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Dear Merlin,
What is the biggest star?

Is it bigger than the Sun?

Larry Huscher

Lancaster California

Big as in wide? Big as in

heavy? Big as in popular

on TMZ? Merlin can help
you with the first two, but
you'll have to do your own

research on the third.
The physically biggest star

yet measured is UY Scuti,
in the constellation Scutum.
It is a red supergiant that

measures out at roughly

1,700 times the diameter
of the Sun, or almost 1.5
billion miles (give or take a

couple of hundred million).
There's great uncertainty
in the exact size of stars like

UY Scuti, however, because
they blow thick winds of par-
ticles into space, surrounding
themselves with clouds of gas

and dust. That makes it dif-
ficult to tell where the surface

of the star ends and the sur-
rounding cloud begins.

Despite its girth, UY Scuti
is only about 30 times the

Sun's mass - quite heavy,

but not nearly a record-hold-
er. The "heaviness" title, so
far, goes to R136a1, a star in

the Large Magellanic Cloud,
a companion galaxy to the

Milky Way. Astronomers es-
timate its mass at 265 times
that of the Sun, yet the star
is only about 30 times the
Sun's diameter. (It could actu-

ally be a binary, although the
current evidence points to a

single star.) It's also the most
luminous known star, shin-

ing about 8.7 million times
brighter than the Sun, so it

emits as much energy in four

seconds as the Sun produces
in an entire year.

One reason UY Scuti is so

much larger than R136al
despite i:s smaller mass is its
stage in life. It has consumed
the original hydrogen fuel in
its core and is now "burning"
heavier elements. This tran-

sition made the core smaller
but hotter, so it produces more
radiation pressure, which in-

flates the surrounding layers
of gas, making the star puff

up like a giant balloon.
The Sun, incidentally, is

larger and more massive than

about 85 to 90 percent of all

the stars in the Milky Way
galaxy. Yet compared to the
rare giants and supergiants,
it's not likely to garner a lot of

attention from any interstel-
lar version of TMZ.

Dear Merlin,
Enrico Fermi asked, "Where

is everyLody?" Maybe they're
not coming. Your thoughts?

Larry Flay

Ceres, California

The Fermi Paradox is one
of Merlin's favorite thought
problems. It's also one that's

caused SETI (search for ex-

traterrestrial intelligence) re-
searchers a lot of grief.

In 1950, during a lunch

with colleagues at Los Ala-
mos National Laboratory,
Fermi realized that if other
intelligent civilizations inhab-
ited the galaxy, Earth should
have heard from them.

Fermi reasoned that there
are so many stars, with so
many Earth-like planets, that
intelligent life must have
evolved on some of them.
What's more, the solar sys-
tem is relatively young,
wh-ch means that intelligent
life could have developed bil-

lions of years before Earth
was even born. In that case,
there would have been plen-
ty -f time for a civilization
to spread through the entire
galaxy. In fact, Fermi calcu-

if

"
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lated that it shouldn't take

more than 10 million years

or so to colonize every star

system in the galaxy -
including Earth's. Yet
there is no evidence of

any other star-faring civi-
lization anywhere else in

the galaxy (or beyond).

So Fermi famously asked,
"Where is everybody?"

Merlin knows the an-
swer, of course, but his fel-

low wizards won't allow
him to provide it. How-
ever, here are a few pos-
sibilities to ponder.

One is that Earth is
the only planet in the gal-

axy where intelligent life has
evolved. That is a somewhat
depressing idea, but it fits
the lack of contact. An even
more depressing idea is that
no intelligent life lasts long

enough to spread through the
galaxy; it may annihilate it-

self or be destroyed by asteroid
impacts, exploding stars, or

other cosmic hazards. Or per-
haps other civilizations are pa-
tiently watching Earth to see
if it survives the development
of a technological civilization
before they drop in to chat.

