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Here’s a pop quiz for you. Which of the following ideas come from science
fiction and which from science fact?

® Particle beams and laser beams combining to
propel interstellar probes

e Surfing on the solar wind
e Statis pods fo carry astronauts to Mars

® A shape-shifting probe to fly, walk, and swim
across the surface of Titan

® A web for catching asteroids and stopping
their rotation

I¥s a trick question. All of the ideas were proposed by scientists and have
been investigated as part of a NASA program. Truth may not be stranger
than fiction, but it can be just as much fun. '

That's not fo say, though, that the scientists who proposed these studies
weren't inspired by fiction. Many astronomers, planetary scientists, rocket
engineers, and others in the field started reading (or watching) science fiction
as children or young adulfs, and entered their fields because they wanted to
help transform the astounding ideas they encountered to science fact.

Science fiction continues to astound and inspire. Sometimes it does so with

 scientific accuracy — or at least plausability. At other times, though, if’s just
flat wrong. We highlight some of the rights and wrongs of science fiction and
point out what astronomers are doing in several areas to turn fiction to fact
— research projects that are just as interesting and inspiring as anything on
the big screen.

Text by Damond Benningfield
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OVERVIEW
enus begins the year as the Evening Star, the
brightest object in the night sky other than the
Moon, standing well up in the west as night falls. The
next-brightest object, the planet Jupiter, climbs info view
in the eastern dawn sky during the month, and is in
good view by month’s end. Mars is pulling away from

the Sun as well, teaming up with the similarly colored
star Antares in the early morning sky.

HIGHLIGHTS

FEATURED EVENT
5 Earth is closest to the Sun for the year today.

7 Aldebaran, the orange eye of Taurus, the bull, stands close to the right
of the Moon at nightfall.

10 A pale partial lunar eclipse will be visible today across northwestemn
North America and much of the Pacific Ocean. It is known as a penumbral
eclipse because the Moon will dip into the faint outer portion of Earth’s
shadow, known as the penumbra.

10 Mercury is at superior conjunction, as it passes behind the Sun and
is lost from sight. It will pop info view in the western evening sky late in
the month.

11 Mars stands above the star Antares at first light, low in the southeast.
Both are orange, but Antares is brighter.

12  Regulus, the heart of the lion, is below the Moon as they rise in
mid-evening.

13 Sotum is at conjunction as it passes behind the Sun. It will return to
view, in the dawn sky, in a few wegks.

17 Spica, the leading light of Virgo, poses to the lower right of the
Moon at first light.

20 Mars will huddle close below the Moon at first light, with brighter
Antares farther to the lower right of the Moon.

22 Jupiter, the solar system’s largest planet, will stand to the lower left
of the Moon during down twilight. Jupiter is so low in the sky that it may
be difficult to spot.

27-28 \Venus, the dazzling Evening Star, stands above the Moon at
nightfall on the 27th and to the lower right of the Moon on the 28th.

JANUARY
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JANUARY

FEATURED EVENT
Earth's ‘Imperfect’ Orbit

Nicolaus Copernicus revolutionized our under-
standing of the universe. He demonstrated that
Earth and the other planets orbit the Sun. He also pro-
posed that their orbits were perfect circles.

Decades later, German astronomer Johannes Kepler
tried to prove those ideas mathematically. He used ob-
servations made by his mentor, Tycho Brahe, to try to
plot the orbit of Mars, but he found that Copernicus was
off a bit. To explain what's happening, he devised what
are now known as Kepler’s laws of planetary motion.

The first law says the orbits of the planets aren't
circles. Instead, they're ellipses — like circles that have
been flattened slightly. So the distance between a planet
and the Sun changes throughout the year.

The second law says that a planet moves fastest when
it’s closest to the Sun, and slowest when it's farthest.

For a demonstration of those laws, consider an event
that takes place January 5: Earth will be closest to the
Sun for the year, about 1.7 percent closer than the aver-
age distance of 93 million miles (149 million km). After
that, we’ll move farther from the Sun until July.

Because of the close approach, known as perihelion,
Earth will move at its fastest early this month, which
has an impact on the seasons. Winter in the northern
hemisphere is the shortest season — about five days
shorter than summer.

The change in the Earth-Sun distance doesn't make
much difference in the temperature, though, because
Earth’s oceans and atmosphere distribute heat around
the globe.

Instead, the seasons are caused by Earth'’s tilt on its
axis. At this time of year the south pole tips toward the
Sun, so the southern hemisphere sees longer days and
the Sun climbs higher in the sky, warming things up.
It's the reverse of that north of the equator: The north
pole tilts away from the Sun, so the days are short and
the Sun stays low in the sky.

The Sun is moving northward, though, so the north-
ern hemisphere will get its turn in the Sun this summer.
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The view from the starship
Enterprise wouldn't be this thrilling.

The Universe Vanishes

One of the big thrills for view-
ers of the original Star Wars, in
1977, was the first time the Millen-
nium Falcon jumped to hyperspace,
with the stars suddenly forming
bright streaks ahead of the ship.
That’s become the go-to image for
many sci-fi movies and television
shows, but it's not right.

We don't know what it would look
like to go faster than light, since
such speeds are all but ruled out by
the laws of physics (there may be
some exceptions, but all would re-
quire absurd amounts of energy or
exotic forms of matter). At close to
the speed of light, though, the view
would get downright weird.

Calculations show that as a ship
neared lightspeed, the view of the
surrounding universe would be-
come compressed. At first, that
would make passing planets and
stars look squeezed from front to
back.

Objects behind and to the sides of

10

2 10:45 pm

1:21 pm

the ship would be projected in front
of it. At 90 percent of the speed of
light, thanks to an effect known as
aberration, a passenger in the ship
would see a tunnel of light, perhaps
10 degrees wide, straight ahead. As
the ship nudged closer to lightspeed,
the tunnel would get squeezed tight-
er and tighter. And at just short of
lightspeed, the light would be com-
pressed into a single point.

While the view was collapsing,
light from stars and galaxies — and
even the glow of the radiation left
over from shortly after the Big Bang
— would be shifted to shorter wave-
lengths. Red light would turn blue,
blue would be shifted to ultraviolet,
and ultraviolet to X-rays. And at
the last tiny step short of lightspeed,
everything would be shifted to X-
rays and gamma rays, so passengers
wouldn't see a thing.

So while traveling at almost the
speed of light might be thrilling, the
view wouldn't.

17

KEY DATES

January 2

Isaac Asimov, one of the most popular and
prolific of all sciencediction writers, was bom
100 years ago. He is best known for his three
laws of rchotics and for his gcloxy-spanning
Foundation series. Asimov also wrote hundreds
of noniction articles and books, mainly about
science, as well as fiction stories and novels in
nonscii ganres.
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Isaac Asimov in
the 1950s

January 12

Te Royal Astronomical
Saciety, one of the world's
oldest and most presti
gious astronomy - groups,
was born 200 years ago,
during a meefing in a Lo+
don tavem. It began s
the - Astronomical Society
of London but obfained
a royal charter a few years later. It remains busy, hosting conferences,
publishing academic journals, and awarding ifs Gold Medal to distinguished
astronomers and physicists.

TYVEYUVEYTYVYVEY
AMAASASSARASAS

A stamp issued for the RAS’s
150th anniversary, in 1370

January 13

In 1920, *he New York Times criticized rocket pioneer Robert Goddard
for  paper he'c written about the potential for rockets to fravel in space.
Among other things, Goddard sJggested that o racket could carry a small
axplosive charge fo the Moon. with telescopes on Earth obsenving the
last. “Thet Professor Goddard with his ‘chair’ 'n Clark College and the
zountenanding cf the Smithsonion Institution, does nat know the relafion
of action and reaction, and of the need to have something better than a
sacuum against which to react — to say that would be absurd,” the Times
apined. “OF cou'se he only sees to lack the knowledge ladled out daily
'n high schools.” The newspaper refracted the ed forial in 1949, as Apoll
11 headed for the Moon.

January 25 CALENDAR EVENT

Today is tte Chinese New VYecr. The Chinese calendar is based on the
motions of the atoon, not the Sun. Extra months are periodically added,
however, to kee the new year roughly aligned with the seasons.

The full Moon of January is known
as the Old Moon, Moon After Yule,
ar Walf Moon.

APOGEE PERIGEE
Jonvary 1,29 | Jonuary 13
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OVERVIEW

Venus, the dazzling Evening Star, commands the
evening sky this month. It rises almost straight up
from the horizon, so it stands fairly high as darkness
falls. Mars is beginning its climb across the morning
sky, so it gets brighter and stands higher as the month
progresses. Its trailed by Jupiter, the brightest star-like
point of light in the sky other than Venus. Among the
stars, brilliant Capella shines high overhead during
mid-evening. The brightest light of Auriga the chari-
ofeer, it shines yellow-orange.

HIGHLIGHTS

3 Aldebaran, the baleful eye of Taurus, the bull, stares up at the Moon
at nightfall.

7 Pollux and Castor, the twins of Gemini, line up almost directly above
the Moon at nightfall, with Pollux closer to the Moon.

9 Regulus, Leo’s blue-white heart, perches close to the right of the Moon
as they climb into good view in early evening.

10 Mercury, the Sun’s closest planet, stands low in the west as night
begins to fall. The little world looks like a bright star, but you need a clear
horizon fo spot .

13-14 Spica, the leading light of the constellation Virgo, the virgin,
stands below the Moon at first light on the 13th, and farther to the lower
right of the Moon on the 14th.

FEATURED EVENT

18 The crescent Moon will occult the planet Mars before dawn.

19  Brilliant Jupiter, the solar system’s largest planet, stands to the left
of the Moon at first light.

20 Satum, the second-largest planet, is the bright “star” to the upper
left of the Moon at first light.

26-27 \Venus stands high above the crescent Moon on the evening of
the 26th and to the right of the Moon on the 27th.

FEBRUARY
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FEBRUARY

FEATURED EVENT
Planetary Hide-and-Seek

he Moon and the planet Mars team up for a bit of

stage magic on the morning of February 18. As seen
from parts of the United States, Mars will disappear from
view — hidden by the crescent Moon.

Such an event is called an occultation, from a Latin
word that means “to hide.” The Moon and planets all
stay close to the ecliptic, which is the Sun's path across
the sky. Their exact paths diverge from the ecliptic by a
few degrees, though. And since the Moon is only one-half
of a degree wide, the geometry has to be just right for it
to pass in front of a planet and block its light, so such
encounters don't happen often. The Moon last occulted
Mars, for example, on July 4, 2019, with the event visible
from parts of Asia.

In the past, occultations of Mars were important ways
for astronomers to learn about the Red Planet. Precise
timing of its disappearance and reappearance helped
them measure the planet’s diameter, for example, and
refine models of its orbit around the Sun.

Today, of course, fleets of spacecraft have provided
much better measurements of Mars’ size, orbit, mass,
and many other parameters, so occultations are less im-
portant scientifically.

Occultations are still inter-
esting to watch, though, and
this one will be visible across
much of the western half of
the United States. The view
will be best from the Mountain
Time zone, where the Moon
will cover Mars by around
4:45 am. local time (the
exact time depends on your
location). By then, the two
worlds will be high enough
in the sky for you to watch
as the Moon passes between
Earth and Mars (though still
quite low).

Parts of the Central and
Pacific zones will see at least
some of the occultation as
well, although the Eastern
zone will miss out because the
Sun will be rising by the time
Mars vanishes.

Fargo, 5:30 am

Phoenix, 4:30 am

Spokane, 5:30 am

The configuration of
Moon and Mars from
several cities, shown in
local time

Those who miss the occul-
tation, though, will still see a
beautiful conjunction of the
Moon and Mars.
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GERALT/PIXABAY

ased on the number of novels,

movies, and TV shows about
it, you might assume that traveling
through time is as easy as sitting in
front of the fireplace on a brisk win-
ter day: Just build a TARDIS or jazz
up your Delorean and off you go on
adventures in time and space.

