rises parallel to Virgo, highlighted by yellow-oran,
Arcturus, one of the brightest stars in northe

skies. Most of the naked-eye planets are in gre
view as well. Mercury is low in the western sky f
most of the month, brilliant Jupiter climbs high, or

Mars and Sc

FEATURED EVENT

8 Mercury stands to the lower right of the Moon shortly after sunset.

10 The bull's orange eye, the star Aldebaran, is close tothe lower right
of the Moon at nightfall.

16 Regulus stands close above the Moon at nightfall, with bright Jupiter
not far to the lower left.

17 Giant Jupiter is close to the upper left of the Moon at nightfall.

20 Spica, the leading light of Virgo, perches below the Moon at nightfall.

21 The Lyrid meteor shower is at its best tonight. Unfortunately, the
full Moon will spoil all but the absolute brightest members of this sparse
shower.

25 The Moon, Mars, and Saturn form a beautiful triangle at dawn. Mars
lurks close below the Moon, with Saturn about the same distance to the
left of the Moon. Antares, the star at the heart of Scorpius, stands below
them, and closely resembles Mars.

26 The Moon, Saturn, and Mars form a line of roughly equidistant objects
at first light.

Su M T W Th F So
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Shifting a Planet's Orbit

W hen Albert Einstein completed his theory of gravi-
ty in 1915, one of the first bits of proof came from

a problem that had vexed astronomers for a century: the

strange orbit of Mercury, the Sun's innermost planet.

As Mercury moves around the Sun, its orbital path

shifts position a tiny Ait. It would .e like the Indy 500

track rotating a fraction of an inch after each lap.

Astronomers tested several possible solutions to the

problem, including searching for another planet, which

would exert a gravita icnal tug on Mercury, even closer

to the Sun. Nothing worked.

In the general theory of

relativity, though, Einstein

explained gravity as a warp
in space-time caused by the

presence of matter. -icavy,

dense objects like the Sun

produce a more perceptible

warp. Einstein proposed

that Mercury's orbit moved

because of the warp caused A global view of Mercury
by the nearby Sun. His equa- from the MESSENGER

tions exactly matched the spacecraft

measured shift, providing

the first solid evidence in support of general relativity.

And April is a good month for the subject of that evi-

once, the planet Mercury. It hunkers low in the western

kv for almost the entire month. It is brightest at the

start of the month, but stands higl-est in the sky on the

1 7th and 18th. It locks like a fairly bright star shining

through the feeble twilight.

10 JANUARY FEBRUARY 2016
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Planetary Soap Opera
It's not quite sex, drugs, and rock-

and-roll, but April's night skies tell

a story that's pretty close: lightning,
swords, the Flash, and a major party.

The story comes from the mythol-

ogy of the planets, four of which are
in good view this month.

Mercury is low in the western sky
for most of the month, brightening
and climbing in the first half and fad-
ing and descending by its end. This
quick-as-a-flash behavior reminded
early western skywatchers of an an-
cient messenger god, who was known
in Rome as Mercury. He traveled with
the help of wings on his heels, and he
wore a helmet with wings on its sides.
In modern times, some of Mercury's
characteristics - his speed and the
snappy helmet, among others -have
been incorporated into the comic-
book character known as the Flash.

Jupiter, whose planet is in view
most of the night, was pretty flashy
on his own. Not only was he the
king of the gods, but he controlled

the weather and its flashiest phenom-

enon, lightning. Ancient depictions

of Jupiter often show him carrying
a handful of lightning bolts, ready to
smite his enemies.

Rome's smiter-in-chief, though,
was the war god, Mars. He carried
a sword and shield to protect Rome
from its enemies and to lead soldiers
into battles of conquest. The color
of one of the "planets" that wan-
dered across the sky reminded the
skywatchers of Rome (and of Greece
and earlier cultures as well) of blood,
so they named it for the god of war.

Mars climbs into the evening sky
by the end of the month, with its
bloody color growing bolder by the
day. It leads another bright planet,
Saturn, which shines with a golden
hue. Saturn was the father of Jupiter,
and a Roman god of agriculture. He
had ruled over a Golden Age, when
the land provided an easy bounty and
the people didn't need rules to get
along. Today, he's perhaps best known

for a major celebration
" , in December, Saturnalia.

Romans exchanged gifts,
masters waited on slaves,
and a party atmosphere
permeated the city.

Name Venus is the only one

of the five planets that
are easily visible to the
unaided eye missing
from view this month.
The goddess of love and

beauty is hiding in the
Sun's glare as she pre-
pares for her next ap-

parition beginning in
summer: the brilliant
Evening Star.

Meteor Showers

Shower Peak Moon

Quadrantids Night of January 3

Lyrids Night of April 21

Eta Aquarids Night of May 4

Perseids

Orionids

Leonids

Geminids

Night of August 11

Night of October 21

Night of November 16

Night of December 13

Rises after midnight

Full Moon

New Moon

Sets after midnight

Sets after midnight

Just post full

Full Moon

* Actual times may vary.
" For most showers, the best view comes after local midnight.
* The glare of a bright Moon makes it harder to see the meteors.

Day by Day
Although the length of a day is 24 hours,

Earth actually completes more than one
turn on its axis in that time. It takes 23 hours,
56 minutes to make a full turn in relation to
the distant stars. But during each day, Earth
moves about 1.6 million miles in its orbit
around the Sun, so it takes a little longer for
the Sun to return to the same position in the
sky. As a result, the stars rise about four min-
utes earlier every day, which is why different
constellations highlight the sky at different
times of year.

As Earth orbits the Sun, the entire solar
system orbits the center of the Milky Way gal-
axy, covering about 12 million miles a day.
And the Milky Way closes on the Andromeda
galaxy - headed toward a likely merger in a
few billion years - at about 14 million miles
a day.

D4TE 11



Mars takes center stage this month. The planetshines brightest for the year, outperforming all
but the Moon and Jupiter. Saturn trails close behind
it, and it's nearing its peak for 2016 as well. In the
meantime, Virgo climbs higher into the evening sky,
Leo begins to nose down toward the western hori-
zon, and the twins of Gemini begin to disappear in
the western twilight by month's end.

EA

9 Mercury will pass across the face of ti
Sun, looking like a tiny black spot. (Doni
look directy at the Sun, though. To avoid eye
damage, watch the event on the web or at a
planetarium or observatory.)

11 The Moon forms a right triangle wa
A 20 iai it of several bright stars. Procyon, the "little d.
Mercury (top right) star," stards below the Moon at nightfol,

with Pollux and Castor, the twins of Gemini,
about the same distance to the right of the Moon. Pollux is closer to the
Moon and shines about twice as bright as Castor.

13 Regulus, the heart of Leo, stands cbove the Moon as night falls.

14 The bright planet Jupiter shines close to the upper left of the Moon at
nightfall, with Regulus farther to the right of the Moon.

15 Jupiter is to the upper right of the Moon at nightfall.

17/ 18 Spica, the brightest star of V rgo, stands to the lower left of the
Moon at nightfall on the 17th, and to te right of the Moon on the 18th.

20 Mars, Saturn, and Antares congrEgate below the Moon as they all
climb into good view after darkness falls.

FEATURED EVENT

21/ 22 Mars is at opposition, and perches close to the full Moon.

Su M T W Th F Sa

An Opposing View of Mars
M ars earns its fearsome reputation this month. The

planet lines up opposite the Sun on May 22, so it

shines brightest not only for this year, but for the next

two years. It looks like a brilliant orange star. The full

Moon passes close to Mars on the night of May 21, with

the planet Saturn anc the star Antares the "rival" of

Mars - close by as well.

Mars reaches oppcsizion once every 26 months or

so, as Earth overtakes the planet in our smaller, faster

orbit around the Sun. Mars is closest to Earth around

opposition, so it presents a bigger target than at any

other time, which accounts for much of its brightness.

The planet also reflects more sunlight directly toward

Earth at opposition, just as the full Moon does, which

intensifies its brightness.