SETI researchers have ex-
plored these and many other
possible explanations for the
Fermi Paradox. A signal from
another world would render
many of them moot. So far,
however, the galaxy is silent.
(For a discussion of efforts to
break the silence, see "Howdy,
Y'all!," page 4.)
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By Damond Benningfield

T he first message from an extraterrestrial
civilization might not say "greetings" or
"welcome to the club" or even "prepare
to be conquered."

Instead, arriving in the summer of
2093 from 47 Ursae Majoris, one of the first star
systems discovered to have planets, it might be
something more cryptic: "Send more Theremin
music!" Or, if first contact comes about a mil-
lennium later, it might be from the residents of
Polaris, the Pole Star: "We have Beatlemania!

When's the British Invasion?" Or 50,000 years
after that, give or take a few centuries, a message
might arrive from M13, a star cluster in Hercules.
"Got your note," they'll tell our descendants.
"What the heck does it mean?"

All three are possible (if unlikely) responses
to the score of messages beamed into the cosmos
over the last four decades by radio telescopes
here on Earth. Few of these transmissions were
serious attempts to contact ET. Yet they were the
first steps in a field that has garnered increased
interest in recent years - some from optimists
who see communication with other civilizations
as a path to enlightenment and growth for our
own species, and some from pessimists who see it

as an existential threat to our planet.
Known as messaging to extraterrestrial intel-

ligence (METI), it's an offshoot of the search for
extraterrestrial intelligence (SETI), which scans
for signals from alien civilizations. Scientists and
others are debating the wisdom of going beyond
simply listening to the stars by announcing our
presence to the universe. The debate, which
is sometimes dry and academic, at other times
fiery and acrimonious, touches on many topics
and fields, from the ethics of alien civilizations,
to the history of contact between cultures with
different levels of technology here on Earth, to
the protocols for responding to possible extrater-
restrial messages. Yet those diverse topics can be
condensed into a few basic questions: Is anyone
out there to hear us? Should we try to contact
them? If so, what should we say? And finally, who
should make those decisions?

"The discussion has become very heated," says
Jon Lomberg, an artist who collaborated with
astronomer Carl Sagan on one of the first in-
terstellar messages, a pair of golden phonograph
records placed on the Voyager 1 and 2 spacecraft,
which are headed into interstellar space. "There
are strong opinions, and people on both sides are
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dismissive of the other. It's kind of a blue-

sky discussion, because we don't yet have

a single example of an extraterrestrial

civilization."

A stronomers have been listening

for that first example since 1960,
when Frank Drake, a young radio

astronomer, used an 85-foot dish at Green

Bank, West Virginia, to scan the nearby

Sun-like stars Tau Ceti and Epsilon Eri-
dani for possible signals. Known as Proj-
ect Ozma, for the princess of Oz in the

L. Frank Baum children's books, its 150
hours of observations produced one false-

positive signal (from a military aircraft),

but no alien messages.

Drake's experiment was as much an

effort of faith as of science because, at

the time, astronomers knew of exactly

one planetary system in the entire uni-

verse: our own. Over the last couple

of decades, though, they've discovered
more than 2,000 confirmed planets

orbiting other stars (including both of

Ozma's targets), with thousands more

candidate worlds awaiting verifica-

tion. From those discoveries, scientists

estimate there could be hundreds of
billions of planets in the Milky Way
galaxy alone, including billions in the
habitable zone - the distance from
the parent star where temperatures are

just right for liquid water, which is a key

ingredient for Earth-like life.
"We don't know if there's any intel-

ligence out there, but at least we know

that there's a lot of real estate that

could be inhabited," says Douglas Va-
koch, a professor of clinical psychology
at the California Institute of Integral
Studies in San Francisco and presi-

dent of METI International, a group

dedicated to transmitting interstellar

messages. "And when we look at inter-

stellar space, we see the basic building

blocks of organic life everywhere."

Of course, it's a big jump from the

building blocks of life to building life
itself. And so far, there's no hint of life on
any world other than Earth. It's another

big jump from life to intelligent life that
is capable of communicating with other
star systems and that overlaps our own

star-searching era.