The arrow of time, however,
moves in only one direction. It al-
lows you to travel into the future, but
not back to the future. The laws of
physics seem to make it impossible
(or nearly so) to travel through time
in anything like the modern concept
of a time machine — something
that allows you to move through
the centuries at will. Wormholes,
for example, seem to allow travel to
other times (past or future), but a
wormbhole collapses as soon as any-
thing enters it.

As many sci-fi stories and pro-
grams tell us, though, you can travel
into the future, although it's a one-
way trip. And you don't even need
a time machine — a starship will do
just fine.

g 1:33 am

A ﬂne-ay Ticket to he Future

e Y
~Jime dilation would allow you

to_travelinto the future

The concept is known as time
dilation. It says that as you travel
faster, your clock ticks more slowly
compared to the clocks of those you
left behind. That concept has been
proven by putting atomic clocks in
airplanes and aboard GPS satellites.
In fact, if GPS clocks weren't ad-
justed to account for time dilation,
the entire system would fail.

At the orbital speed of a satellite,
the difference is just a few millionths
of a second per day. As velocity in-
creases, though, the effect becomes
more significant. If you could travel
at 90 percent of the speed of light
for one year as measured by the
clock on your ship, more than 2.2
years would pass back on Earth. At
99 percent of lightspeed, it's more
than seven years per ship year. And
at 99.99 percent, the ratio is 70
Earth years per ship year.

Of course, there is the problem of
finding a fast starship to carry you.
But so far, that’s the only known
way to beat time — and travel into
the future.

1 5 417 pm

KEY DATES

February 2

Legend says that if a groundhog sees its shadow when it pokes ifs head
out of its burrow on February 2, winter will lost another six weeks; if not,
expect an early spring. In ancient Britain, February 2 was known as Candle-
mas, and it represented the end of winter and the beginning of spring,

CALENDAR EVENT

February 5

Solar Orbiter is scheduled
for lounch. After reaching
its science orbit two years
later, the European mis-
sion will study the flow of
charged particles known as
the solar wind and how the
wind carves out @ magnefic
bubble around the Sun.

February 25

German ashronomer Maria Margaretha Kirch was born 350 years ago.
She was one of the few women asfronomers of her day. She discovered @
comef and wrote several popular pamphlets about celestial events, which
made her one of Europe’s bestknown astronomers.

Solar Orbiter

February 29

Lewis Swift, one of the most prolific comet hunters of his era, was bom
200 years ago. The American astronomer discovered 13 comefs and
1,248 nebulae, which included stellor nurseries, stor clusters, and other
objects. In the 18905 he became director of Mount Lowell Observatory
in California.

February 29

Today is Leap Day, which leaps anto the calendar once every four years.
Julivs Coesar introduced Leap Day when he reformed the calendar in 46
B.C., producing the busic calendar we use today (@ minor reform in the
16th century finkered with Leap Day). During Caesar’s fime, however, Leap
Day was a repeat of February 23. Without Leap Day, the calendar would
Jift with respect to the seasons. Under the current Leap Day rules, though,
f will toke thousands of years for the calendar to move out of alignment
‘with the seasons by even one day.

CALENDAR EVENT

The full Moon of February is
known as the Snow Moon, Wolf
Moon, or Hunger Moon.

PERIGEE
February 10

APOGEE
February 26
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OVERVIEW

Mars slides past two of its planetary siblings in the
early morning sky this month. The Red Planet
passes Jupiter on the morning of the 20th and Saturn
on the 31st. The Moon joins the trio shortly after mid-
month. As that plays out in the dawn sky, Regulus, one
of the astronomical symbols of spring, climbs higher
info the evening sky. March 18

About an hour before sunrise

SE
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HIGHLIGHTS

1-2 Aldebaran stands to the upper left /lower right of the Moon, respec-
fively, af nightfall on these dates.
7 Regulus is the bright star close to the Moon ot nightfall.
he pre-dawn sky will be especially busy this
month. Mars will slide past Jupiter and Saturn,
the largest planets in the solar system, with the cres-
cent Moon joining them on the mornings of March
18 and 19.

The most impressive view comes on the 18th,
when the paired Jupiter and Mars will stand close
above the Moon. Jupiter is the brightest object in the
night sky after the Moon and Venus, so it's impos-
sible to miss. Mars will stand to the right of Jupiter.
Although it's only a few percent as bright as Jupiter
now, it's still an easy target.

8 Duylight Saving Time begins af 2 a.m. local fime.
11 Spica rises to the right of the Moon in late evening.

15 Antares perches fo the lower right of the Moon af first light.

FEATURED EVENT

18 The Moon, Jupiter, and Mars form a tight triangle before dawn, with
Saturn close by.

19 The vernal equinox arrives at 10:50 p.m. CDT, ushering in spring in
the northern hemisphere.

20 Jupiter and Mars are af their closest in the dawn sky, with Jupifer
the brighter planet.

23-24  Mercury is af its farthest from the Sun in the dawn sky,
although it is sfill a tough target fo find.

23-24 \Venusis ot its farthest from the Sun in the evening sky. It shines
well into the night as the Evening Star.

27-28 Venus stands high above the Moon on the evening of the 27th,
and closer to the right of the Moon on the 28th.

29 Aldebaran is dlose to the lower left of the Moon af nightfall.

The Moon will have moved a good distance by the
following morning, so Saturn will stand to the upper
right of the Moon, with the other planets to the upper
right of Saturn.

Because Mars is closer to Earth than the other two
dawn planets, it moves across the sky much faster.
It will stand closest to Jupiter on the morning of the
20th, just below the giant planet. After that, it will
take aim at Saturn, which is to the lower left of Ju-
piter. It will stand closest to Saturn at month’s end,
when they will be separated by about one degree,
which is less than the width of your finger held at
arm'’s length.

31 Satun and Mars are quite close together in the early morning sky,
with Satur slightly higher than Mars.

A fourth planet, Mercury, lurks well to the lower
left the others, but it is so low in the sky that it is eas-
ily blocked by buildings or trees along the horizon. It
doesn’t climb away from the horizon until twilight
is beginning to brighten the sky, either, so it can be
tough to spot through the glow. Mercury will stand
farthest from the Sun on the mornings of March 23

3 and 24, in the east-southeast. It will be easier to see
10 from the southern latitudes of the United States than
the north because its path across the sky stands at a
16 17 - e
slightly better angle at this time of year.
23 24

30 31
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Dodging Meteors (or Not)

n the 1950 movie Rocketship

X-M, intrepid explorers on their
way to the Moon are almost done
in by a “meteor shower” — a bar-
rage of space rocks that look like
giant pieces of popcorn. The ship
manages to dodge the hailstorm,
but thanks to other big problems
it ends up headed toward Mars in-
stead of the Moon.

Dangerous meteors (or meteor-
oids, as they should be called), often
ablaze, were a common theme in
’50s rocket movies and still pop up
in more-modern flicks. Yet they all
overstate the danger from showers
of space rocks.

The meteor showers that peri-
odically pelt Earth (see chart at
right) consist of small particles
shed by comets. Most of the bits of
comet dust are the size of grains of
sand or pebbles. They hit Earth's
atmosphere at tens of thousands
of miles per hour, creating friction
that causes them to vaporize, form-
ing the streaks of light known as
meteors.

Most meteor showers are so dif-
fuse that they're no threat to space-
craft, whether in Earth orbit or be-
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yond. Because the grains of comet
dust are moving so fast, however,
the larger ones could cause some
damage. So astronauts aboard the
International Space Station have
waited out especially dense storms
in their return capsules, and in
1993, NASA delayed the launch of
a space shuttle to avoid a possible
“storm” of Perseid meteors. Opera-
tors of unmanned satellites some-
times close coverings over sensitive
instruments and maneuver their
craft to present the smallest pos-
sible profile to incoming showers.

Even crossing the asteroid belt is
no big deal. This band between the
orbits of Mars and Jupiter contains
millions of small chunks of rock
and metal, yet they're so widely
spread that they are little haz-
ard to spacecraft. A dozen probes
have traveled into or through the
belt, including several that ren-
dezvoused with some of the belt’s
larger objects, with no problems.

So if you find yourself flying
through the solar system, being
bombarded by big, flaming space
rocks is one thing you won't have
to worry about.

An astronaut aboard the International
Space Station photographed a meteor
entering the atmosphere.

24 4:28 am

 KEY DATES
March 14

Today is Pi Day (selected for the date’s numerical designation: 3rd month,
14th day, or day 3.14, the first three digits of pi.. It honors the math-
emafical constan- that expresses e ratio between the circumference and
diameter of a ¢cle. www.piday.org

March 27

German physicist Wilhelm Roentaen
was bom 175 years ago today. In
1895, he discavered X-tays, which
eventually led 1o the study of the X:
rays emitted by cstronomical objects.
The discovery camed Roentgen -he
first Nobel Prize in Physics, in 19C1.

Wilhelm Rontgen

Meteor Showers

Shower Peak Moon

Quadrantids  Night of January 3 Sefs after midnight
Lyrids Night of Apri 21 Naw

Eto Aquorids  Nights of May 4/5 Sets in the early morning
Perseids Night of August 11 l view after midnight
Draconids Night of October 7 Cut of view in evening

Orionids Nights of October 20,/21  Sefs before midnight
Night of Novamber 17

Night of December 13

Leonids Just affer new

Geminids New

Actual “mes may vary.
*  For most showers, the best view comes after local midnight.
The glare of a bright Moc makes it harder fo see the meteors.

The full Moon of March is known
as the Sap Moon, Worm Moon, or
Lenten Moon.

PERIGEE | APOGEE
March 10 | March 24

{
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n"EH\" EW A telescopic view of the P/eiades,

which is passing through a cloud

he stars of winter are marching toward the end of of dust that reflects the starlight.

their annual evening run. Orion is in the southwest
at nightfall as April begins, for example, but is quite
low in the west as the Sun begins fo set by month’s end.
Sirius, the Dog Star, trots along behind Orion, with Pro-
cyon, the “little dog star,” high above it. And Taurus, the
bull, dives face-first toward the western horizon. Venus,
the Evening Star, pushes through the constellation dur-
ing the month.

-

FEATURED EVENT
Venus Visits the Seven Sisters

wo of the night sky’s most beloved objects stage a
beautiful encounter early this month as Venus, the
Evening Star, slides past the Pleiades star cluster.

HIGHLIGHTS

1 Satum stands directly above Mars at first light by less than the width of
your finger held at arm’s length. Brighter Jupiter is close by.

FEATURED EVENT
3 Venus crosses the outskirts of the Pleiades.

Like most astronomical encounters, though, this one
is an optical illusion. Venus and the Pleiades are sepa-
rated by hundreds of light-years, but they happen to
line up in the same direction in the sky.

4 Regulus, the heart of the lion, stands close fo the upper right of the
Moon af nightfall.

7-8 Spica is to the lower right of the Moon on the evening of the 7th
and to the upper right of the Moon on the 8th.

Venus is a planet of our own solar system, so it's a
close neighbor. In early April, in fact, it will be roughly
58 million miles from Earth, which is a baby step on the
astronomical distance scale. At that distance, it takes
light a little more than five minutes to travel from Venus
to Earth.

9 Venus and Aldebaran line up at the same alfitude in the west at night-
fall. Aldebaran, the eye of the bull, is to the left of Venus by a little more
than the width of your fist at arm’s length.

11  Antares, the leading light of Scorpius, perches below the Moon at
first light.

14-15 The Moon joins Jupiter and Saturn before dawn. The two bright
planets stand well to the left of the Moon on the 14th, but closer above
the Moon on the 15th.

16 little orange Mars stands close above the Moon at daybreak.

By comparison, it takes about 445 years for light
from the Pleaides, a cluster of several thousand stars,
to reach Earth, which means the cluster is 445 light-
years away. That places it at roughly 45 million times
the distance
to Venus.