Not all Mars oppositions are

alike, though. The planet's orbit is

more elliptical than Earth's orbit,

so the distance from Mars to the
Sun varies by about 26.5 million

mi.es. The best oppositions occur
ION when Mars is :losest to the Sun, as

6:11 a.m. CDT it was in 2003 (setting up its clos-

O EARTH est opposition in almost 60,000
years), and as it will be in 2018.

The worst occur when Mars is

farthest fromThe Sun.

This year's opposition is rough-
RIGH-N.SShalf way between the two ex-

brigit as the brightest mes, so Mars will put on a good
kow. It will be in view all night,
1J will outsh-ne everything in

P'S'T1N1 ie night sky this month except

S7 m.T te Moon and the planet Jupiter.
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Having a Blast!

If Mars didn't exist, Hollywood
would have to invent it. Movie

studios have churned out dozens of

movies about the Red Planet, from

classics like War of the Worlds to

dreck like Santa Claus Conquers the

Martians. Some of them are great,

some are unwatchable, but they all

capitalize on our fascination with

that glowing orange light in the

night sky.

That fascination extends beyond

the movies, of course. In fact, much

of the modern mythology of Mars

evolved from what a few scientists
thought they saw or heard from the

planet more than a century ago.

In 1895, astronomer Percival

Lowell published a book that popu-

larized his idea that a network of

canals criss-crossed the planet. He
hypothesized that a great civilization

excavated the canals to transport

water from the polar ice caps as Mars

became colder and dryer. His ideas

were one of the inspirations for H.G.

Wells, who wrote War of the Worlds,

the first Martian invasion story.

A few years later, Nikola Tesla,

the scientist behind modern electric

power and radio, thought he heard
broadcasts from the Red Planet, and
in 1924 an astronomer organized

an effort to listen for signals from

Mars (the Martians were quiet).

Although early missions to Mars

found a dry, dead world, the idea of

Martian civilization (past or present)

persisted. It found new life in 1976,

when the Viking orbiters transmit-

ted images of a small hill that re-

sembled a human face. The "face on

Mars" inspired many to conclude

that an ancient culture had built
pyramids and cities along with the
face. Hollywood churned out a few
forgettable movies to capitalize on
the frenzy.

Today, an army of conspiracy

theorists continues to analyze, en-

hance, and publicize images from

Mars rovers that show rocks resem-

bling pyramids, small mammals,

turtles, and a host of other critters
and objects. Their work shows that,

when it comes to Mars, scientific evi-

dence continues to matter less than
imagination.

f -> LiiI
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May 1 CALENDAR EVENT

Today is the date of Beltane, on ancient Celtic festival that was celebrated
with bonfires. The date is a cross-quarter day, which falls roughly half-way
between a solstice and an equinox. In many cultures, the cross-quarter
days marked the beginning of the seasons, so May 1 was the first day

ofyummner. Some of the traditions
May Day.

May 4
Fans around the world celebrate
today as Star Wars Day. May the
fourth be with you!

www.starwars.com/may-the-4th

of Beltane are preserved today as

May 14
Today is Astronomy Day, an international celebration of the beauty of the
night sky and the researchers who explain its workings.

www.astroleague.org/al/astroday/astrodayform.html

Ongoing
In addition to the major milestones sprinkled throughout this issue, many
spacecraft are continuing to explore the worlds of the solar system. Here
are some leading examples. (Spacecraft in transit are not included.)

-

Lunar Reconnaissance Orbiter

Mars Odyssey

Mars Express

Mars Reconnaissance Orbiter

MAVEN

Mars Observer Mission (India)

Opportunity Rover

Curiosity Rover

Cassini

Rosetta

Moon

Mars

Mars

Mars

Mars

Mars

Mars

Mars

Saturn

Comet 67

2009

2001

2003

2006

2014

2014

2004

2012

2004

2014
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J une's evening sky offers a bright outline of the paththat the Sun will follow in a few months. The stars
Regulus and Spica lie quite close to that path, known
as the ecliptic. And three bright planets also line up
along the ecliptic. From west to east, they are bril-
liant Jupiter (between Regulus and Spica), orange
Mars (in the south), and golden Saturn (to the left of
Mars). The Sun will pass close to Regulus in August,
Spica in October, and the current positions of Mars
and Saturn in December.

FEATURED EVENT

3 The giant planet Saturn is at opposition.

6 Venus passes behind the Sun today. It will return to view as the Evening
Star by late August.

9-11 The Moon sweeps by Regulus and Jupiter. It is closer to Regulus
on the 9th, between the two on the 10th, and closer to brilliant Jupiter
on the 11th.

14 Spica stands close below the Moon at nightfall.

16 Bright orange Mars lines up below the Moon this evening.

17/ 18 The Moon moves past the triangle of Mars, Saturn, and Antares.
The Moon teams with the other three to form a diamond on the 17th, and
is quite close to Saturn on the 18th. (The configuration is similar to our
May chart, page 12.)

20 Summer arrives in the northern hemi-
sphere at 5:34 p.m. CDT, the moment of the-
June solstice. The Sun stands farthest north
for the year today, which is the longest day
of the year north of the equator.

Su M T W Th F Sa

Deep, Dark Saturn
L ess than two weeks after Mars staged its best show-

ing of the yea:, tie giant planet Saturn follows suit.

It reaches opposition on June 3, so it rises at sunset,

remains in the sky all night, and sh nes brightest for the

year. It looks like a bright golden star, outshined only by

Mars and Jupiter.

Saturn is the most distant solar system object that is

routinely visible tc the unaided eye. At opposition, it is

roughly 800 million miles (1.3 billion km) away. At that

distance, it takes light about 75 minutes to travel from

Saturn to Earth, so we see the planet as it looked 75
minutes earlier.

Radio waves travel at the same speed as visible light,

creating some challenges for the scientists and engineers

who operate the Cassini spacecraft, which has been

orbiting Saturn fc: more than a decade. If a problem

develops, it takes 75 minutes or longer for word to reach

Earth, and the sane amount of time for a response to

reach Saturn. That makes it impossible to detect and cor-

rect problems in re al time.

To compensate, commands are transmitted to the

craft days or weeks in advance and stored in Cassini's

on-board computer. I= a major problem develops, the

craft enters ''safe mode." It shuts down most operations,

transmits its status to Earth, and wai:s for a reply. That

gives engineers time .o decipher the problem and devise

a solution.

Saturn's great distance creates one other problem for

the mission. Each square foot of Saturn receives only

about one percent as much sunlight as the same area

on Earth, so Cassii must use long exposure times for

most of its images. Cassini's high speed, though, blurs

the view, so the enjre sp acecraft rotates to track a target

- making it possible to get sharp pictures of this remote

planet.

14 JANUARY/FEBRUARY 2016
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Belting an Asteroid Myth

O ne of the most action-packedscenes in The Empire Strikes

Back is the Millennium Falcon's es-

cape through an asteroid field. Han

Solo and friends dive, bank, and roll

through a tight pack of giant space
rocks, which themselves are in con-

stant motion, slamming into each

other and the ship's unfortunate

pursuers.

It's a convenient plot device, but it's

not quite right. In the real universe,

most asteroids are widely spaced. In

our own solar system, for example,

millions of space rocks reside in the
asteroid belt, a broad band between

the orbits of Mars and Jupiter. Some

studies suggest that one million or

more could be at least one kilometer

(0.6 miles) in diameter. Yet the av-

erage distance between asteroids is

several million miles. In fact, if you

stood on just about any asteroid, the

odds are that you wouldn't see even a

single neighbor.

About a third of the belt's total

mass resides in Ceres, which is classi-

fied as a dwarf planet. It's about 600
miles (1,000 km) in diameter, and is

a mixture of rock and ice. Observa-

tions from the ground and from the

Dawn spacecraft, which is orbiting

Ceres (see right) suggest it could have

a global ocean of liquid water be-

neath its crust.