"I think it's likely that there's someone

out there, but if they've had the tech-
nology to communicate only as long as

we've had it, then we are, practically

speaking, isolated," says Vakoch. "So the
only way we can make contact is if the

other civilization has been working at it

for a lot longer than we have - either

it has been sending us signals for thou-

sands, even millions, of years, or it has

been listening on a similar timescale."

Estimates for the number of civilizations

in the Milky Way galaxy that fit that
description range from zero to hundreds.

"I have the absolutely correct answer,"

quips Lomberg. "Nobody knows."V akoch's interest in sending mes-

sages to the stars was instilled

by the Apollo missions to the

Moon. "But you couldn't get a PhD

in interstellar message composition," he

chuckles. So instead, he studied several
fields that provided the foundation for
pondering such messages: the history and

philosophy of science, comparative reli-

gion, and clinical psychology. Until he

founded METI International, Vakoch
was in charge of interstellar messaging

for the SETI Institute in California. And
in May, he led a day-long symposium in

Puerto Rico on the possible nature of

extraterrestrial intelligence.

That type of eclectic background is
common among participants in the METI

discussion. They come from the fields
of astrophysics, philosophy, art, religion,
linguistics, science fiction, and others,

with many dabbling in several categories.

David Brin, for example, holds degrees in

physics, astrophysics, and space science;

advises NASA on advanced technol-
ogy concepts; and is an award-winning

science-fiction author. "I've always been

fascinated by the notion of 'the other,"'

says Brin.

In the METI debate, though, he takes

the view that we should be cautious

about trying to make contact with "the

other." "The idea of first contact between

'alien' cultures has played out many times

6 JULY/AUGUST 2016



here on Earth, and they've all played out

badly." he says. "Even when there were
best of intentions on both sides, there
was pain."

And that's the key point of those who
oppose attempts to herald our presence
to the galaxy: Contact between Earth
cultures frequently ends with the stronger
one subjugating or destroying the weaker.
Therefore, contact with another world,
which almost certainly would be more ad-
vanced than our own, with beings whose
ethics and motivations we cannot even
guess at, could easily destroy our world.

"We don't know much about aliens,
but we know about humans," Stephen
Hawking said last year during an event to
launch Breakthrough Listen, a new SETI
project endorsed by Hawking. "Encoun-
ters between civilizations with advanced
versus primitive technologies have gone
badly for the less advanced. A civiliza-
tion reading one of our messages could
be billions of years ahead of us. If so, they
will be vastly more powerful, and may not
see us as any more valuable than we see
bacteria." Such a civilization, Hawking
has said, might conquer other planetary
systems and strip away their resources,
much like a Hollywood movie scenario.

"Stephen Hawking says the aliens
could be nasty dudes, and he's right," says
John Traphagan, a professor of religious
studies at The University of Texas at Aus-
tin and a director of METI International.
"There's no evidence that they would be

morally superior, so we have to be careful
- there are dangers involved. However,
the distances are so huge that it may take
thcusands of years for our messages to ge:
to another civilization. Unless they've
developed faster-than-light travel, there's
no: much to worry about. And wha:
would be their reason for coming here
- to take our resources? Unless they
just like killing things, why come to oor
planet when they could go to the asteroid
bel: and find lots of resources? There's no
log-c to that at all."

And besides, say Traphagan and others,
were not exactly keeping quiet anyway.

From left: Tracking dishes like the Deep Space Network antenna at Goldstone, California,
emit strong radio signals that could be detected across vast distances; the Yevpatoria radio
telescope in Ukraine beamed Theremin music across the galaxy: the gia7t Arecibo telescope
transmitted the first serious message to other civilizations.

Earth has Seen broadcasting into space
fLr more thin a century - everything
frcm Orson Welles' "War of the Worlds"
ralio program to "I Love Lucy" televi-
sicn episodes to modem-day cell-phone
calls. Most of those transmissions quickly
lade, prcducing little more than a radio
naze around our planet. But some sig-
as, such as military radar beams and
transmissions from giant radio dishes to
the planets (to map planetary surfaces
and detect and track potentially hazard-
-- s asteroids) and to spacecraft in the

far reaches of the solar system, should be
detectable at ranges of hundreds of light-
years or beyond. ME--I supporters argue
that a civilization advanced enough to
threaten our planet should certainly be
able to detect those signals.