The clus-
ter is nick-
named the
Seven  Sis-
ters, after the
daughters of
Atlas from
European mythology. Most skywatchers, though, see
only five or six stars. Under especially dark skies, how-
ever, those with especially sharp eyesight have reported
seeing a dozen or more. And with binoculars, the num-
ber of visible stars reaches several dozen.

21 The Lyrid meteor shower should reach ifs peak tonight.

25  Aldebaran is close to the left of the Moon during evening twilight,
with brilliant Venus above them.

26 Venus lines up to the right of the Moon at sunset.
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Venus’ proximity to the Pleiades makes the cluster an
Th especially appealing target this month. Venus will stand
2 a little below the dipper-shaped cluster on April 1, pass
9 through its left edge on April 3 (see chart), then climb
away from it on succeeding nights. They will stay close
together for a few nights, though, making it easy to spot
23 the beautiful little cluster.
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Chopping Off the Parsecs

n the original Star Wars, Han Solo

brags that the Millennium Falcon
can make the Kessel Run in less than
12 parsecs. Since a parsec is a unit of
distance, not time, that didn't seem
to make any sense. But in Solo, a
more recent movie, it's explained that
the Kessel Run isn't a straight path.
Instead, it deviates around several ob-
jects along the way. A good ship and
a good pilot, though,
can take a dangerous
shortcut, thereby cut-
ting the distance to
about 12 parsecs.

While the Kessel
Run is fictional, the
parsec is not. In fact,
it's the most com-
monly used unit of
distance in modern
astronomy. It mea-
sures the distances
to objects beyond
the solar system —
stars, galaxies, and
others. It's equal to
3.26 light-years. (The

that the technique works best for tar-
gets that are within a few thousand
parsecs — primarily stars in the Milky
Way Galaxy — although even then
there can be big uncertainties in the
measurements. (For more-distant ob-
jects, astronomers rely on the bright-
ness of pulsating stars or a certain
class of exploding stars, among other
techniques.)

This diagram shows Hubble Space Telescope
measuring the parallax of a star by determining its

light-year, which is
used more in popular
culture than profes-

position against the background of more-distant stars
at three-month intervals. The tiny shift in the viewing
angle reveals the star’s distance.

sional astronomy, is

the distance light covers in one year,
which is about 5.9 trillion miles (9.4
trillion km).)

The word “parsec” is short for “par-
allax second.” It's based on the ap-
parent motion of an object as Earth
moves from one side of the Sun to
the other. As a result of that shift, the
viewing angle to an object changes
over the course of a year. How much
it changes reveals the object’s dis-
tance. The angles are so tiny, though,

Among the bright stars and star
clusters in view in this month’s eve-
ning sky, brilliant Sirius (in the south-
west) is just 2.6 parsecs away, Aldeba-
ran (in the west) is 20, the Pleiades
cluster (to the right of Aldebaran) is
136, and the Beehive cluster (which
passes high overhead) is 177. The
most-distant object easily visible to
the unaided eye is M3 1, the Androm-
eda Galaxy, at a whopping 778,000
parsecs — with no shortcuts.

TIM JONES/DAMOND BENNINGFIELD

April 2

Physicists Leon Foucault and Lou's Fizeau
snapped the first photograph of the Sun
175 years ago foday.

April 8

Today is the autumnal equinok in the north-
em hemisphere of Mars, marking *he start of fall
in the north and spring in the south.

April 13

The phrose “Houston, we have o problem”
entered the leicon in 1970, when an oxygen
fank explosion crippled the Apzlla 13 spacecraft
en route fo the Moon. AstrongJts
Jim Lovell, Fred Haise, and Jack
Swigert, guided by flight conirol
lers in Houston, converted thei-
lunar londer, Aquarius, info ¢
liteboat, using its engine, powrer,
and life support fo refum sufely
fo Earth. (Incicentally, the asho- ;
nauts actually said, “Houstzn,  The Moon slips below
we've had a problem,” but the ~ Odyssey, Apollo 13’
phrase was quickly altered in the ~ ¢rippled mothership.
public forum.)

April 22

Today is Earth Day. The firct Earth Day was celebrated 50 years
ago foday, inspired in parf by photos of Earth taken by Apollo
astronauts.

NASA

Earth rises over the limf of the Moo uring the
Apollo 8 mission in 1968.

The full Moon of April is known
as the Egg Moon or Grass Moon.

PERIGEE
April 7

APOGEE
| April 20

STARDATE M1



OVERVIEW

The five easily visible planets really show off this
month. Jupiter and Saturn, the solar system’s giants,
are close together in the dawn sky, with orange Mars
lurking not far away. Venus continues its reign as the
brilliant Evening Star, with fainter Mercury joining it for
a few evenings after mid-month.

HIGHLIGHTS

1 Regulus stands close below the Moon af nightfall

4 Mercury is in superior conjunction, passing behind the Sun as seen
from Earth.

4 The Eto Aquariid meteor shower will reach its peak on the nights of
May 4 and 5.

5 Spica is the bright star to the right of the Moon at nightfall.

7-8 Antares is below the Moon as they climb into good view on the night
of the 7th, and closer to the right of the Moon on the 8th.

11-12 Jupiter and Saturn are fo the left of the Moon af first light on
the 11th, and form a tight triangle with the Moon on the 12th. Jupifer is
the brighter of the two planets. Saturn is “stationary” on the 11th, standing
still against the background of stars.

13 Jupiter and Saturn align to the upper right of the Moon ot first light,
with Mars farther fo the left of the Moon. Jupiter will be stationary on the
14th, standing sfill against the starry background.

14-15 Mars stands to the upper left of the Moon at dawn on May 14,
and above the Moon on May 15.

FEATURED EVENT

21-24 Venus and Mercury congregate in the west-northwest not long
after sunsef, with the Moon joining them on the 23rd and 24th.

26 Pollux and Castor, the twins of Gemini, align fo the right of the Moon
at nightfall. Pollux is closer to the Moon.

28 Regulus lurks to the left of the Moon at nightfall.

SKY ALMANAC 2020

FEATURED EVENT
Crossing Paths

hree small but br:ght solar-system okjects cross

paths in the early evening skv tais mon:h. One of
them is dropping toward the Sun as seen from Eartk
while the other two are moving away from it. All
three will set in early evening.

Venus and Mercury will huddle clase zozether for
a few nights. Venus is the brilliant Evening Star. Mer-
cury will climb past it on the nights of May 21 and
22, with their closest approach on the 21st.

Mercury
is the closest
planet to the
Sun  while
Venus is the
second-clos-
est, so both
planets re-
main inside
Earth’s orbit.
As a result,
we have lim-
ited viewing
windows for
both worlds.

Mercury is _ May23
never visible
more than
a couple of
hours before
sunrise  or
after sunset, and most of the time apzears too near
the Sun to see at all. It passes behind the Sun early
this month. Thanks tc the orbital moticns of Mer-
cury and Earth, it then climbs into view in the early
evening sky. The Sur’s smallest planzt will continue
to climb higher until it reaches its greatest extension
from the Sun, in early June.

Venus e

About 30 minutes after sunset

WNW

Because Venus orbits farther from the Sun than
Mercury does, we have more time to view it. It can
stay in sight for several hours before sunrise or after
sunset. Now, though. it's dropping toward the Sun
and will cross betwesn Earth and Sun oa June 3.
Venus will disappear m the Sun's glare late in the
month, then return to view as the Morning Star a
couple of weeks later.

The Moon joins the planets on May 23 and 24.
Since the Moon circles Earth, it can appear at any
time of day or night. depending on its position in its
orbit. It passes betwezn Earth and the Sun on May 22
and climbs away from the Sun t-e following couple
of evenings, when it will appear as a thin crescent.

CJ DUNCAN
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A network of
weather satellites in
geostationary orbit
keeps a constant eye
on the entire planet.

Just Hanging Around

In Lifeforce, a 1985 cult favorite
about naked space vampires, an
artichoke-shaped spacecraft as-
sumes a “stationary” position over
London — the better to gather the
life force from human victims. That'’s
not possible, though. (Well, we can't
be sure about the space vampires, so
we’ll focus on the ship.)

It is possible for a spacecraft to as-
sume a stationary position, but only
if it's above the equator. Such a spot
is known as a geostationary orbit.
It's achieved at an altitude of about
22,300 miles. At that distance, a
craft's orbital speed carries it around
Earth in exactly one day. So the craft
appears to stand still above a single
spot on the equator.

The concept of geostationary sat-
ellites was popularized by science-
fiction writer Arthur C. Clarke 75
years ago this month, long before
engineers began launching them. In
a 1945 issue of Wireless World mag-
azine, Clarke speculated that such
satellites could relay radio transmis-
sions around the globe.

And they do. Most of the hun-
dreds of craft placed in such or-
bits are communications satellites.

A geostationary orbit allows them
to stay in constant range of the
same tracking stations, so they pro-
vide unbroken service. Others are
weather satellites, which can keep
a constant eye on the same patch of
the surface.

A spacecraft can’t remain station-
ary away from the equator because
it always orbits the center of Earth’s
mass, which is the center of the
planet itself. As a result, the craft's
orbit carries it equal distances north
and south of the equator.

So if you tried to anchor a satellite
above London, at a latitude of about
50 degrees north, its orbit would
carry it just as far south of the equa-
tor as well. The craft would return to
the same spot in the sky at the same
time every day, but between those
moments it would drop southward for
12 hours, then return north. (Such
an orbit is known as geosynchronous:
It's synchronized with Earth’s rota-
tion, but a craft doesn’t remain sta-
tionary above a particular point.)

So neither London nor any other
city has to worry about alien space-
ships keeping a constant watch from
high overhead.

29 10:30 pm

KEY DATES
May 25

Jopan launched its first successful inter-
planetary mission 10 years ago today.
Akatsuki was aimed ot Venus. A malfunz
fion caused it to miss the planet on irs
first atfemat, in lote 2010. Howevey,
engineers worked out an cltemate plan
and the craf- reached Venus in 2015. It
was sfill operating in late 2019,

An infrared view of
the nightside of Venus
snapped by Akatsuki.

SKY WATCH

Viewing the Planets”

Venus  The biilliont plenet starts 2020 as the Evening Star, shining
during and affer evening twilizht until late May. It then disappears from
view as it passes between Ecrth and the Sun. It returns to view as the
Morning Star in early fo mid June and remains in the evening sky through
the end of the year.

Jupiter  The largest plane- in the solar system, and usually the bright
3st object ir the night sky after the Mocn and Venus, shines af its best in
July, when it is brightest and ic in the sky all night.

Mars  Orange Mars begins the year in the moming sky, low in the
down twiligat. It slowly brightens and roves farther from the Sun unfil it
reaches oprosifion in October, when it shines brightest and is in view ll
night. For a faw wegks, it wl outshine upiter.

Mercury The Sun's dosast planet is at ifs best this year in the dawn
sky in late November, and i te evening sky in early February. It puts in
lesser moming appearances from mid-March through mid-Apil and in late
.uly, and evening appearances Tom mid-May to mic-lune and September
through the middle of October.

Saturn  The ringed planet shines brichtest this year in July, as it moves
through Sagittarius.

Uranus The seventh plenetis ot s brightest in late October and early
November, wren it barely reaches naked-eye visibility. Most skywatchers
will need optizal aid to spot it, though.

* Ranked in order of maximum brightness when not oo near the Sun for
viewing

The full Moon of May is known as
the Milk Moon, Flower Moon, or
Com Moon.

PERIGEE
May 5

APOGEE
May 18

STARDATE 13



OVERVIEW e FERTURED EVENT
Nntlding at the Sun

f we could watch Earth from the Sun, our planet

would appear to “nod” up and down over the course
of a year, with the north and south poles taking turns
in the sunlight.