Astronomers have discovered as-

teroid belts around many other stars.

Some are similar to our own, but oth-

ers are much younger and fresher, so

they have more asteroids. And in a

few of these systems, regular colli-

sions between larger objects appear

to be creating Star Wars-like debris

fields.
Such a field wouldn't last for long,

though. The energy of the impact
would send debris flying in every di-
rection, so most of the material would

scatter into space quickly. Collisions

between chunks of debris would be

common, grinding large space rocks
into smaller and smaller pieces.

So it would take some lucky timing
for the Millennium Falcon to happen

upon a busy asteroid field just after
its formation. And it would require
more than just piloting skill to sur-

vive in such an environment: The
Force would definitely need to be
with them.

June 2
Surveyor 1 became the first
American spacecraft to land on
the Moon, in 1966. Surveyor
transmitted more than 11,000
pictures of its surroundings. The
images demonstrated that the
lunar surface could easily sup-
port the weight of a lander,
which was a key milestone for
the later Apollo missions, which
ferried astronauts to the Moon.

Surveyor 1 casts a shadow
across the lunar Ocean of
Storms.

June 30
The primary mission of Dawn, a probe that has orbited two steroids,
is scheduled to end, although NASA is likely to extend its work. Dawn
orbited Vesta for a year before continuing on to Ceres, the largest asteroid.
It found evidence of water beneath Ceres' icy crust, as well as intriguing
bright spots inside a large crater.

Asteroid vs Comet

Millions of small objects zip around the
Sun. Many of them are classified as

asteroids, which are made primarily of rock
and metal with perhaps small amounts of ice.
Most inhabit a wide band between the orbits
of Mars and Jupiter, although thousands of
them can approach or cross Earth's orbit. The
other small objects have a higher proportion
of ice to rock and metal. Most are far from the
Sun. If they pass close to the Sun, they grow a
long, glowing tail, defining them as comets.
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A triplet highlights the short nights of July, formedby the planets Mars and Saturn and the star
Antares. Under even moderately dark skies, all three
show a bit of color. Mars and Antares are orange,
while Saturn has a golden hue. Antares is the bright-
est star of Scorpius, one of summer's best-known
denizens. The scorpion's hook-shaped body curls to
the lower left of Antares, with teapot-shaped Sagit-
tarius to the right of Scorpius. Under dark skies, the
Milky Way rises from the teapot's spout like steam.

2 Aldebaran stands close to the upper right of the Moon at first light.

4 Earth is aphelion today, its farthest point from the Sun for the year, at
a distance of about 94.5 million miles (151 million km).

6 The planet Mercury is at superior conjunction, passing behind the Sun
as seen from Earth.

7 Regulus, in Leo, is close to the upper right of the Moon at nightfall.

8/ 9 Jupiter shines like a brilliant beacon near the Moon. It is to the upper
left of the Moon on the evening of the 8th, and farther to the lower right
of the Moon on the 9th.

11 Spica is the bright star to the lower left of the Moon.

13-16 The Moon slides past Mars, Antares, and Saturn in the evening
sky. Mars is the brightest member of the trio, with Antares to its left and
Saturn farther to its upper left as night falls. The Moon will be especially
close to Saturn on the 15th.

FEATURED EVENT

29 The Moon passes especially close to Aldebaran, covering the star from
view from parts of the United States.

Su M T W Th F Sa

Hiding a Giant Star
Aldebaran, the bright star that represents the eye

of Taurus, the bull, plays a game of stellar "peek-

a-boo" before dawn July 29, when it disappears behind

the crescent Moon. Its vanishing act will be visible from

a good slice of the United States, with the best view from

the south-central region of the country, where the show

ends before twilight gets too bright.

This event is known as an occultation. It occurs when

the Moon passes directly between Earth and a star, hid-

ing the star for anywhere from a few minutes to an hour

or so. The Moon can occult any star that lies within a

few degrees of the Sun's path across the sky, although it

doesn't cover every star every month. The Moon's orbit

around Earth is tilted a bit, so most months it misses

most of the bright stars along its path. The geometry

must be just right for an occultation to take place.

The Moon stages a series of occultations of Aldebaran

over a period of a few years. It currently is in the middle

of a series, which will end in 2018.

Lunar occulta-

tions have been

important tools

for astronomers.

They precisely

measure a star's

light as it "winks

out" behind the

Moon. The time it

takes the star to

disappear, com-

bined with its dis-

tance, reveals the star's diameter. And if there's a two-

stage drop in the light level, as though someone switched

off two separate lamps a few milliseconds apart, it means

the star has a companion. This technique has revealed

companion stars that were so close to the primary stars

that they were impossible to see on their own.

Watching occultations in different wavelengths re-

veals details about the environment around the star. In-

frared light, for example, can reveal large clouds or disks

of dust around a star. Such material can provide the raw

ingredients for planets, so occultations can reveal young

planetary systems in the making.

Lunar occultations get less attention today than in

decades past, though. Advances in technology allow as-

tronomers to learn the same things about a star on just

about any night the star is in view not just when the

Moon ambles in front of it.
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Changing Directions

T o see just how geeky astrono-mers can become, look at some

of their descriptions of exoplanet sys-

tems - other star systems with one

or more known planets. A star that is

vaporizing a close planet is a "death

star." And a planet that orbits two

stars is known as a "Tatooine," after

Luke Skywalker's home planet in the

Star Wars universe.

At the time the first Star Wars

movie was released, astronomers

had found exactly zero exoplanets.

Based on numerical models, many

thought that gravitational effects

would make it impossible for a planet

to orbit more than one star.

By late 2015, however, the Kepler

space telescope had discovered 10 cir-

cumbinary planets, which orbit both

members of a binary star system. At

least three of those planets are near

the edge of the habitable zone, where

temperatures are neither too hot nor

too cold for liquid water. All three

of these planets, however, probably

are gas giants, so none offers a solid

surface from which a brooding Luke

Skywalker could watch two suns set-

ting at once. (Of course, they could

be like the planet Bespin, which hosts

Lando Calrissian's floating city.)

Astronomers also have found

planets that orbit a single member

of a multi-star system. Such planets

would see several sunrises and sun-

sets every day, offering lots of pretty

views for alien cinematographers.

It's possible that a planet in a multi-

star system would seldom see a truly

dark sky, as author Isaac Asimov

pondered in Lis 1941 short story

"Nightfall." In the story, a planet in

a six-star system sees true darkness

only once every 2.000 years. When

it beholds the dark night sky sprin-

kled with tiny points of light, the

unprepared populace goes mad and

destroys civilization, forcing the sur-

vivors to begin anew after each cycle.

If astronomers ever find a planet

in such a system, perhaps they'll

call it a "Lagash" after the name of

Asimov's fictional world.

NASA will celebrate Independence Day with the arrival of Juno at Jupiter.
The crcft will produce the most detailed maps of Jupiter's gravitational
and magnetic fields, which scientists can use to probe the giant planet's
interior. Juno also will measure Jupiter's radiation belts and snap the first
close-rcnge pictures of its poles.

July 4
AutLmn arrives in the northern hemisphere of Mars. It will last about
five months, which is shorter than any other Martian season. The
seasons are exaggerated by the planet's orbit. While Earth's distance
from tie Sun varies by only about three million miles, the distance
from Mars to the Sun varies by 26 million miles. Mars is closest to
the Sun during northern winter and farthest during northern summer,
so tia- half of the planet sees mild seasons. The south has short but
warn summers and long, cold winters.

July 7
Rudolf Wolf, a pioneer in the study
of sunspots, was born in 1816.
He collected sunspot observa-
tions from 1610 onward, and
fourd that the number of spots
varied every11.1 years. He also
discovEred a connection between
sunspots and aurorae and other phe-
norrena on Earth.