I don't think there are too many

44~
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risks to be concerned about," says Jacob
Haqq-Misra, a research scientist at the

Blue Marble Space Institute of Science.
"Should we shut down our astronomy and
military radars? I wouldn't argue for that.
They could save more lives than they

might endanger by notifying aliens that
we're here."

aqq-Misra is another METI par-

ticipant with an eclectic back-

ground. He earned a PhD in

meteorology and astrobiology and has
published scientific papers on exoplanet

habitability, environmental and social

catastrophes on Earth, and "a pragmatic

approach to sovereignty on Mars." He

also is a member of a psychedelic rock
band called Mysterytrain, and last year
he published his first novel, Noah's Raven,
about extraterrestrial contact and faith.

He also participated in a METI proj-

ect known as Lone Signal. It was

established as a for-profit enterprise,

with members of the public submitting

brief text messages for transmission to

the stars. On June 17, 2013, after two

years of preparation, the first messages

were beamed from a satellite tracking

dish in California toward Gliese 526,
a faint red star about 18 light-years

away. "We couldn't rule out that it

might have planets in its habitable
zone," says Haqq-Misra, "and it was

close enough that we could get a call

and response in less than a human life-

time." By then, however, the original

backer had lost interest in the project,

and it shut down after just a few hours
of operation.

In addition to the text messages, the

Lone Signal transmissions included
a continuous carrier wave in which

scientists encoded basic information

about mathematics and physics to act

as a sort of introduction to Earth and

its people.

That part of the project was an in-

tellectual descendant of the first, most

serious, and most famous METI broad-
cast, made in 1974. Organized by SETI

pioneer Frank Drake, it used the 1,000-
foot Arecibo radio telescope in Puerto

Rico to transmit a message toward

M13, a cluster of several hundred thou-

sand ancient stars about 25,000 light-
years away. (Thousands of closer stars

also lie within the message's path.) The

powerful transmission, which lasted

only minutes, should be easily detect-

able by any respectable radio telescope
within tens of thousands of light-years.

The digital message consisted of 1,679

bits of information - the product of the

prime numbers 23 and 73. Converting

the zeroes and ones into 23 columns

and 73 rows produces an image chock

full of scientific goodies, including the
numbers 1 to 10, the chemical formula

of DNA, a stick figure of a human, and

Harry Potter, Meet ET

S ETI researchers are looking notonly for radio broadcasts from
alien civilizations, but also for
laser beams, which can outshine
their home stars at narrow wave-
lengths. And a pair of researchers
says that Earth could use lasers
to either enhance our visibility to
other planets or to loak ourselves
from view.

In a paper published in March,
Columbia University astronomers
David Kipping and Alex Teachey
wrote that astronomers on other
worlds might see Earth transit
the Sun, blocking a bit of the
Sun's light. Astronomers on Earth

have used the same technique to
discover thousands of planets in
other star systems.

laser light beamed toward one
of these worlds during an Earth
transit could either block the spec-
tral signature of life-related com-
pounds in our atmosphere or give
the transit a distinctly unnatural
appearance, confirming the pres-
ence of intelligent life.

"This was a very simple week-
end paper - an effort in intel-
lectual curiosity," says Kipping,
who studies the habitability of
exoplanet-orbiting moons. "We
realized that you could use lasers

to create a very strange-looking
transit, like looking at the New
York City skyline. You could en-
code information, anything from
your Facebook page to all of Wiki-
pedia. Then we realized that you
could also use lasers as a cloak.
It would be surprisingly easy for
us right now, so presumably it
would be a lot easier for a more
advanced civilization. They could
be hiding themselves right now.

"We're not saying we should
try it either way, just pointing
out that it might be a cheap and
easy insurance policy if we want
to use it."