The shortest nights of the year provide little time fo
view the wonders of the universe. Still, all five bright
planets put in an appearance during the month, and
the constellations of summer are creeping into view.
Scorpius clears the horizon by nightfall at month’s end,
with the teapot of Sagittarius following behind it.

In June it's the north pole’s turn. The pole nods
farthest toward the Sun on June 20, the date of the
solstice, marking the beginning of summer in the
northern hemisphere and winter in the southern hemi-
sphere.

HIGHLIGHTS

3 Venus is af inferior conjunction today, passing between Earth and the

y - b The solstice is the longest
Sun. It will retur to view in o week or so as the Morning Star.

day of the year in the north,
ranging from a bit more
than 12 hours of sun-
shine just north of the .
equator to a full 24 hours =
at the pole. e

4  The planet Mercury is furthest from the Sun for ifs current evening
appearance. It is low in the westnorthwest as night begins fo fall, about
hatf-way between the stars Procyon, to the left of Mercury, and Capella.

8 Jupiter and Saturn stand to the upper left of the Moon af first light.

Jupiter is the brighter of the two giant planets.
Earth doesn’t actually nod,

of course. It only appears to do
so because the planet is tilted on its
axis at an angle of about 23 degrees.

9 The Moon has moved past Jupiter and Satum, so they stand to the
Moon’s right, with Saturn closer to the Moon.

12-13  Mars is fo the left/upper right of the Moon at daybreak on
these dates, respectively. As Earth moves around the Sun, the axis always aims
at the same point in space — toward Polaris, the North
Star. At the June solstice, Polaris appears above the Sun
as seen from the northern hemisphere. But six months
later, at the December solstice, Earth has moved half
way around the Sun. As a result, Polaris is in the oppo-
site direction from the Sun. Essentially, that means that
the north pole faces the Sun in June and turns its back
on the Sun in December.

19 The Moon and Venus, the Morning Star, are close fogether about 30
minutes before sunrise. They are low in the sky, though, so they will be
difficult to spot. From some parts of the warld, the Moon will pass in front
of Vienus, blocking it from view.

FEATURED EVENT

20 Summer arrives in the northern hemisphere at 4:44 p.m. CDT, which
is the moment of the June solstice.

Between the solstices, the poles slowly nod up and
down as each prepares to take its place in the sunlight.

21 A annular solar eclipse will be visible for much of the eastern
hemisphere, but not the Americas.

23 The Beehive star dluster buzzes quite dlose to the lower left of the
Moon in early evening.

24-25 Regulus, the heart of the lion, stands to the upper left of the
Moon af nightfall on the 24th, and fo the lower right of the Moon the
following night.

28-29 Spicas the bright star to the lower left/lower right of the Moon
as darkness falls on these nights, respectively.

THE BASICS
Framing the Seasons

he astronomical seasons are framed by four
dates: the June and December solstices and
March and September equinoxes. The solstices
mark the Sun'’s farthest progression north or south
JUNE and the start of either summer or winter, depend-
ing on the hemisphere. The equinoxes mark the
Su M moments the Sun changes celestial hemispheres
1 as it crosses the equator. These herald the arrival
78 of spring or fall. Day and night are roughly equal
14 15 at the equinoxes, and the Sun rises due east and
21 22 sets due west for the entire planet.

28 29

SKY ALMANAC 2020
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DON DAVIS/NASA

hen astronomers discovered
an asteroid in 2004, it looked
like a job for Hollywood screenwrit-
ers. Early calculations gave the as-
teroid a 2.7 percent chance of hit-
ting Earth in 2029. At an estimated
diameter of about a fifth of a mile
(340 meters), the asteroid could
devastate thousands of square miles
of Earth’s surface and affect the en-
vironment around the globe.
Astronomers named the fearsome
space rock Apophis, after an Egyp-
tian god of chaos and darkness. For-
tunately, though, additional track-
ing of its orbit eliminated the chance
of a 2029 collision. Instead, it will
pass about 19,000 miles above
Earth’s surface — close enough to
be visible as it streaks across the sky.
NASA and others have been scan-
ning for dangerous asteroids since
the 1990s. They have discovered
and plotted the orbits of thousands
of Near-Earth Asteroids, whose or-
bits cross or come close to Earth'’s.
Scientists estimate the haul includes
all of the likely planet killers — as-
teroids at least one kilometer (0.6
miles) in diameter, which is large
enough to cause global devastation.
Now, the searches are looking for

13

Saving he Nukes for Last

An artist’s concept shows a giant
asteroid slamming into Earth.

asteroids that could be city killers,
like Apophis.

Scientists and engineers have
studied several ways to deflect an
asteroid. The effectiveness of each
technique depends on the size of
the asteroid and the length of time
before the impact.

One technique calls for “painting”
the surface in patterns of black and
white. That would change the way
the asteroid absorbs sunlight and
radiates the heat back into space,
creating a mild thrust to change the
asteroid’s speed and path. Another
would use a spacecraft flying in for-
mation with the asteroid to act as
a gravitational “tractor,” tugging it
onto a new course. Both techniques
would require years of lead time.

Deep Impact- and Armageddon-
style solutions — nuke 'em — would
be a last resort. Scientists would
need to know an asteroid’s composi-
tion and structure to make nuclear
explosions most effective. Even then,
chunks of debris would survive,
some of which could still hit Earth.
If there’s no alternative, though, it
would be time to bring in Bruce Wil-
lis and Robert Duvall to try to save
Earth from mortal peril.

1:24 am

June 13

Hayabusa, a Japanese spacecraft, brought pieces of asteroid lokawa fo
Earth in 2010. The craft had gertly touched the surfoce of frokawa, cok
lecting o few grains of cometary material. It then sealed the samples in a
capsule that plunged through Earth's atmospnere and parachuted to o safe
landing in Australio.

A grain of dust from the surface of ltokawa.

June 29

A new era in American-
Russian space flicht began
when shuttle  Atlantis
docked fo Mir, the first
link-up between o shutfle
and the space sfafion, 25
years ago. Two Russian
cosmonauts who launched
aboard the shuttle re-
nained on M, while
three others returned fo
zarth on Atlonfis. Eight
other shutfle missions eventua ly docked with the station before it
was deorbited, in 2001.

June 30

“oday is Asteroid Day, part of a compaign fo increase public awareness of
fhe giant space rocks. It was created in part a5 a raaction fo the discovery
of Apaphis, which will pass dlose to Earth ir 229 tleff). More than 2,500
events were hosted as part of last year's Asteroid Day.

Atlantis dacked to Mir,
viewed from a nearby Soyuz
spacecraft.

asteroidday.org

The full Maon of June is known as the
Flower Moon, Strawberry Moan, Rose
Moon, or Honey Moon.

PERIGEE
June 2, 79

APOGEE
Jme 14

STARDATE 15



OVERVIEW

hile the Summer Triangle and the other signature

star patterns of the season continue their climb
across the night sky, the solar system’s giants stage a
dazzling show. Both are at opposition, so they shine at
their brightest for the year. Mars shines brightly, too,
while Venus dazzles as the Morning Star.

HIGHLIGHTS

2 Antares, the orange heart of the scorpion, stands fo the right of the
Moon at nightfall

4 Jupiter and Satur align o the lower left of the Moon ot nightfall, and
closer to the upper left of the Moon at first light on the 5th. Jupiter is the
brighter planet.

5 Earth is ot aphelion, its farthest point from the Sun for the year.

5 Safu is quife close fo the left of the Moon as they climb info good
view in late evening, with brighter Jupiter to the upper right of the Moon.

11-12 Bright orange Mars stands to the upper left/upper right of the
Moon at first light on these mornings, respectively.

11-14 Venus, the Moring Star, sweeps down past Aldebaran, the eye
of the bull, af first light on these mornings.

FEATURED EVENTS
14 Jupiter, the solar system’s largest planet, is af opposition.

16-17 Venus and Aldebaran perch to the lower left/close to the right
of the Moon on these mornings, respectively.

FEATURED EVENTS
20 Satum, the solar system’s secondHargest planet, is at opposition.

22 Mercury will shine at its best in the dawn sky the next few days.
The little planet will look like a bright star quite low in the eastnortheast
about 30 to 45 minutes before sunrise. The view will be better from more
southerly latitudes.

25-26 Spica is the bright star near the Moon on these evenings.
29 Antares stands below the Moon af nightfall.

JULY
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Milky Way

Saturn '
. Jupiter

SE About 90 minutes after sunset

FEATURED EVENTS
A Time for Giants

uly is a time for giants. The solar system’s largest plan-

ets, Jupiter and Saturn, will stage their best appearanc-
es of the year, shining like brilliant stars. Best of all, they
will stand within a lob-wedge of each other, separated by
less than the width of your fist held at arm’s length.

A planet is at its best for the year when it aligns oppo-
site the Sun in our sky — a moment known as opposition.
The planet rises at sunset, remains in view all night, and
shines brightest for the year. Both Jupiter and Saturn
reach that point this month.

Jupiter goes first, on July 14. It will easily outshine every
other planet and star in the night sky other than Venus,
the Morning Star. Saturn, to the left of Jupiter, reaches op-
position on July 20. It's only a fraction as bright as Jupiter.

The two planets have appeared close to-
gether all year and will remain close
through the end of 2020 and beyond.

That closeness is an illusion. Jupiter
will be about 385 million miles (620
million km) from Earth when it reach-
es opposition,
with Saturn
about 450 mil-
lion miles (725
million km)
farther.

At that great
distance, both
planets move
slowly against the background of distant stars. Jupiter
completes one circuit in roughly 12 years, while Saturn
takes almost 30 years. As a result, both planets spend a
long time inside the borders of each constellation they
cross. Both have spent all of 2020 in Sagittarius and they
will stay within the archer’s boundaries until their close
encounter in December.

Jupiter (top) and Saturn
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Astronauts build a wheel-shaped space station in Earth orbit.

Taking a Spin

verything comes with a price. As-

tronauts say that floating weight-
lessly around a spaceship, for exam-
ple, is as fun as it looks. The price,
though, includes loss of bone and
muscle mass, reduced heart and lung
function, and perhaps a suppressed
immune system and other problems.

Artificial gravity like that depicted
in Star Trek, Star Wars, and other Hol-
lywood sci-fi is far beyond modern
science.

There are a couple of ways to sim-
ulate gravity, though. One is for a
craft to keep firing its rockets; the
acceleration pushes anything inside
the craft “downward,” simulating
gravity's pull. The other is to spin
a cylindrical or wheel-shaped cratft,
which pushes outward, also creating
simulated gravity. The “floor” of such
a craft would be the inner edge of the
cylinder or wheel.

Wernher von Braun, the German
rocket scientist who was brought to
the United States at the end of World
War II, 75 years ago, popularized the
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concept of wheel-shaped space sta-
tions in the 1950s. He envisioned
spinning structures holding dozens
of inhabitants. They would watch
Earth’s weather, operate astronomical
telescopes, and handle other chores.

Many Hollywood productions have
correctly depicted spinning space sta-
tions. The most famous is 2001: A
Space Odyssey, in which a Pan Am
space shuttle docked at an orbiting
Hilton hotel. Other examples include
Babylon 5 and the recent Expanse TV
series and the 2014 movie Interstel-
lar.

Others, though, have been a little
off base. In the James Bond thriller
Moonraker, for example, the inhabit-
ants of a spinning space station are
pushed perpendicular to the station’s
rotation. That would be like those
of us on Earth walking on the walls
instead of the floor. So when you see
a production that features a rotat-
ing station, remember that the astro-
nauts have to keep both feet on the
“ground,” just like they do at home.

1 2 : 6:29 pm

KEY DATES

Mars will get a ot more crowded next year after four new missions arrive af
the Red Planet. All are scheduled for launch ttis month. They are dumped
fogether because the best fime to launch a Mars mission is o few months
before Earth and Mars are at teir closest for the year (see October). That
provides the shortest flight nath for o Marsbond spacecraft, requiring the
minimum fuel for the maxir.m amount of payload. The listed dates are
the opening of the launch vir dow, which lasts about two weeks.