Rudolf Wolf devised
ways to count and
classify sunspots.
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M ars, Antares, and Saturn remain tightly groupedthis month, although Mars begins to move
away from the others at month's end. By then, Venus
will be inching its way into the early evening twi-
light, beginning a long run as the Evening Star. One
of August's greatest treats, though, is the Milky Way,
which arcs overhead by midnight. It's anchored in
the south by teapot-shaped Sagittarius, which is next
door to Scorpius, home to Antares and the tempo-
rary home of Mars and Saturn.

4 If you have a clear horizon (and perhaps a pair of binoculars), look
quite low in the western sky shortly after sunset for the planet Mercury
close to the right of the Moon. Bright Venus is to their lower right, only
a few degrees above the horizon, with Jupiter farther to their upper left.

5 The planet Jupiter stands close above the Moon after sunset.

7/ 8 Spica stands to the left, then lower right, of the Moon on these
consecutive evenings.

11 The Moon passes the still-tight triangle of Mars, Antares, and Saturn.
Mars is below the Moon this evening, with Antares left of Mars and Saturn
to the lower left of the Moon.

12 The Moon has moved to the upper left of the Mars-Saturn-Antares
triangle tonight.

13 The planet Saturn is stationary today. Because of the relative orbital
motions of Earth and Saturn, the giant planet doesn't appear to move
against the background of stars.

FEATURED EVENT

23-25 Mars passes above its celestial "rival," the star Antares.

25 Aldebaran, the eye of Taurus, lurks close to the lower left of the Moon
at dawn.

27 Betelgeuse, the orange shoulder of Orion, aligns to the right of the
Moon at first light.
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Rivals Pass in the Night
M ars passes its legend. ry 'rival" this month, the star

Antares, at the heart of Scorpius, the scorpion.
The two are in the southwestern quadrant of the sky,

with the planet Saturn watching them from above.

Antares gets its name because of its apparent similari-

ty to Mars, particularly its color. Both bodies look reddish

orange, aid both are bright Antares also lies along the

path the Sun and planets follow across the sky, so every
couple of years, it lines up close to Mars. When they put

it all together. skywatcher; thought of Mars and the star

as rivals, so the name Ant ares means "rival of Ares," the

Greek version- of Mars.

Of course, any rivalry between a planet and a star is
one-sided Mars is a planet-a ball of rock and metal

a bit more than half the diameter of Earth. It looks red

or orange because its surface =s coated with orange soil.

Antares, of the other hard is a supergiant, which

makes it one of the biggest stars in our region of the
Milky Way galaxy. If Antares -eplaced the Sun in our

solar system. it would extend beyond the orbit of Mars

putting a quick end to its famous rival.

Look fo: the two rivals in the southwest as night falls.
Mars stands well to the upper right of Antares as the
month begins, but slides steadily toward the star. It pass-
es close above Antares on the nights of August 23 and
24, when they will be separated by roughly the width

of a finger held at arm's length. Mars shines almost four

times as bright as Antares. Golden Saturn, fainter than

Mars, stands above them.
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Don Draper Meets the Stars

S pace sells. Even when it doesn't.Companies have used space to

sell their goods since at least the late

1800s, when railroads and hotels in

California advertised special tours to

the new Lick Observatory outside

San Jose. Later, companies touted

their roles in building new telescopes

at Palomar Observatory in southern

California, McDonald Observatory in

Texas, and elsewhere.

When the Space Age began, com-

panies advertised their roles in build-

ing rockets and space capsules or

gear used by the astronauts. Tang be-

came a household name, and Hassel-

blad became one of the most famous

camera makers on or off the planet.

Many companies carried their en-

thusiasm for space to even greater

heights by naming their products for

stars or other astronomical objects.

When five Japanese manufacturers

merged, for example, they named

their new car line Subaru, after a Jap-

anese word that means "united," but

that also is the name for the "Seven

Sisters" - the Pleiades star cluster.
Airlines like star names as well.

Pan American called its airliners

clippers, and gave them individual

names, including Clipper Morning

Star, Southern Cross, Jupiter, and

Meteor. And in the 1940s, Austra-

lia's Qantas airlines named a fleet of

flying boats after bright stars: Rigel,

Spica, Altair, Vega, and Antares.

Many foods bear celestial names as

well. In 1917, a Kentucky coal miner

asked the sales rep for a local baker

for a snack "as big as the Moon." The

company obliged with the Moon Pie.

Perhaps the most famous foods

with astronomical names are the

Mars and Milky Way candy bars,
although neither is named for sky

dwellers. Mars is named for the man

who created it, while Milky Way was

named for a popular milkshake. Still,

when most of us see the candy bars

on the grocery shelves, we're most

likely to think of the planet and our

home galaxy. So space helps sell the

goodies despite their Earth-bound

origins.

August 1 CALENDAR EVENT

Today is Lammas, a cross-quarter day, which fals about half-way between
a solstice and an equinox, and was used in earlier eras to mark the
beginning of a season. Lammas evolved from the Celtic celebration of the
warrior god Lugh, whose name means "the Shining One."

August 19
Milton Humason, who advanced from mule skinner to janitor to staff
astronomer at Mount Wilson Observatory, was born 125 years ago, in
1891. Humason helped wrangle mule teams up the side of the mountain
while the observatory was being built, and although he never completed
high school, he was appointed to the astronomy staff. Humason held the
job for more than 35 years, and helped Edwin Hubble measure the size
and expansion of the universe.

August 23
Four days after becoming the first American spacecraft to orbit the Moon,
in 1966, the lunar Orbiter 1 spacecraft snapped the first picture of Earth
taken from near the Moon. It took more than 200 pictures of the Moon,
which helped planners select landing sites for the Apollo missions.

Lunar Orbiters original view of Earth above the Moon
(left), and processed with modern technology.
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S ome of the big constellations of autumn begin to
push their way into the evening sky this month.

Pegasus, the flying horse, is well up in the east
at nightfall by month's end, with Andromeda, the
princess, to its left. Under especially dark skies, you
should be able to pick out M31, the Andromeda
galaxy. Venus, the Evening Star, inches higher in the
western sky at sunset. And Mars begins to eke away
from Antares and Saturn, although they remain fairly
close throughout the month.

1 An annular solar eclipse is visible today from most of Africa. The Moon is
a bit farther from Earth than average, so its disk isn't big enough to cover
the Sun. That leaves a bright ring around the intervening Moon.

FEATURED EVENT

2 The remote planet Neptune is at opposition, its most advantageous
position of the year.

8/ 9 The Moon once again passes the trio of Saturn, Mars, and Antares.
The Moon is directly above Saturn on the evening of the 8th, and to the
upper left of Mars on the 9th.

21/ 22 Aldebaran stands to the upper left/right of the Moon at dawn
on these mornings.

22 Autumn arrives in the northern hemisphere at 9:21 a.m. CDT, which
is the moment of the September equinox.

27 Regulus, the bright heart of Leo, stands to the lower left of the Moon
at first light.

28 Regulus stands above the Moon in early dawn, with the planet
Mercury to the lower left of the Moon. Mercury is quite low in the sky, so
you need a clear horizon to spot it, and binoculars will enhance the view.

29 Mercury is quite close to the upper left of the Moon in early dawn,
very low in the sky.

Su MHT W Th F Sa

Slow Giant
N eptune, the Sun's eighth planet, was discovered

170 years ago, yet thanks to i-s great distance from

the Sun, we've barely seen it complete a single orbit. In

fact, it is standing not far from the point at which it was
discovered, in the constellation Aquarius.

Neptune is the solar
stem's fourth-largest

planet, at a diameter of

more than 30,000 miles. FCT
At its average distance of

roughly 2.8 billion miles,
though, it is far too small a
end faint to see with Eighth
Lwh unaided eye. Galile

Oalilei apparently saw it DIAMETER
rough his first crude 30,757 miles
lescopes in 1612 and 49.528 km
h 13, but didn't recog-3.9 times Earth's diameter

ni ze it as a planet. DISTA E FROM THE SUN
Neither did anyone 2.9 billion miles

else until Urbain Le 4.5 biion km
Verrier asked astrono- 30 timas Earth's distance
mers at the Berlin Ob-

servatory to look for it. Le Verrier calculated that an

unseen planet was pulling at Uranus, the next planet
inward, and plotted its likely position. (British as-

tronomer John Couch Adams performed similar cal-

culations, although they were not quite as accurate.)