8 JULY/AUGUST 2016

details on the Arecibo telescope.
Despite its simplicity, though, "it's un-

fathomable that any alien could figure it

out," says Traphagan. "Even highly intel-
ligent humans can't figure it out. I show

it to my students, and they have no idea

what's going on. One problem is that here

on Earth, different cultures have different
ways of looking at things. In the United

States, we might count one, two, three,

four pencils, but in Japan, they have a

descriptor to go with each number -

counters for large machines, for flat sheets

of things - something like a hundred
counters. There's just something different

about the way they think about count-

ing. Now extend that to another planet,

where the conditions are different, and

the concepts of mathematics might be so

different that we might not be able to talk
to each other at all."

That hasn't stopped people from trying,

though.
In 2008, NASA beamed the Beatles

song Across the Universe toward Polaris,

the Pole Star, a triple-star system that

is hundreds of light-years away. A radio
telescope in Ukraine has transmitted

messages to many stars, including a

2001 concert of Theremin music (fea-

turing works by Vivaldi and Gershwin
and the traditional Russian folk song

Kalinka-Malinka) beamed at 47 Ursae
Majoris, home of three known plan-

ets, and several other stars. (47 Ursae

Majoris is about 46 light-years away,

so any reply could arrive as early as

2093.) And in 2008, the same telescope

transmitted a "time capsule" of 500
messages, selected from submissions by

more than a half-million participants

through a social media platform, to-

ward Gliese 581, another system with

known planets.

T hese and the other METI projects

to date were designed primarily to

prove the concept of transmitting

to other civilizations, to raise interest

in science among students, or to make

money or generate publicity, not to con-

tact ET. The messages are so short that it

would require theamost astronomical of
coincidences for another civilization to
intercept them.

True efforts to signal other civilizations

may require beacons that continuously

transmit in all directions, or tightly fo-

I
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cused, high-power signals like the Are-
cibo message that are repeated for days,
weeks, or even years. And the messages
may need to be crafted so that they could
be interpreted by beings that perceive
the universe in different ways than do
human sen es.

The messages also may need tc con-

vey a full picture of human culture -
not just the warm, fuzzy stuff. "There's

a natural tendency to presen: ourselves

in the best possible light," says Douglas

Vakoch. "If we make contact, though,

we shouldn't do that. We should start
the conversation with a sense of honesty

- what it means to be human beings at
the start of the 21st century."

Perhaps most important, say METI sup-

porters and detractors alike, the messages
will need careful attention and discus-
sion from people across the planet. "The
great challenge is to craft a message that
aliens can understand, but that won't

be misconstrued," says Traphagan. "You
need a variety of scholars - cultural

anthropologists, archaeologists, linguists,
astronomers. You also need musicians and
artists, and people from many other fields.
And that still doesn't mean the message
will be interpretable."

Critics of interstellar messaging also
want more formal oversight of the entire
process, from deciding whether to respond
to any messages discovered by SETI to
selecting targets for cold-calls from Earth.

"We don't know of any microbes on
other planets that need to be protected,
or that we need to be protected from,"
says David Brin, "yet we still have pro-
tocols to protect the other worlds of the
solar system from Earth life, and Earth
life from alien life. So why don't we have
similar precautions, or at least prudent
discussions, for dealing with sending in-

terstellar messages?"
"Ideally, you want to get international

organizations involved at the highest lev-
els," says Vakoch. "Some say we need to
wait to send a message until the secretary

general of the United Nations signs off,
but I'm not holding my breath. So far, or-
ganizations aren't willing to take a stand
on this. There are policies for what to do
if we detect a signal, but none that ad-
dress the issue of METI. ... But there's no
way to regulate transmissions from Earth.
If we do hear a signal, the response might
be varied and cacophonous."

"In the end, it's going to happen," says
Traphagan. "It's not something that can
be stopped. We just have to pull the trig-
ger and try."

Then wait for a response - one of
enlightenment or of danger - from
the stars.