July 17, Mars =
2020 Rover

This NASA mission, based
on the successful Curios-
ity rover, will be the first
fo look for direct evidence
of fife on Mars, using an
on-hoard  laboratory  to
analyze somples of the
dirt and rock. The rover
wil stash selected samples
in a container for possible
refun to Earth by a future
mission, and will help pre-
pare for human exploration
by trying fo extract oxygen
from the atmosphere. And
it will carry @ small robofic
helicopter to scout the land-  From top: ESA’s Rosalind
scape. Franklin rover; NASA's

helicopter; China’s lander
July 23, HX-1

China's first independent Mars mission will cansist of both an orbiter and
a rover, They will carry a toral of 13 scienffic instruments to study the
Martian surface and atmosphere.

XINHUA

July 25, ExoMars Rover Rosalind Franklin

A joint European-Russian rzver will search for evidence of fife on Mars.
It wil drill below the surface, where microkes might have survived the
harsh Marfian climate. lts instruments wil search for organic molecules,
determine the chemical and rineral composition of the rocks and dirt, and
make other observations.

Date TBD, Hope Mars Mission

The United Arab Emirates hozes to launch its first interplanetary mission,
an orbiter designed to study the Martian atmosphere.

The full Moon of July is known as
the Hay Moon or Thunder Moon.

APOGEE
July 12

PERIGEE
| July 24

STARDATE 17



OVERVIEW

A\ugusiL nights are the province of two prominent
constellations and an asterism. The constellations
are Sagittarius, Scorpivs, and the Summer Triangle.
The brightest stars of Sagittarius form a teapot, with
the Milky Way billowing as “steam” above the spout.
Hook-shaped Scorpius really resembles its namesake,
the scorpion. The Summer Triangle consists of three
stars — Vega, Altair, and Deneb — that form a pattern
that's not a constellation. Such a pattern is known as
an asterism.

HIGHLIGHTS

1 lupiter, the solar system’s largest planet, aligns close above the Moon
at nightfall. The second-largest planet, Saturn, stands farther to the left of
the almost-ull Moon.

2 Safum and Jupiter line up to the upper right of the Moon af nightfall

8 Mars is quite close to the Moon as they climb info view shortly before
midnight, and closer fo the Moon af first light on the 9th. From parts of
the southern hemisphere, the Moon will occult Mars, blocking it from view.

12 Venus stands farthest from the Sun for ifs current morning appear-
ance. It is in view for several hours, and is still high in the sky af first light.

13 Aldebaran, the eye of Taurus, stands close to the lower right of the
Moon af first light.

15 Venus is close to the lower right of the Moon at first light.
15 The giant planet Uranus is at opposifion.
22 Spica, the brightest star of Virgo, stands below the Moon af nightfall.

25 Antares, the heart of the scorpion, is close fo the lower left of the
Moon af nightfall.

27-29 The Moon sweeps past Jupiter and Saturn on these evenings.
The planets are to the left of the Moon on the 27th. The Moon and Jupiter
almost fouch on the 28th, and the planets are to the upper right of the
Moon on the 29th.

FEATURED EVENT

28  (Ceres, the largest member of the asteroid belt, is at opposition.
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FEATURED EVENT
Biggest of the Small

Ceres is the biggest “have” in a realm of “have-nots.”

It resides in the asteroid belt, a wide zone between
the orbits of Mars and Jupiter populated by countless
chunks of rock, metal, and ice. These bits of flotsam are
“have-nots” because the gravitational pull of Jupiter
kept them from coming together to form a planet. Ceres,
though, is almost 600 miles (more than 950 km) in
diameter and contains perhaps a third of the belt’s total
mass. That gives it some of the characteristics of a planet,
including a round shape, a layered structure, and a thin
atmosphere. Because of that it's classified as a dwarf
planet, making it the asteroid belt's major “have.”

One of the most intriguing things about Ceres is that
up to 25 percent of its total mass may consist of water
and water ice.

Dawn, a spacecraft that studied Ceres from orbit for
three years, found that the surface consists of water ice
mixed with water-rich minerals, such as clays. It also
found that the largest mountain on Ceres, Ahuna Mons,
may be an extinct ice volcano.

Dawn also spotted white spots on the surface that
inspired speculation about alien colonies. In-
stead, though, the spots are vast de-
posits of salts (though chemical-
ly different from table salt).
Scientists suggest that
brine in a layer below
the crust squirted to
the surface. The
water evaporated
into space, leaving
the bright salts.

Dawn and Hub-
ble Space Telescope
detected evidence of
water vapor in Ceres’
thin atmosphere. It
may have been expelled
into space by ice volca-
noes, or evaporated from the
surface ice.

Models of Ceres suggest the A Dawn view of
layer of brine could be many  Ceres, including
miles deep, sandwiched between 07 ight.thte salt
the icy crust and a mantle of ice  06POSIIS in a crater
mixed with watery minerals. at center.

NASA/IPL/LICLA/MPS/DI R/IDA

The presence of so much
water, including some in liquid form, suggests that condi-
tions on the young Ceres could have been right for the
formation of life. That could make Ceres one of the big-
gest “haves” in the solar system: a life-bearing world.
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A computer-generated image shows a black hole’s gravity bending the light of a
disk of hot gas (which passes in front of it) to form what looks like a maelstrom
around the black hole. Inset: The first image of a real black hole, in M87.

Physics Meets Art in a Black Hole

ovie producers often hire scien-

tists and engineers as technical
consultants for sci-fi extravaganzas.
Then, of course, they ignore them.

With Interstellar, a film by Chris
Nolan in which Matthew McCo-
naughey tries to save humanity with
a little help from wormholes and
black holes, things were different. The
technical consultant, Kip Thorne,
was also an executive producer. He
crafted pages of equations that the
movie's effects designers transformed
into images, providing what probably
is the most accurate depiction of a
black hole to date.

The depiction was so accurate, in
fact, that it surprised even Thorne, a
leading expert in black-hole theory.
The complex animations, which re-
quired hours to render a single frame
of film, showed the black hole bend-
ing the light of a surrounding disk of
gas, forming what looked like a swirl-
ing maelstrom around the black hole,
which was unexpected. Thorne and
the effects team turned the revelation
into a set of scientific papers.

1 1 ‘11:45 am

Black holes are naturally tempting
targets for film and television produc-
ers. Any object that can bend light,
swallow stars, and affect the passage
of time is bound to draw attention.
And scriptwriters have devised some
creative uses for black holes, some of
which might be possible, while others
are no more than speculation: power-
ing starships, destroying planets from
within, serving as passageways to
other times and dimensions.

Many black-hole depictions are just
plain wrong, though: time randomly
speeds up and slows down around a
black hole (it wouldn't), spaceships
escape through “cracks” in a black
hole’s surface (there are no cracks
and no surface), or a black hole pulls
in stuff from far outside its sphere of
gravitational influence (which is no
greater than that of an ordinary star
of the same mass).

Right or wrong, though, Holly-
wood isn't likely to abandon black
holes as plot points — or do a better
job of getting it right than with In-
terstellar.

25 12:58 pm

'KEY DATES

August 3

Mars will reach ifs closest point to the Sun for its curent orbit. This hap-
pens during summer in the southern hemisphere, so the polar ice cap
will begin to disappear as it's warmed by the Sun. Massive dust storms
somefimes sfir fo life af this fie, with some of iem covering most or
all of the planet (see page 23). A storm in 201€ blocked so much sun-
light that it killzd the solar-powered Opportunity raver, which had been
creeping across Mars since 2004.

August 3

Asteroid 2018 BD will pass jus~ 1.8 million miles (2.8 million km) from
Eorth today. The asteroid was discovered in Jonuary 2018, just seven
hours before it passed 22,000 miles (35,000 km) from Earth. It is only
7-20 feet (2-6 meters) in diometer, so evenif it hit Earth it probably would
bum up in the upper afmosphere.

August 10

The most prolic Venus mapper
in history enteed orbit around
the planet in 1990. Its radar
peered through the planet's
unbroken cloud layer, map-
ping almost the entire surface

at scales of less than roughly
300 feet (100 meters). The
maps revealed that the Venusian
surface consists almost entirely of vol
canic rock derosited within tha lost few
hundred million yers.

False-color view
of Venus compiled
from Magellan data

August 22

Sciecediction quthor Ray Bradbury was bom
100 years ago today. His most famous works
indude Fahrenheit 457 and The Martian
Chrenicles, a series of stories about attempts
fo colorize the Red Planet. He received numer-

a4 ous awards, and his staries have been adapted
5 o for many other medic, including radio, televi-

Ray Bradbury, 1975 Sion, ard movies.

Al AN | IGHT

The full Moon of August is known
as the Grain Moon or Green Corn
Moon.

APOGEE
August 9

PERIGEE
August 21

STARDATE 19



OVERVIEW

The Celestial Sea wheels into the east and southeast
during September evenings. This group of constel-
lations all relate to water. Capricornus, the sea goat;
Aquarius, the water bearer; Piscis Austrinus, the south-
ern fish; and Pisces, the fishes are in view as darkness
falls. Cetus, the sea monster, and Eridanus, the river,
follow behind them. They may share an aquatic theme
because autumn was a rainy season in the ancient
Mediterranean, where the constellations were named.

HIGHLIGHTS

4 Mars stands to the lower left of the Moon as they rise fonight.

5 Mars and the Moon appear fo almost touch as they climb into view in
late evening. They'll be farther apart ot first light on the 6th.

9  Aldebaran, the baleful eye of Taurus, the bull, perches close to the
Moon af first light.

11 Neptune, the most distant of the Sun’s major planets, is at opposition.
It rises around sunset and is in the sky all night. It's brightest for the year,
oo, although still so faint that you need optical aid to spot it.

13 Pollux and Castor, the twins of Gemini, line up to the upper left of the
Moon at dawn. Brilliant Venus is farther below the Moon.

14 Venus dligns close fo the right of the Moon af first light.

15 Regulus, the heart of Leo, is fo the lower right of the Moon af first
light, quite low in the east.

21-22 Antares, the brightest star of Scorpius, is to the lower left /lower
right of the Moon at nightfall on these dates, respectively.

22 Autumn arrives in the northern hemisphere at 8:31 a.m. (DT, the
moment of the equinox. The Sun crosses the celestial equator, which is the
projection of Earth’s equator on the sky, from north to south.

24 Bright Jupifer is to the upper left of the Moon af nightfall.

25 Golden Saturn stands above the Moon as night falls, with brighter
Jupiter to their right.

FEATURED EVENT
27 The Sextantid mefeor shower should be at its peak.

SEPTEMBER
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FEATURED EVENT

Hiding in the Light

hen the Sun rises, the rest of the universe van-

ishes. Scattered sunlight turns the sky bright
blue, erasing the view of the stars and planets. Yet they
haven't gone anywhere. They're still hanging above us,
hidden in our star’s brilliant glare.

The curtain of blue also hides meteors — the streaks
of light formed by bits of space rock burning up as they
plunge into Earth’s atmosphere. Just as many meteors
flash through the daytime sky as the nighttime, includ-
ing those spawned by several meteor showers. One of
the most intense peaks in late September.

The Daytime Sextantids, as the shower is formally
known, are spawned by asteroid 2005 UD. It may have
split from the parent body of December’s nighttime
Geminids, which is one of the year’s best showers.
When Earth crosses 2005 UD'’s path, though, the day-
side of our planet is facing into the stream of debris, so
the meteors are washed out.

Astronomers track the meteors with radar. The me-
teors leave electrically charged trails in the upper atmo-
sphere that reflect radio waves. Astronomers use those
observations to trace the paths of the meteors, which
tells them the orbit of the debris stream that feeds the
shower. It also helped them track down the shower’s
parent asteroid.