Using Le Verrier's position, the Berlin astronomers
discovered Neptune on September 23, 1846.

It takes Neptune 164 years to complete a single turn

around the Sun, so its motion across the sky is quite

leisurely - just a couple of degrees per year, which is

roughly the width of your finger held at arm's length.

As a result, Neptune can spend a decade or more in

each constellation it crosses. It's been passing through
Aquarius for about six years, and will remain within the

constellation's borders for about that much longer.

So you don't have to work too hard to track the big
planet's trek across the sky - its always just about

where it was the month, year, or even decade before.

Neptune puts in its grandest appearance for the year

early this month, when it reaches opposition. It stands

oposite the Sun in our sky, so it rises at sunset and
mains in view all night. It's also brightest for the year.

Even so, you still need strong binoculars or a telescope to

spot it, gliding cosh nlly through \quarius.
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Lunar Aliases

A full Moon is never just a fullMoon. Each one has a nick-

name that is related to its time of

year, from the Honey Moon of June

to the Wolf Moon of January.

The most famous full Moon of

all is the Harvest Moon, which this
year takes place on September 16.

It is the closest Moon to the autum-

nal equinox, so its light has helped

farmers gather crops far into the

night.
Most of the names we use today

came from the Algonquin tribes of

northeastern North America, al-

though a few came from tribes that
were farther south or west. The

names served as important calen-

dar markers, helping the tribes pre-

pare to plant and harvest crops, to

hunt, or to get ready for the long,

cold nights of winter.

Early European settlers adopted

many of these names, and added a

few of their own, such as Decem-

ber's Moon Before Yule. So most

months. the full Moon has more

than one nickname.

Most of those names see little

use in the modern era, but the

Harvest Moon has stuck around.
In part, that's because it played a

role in everyday life much longer

than most other full Moons. Many
farmers relied on its help well into
the 20th century. And since the
United States was a largely agrar-
ian economy for much of its his-

tory, just about everyone knew the
importance of the Harvest Moon.

September 6
John Dalton, who helped craft
the modern concept of the atom,
was born in England in 1766. He
studied several fields of science,
but is best known for his work
on atomic theory. Among other
things, Dalton hypothesized that
all matter consists of tiny particles, known as atoms, and that the atoms
of each chemical element are different from those of all other elements.
He also published the first table of atomic weights for several elements.

, I

Spock, Kirk, and the USS
Enterprise

September 8
James I. Kirk and the gang opened
the final frontier in 1966, when Star
Trek debuted on NBC. The show ran
for three years, then become a cult
classic that spawned more television
shows, movies, conventions, and
much more. It also inspired many
of today's scientists and engineers,
some of whom are involved in real
missions that "boldly go where no
man has gone before."

September 21
Author Herbert George Wells was born 150 years ago, in 1866. He is
best known for his science-fiction novels, including War of the Worlds and
The Time Machine, which, like Star Trek, inspired future scientists. War of
the Worlds has been adapted for film, television, and, most famously, a
1938 radio play by Orson Welles.

September 28
NASA's next Mars lander is scheduled
to touch down. InSight will listen for
Marsquakes and use other instruments
to probe the planet's interior. Scientists
hope its results will yield new insights
into the birth of Mars and the solar sys-
tem's other rocky inner planets.

InSight will look into
the Martian interior
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The longer, cooler nights of October offer some
pleasant skywatching. Some of the signature

constellations of autumn, including Pegasus and
Andromeda, are in good view at nightfall and climb
high across the sky around midnight. Under dark
skies, look for the Andromeda galaxy, the most-
distant object that is easily visible to the unaided eye
- a whopping 2.5 million light-years away. On the
planetary front, Venus is climbing into better view
as the Evening Star, while Jupiter, the next-brightest
light in the night sky, climbs into view in the dawn
twilight by the middle of the month.

2 Venus, the Evening Star, perches to the upper left of the Moon as night
falls, quite low in the sky.

FEATURED EVENT

3 Venus is close below the Moon as dcrkness falls. lubenelgenubi, one of
the brightest stars of Libra, is closer to the upper left of Venus.

5/ 6 The golden planet Saturn stands close to the left of the Moon on
the evening of the 5th, with Antares, tfe orange heart of Scorpius, a little
farther below Saturn. The Moon moves well to the upper left of Saturn by
the 6th.

6 lubenelgenubi stands just a jot to the right of Venus.

7/ 8 Mars stands to the left or lower left of the Moon on the evening of
the 7th, and farther to the lower right of the Moon on the 8th.

19 The Moon will occult Aldebaran, the eye of the bull, in the wee hours
of the morning for skywatchers across the eastern half of the United States.

25 Regulus, the heart of Leo, crouches close above the Moon at dawn.

27 Saturn stands close above Venus, the Evening Star, as night begins to
fall. Antares is the same distance below Venus.

28 The bright planet Jupiter stands just a couple of degrees to the upper
right of the Moon at first light.

29 Venus and Saturn are at their closest, separated by roughly three
degrees, or a bit more than the width of a finger held at arm's length.

Su M T W Th F Sa

Clawing out a Balance

L ike Bruce Wayne And Clark Kent, the stars Zubenel-
genubi and Zubeneschamali have dual identities. Of-

ficially, they are the brightest stars of Libra, the balance
scales. Yet their odd names refer to much older identities,
when they were part of the adjoining constellation Scor-
pius, the scorpion. Th. names identify them, respectively,
as the southern and northern claws.

The southern claw has a couple of bright companions
early in the month. On October 3, it stands to the lower left
of the crescent Moon and closer to the upper left of Venus,
the Evening Star. Venas will pass even closer to the star
over the following few nights, with their closest approach
on October 5. They are qite low in tie sky as night begins
to fall, though, so the viewing window is brief. Zulenes-
chamali stands above Zubenelgenubi by about the width

of your fist held at arm's length, and shines a bit brighter.

In ancient Babylon, which first drew many of the con-
stellations we recognize today, Libra didn't exist. Instead,
Scorpius covered a much larger por-ion of the sky, incor-
porating Zubenelgenubi and Zubeneschamali.

Later cultures severed the claws. though, because of
the Sun's migration across the sky. A couple of thousand
years ago, the Sun passed in front of the claws at the time
of the September equinox, a time when day and night are
of roughly equal lengths - a time of "balance" in the
heavens. That led to the creation of Libra, a constellation
that represents balance.

Zubenelgenubi may be a quadruple star system. Bin-
oculars reveal two stars. They're separated by abou: 140
times the distance from the Sun to Pluto. They share the
same motion through space, suggesting they are gravi-
tazionally bound to each other. Scientific instruments
reveal that each of tLese stars has a close companion,
giving the scorpion's severed southern claw a total of at
least four stars.
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Somewhere in lime

Based on the number of novels,
movies, and television shows

about it, you might assume that

traveling through time is as easy

as ambling through the park on a

cool sunny day: Just build a TAR-

DIS or soup up your Delorean and

off you go to new adventures in

time and space.

Alas, the arrow of time moves in

only one direction. It allows you to

travel into the future, but not back
to the future. Roadblocks seem to

prevent any method that physicists

can envision for traveling in the

other direction. Wormholes, for ex-

ample, seem to allow travel to other

times (past or future), but there's a

problem: The wormhole collapses

as soon as anything enters.

The universe, however, offers a

trick for looking back in time: the

limited speed of light. Light trav-

els at 670 million miles per hour

(1.1 billion kph), which is faster

than anything else in the universe.

Even at that speed, however, time

passes between the moment an ob-

ject emits light and the moment its

light reaches our eyes or telescopes.