Damond Benningfield is executive editor

of StarDate and writer/producer of the
StarDate radio program.
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A triplet highlights the short nights of July, formedby the planets Mars and Saturn and the star
Antares. Under even moderately dark skies, all three
show a bit of color. Mars and Antares are orange, while
Saturn has a golden hue. Antares is the brightest star of
Scorpius, one of summer's best-known denizens. Venus
inches its way into the early evening twilight by late
August, beginning a long run as the Evening Star. One of
August's greatest treats is the glowing band of the Milky
Way, which arcs overhead by midnight.

JULY -15
Jupiter is nearing the end of

the long, bright evening appa-

rition that began last winter.

Look for its ever-more-distant
light moderately low in the
west as twilight fades.
sinking a little lower

each week. The wax-
ing crescent Moon

keeps it company on

the evenings of July 8

and 9.
Jupiter has specit

the year in Leo, and
it's still there. Look
for Leo's brightest
star, Regulus, to J u-
piter's lower right by
about two fist-widths
at arm's length. Leo's
second-brightest star,
Algieba (Gamma Leo-
nis), is a fist or less
to the upper right ul
Regulus. Look aboxr
Jupiter by a fist or a
little more for Leo's tail star,
Denebola.

Look high in the southwest
at dusk for pale yellowish Arc-
turus, outshining any other
star in the area. Way below it
shines Spica, not as bright and
tinted slightly blue. They are
about three fists apart.

That assumes, as skywatch-
ers generally do, that a fist at
arm's length spans an angle of
10 degrees as seen from your
eye. Your hand and arm may
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vary. But people with shorter
arms also tend to have smaller
hands, so the fist-width works

for children about as well as
for grownups.

Mars blazes lower in the

south-southwest, brighter
even than Arcturus. Earth
passed closest to Mars and
waved hello at the end of May,
and Mars shone back to us
at its brightest in a decade.
Now we're pulling ahead of
the gaudy planet in our faster
orbit around the Sun, so Mars
is fading as it falls behind. But
not by very much not yet.

To the left of Mars, more
bright stuff is going on. July is
always Scorpius month. Look

for orange Antares, the heart
of the scorpion, twinkling due
south right after dark with
the planet Saturn, brighter

yellow-white, standing above
it. Saturn is now in the feet of

the constellation Ophiuchus,
a mythological snake-handler

dancing on the scorpion. It
must have made sense at one

time.

On July 14, the Moon forms
an interesting near-rectangle
with Mars, below it, and Sat-

urn and Antares, to its left. On

the 15th, the Moon poses just

over Saturn and Antares.
More stars of Scorpius are

scattered right around this

region, and others loop way
down and then to the left.

Near the end of this long curl
is an unequal pair in the scor-

pion's tail known as the cat's
eyes. The farther north you
are, the lower you'll find the
otherwise invisible cat with
his canted head and one eye
brighter than the other.

JULY 16-31
In the third week of July

this year, the Moon is full-

est and brightest, so dark-sky
observing has to wait until

about the 24th. But there's
nothing dark about the Mars-

Saturn-Antares triangle in

the south-southwest at night-
fall. The triangle is long and

narrow now, but keep an eye

on it. Mars, its far-right point,
is moving eastward against

the background stars toward
the other two, shortening the

triangle as time goes by. More

on this to come.
Once the Moon disappears

from the evening, make a

project of how much of the
Milky Way you can see. Under
a really dark sky, the Milky

Way will be gloriously obvi-
ous as your eyes dark-adapt

a richly detailed band of
stardust that arcs from low in
the north-northeast, up high
across the east, and down to
the south. If your sky is mod-
erately light-polluted, you
may still be able to see the

Milky Way as a vague, dim
glow. In a badly polluted sky
it's invisible ... probably!

But binoculars will show
that the Milky Way is there re-



gardless of the worst light pol-
lution. Sweep with binoculars
high in the east, and you'll
see that the area swarms with
faint star specks in a way that
most other regions of the sky
just don't.

In particular, face east
after nightfall and look al-
most straight up for Vega, the
brightest star in the whole re-
gion. The Milky Way passes
below it.