There are two ways for the rest of us to observe the
Daytime Sextantids. A few of them are visible in the
hour or so before dawn, concentrated low in the eastern
sky. The shower peaks on September 27.

The other way is to “listen” for them. The charged
trail left in a meteor’s wake reflects FM radio waves. If
you still have an FM radio, tune to a weak, distant sta-
tion at the low end of the band. When a meteor passes
close by, the station’s signal should become louder and
clearer for anywhere from a fraction of a second to
several seconds. So instead of music or a podcast, you
might spend some time listening to the demise of space
rocks that are hiding in the sunlight.

A nighttime meteor
streaks above Joshua
Tree National Park,
California.
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STAR WARS: The
Rise of Skywalker
$300 million

JOHN CARTER
$350 million

AVATAR
5485 million

DAWN to VESTA, CERES
$445 million

Movie numbers include estimated production
and marketing budgets; space missions include
construction, launch, and some operations costs

'KEY DATES

More Bang for the Buck

f you have a few hundred mil-

lion dollars in your pocket, you
could finance an effects-heavy cin-
ematic trip to Mars. Or, for about
the same amount of money, you
could build a spacecraft to explore
the Red Planet.

Astronomer Chris Impey has
noted that the average Hollywood
spectacular now costs more than
the average space mission. John
Carter, a 2012 flop about an earth-
ling magically transported to Mars,
for example, cost about the same as
the failed Schiaparelli lander, part
of Europe's ExoMars 2016 proj-
ect (roughly $250 million each).
And 2017’s Star Wars: The Last
Jedi, which was a huge success, cost
about the same as the other half of
the ExoMars project, Trace Gas Or-
biter, another success (about $315
million each).

And when you consider the
amount of money many science-
fiction and action movies earn at
the box office, the comparisons are

2 12:22 am

even more staggering, The $630
million brought in worldwide by
The Martian could almost have cov-
ered the construction, launch, and
operations budget of MAVEN, a
Mars orbiter ($671 million). And
the proceeds from 2012’s The
Avengers ($1.5 billion) could have
paid for the most recent Mars mis-
sion, InSight, with half a billion
dollars left over.

Movie budgets continue to climb,
and so do costs for most space-
craft. But more miniaturization of
spacecraft components, allowing
the creation of smaller probes, and
the emergence of several com-
mercial space operations could re-
duce the costs of missions to the
Moon, Mars, and beyond in the
years ahead. And improved tech-
nology should make it possible to
provide better views from solar
system explorers. So a high-defini-
tion livestream from the surface of
Mars itself might cost less than a
fictional view in the theater.

1]

September 1

Asteroid 2011 ES< is predicted to pass about 40,600 miles above Farth
foday. As of late 2019, however, the asteroid had1't been tracked since
shortly after its discovery in 201° . That leaves a cood bit of uncertainty
about the fiming, so the distance o” closest approach could range from
35,000 to more tan 10 million miles. The asteroids estimated diameter
is roughly 80 feet (25 meters), 5o even if it hits Zarth the potential for
damage is small.

September 2

Winter arrives in tte northem hemisphere of Mars today (and summer in
the southern hem'sphere). It is the planet's shorfest season, lasting just
158 Earth days, varsus 183 days for northern summer.

September 24

Luna 16, the first c stomated probe to retum samples of the Moon, fouched
down in the Sovie~ Union 50 yecrs ago. The craft landed on the Sea of
Fertility on September 20, 1970. About an hour ter landing it drilled o
T4-inch (35<m) zare into the surface, extracted about 3.6 ounces of rocks
and dirt, ond deposited them in a capsule. A few grains of the samples
were given fo the widow of Sergei Koroley, the principal architect of the
Soviet space progrem. They have <ince been auctionad several fimes, most
recently in 2018 fr $855,000.

SAMLAASASSA

WIKIMEDIA/USSR POST
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A set of postage stamps commemorating Luna 16.

September 26

Tonight is Inemnational Observe the Moon Night, designed to foster a better
understanding of aur satelite world. Last year, moe than 2,000 events
were hosfed by museums, schools, planefariums, ard other venues. -

moon.nasa.gov/observe-the-moon/annual-event/overview

The full Moon of September
is known as the Fruit Moan or
Corn Moon.

APOGEE
September 6

PERIGEE
September 18

STARDATE 21




chober is packed with amazing stargazing this
year. It begins with the Harvest Moon, ends with
the Hunter’s Moon, and features Mars’ best appear-
ance of the year. The stars of summer continue to fade
in the evening twilight, while those of autumn climb
higher into the longer, cooler nights.

HIGHLIGHTS

1 The Moon is full today. As the full Moon closest fo the autumnal
equinox, it's known as the Harvest Moon.

1-3  Mars and the Moon will stage a beautiful encounter. The bright
orange planef will stand to the left of the Moon on the evening of the Tst,
quife close to it on the 2nd, and to the upper right of the Moon on the 3rd.

1-4 Venus sweeps past Regulus, the brightest star of Leo, before dawn.
They will stand closest together on the 2nd and 3rd.

6 Aldebaran, the eye of Taurus, stands to the right of the Moon as they
climb into view late this evening.

12 Regulus is below the Moon this morning.

13 Regulus is close to the upper right of the Moon at dawn, with brilliant
Venus below them.

FEATURED EVENT

13 Mars is af opposition.

14 Venus stands to the upper right of the Moon at dawn.
19 Anfares looks up at the Moon during early evening twilight.

21-23 The Moon passes by the planets Jupiter and Saturn. Jupiter is
quite bright, with fainter Saturn not far o its left or upper left as night falls.

28-29 Mars and the Moon are close once again, with the planet
continuing to shine like a bright orange star.

31 Uranus is at opposition. The giant planet rises at sunset and is in view
all night. It's closest o Earth for the year as well, so it shines at its brightest,
although you still need binoculars to spot it.

31 The Moon is full for the second time this month, so it's known as a
Blue Moon. As the first full Moon affer the Harvest Moon, it's also known
as the Hunter's Moon.

OCTOBER
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FEATURED EVENT

A Dominating Performance

D 1 ars dominates the night sky this month. It won't
produce a showier display until 2035.

The planet is at opposition, where it lines up opposite
the Sun. It reaches that point roughly every 26 months,
but no two oppositions are alike because Mars follows
an elongated orbit around the Sun. If Earth passes Mars
when the Red Planet is near its closest point to the Sun,
then it's an especially large target, so it shines especially
bright, which is the case this month. For most of Oc-
tober, Mars will outshine everything in the night sky
except the Moon and Venus, the Morning Star.

Mars reached its closest point to the Sun on August
2, and although it's now moving farther, it’s still closer
to the Sun than average. At the same time, Earth is a
bit farther from the Sun than its average distance. The
combination means that Earth will pass just 38.6 mil-
lion miles from Mars on October 6 (which, thanks to
some quirks in geometry, is one week before opposition,
on October 13). That's a little farther than at the last op-
position, in 2018, but much closer than any succeeding
opposition until September 15, 2035.

Because Mars is closest to Earth at opposition, it's the
best time to launch a spacecraft toward it. And during
closer oppositions, space agencies can send heavier and
more-capable probes without needing more power-
ful booster rockets. This year, a record four craft were
scheduled for launch in July, with all four set to arrive
at Mars early next year.

At its peak brightness, Mars will reach a magnitude
of —2.62, so it will outshine Jupiter, normally the bright-
est pinpoint of light after Venus. Mars’ orange color will
be especially obvious, so the combination of brightness
and color will make it an unforgettable sight.

Mars will begin to fade after mid-October as the dis-
tance to Earth increases. It will reach its next opposition
on December 8, 2022 — more than 12 million miles
farther than this year's stunning appearance.
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This composite of Hubble Space Telescope views shows
the relative size of Mars at several oppositions.
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A Martian dust storm 'app/'oaches astronauts
and their lander in this artist’s concept.

D 1 ars is windy. The InSight land-

er has recorded average wind
speeds of about 10 miles per hour,
with daily maximums, around noon,
of 40 to 50 mph. And during a global
dust storm in the 1970s, one of the
Viking landers recorded top speeds
of about 70 mph, which is just below
hurricane force.

Science fiction often exagger-
ates the Martian winds, though. In
2015’s The Martian, based on the
novel by Andy Weir, astronaut Matt
Damon gets stranded on the Red
Planet by a powerful windstorm. It
damages a habitat and topples one
of two landers. Damon’s crewmates,
thinking he is dead, narrowly escape
in the other craft.

That’s unlikely to happen, though,
because, at the equivalent of “sea
level,” the Martian atmosphere is
only 0.7 percent as dense as Earth'’s.
Even when the winds are blowing at
gale force, they're not exerting a lot
of pressure, so they would present

Blowing Across Mars

little threat to landers.

The wind does carry a serious
threat, though: dust. The Martian
dust has a mild electric charge, so
it clings to everything. And it’s grit-
ty, so it could easily jam up gears
and wheels, damaging mechanical
systems. It also coats solar panels,
reducing their ability to convert sun-
light to electricity (a problem that
was well depicted in The Martian.)

Wind currents also stir up dust
devils, which are small, twisting col-
umns of air like those seen in the
American southwest, and larger dust
storms. The largest, which happen
about every three Mars years (5%
Earth years), can blanket the entire
planet. That turns the skies dark,
silencing solar-powered landers (the
Opportunity rover succumbed to a
giant dust storm in 2018).

So while the Martian wind prob-
ably won't knock over any landers,
it certainly could knock them out of
commission.

7:40 pm

NASA/JOEL KQWSKY

October 8

Author Frank Herbert was born 100
years ago. He is best known for
the novel Dung, which describes
the struggle to control Arrakis, o
planet that produces a substance
that space navigators must fake
fo dllow them to quide intersteflor
ships.

October 17

French astronomer Edovard Rocke
was bom 200 years ago foday. ke
proposed that the rings of Satuin
formed when a small moon was
pulled apart by the planet's gravity,
and he calculated the distance from
a star or planet at which any sclid

DUN

FRANK HERBERT

Covers from a few of the many
printings of Dune

body would be distorted, knowr as the Roche limit. He also determined
how the gravity of a star could pull gas off the surfuce of a companion.

A jet flies in front of a
Blue Moon in July 2015.

Bookend Moons

Full Moons bookend Qctober’s right skies, and they're cmong the best
known full Moons of the year.

The Harvest Moon lights up the sky
on October 1. It is the full Moon
dosest to the autumnal equino,
which fook place on September 22.
Most years the Hcrvest Moon is
in September. This year, however,
October's first full Moon comes only
eight days ofter the equinox, while
September's full Moon took place a
full three weeks before the equinox.

In centuries post, the Harvest Moan provided extra light to help farmers
reap their crops af the end of tha summer growing season. The next full
Moon helped hunters track game through the denuded fields, so it became
<nown as the Hunter’s Moon. And this year, as the second full Moon in
zalendar month, it’s also known as a Blue Moon — bringing October to a
“lose with a doubly famous full Meon.

J

9:49 am

The full Moon of October this
year is the Harvest Moon. The
second is the Hunter's Moon.
As the second full Moon of the
month, it's also o Blue Moon.

APOGEE | PERIGEE
October 3, 30 October 16

STARDATE 23
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OVERVIEW

he bull climbs high across the sky on November
nights, with his sparkly shoulder, the Pleiades star
cluster, passing almost directly overhead around mid-
night. Yellow-orange Capella, one of the night sky’s
brightest stars, climbs along with it. And other autumn
constellations, including Perseus and Andromeda, pre-

cede them.

HIGHLIGHTS

2 Aldebaran stands close to the lower right of the Moon as they climb
info view shortly affer darkness falls.

9 Regulus, the heart of the lion, is to the lower right of the Moon o
frst light.

10 The planet Mercury stands farthest from the Sun for its current
morning appearance. It looks like a moderately bright star, low in the east-
southeast, in early dawn. It is well below Venus, the Morning Star. Spica,
the brightest star of Virgo, is to the upper right of Mercury.