That means we see every astro-

nomical object as it looked at some

point in the past: 1.3 seconds for

the Moon, 8.3 minutes for the Sun,

8.6 years for Sirius, the bright-

est star in the night sky. Some of

the stars visible to the unaided eye

are so far that their light takes

hundreds or thousands of years to

reach us, so we see them as they

looked hundreds or thousands of

years ago. (Astronomical distances

are thus described in light-years;

one light-year is the distance light

travels in one year, roughly six tril-
lion miles.)

The most distant object that is

easily visible to the unaided eye is

one of the highlights of autumn

nights: M31, the Andromeda gal-

axy. It is 2.5 million light-years

away, so we see it as it appeared 2.5

million years ago. Under dark skies,

it looks like a hazy, oblong patch

of light in Andromeda. That light

is the combined glow of hundreds

of billions of stars shining at us

from the distant past.
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October 4

Today marks the start of World Space Week, a celebration of the six
decades of space exploration.

www.worldspaceweek.org

October 25
NASA launched a pair of
Sun-watching satellites
10 years ago. Known as
STEREO, the twin craft
were deployed to differ-
ent solar orbits, allowing
them to see the Sun from
different angles. That pro-Ldideret aes. Th pro- Artists concept of the STEREO
vided views of parts of probes watching the Sun
the "back" of the Sun as
seen from Earth, allowing
scientists to see sunspots and other activity long before they rotated into
the view of terrestrial telescopes. One of the two probes failed in 2014,
although the other was still operating in late 2015.

October 29
The Galileo spacecraft made
the first close approach to an
asteroid 25 years ago, when it
flew about 1,000 miles (1,600
km) from Gaspra. Galileo's im-
ages revealed a heavily cratered
surface, and found that Gaspra
has a highly irregular shape,
suggesting it is a fragment of a
much larger asteroid.

October 31

N uduleo V/iw di O d4)l/

from about 3,300 miles
(5,300 km). The asteroid is
about 12 miles (19 km) long.

CALENDAR EVENT

Today is Halloween, one of the cross-quarter days. In many cultures, these
dates represented the start of a new season, not its mid-point. In northern

Europe, this was a dreaded time of year, with the long, cold
nights of winter ahead. Many thought it was a time when lost
souls roamed the land.

Time machines through the ages
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T aurus, the bull, charges across the sky on Novem-
ber nights, standing high overhead around mid-

night. Look for his V-shaped face, highlighted by the
orange star Aldebaran, and his twinkling shoulder,
the tiny dipper-shaped Pleiades star cluster. Orion
charges into the evening sky as well, rising in early
evening by month's end. Finally, the Moon stages
encounters with four of the five planets that are eas-
ily visible to the unaided eye.

I I
1/ 2 The Moon teams up with Venus and Saturn in early evening. Venus
is the brilliant Evening Star, with much fainter Saturn a few degrees to its
right. The Moon stands well to the right of this pairing on the 1st, and
above it on the 2nd.

5/ 6 Mars stands to the lower left of the Moon at nightfall on the 5th,
and a little farther to the lower right of the Moon on the 6th. Mars looks
like a moderately bright orange star.

14/ 15 Aldebaran poses to the lower left of the Moon as they climb into
good view in mid-evening on the 14th, and about the same distance to the
upper right of the Moon on the 15th.

FEATURED EVENT

16 The Leonid meteor shower should be at its best tonight.

16 Betelgeuse, the bright orange shoulder of Orion, stands to the right of
the Moon as they rise in mid-evening.

21 Regulus, the heart of the lion, perches quite close to the left of the
Moon as they rise into good view shortly after midnight.

24/ 25 The crescent Moon drops past brilliant Jupiter and fainter Spica,
below it, on these mornings. The Moon is above the two on the 24th, and
forms a triangle with them on the 25th, with Jupiter to its upper right and
Spica the same distance to its lower right.

Su M T W Th F Sa

Falling Stars
O n a November right in 1833, the stars fell from

the sky. At least it looked that way to skywatchers
across much of the United States, when a meteor shower
turned into a meteor storm. Scores of "shooting stars"
blazed across the sky every second, for a total of hun-
dreds of thousands over just a few hours. The show was
bright enough to awake sleepers, and to convince many
that the end was nigh. Jnstead of the end, though, it was

a beginning for the study of meteor showers.

The storm was an especially powerful showing of the
Leonid meteor shower, which happens every November.
This year, the shower is expected to reach its peak on the
night of November 16, in the hours after midnight. It
won't prod-ice a storm, :hough - only a trickle. At best,
you might see a dozen cr so meteors per hour, especially
since the Moon will be in view during the peak. The me-
teors can appear anywhere in the sky, although if you
trace their paths, they all appear to originate in Leo, from
the pattern of stars that forms the lion's head and mane.

But in 1833. Earth swept through an especially dense
pocket of dust shed by Comet Tempel-Tuttle, which
spawns the Leonids. Grains of comet dust rammed into
the atmosphere at higa speed, quickly vaporizing to form

gbwing meteors.

Astronomer Denison Olmstead studied the storm,
along with showers from earlier years. He suggested
that meteor showers repeat themselves. He also sug-
gested that .hey were caused by Earth running into small
particles in space. Both of his conclusions proved to be
ccrrect.

The Leorids staged a similar outburst in 1966. The
brief storm, which was best over the western United
States, was so intense that no one could count all of the
meteors. So most people simply enjoyed the show as the
"syars" fall from the sky.
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Stranger Than Fiction

I n the realm of science, truthoften is stranger than fiction,

and the imaginations of scientists

often are as expansive as those of

authors and screenwriters. As an

example, consider the bizarre ob-

jects known as black holes.

Gravity trumps all the other

forces of nature in these objects.

It compresses the mass of a dozen

Suns, or a million, or a billion into

a pinpoint of almost infinite den-

sity. Space and time are squeezed

out of existence, and the structure

of the black hole's center is ruled

by physical laws that scientists do

not yet comprehend.

This gravitational influence ex-

tends far from a black hole's center.

It warps the space around the black

hole so strongly that nothing can

escape from it not light or radio

waves or powerful spaceships.

Hence the name "black hole":

Since a black hole emits no energy

or matter, it looks completely black,

like a hole in the universe.

The largest black holes can en-

compass a volume of space that

is bigger than our solar system.

Yet paradoxically, a black hole

may shine brighter than almost

anything else in the universe by

surrounding itself with a disk of

superhot gas. The gas, which is

stolen from the surface of a star

in the case of small black holes, or

the remnants of pulverized stars

in the case of bigger ones, whips

around at high speeds before it

spirals into the black hole. Powerful

magnetic fields may shoot some of

the gas back into space at almost

the speed of light, creating jets that

can stretch across thousands of

light-years.

All of these concepts sprang from

the imaginations of astronomers

and physicists who were studying

the evolution of stars and galaxies,
not from science-fiction authors.

Yet science-fiction writers have

put the concepts to good use: Rov-

ing black holes threaten quiet star

systems, scientists watch as black

holes collide, foolhardy space jocks

wrestle to climb out of the gravita-

tional well when they venture too

close to a black hole's event hori-

zon. Some of these ideas are well-
grounded in the science of black

holes. Others are pure fantasy. Yet

no matter how entertaining, few

of these ideas can match the awe-

inspiring reality of black holes.

Adapted from the StarDate Black Hole

Ency clopedia, blackholes.stardate.org
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November 11 CALENDAR EVENT

A second celebration tied to the start-of-winter cross-quarter day, Martin-
mas commemorates Saint Martin of Tours, who was executed on that
date in the year 397. In Scotland, landlords collected rent on Martinmas.

Naked-Eye Planets
Venus
The brilliant morning or evening star starts 2015 in the morning sky,
where it remains through mid-April. It then disappears in the Sun's glare,
but returns to view in the evening sky in August.

Jupiter
The largest planet in the solar system, and the brightest object in the night
sky after the Moon and Venus, shines at its best in early March, when it
is brightest and is in the sky allnight.

Mars
The Red Planet shines brightest this year in May, when it will briefly rank
as the fourth-brightest object in the night sky.