12 Venus stands below the Moon at first
light, with the star Spica fo ifs lower right.
Mercury is below the trio.

. November 12

13 Venus is to the upper right of the
Moon, and Mercury below the Moon, at
first light.

November 13

15  Mars is stationary today, appearing to
stand still against the background of stars.

18-19  Jupiter and Saturn dlign fo the
upper left of the Moon on the evening of the
18th, and to the right of the Moon on the
19th. Jupiter is the brighter planet.

25 Bright orange Mars is close above the Moon at nightfall.

29-30  Aldebaran is close fo the lower left/right of the Moon ot
nightfall on these evenings, respectively.

FEATURED EVENT

30 The Moon passes through the faint outer portion of Earth’s shadow
before dawn, creating o penumbral edlipse. It is so subtle that most sky-
watchers might not even notice it.

NOVEMBER
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'FEATURED EVENT

Washed-0ut Eclipses

or skywatchers in the United States, the Sun and

Moon are a bit stingy this year. There are no total
or even partial eclipses of either body. Instead, the best
they have to offer are two penumbral eclipses of the
Moon. Such eclipses are so pale and feeble that most
skywatchers won't notice the difference in the light of
the full Moon. The last of this year’s penumbral eclipses
takes place before dawn on November 30.

Lunar eclipses occur when the Moon passes through
Earth’s shadow. If the dark inner shadow obscures the
entire lunar disk it creates a total eclipse, and the Moon
turns dark red. If the inner shadow obscures only part
of the Moon, it creates a partial eclipse, so the Moon
looks as though something has taken a bite out of it.

During a penumbral eclipse, though, the Moon pass-
es through the faint outer portion of Earth’s shadow,
known as the penumbra. Experienced observers may
notice a slight darkening of the Moon’s disk, but the
effect is so obscure that most skywatchers see nothing,

Every eclipse belongs to a cycle known as a Saros. The
circumstances of the eclipse repeat every 18 years, with
the Moon and Earth’s shadow in almost identical align-
ment. There’s a slight drift between eclipses, though, so
a cycle begins with a series of penumbral eclipses, then
partial eclipses, then total eclipses as the Moon moves
deeper into Earth’s shadow. The cycle then reverses it-
self, with partial eclipses and penumbral eclipses, as the
Moon slides out of the shadow.

The November 30 eclipse is part of a cycle that began
on March 11, 993, and ends on May 14, 2291. The
next eclipse in the cycle, also penumbral, takes place on
December 11, 2038. Multiple cycles are always under
way, though, so there are multiple eclipses each year.

This month's eclipse begins at 1:30 a.m. CST, when
the penumbra first touches the Moon, and ends 4
hours, 26 minutes later. Except for eastern Maine,
where the Moon sets shortly before the eclipse ends, the
full cycle will be visible across the entire United States.

2020 ECLIPSES
DATE TYPE
January 10

VISIBILITY FROM U.S.
Alaska only

Penumbral Lunar Eclipse

Penumbral Lunar Eclipse

Annular Solar Eclipse

Penumbral Lunar Ecipse Al except Alaska
November 30

December 14

Penumbral Lunar Eciipse  Enfire country

Total Solar Eclipse None




5
=
=

=

=
E

§ —

@
-/

P

®

=
vy

[=*3

vy

=
—
=

{—

(=]

(=]
=

Exoplanets in fact and fiction

Planets, Planets, Planets

Science fiction has created an im-
pressive variety of planets in star
systems other than our own. Since
they're the site of much of the action,
which usually includes humans, most
of these exoplanets are habitable (al-
though some just barely).

Star Trek's Vulcan, for example,
is a desert world. So are Tatooine,
Luke Skywalker's home in the Star
Wars universe, and Arrakis, center
of action in the novel Dune. Hydros, a
world from a Robert Silverberg novel,
is completely covered by water; Hoth,
also from Star Wars, is an ice world;
and Dagobah, home of Yoda, is a
jungle. And a couple of sci-fi moons,
Endor from Star Wars and Pandora
from Avatar, are covered by forests.

Astronomers haven't found a world
to match any of those (yet), although
they have found an astonishing va-
riety among the thousands of exo-
planets confirmed so far. The planets
range from the mass of the Moon to
many times the mass of Jupiter, the
giant of our own solar system. Some
have atmospheres, some have rings,

8 7:46 am
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some orbit more than one star, some
orbit dead stars, and one or two ap-
pear to have moons.

The list of known exoplanets in-
cludes dozens that orbit in the habit-
able zone — the distance from a star
where temperatures are just right for
liquid water. Since water is a key in-
gredient for Earth-like life, that makes
these worlds the most likely places to
look for life.

Habitability, though, depends on
more than just a planet’s distance
from its star. The planet’s composi-
tion, the radiation from its star, the
number of impacts by comets and as-
teroids, and many other factors figure
into the odds of a planet being able to
support life. And so far, astronomers
just don’'t know enough about the
planets they've discovered to declare
any of them “habitable.”

Even so, they are looking for signs
of life on some worlds. Such efforts
probably will require bigger telescopes
and better instruments to succeed,
providing the first proof of a Vulcan
or Hoth in another star system.

21 10:45 pm %

November 4

EPOXI, 0 NASA mission, flew
past Comet Harfley 2 10 yecrs
ago today. The mission, originally
named Deep Impact, had fired o
projectile at another comet and
measured tha debris blasted into
space. After that, NASA refor-
qefed the craft ot Comet Boethin. An EPOXI view of Hartley 2
When asfronamers couldn’t find the comet, though, the renamed EPOXI
mission headed for Hartley 2. It flew within 431 miles (694 km) of the
comet, and discovered that it was pumping vast amounts of water and
carbon dioxice info space.

NASA/JPL/UNIVERSITY OF MARYLAND

StarDate Online
Daiy skywatching tips, lunar phases, daily StarDate radio program,
astronomy event lisfings stardate.org

Publicly Accessihle Telescope Viewing
State-by-state lisfings
telescopes.stardate.org/guide /public.html

U.S. Naval Observatory
Custom sunrise/sunset and moonrise/moonset charts and much more
(the website will be offline unti. spring)

www.usno.navy.mil /USNO / astronomical-applications

SpaceWeather
Updates on solor flares, photo galleries, skywatching news, aurore-
watching defails spaceweather.com

Meteor Shower Calendar
International Meteor Organization  www.imo.net /calendar /2020

PUBLICATIONS

Observer's Hardbook 2020, edited by Patrick Kelly
rasc.ca/handbook

Yearhook of Actronomy 2020, adited by Brian Jones
www.casemateipm.com

The full Moon of November is known as
the Frost Moon or Snow Moon.

Daylight Saving Time ends November 1.

PERIGEE
November 14

APOGEE
November 26

STARDATE 25



OVERVIEW

s fall gives way to winter, some of the most spec-

tacular stars and constellations in the night sky
wheel into prime viewing hours. Orion the hunter is in
view for most of the night as the month begins, and all
night as it ends. A rectangle of four bright stars out-
lires his body, with his three-star belt at the rectangle’s
center. The belt points toward Sirius, the brightest star
in the night sky. Other bright sights include the twins
of Gemini, yellow-orar.ge Capella high overhead, and
the V-shaped face and orange eye of Taurus.

HIGHLIGHTS

5-6 Requlus, the hearf of Lo, stands to the lower right of the Moon as
they climb ‘nto good view shortly before midnight on December 5, and to
the upper right of the Moon the following night.

10 Spica, the brightest star of the constellation Virgo, is to the lower
right of the Moon af first light.

12-13  Venus is just below/to the upper right of the Moon in early
twilight on these mornings, respectively. The planet is the Morning Star.

14 A total solar eclipse will be visible across a narrow strip of the south-
errhemisphere, from the Pacilic Ocean, across southern South America,
and into tha Atlantic. Regions flanking that path will see a partial eclipse.
North America is shut out of this eclipse.

FEATURED EVENT
16-17 The Moon passes by the planets Jupiter and Saturn in the early
evening sky.

21  Winter arrives in the ncrthern hemisphere at 4:02 a.m. (ST, the
mcment of the December solstice. It is the shortest day and longest night
of the year in the northern herrisphere, and the Sun stands farthest south
in *he sky.

FEATURED EVENT
21 Jupiter and Saturn appear to almost touch each other.

23 0rarge Mars stands above the Moon at nightfall.
27 Aldedaran is close to the right of the Moon at nightfall.

DECEMBER
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DECEMBER

_ December 17

December 16

About 45 minutes after sunset

SOUTHWEST

" FEATURED EVENTS
Close-Together Giants

upiter and Saturn never pass c.oser than about 350

million miles from each other. Judging by their appza--
ance in this month’s western evening sky, though, you
might think they were about to crash into each other. Az
their closesz, on December 21, the gian: olanets will be
separated by just one-tenth of a dezree, whick: is roughly
the width of a pencil lead held at arm’s leagth. It will be
their closest approach since July 16, 1623.

Such an encounter is knowr as a conjunction. It’s
possible because Jupiter and Satarn follow almost id=n-
tical paths across the sky. They both stay quite close to
the ecliptic, which is the Sun’s path across the sky.

Jupiter follows a smaller, faster orbit erourd the Sun,
so it catches up to Saturn every 20 years or so. Both
move slowly across the sky, so they stay close togetaer
for months during each conjunction. They have been
fairly close together all this year, and will be less than
one degree apart (less than the width =f your finger a:
arm'’s length) from December 12 to December 30.

Jupiter is by far the brighter of the two planets. It is
the third-brightest object in the nigh: sky, following
only the Moon and Venus. Saturn is only akout one-
tenth as bright. Saturn will stand to the upper left of Tu-
piter at the start of the month but the larger p_anet will
sweep past Saturn, so their positions will be reversed at
the end of the month.

Adding to the beautiful conjunction. the crescent
Moon will line up quite close to them on the evenings of
December 16 and 17, creating cne of the most beauti-
ful sky shows of the entire year.

TIM JONES
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The Search Continues

Science fiction’s first aliens were
giant, fast-growing Moon crea-
tures described by Johannes Kepler,
a German astronomer who deduced
the laws that govern planetary mo-
tions, in Somnium, a book published
in 1634. The creatures spent the
hot lunar days at the bottom of the
ocean or inside caves, and if they got
caught in the sunlight their spongy
skin turned bark-like and fell off.

Writers have been crafting alien
life ever since. They've envisioned
deadly viruses (The Andromeda
Strain), fast-growing blobs (The Blob),
and beings made of pure energy (Star
Trek). Most alien life, though, looks
pretty familiar: two arms, two legs,
two ears (with or without points),
and two eyes (give or take). That’s
not surprising since the inhabitants
of the only known civilization are the
people of Earth.

So far, of course, we haven't found
a shred of evidence of any life any-
where else in the universe, intelligent
or otherwise. Astronomers are look-
ing, though, from the planets and
moons of the solar system to the
hearts of nearby galaxies.

Astronomers are planning to use
the Giant Magellan Telescope, James

1 4 10:17 am

Webb Space Telescope, and other
new instruments to search for “bio-
markers” in exoplanet atmospheres
— oxygen, methane, and other sub-
stances that can be produced by liv-
ing organisms.

The search for extraterrestrial in-
telligence is using radio telescopes
across the globe to listen for signals
from civilizations near and far —
from nearby stars to other galaxies.
It's also using optical telescopes to
look for laser flashes, which might
power interstellar craft or serve as
communications stations for multi-
planet civilizations.

The next Mars missions, scheduled
for launch this year (see page 17), in-
clude rovers designed to look for past
or current life on the Red Planet. Fu-
ture missions may drop a small sub-
marine into the ice-covered ocean of
Europa, sample a salty spray from a
subsurface ocean on Saturn’s moon
Enceladus, orlook for microbes in the
sulfuric-acid clouds of Venus.

We don't know if we'll ever dis-
cover life beyond Earth, even if such
life exists. We do know that authors
will keep crafting exotic new races to
entertain audiences, while scientists
keep looking for the real thing,

Until an alien spacecraft
drops by, the search for
ET will continue.

ik |
|
29 9:28 pm

KEY DATES

December 12

The first dedicated X-tay space
felescope was launched on
this date in 1970. Originally
known as Explorer 42, it was
renomed Uhuru ofter it en-
fered orbit. It was lounched , =
from @ p|[]]‘f0rm off the coast  Artist’s conceot of Uhuru in orbit
of Kenya, and its name is the Swahili word for freedom. Uhuru studied
Cygnus X-1, the first suspected black hole; discovered other black holes
and neutron sfars; and examined X+ays from other galaxies. It operated
until 1973.

December 13

Astronomers Albert Michelson and Francis
Peose made the first direct measurement
of the size of a stor, in 1920: Befelgeuse,
the bright orange shoulder of Orion. Using a
complicated device known as an interferom-
efer, they measured Betelgeuse’s angulor
diomater, which thay combined with the
star's distance to reveal its true size, about
240 million miles. (Presentday measure-
ments place Betelgeuse af a grecter distance, making the star even larger.)

Betelgeuse as seen
by a present-day
telescope

December 15

Venera 7, a Soviet probe, made ths first transmission from the surface of
Venus, in 1970. Although its patachute ripped, leaving it to fall o great
distance before impact, its insTurients survivec for about 20 minufes
on the surface. They transmitted the planet's surface temperature, which
scientists used to calculate the atmospheric presstie. They also used those
readings to estimate the wind spaed. The readings confirmed that Venus
is inhospitable to fife. A sister cicft also was lau~ched toward Venus but
failed to leave Earth orbit.

December 17

Today is Satumalia, one of several ancient fesvals tied to the winter
solstice. This Roman event honored Saturn, the god of the harvest. People
decorated trees with sweets ard amaments, performed acts of charity,
exchanged gifts, and decorated teir houses with candles and lamps. Many
of Satumalia’s customs survive in the celebration of Christmas.

CALENDAR EVENT

The full Moon of December is
known as the Long Might Moon or
Moon Before Yule.

PERIGEE
December 12

APOGEE
December 24

STARDATE 27



enus reigns over the first part of this year as the
Evening Star. Look for it high in the west at dusk.
At dawn, look for the king of the planets, Jupiter, sec-
ond in brightness only to Venus in the east. The Red
Planet Mars will precede Jupiter up the firmament in

early morning,

JANUARY 1 - 15

As the clear winter twilight
fades, Venus pierces through
as the Evening Star in the
southwestern sunset after-
glow.

As twilight deepens more
toward the frigid night, you'll
see that bright Venus is not
the only notable point of light
on that side of the sky. Way
off to Venus’ left, by two or
three fists at arm’s length,
watch for 1st-magnitude
Fomalhaut to glimmer into
view. And three or four fists to
Venus' right, watch for Altair,

Which will you see first?
Altair is slightly brighter. But
which one is higher or lower
will depend on your latitude,
and the lower a celestial ob-
ject appears, the more it's
dimmed by atmospheric ex-
tinction: the absorption of
light by the thicker atmo-
sphere the lower you look.
(Think of the setting Sun.)

And which of the two ap-
pears first to you also will de-
pend on pure, fluky chance.
To see a tiny star that’s just
becoming visible in a fading
sky, your exact center of vi-
sion has to land on its exact
spot. That usually involves
looking and looking before
bingo, suddenly there it is.

As dusk deepens, Fomal-
haut and Altair both become
obvious, assuming you have
an open view across from the
west to the south-southwest.
Over what landscape will you
seek them?

28

This wide array of three
gradually changes from night
to night. On New Year’s Day,
you'll find one or both stars
a little higher than Venus,
depending on your latitude.
Each night the stars sink a lit-
tle lower while Venus creeps a
little higher. By mid-January,
Venus is quite a bit higher
than either.

Unlike many stars that look
similar, Fomalhaut and Al-
tair really are fairly alike. Both
are white type-A stars twice
the size of the Sun, and hot-
ter. They're just 25 and 17
light-years away, respectively,
and they pour out 17 and 11
times as much light as our
Sun.

Altair, however, is spinning
so fast that it has an oblong
shape: It's 25 percent wider
than tall. Fomalhaut is nearly
round.

Behind you by now, Orion
and his winter constellation
family are begging for atten-
tion in the east to southeast.

Orion is walking diagonally
toward the upper right. His
three-star belt is nearly verti-
cal. Look above him for Tau-
rus, highlighted by orange
Aldebaran and, above that,
the fingertip-sized Pleiades.

Gemini lies to the left of
Orion, with Castor and Pol-
lux marking the twins’ heads
on the left. Castor is the one
on top.

Capella shines high above
Gemini. It's the brilliant eye
in the big, blocky, connect-
the-dots head of Auriga, the
charioteer. He's seen in pro-
file, and takes a bit of imag-
ination to make out. More
prosaically, his five leading
stars form a large squashed

January 28

About 30 minutes after sunset
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by Alan MacRobert

and tilted pentagon.

As evening advances,
watch for brilliant Sirius
to clear the horizon under
Orion.

JANUARY 16 - 31

Venus, in the southwest, is
both brightening and climb-
ing higher as the weeks go by.
It doesn't set now until a good
hour and a half after com-
plete darkness. It will con-
tinue to climb through the
rest of winter.

Venus has lost any obvi-
ous neighbors — it's cross-
ing dim Aquarius now — but
the Great Square of Pegasus
awaits you well to its upper
right. As always in mid-win-
ter, the Great Square is tipped
up onto one corner in the
west. The waxing crescent
Moon poses enchantingly
below Venus on the evening
of January 27 and to the
upper left of Venus on the
28th.

Orion and his neighbors

« Mercury

CJ DUNCAN



move toward the southeast
and south as winter advanc-
es. Orion himself tilts more
upright, and his belt turns
from vertical to diagonal.
The belt points toward Sirius
to the lower left, and to the
upper right toward orange
Aldebaran, the eye of Tau-
rus, the bull. Past Aldebaran,
as always, you hit the frosty
Pleiades.

Sirius is the bright dog tag
on the chest of the stick fig-
ure of Canis Major, the big
dog. Down below it, the tri-
angle of stars marking the
dog’s tail and hindquarters is
just rising.

Castor and Pollux are about
four fists to the left of Orion
and higher now. They're
not exactly twins; Pollux is
slightly brighter. And it’s tint-
ed pale yellow-orange, while
Castor is white. Star colors
are mostly subtle. But with
scrutiny you can tell Castor
and Pollux apart by Pollux’s
hue. It's an orange giant:
a star that has bloated and
cooled as it enters old age.
They are, respectively, 51 and
34 light-years away.

Mars and Antares are an-
other, temporary pair of not-
quite-twins right now. They
rise together in the early-
morning hours. By the be-
ginning of dawn (about an
hour and a half before your
local sunrise) you'll find them
decently well up in the south-
east. Both are orange-red;
Mars is the one on the left.
Mars is still so far from us,
around on the far side of the
Sun, that it's actually a little
fainter than its rival, the red
supergiant star Antares. In
fact, the Red Planet is so small
in apparent diameter that it
may even twinkle a bit. Mars,
however, is beginning a trek
that will bring it to an excel-
lent close and bright opposi-
tion in October.

As dawn grows bright,
look about three fists at arm’s
length to the pair’s lower left

Meteor Watch

The Shower
Quadrantids

Named for the extinct constello-
tion Quadrans Muralis, the wall

quadrant, an early asfronomical
instrument. Today, that region is
part of Bodtes the herdsman.

Peak
Night of January 3

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 almost
new, so it won’t be around to spoil
the show.

5 J

for Jupiter, just rising.

The waning crescent Moon
poses above Mars and Antar-
es on the morning of January
20, to their left on the 21st,
and to the upper right of Ju-
piter on the 22nd.

The remaining two naked-
eye planets, Mercury and Sat-
urn, are lost in the glare of
the Sun.

FEBRUARY 1 - 15

Venus is still the only na-
ked-eye planet of the evening.
It’s now crossing dim Pisces.
The Great Square of Pegasus
is to its right.

Orion walks high across the
meridian by midevening now,
as upright and high as he
gets. Sirius is to the lower left
of him. Look more directly to
his left for Procyon. These two
dog stars, big and little, form
the equilateral Winter Trian-
gle with Betelgeuse, Orion's
orange-supergiant shoulder.

The waxing gibbous Moon
shines high over Orion on
February 4 and 5.

Capella, the fifth bright-
est star in the sky (after the
Sun), stands almost straight
overhead around 7 p.m., de-
pending on where you live.
It goes exactly through your

zenith if you're as far north
as latitude 46 degrees (Port-
land, Oregon; Minneapolis;
Montreal; Portland, Maine).
Factoid of the night: When-
ever Capella passes your ze-
nith, Rigel — Orion’s bright,
leading foot — is also at its
highest, marking true south
over your landscape.

Look high in the northwest
for W-shaped Cassiopeia. The
W is turned way around,
with its bottom oriented to-
ward the upper left. Its lower
three stars are its brightest,

Cassiopeia lies along the
winter Milky Way, which now
arches across the sky up from
the northwest, across the ze-
nith, and down to the south-
east. Light pollution in your
sky will dim the Milky Way
or wash it out completely. But
if your sky is unspoiled and
your eyes are dark-adapted,
the winter Milky Way is one
of the most impressive glories
of the night.

FEBRUARY 16 - 29

As winter proceeds toward
its sloppy, muddy dog-end,
the dog stars Sirius and
Procyon shine their highest
after dinnertime, clear and

clean above it all.

And with spring approach-
ing, the Big Dipper is already
standing straight upright on
its handle as it climbs the
northeast. The handle is bent.
Take a look with binoculars
at the star at the bend. This
is Mizar, with its tiny, close
sidekick Alcor. If you have
reasonably good vision you
can resolve Alcor with your
unaided eyes (it's currently
to Mizar's lower left). But bin-
oculars give you superhuman
vision and render Alcor just
as plain as day.

Also, make a point to set
your alarm and look low in
the southeast about an hour
and 15 minutes before sun-
rise for Jupiter shining bright-
ly. To its upper right, by a
bit more than a fist at arm’s
length, will be little orange
Mars. Two-thirds that far on
the opposite side of Jupiter
will be Saturn, still very low.

The waning crescent Moon
pairs with Mars on the morn-
ing of February 18, Jupiter
on the 19th, and Saturn on
the 20th.

Alan MacRobert is a senior
editor of Sky & Telescope.
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About 2 hours after sunset, mid-January
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SHARE THE ADVENTUR
Bring your friends and family along for the ride
subscriptions to StarDate magazine. Buy one subscripti
the regular price of $28 and receive additional subscriptions
for just $20 each.

TAKE US ON THE GO

Enjoy StarDate on your mobhile device with our digital version.
Subscribers receive the full print version of the magazine in high-
quality PDF format, with additional interactive features to explore
deeper.

One year, $28. Both print and electronic versions, $40.

HEAR THE COSMOS

Don't miss a single day of our sky tales! Dur StarBate radio programs are available
on the same day they air as a high-quality podeast. So even when you can’t hear us
on the radio, you won't miss a thing!

One year, $30.

STARDATE.ORG/STORE
1-800-STARDATE (8-4:30 CENTRAL TIME)

SUPPORT STARDATE

Sponsor our radio program for a day and get your name an the air and
in our magazine, plus a few other goodies. Or thrill a friend or family
member with a unique gift hy sponsoring an episode in their name!

stardate.org/support
1-800-STARDATE ( 8-4:30 Central Time)