Mercury
The Sun's closest planet is at its best this year in the dawn sky in late Sep-
tember and early October, and in the evening sky in the middle of April.

Saturn
Shines brightest this year in late May and early June, as it moves through
Ophiuchus, the serpent-bearer.

Uranus
The seventh planet is at its brightest in early October, when it barely reach-
es naked-eye visibility. You need very dark skies and good eyes to spot it.

Ranked in order of maximum brightness when not too near the Sun for
viewing
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T he Summer Triangle takes a bow as it preparesto exit the evening sky for another year. It's
well up in the west as night falls, with Vega, its
brightest member, forming the lower right point. It
drops from view before midnight. In the meantime,
Gemini climbs higher into the evening sky. Look for
its "twins," the stars Pollux and Castor, low in the
east at nightfall, with the rest of the constellation
spreading above and to the right. The planets Venus
and Mars move toward each other this month, with
orange Mars to the upper left of Venus, the Evening
Star. They'll pass each other in early 2017. I I
1-5 The waxing crescent Moon sweeps post our two closest planetary

neighbors, Venus and Mars. Venus is the brilliant Evening Star, with fainter
orange Mars to its upper left. The Moon is below them on the 1st, closest
to Venus on the 2nd, closest to Mars on the 4th, and above the planets
by the 5th.

12 Aldebaran, the eye of Taurus, stands quite close to the lower left of
the Moon at nightfall. As seen from the United States, the Moon will cover
the bright star during the night.

17/ 18 Regulus, the heart of Leo, rises to the lower left of the Moon
during late evening on the 17th, and above the Moon on the 18th.

22/ 23 The brilliant planet Jupiter stands close below the Moon at first
light on the 22nd, with the star Spica below Jupiter. On the 23rd, Spica is
to the right of the Moon by about the width of your fist held at arm's length,
with Jupiter higher in the sky.

31 Venus is well to the upper left of the Moon at nightfall, with Mars
closer to the upper left of Venus. If you have a telescope, look for the much
fainter planet Neptune a fraction of a degree to the upper left of Mars. It
may show a slight blue-green tint.

Su M T W Th F Sa

Slamming into Reverse

T he three planets that are in good view this month
are all marching in step, moving eastward against

the background of stars. Their speed varies depending
on their distance from Earth, with Venus moving fastest,

JLpiter slowest, and Mars somewhere in the middle, yet if
you plot their positions against the constellations, you'll
see a definite progression as the nights roll by.

That synchronized motion isn't constant, though. In-
stead, each planet sometimes reverses direction, moving
westward for a while. There's nothing mystical or special

about that motion, which is known as retrograde. It's
si -nply caused by the changing viewing angle between

Earth and the planet.

The effect is like passing a series of cars on the high-
way. When you are far away from another car, it seems
tc be moving forward against the background of more-
distant buildings, mountains, or trees. As you draw
closer, though, the other car appears to change direction
with respect to the background - it appears to move

backwards. When you move far encugh ahead, the other
car resumes its normal forward motion against the back-
ground. The car itself doesn't change direction; the only

thing that changes is your viewing angle.

Earth periodically moves past each of the other planets
of the solar system. As it does so, each planet becomes
stationary, as it briefly stands still against the starry back-
ground. It then reverses direction, going into retrograde
motion. Its reverse motion is fastest when Earth and the
other planet are closes:. The planet then slows down
and once again becomes stationary before resuming its
normal direct motion across the sky. (See chart, above.)

Before astronomers understood that the Sun is the
center of the solar system, not Earth, they had a diffi-
cult time explaining retrograde motion. In fact, plotting

Mars' retrograde motion helped Johannes Kepler devise
the mathematical proofs to confirm the Sun-centered
universe proposed by Nicolaus Ccpernicus just a few
decades earlier.
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The Jungles of Venus

T he surface of Venus has beencovered by global oceans of liq-

uid water, smaller oceans of crude

oil, steamy jungles, and vast des-

erts - and that's just in the past

century.

All of these landscapes were cre-

ated by astronomers based on the

best observations of Venus at the

time. "Best," however, wasn't very

good, because thick clouds blan-

ket the entire planet, hiding the

surface from view. Even the best of

telescopes could see no surface fea-

tures, and couldn't even probe the

atmosphere beneath the clouds.

That made it difficult to under-

stand what the planet is really like.

That didn't stop scientists from

trying, though. As early as 1918,

Nobel Prize-winning physicist and

chemist Svante Arrhenius sug-

gested that the planet's clouds

must be made of water, suggesting

that its surface was "covered with

swamps," and as humid as the Af-

rican rain forest.

By a few decades later, obser-

vations had revealed that the at-

mosphere consisted primarily of

carbon dioxide. From that, British

astronomer Fred Hoyle proposed

that vast oceans of liquid water

and liquid hydrocarbons had once

covered the planet. Chemical reac-

tions depleted the water, created

the carbon-dioxide atmosphere,

and left big oceans of crude oil to

dapple the surface.

At the same time, astronomers

Donald Menzel and Fred Whipple

wrote that the surface was cool

enough to support vast oceans of

liquid water.

From these sketchy looks at

Venus, science-fiction authors cre-

ated a world covered with dense

jungles populated by dinosaurs

and other nasty creatures.

That view of Venus didn't last

long, though. By around 1960,
observations with radio telescopes

revealed that the planet's surface is

extremely hot. The first spacecraft

to visit Venus, Mariner 2, confirmed

that scenario in 1962. And a few

years later, the first Soviet landers

provided the final proof, with photos

and temperature readings from the

planet's surface. They demonstrated

that Venus is a hellish world, with

nary a dinosaur in sight.

\

rr
of

bp 'o R

December 13 CALENDAR EVENT

In Scandinavia, today is Saint Lucy's Day, a celebration of the year's
longest nights. Coincidentally, the Moon is full tonight. It is known as the
Long Night Moon because it is in view longer than any other full Moon.

December 17 CALENDAR EVENT

Today is Saturnalia, one of several ancient festival days that were tied to
the winter solstice. This Roman event honored Saturn, the god of the har-
vest. Many of Saturnalia's customs survive in the celebration of Christmas.

ONLINE

StarDate Online
Daily skywatching tips, lunar phases, daily StarDate
and other skywatching resources

radio program,
stardate.org

Publicly Accessible Telescope Viewing
State-by-state listings telescopes.stardate.org/guide/public.php

U.S. Naval Observatory
Custom sunrise/sunset and moonrise/moonset charts and much
more www.usno.navy.mil/USNO/astronomical-applications

SpaceWeather
Photo galleries, updates on solar flares, skywatching news, aurora-
watching details spaceweather.com

Meteor Shower Calendar
International Meteor Organization

www.imo.net/files/data/alendar/cal2016.pdf

NASA Eclipse Web Site
Charts, tables, and much more on lunar and solar eclipses for 2016
and beyond edipse.gsfc.nasa.gov

PUBLICATIONS
Observer's Handbook 2016, edited by David Chapman

rasc.ca/handbook

Astronomical Calendar 2016, by Guy Ottewell
universalworkshop.com/AC.htm
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A ll five of the planets visible to the unaided eyemake their mark on the sky in the opening

months of the new year - some in the morning, and

others in the evening. The signature constellations

of winter, Orion, Taurus, Canis Major and the rest,

continue to shine with the season's brightest stars.

JANUARY 1 - 15
In the first few days of Janu-

ary, as the cold twilight fades
to dusk, Mercury glimmers
low in the southwest. It's been
displaying itself there rather
nicely since just before Christ-
mas.

Assuming, that is, it's not
hidden behind low clouds or
horizon obstructions. Here's a
trick for finding where to look.
As the stars begin to come out,
look for Altair sparkling due
west, somewhat higher. From

there, look way to the left in
the south-southwest for Fom-
alhaut, similarly bright. Altair
and Fomalhaut are at about
the same height if you're in
the northern United States or
southern Canada. If you're in
the southern U.S., Fomalhaut
will be higher.

Find the midpoint between
them and look down low.
There's Mercury.

Catch it while you can. Mer-
cury fades and sinks lower
every day. By about January

7 it will be lost in the glare of
the Sun.

In the January dark after
dinnertime, the brightest point
in the sky is Sirius, twinkling
low in the southeast. (In early
January you may need to wait
a bit for it to rise clear of your
local buildings or trees.) Most
skywatchers know that Siri-
us outshines any star but the
Sun. It's also the nearest star
visible to the unaided eye from
our northern latitudes. Sirius
is only 8.6 light-years away
(50 trillion miles) - a stone's
throw as star distances go.

True, if you live as far south
as Miami you can spot Alpha
Centauri, only about half as
distant, at 4.4 light-years.
when it peeks above your
southern horizon soon after

lars or a telescope and good
maps and guidebooks, you can
pick up a couple of dim, unas-
suming red dwarf stars a bit
closer than Sirius (the bright-
est is 7.5-magnitude Lalande
21185 in Ursa Major, 8.3
light-years away). But for most

people in the U.S., Canada, and
Europe, Sirius is the closest vis-
ible object outside the solar

system.
Look high above Sirius for

Orion, winter's signature con-
stellation. In early evening, the
row of three stars that forms
Orion's Belt stands almost
vertical. The belt spans about
three finger-widths at arm's
length.

Stay out late and a cosmic
light even brighter than Sirius
rises in the east. That's Jupiter,

dark in June. And with binocu- making its appearance around
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1 0 p.m. (depending on the date

and your location). Watch for

it to come up far below Leo. By

midnight, Jupiter dominates

the eastern sky. As dawn be-
gins to brighten, it shines high

in the southwest.
And by dawn the rest of the

bright planets are also put-

ting on a show. In the south,
far to the left of Jupiter, look

for yellow-orange Mars and,

to its right, the pale blue-
white star Spica. Low in the
east, brilliant Venus and dis-

tant Saturn are nestled close

together. Saturn is nearly a
fist-width to the lower left of

Venus as January starts. They
rapidly close in on each other
until the morning of the 9th,
when they appear less than
one-half degree apart: about
the width of a chopstick at
arm's length. After that date,

Saturn moves away, to Venus'
upper right. The waning cres-
cent Moon poses with them

beautifully on January 6 and

7 (see page 4).
Look for orange Antares

twinkling into view to Saturn's
lower right. As dawn bright-
ens, binoculars will help.

JANUARY 10 - 31
Orion now stands high and

clear in the evening. Look south-

east. Orion's Belt has begun
turning diagonal, running from
upper right to lower left.

Once you've got it, look to its
left or upper left by about a fist
at arm's length for Betelgeuse,
the brightest "red" supergiant
in the sky. Betelgeuse, you'll
notice, is not red but pale or-

ange or even yellowish: as-
tronomers use the term "red"
loosely to mean anything on
the long-wavelength side of
white.

Rigel shines on the opposite
side of Orion's Belt, to its right
or lower right, by a fist-width
at arm's length. Rigel is white
with perhaps just a trace of
icy blue.

Rounding out Orion's main
stars are Bellatrix to Betel-

geuse's upper right, and Saiph
to Rigel's lower left. Since an-

cient or perhaps even prehis-
toric times, Orion has been

seen as a hunter. Betelgeuse
and Bellatrix are his broad

shoulders: Rigel and Saiph are
his feet or, in some versions,
his knees.

Aldebaran is the brightest
star high above Orion, orange
like Betelgeuse but less bright.
Look to the upper right of Al-
debaran for the Pleiades star
cluster; it's the size of your

fingertip at arm's length.
Jupiter (like the stars) rises

about an hour earlier every
two weeks. In the second half

of January, keep watch for it
low in the east in late evening,
far below Leo.

Early dawn remains the
time for the rest of the bright
planets. Look before the sky

gets bright. Jupiter dominates
high in the southwest, Mars
and Spica are drawing farther
apart high in the south, Sat-
urn and Antares are working
their way up in the southeast,
and Venus blazes low to Sat-
urn's lower left.

Toward the end of January,
see if you can pick out Mer-
cury to the lower left of Venus.
At this time of year, all five of
the naked-eye planets are vis-
ible at the same time.

FEBRUARY 1 - 15
February is when the bright

winter constellations are at
their best in early evening.
Orion stands highest in the
south as early as 7 p.m. His di-
agonal belt points to the lower
left, two fist-widths, to bril-
liant Sirius, and to the upper
right by roughly the same
amount toward orange Aldeb-
aran. Capella shines brightly
near the zenith.

Look for Castor and Pollux,
the heads of Gemini, high in
the east below Capella and to
the left of Orion.

Procyon shines to the lower
right of Castor and Pollux.

The brightest stars of the

The Shower

Quadrantids

Named for the extinct constellation
Quadrans Murolis, the wall quadrant, an
early astronomical instrument. Today, that
region is part of the constellation Bobtes,
the herdsman.

Peak
Morning of January 4

Notes
The Quadrantids produce a large number of
meteors at their peak, but the peak lasts
only a few hours, providing a short viewing
window. The Moon will be not far away
from the shower's radiant, so its glare will
overpower the fainter meteors.

winter collection form a huge
pattern called the Heaven-
ly G. The top of the G is Ca-
pella. Draw a line from there
through Castor, Pollux, and
Procyon, down and around to
the bottom of the G at Sirius,
on to Rigel (Orion's foot), up
to the G's right-hand lip at Al-
debaran, and finally inward to
Betelgeuse.

The Heavenly G is the sky's
biggest, brightest asterism. An
alternative version of it is the
Winter Hexagon, in which you
draw the last line from Aldeba-
ran not to Betelgeuse but back
to the start at Capella.

Early dawn is still planet
time. Look along the eclip-
tic for bright Jupiter in the
west, Spica in the southwest,
Mars higher in the south,

Saturn in the south-south-
east, and bright Venus low
in the southeast (sinking far-
ther every week). Mercury re-
mains to Venus' lower left, by
about three fingers at arm's
length.

FEBRUARY 10 - 29
Jupiter rises soon after

nightfall now. On February
23, the bright Moon accompa-
nies it. Jupiter is approaching
its March 8 opposition, when
Earth will be closest to it. So

Jupiter already is about as big

and bright as it gets this year.

It's by the hind foot of Leo.

Late February is when Sirius

shines highest in the south in

early evening. It's called the

Dog Star because it's the lead-
ing light of Canis Major. The

other principal stars of the big

dog's pattern are Mirzim, to

Sirius' right, and the triangle
of Adhara, Wezen, and Aludra
- the big dog's hindquarters
and tail well below Sirius.

Look farther to the upper left

of Sirius for Procyon, the "lit-
tle dog star." Canis Minor has

only one other significant star,

Gomeisa, "the bleary-eyed
one," currently above Procyon
and perhaps a bit to its right.
Both dogs forever follow Orion
as he crosses the sky.

Turning around to the
northeast, spot the Big Dip-
per rearing up on its handle.
Watch it swing higher as the
hours progress, and as the
weeks and months progress.
The Dipper will rule the over-
head sky come May and June.

The dawn planets continue
their evolutions late in the
month:

Venus continues to sink
lower in the east-southeast
each week. Fainter Mercury
remains a few finger-widths
to Venus' lower left, and now
is harder to see. Mars and Sat-
urn head toward each other in

the south, with Antares below
them. And Jupiter, still shining
brilliantly has moved lower in
the west.

Notice that Mars is brighten-
ing! It's now the equal of Sat-
urn and definitely outshines
Spica and Antares. Earth is
drawing closer to Mars; we'll
pass the Red Planet in late May
and early June, when it will
shine 10 times brighter than
now and display an orange
globe 18 arcseconds wide -
its biggest and brightest for the
last 11 years.

Alan MacRobert is a senior editor

of Sky & Telescope magazine.
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