To the lower left of Vega, by
about two-and-a-half fists at
arm's length, is Deneb, right
in the Milky Way's center-
line. Deneb is the head of the
large Northern Cross, which
is lying more or less on its side
with its foot to the right. The
Northern Cross is the central
part of Cygnus, the swan, and
the Cygnus Star Cloud, along
the cross's centerline, is one
of the Milky Way's brightest,
richest regions.

AUGUST I-15
As August opens, you

should still be able to see Ju-
piter in the afterglow of sun-
set. Look low exactly west
in mid-twilight, about 45
minutes after the Sun goes
down. Jupiter is about 10
degrees above the horizon.
The crescent Moon hangs
out with Jupiter at dusk on
August 5.

Three fists to the left of Ju-
piter and a little higher, you'll
find Spica. The Moon shines
over Spica on August 8. About
four fists farther to the left is
Mars, definitely fading now
but still brighter than Saturn

mi0 a

mi

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

Peak
Night of August 11

Notes
The Moon sets by around 1 n.m., provid-
ing several hours of unfettered meteor
watching before down.

and Antares to its left. Day
by day, Mars is flying leftward
to pass between Saturn and
Mars like a rock between the
fork-tips of a slingshot. Keep
watching.

The Moon joins this group-
ing on August 11, this time
forming a diamond rather
than last month's rectangle.

Let's continue our Milky
Way scan. Start where we left
off, with Deneb and Cygnus
very high toward the east.
As you continue to the right
of Deneb, the Milky Way di-
vides in two, split by the black
interstellar dust clouds of
the Great Rift. As you follow
down toward the south, one
side grows broader and takes
over. Just to its left in the
south is the Teapot of Sag-
ittarius, a little bigger than
your fist at arm's length. Its
triangular spout is to the
right and its handle is on the
left, and it's beginning to tilt
as if pouring.

Just above the spout, like a
big puff of steam, is the Milky

Way's Large Sagittarius Star
Cloud. Other starry steam
puffs extend from there back
to the upper left.

AUGUST 16 - 31
Mars at last passes between

Saturn and Antares (look
southwest as the stars come
out) on August 23 and 24.
Their nearly straight, verti-
cal line will be rather an eye-
catcher.

Mars is quite close to An-
tares. How do their colors
compare? The comparison is
thrown off by Mars' current
brilliance. Although it's been
fading, the planet is still more
than three times as bright as
Antares. The brighter some-
thing appears, the more its
colors bleach out as seen by
human eyes. When Mars is
similar in brightness to An-
tares, their colors are correct-
ly seen to be quite alike.

In the following days and
weeks, the triangle of the
three will widen again, now
with Mars to the left of the
other two as we head toward
fall.

And as if to signal the ap-
proach of summer's end, Cas-
siopeia is now as high in the
northeast after dark as the
Big Dipper is in the northwest.
Cassiopeia and the Dipper are
opposite partners, wheeling
around the north celestial
pole throughout the seasons.

Find the midpoint between
the Dipper and Cassiopeia,
look a little higher, and there's
Polaris, the North Star, due
north.

Another sign of fall, the
Great Square of Pegasus, al-

ready stands well up in the
east. Look for a square of
moderately bright stars bal-
anced on one corner, about
two fists at arm's length.

And as August nears its

end, new planets begin to

emerge from hiding and new
drama unfolds low in the sun-
set - if you can see it. Bin-
oculars will help. Look low in
the west for two points shin-
ing through the twilight. One
is Jupiter, while the newer and
brighter one is Venus, circling
from behind the Sun. On Au-
gust 20, they are still seven
degrees apart, with Venus to
the lower right.

And if your sky is good and
clear, try to pull out little Mer-
cury, four degrees below Ju-
piter.

Their arrangement chang-
es daily. Venus and Jupiter
draw rapidly together, until,
on the 27th, they are just
about 0.1 degree apart! For
this you'll definitely want bin-
oculars. Mercury by now is
five degrees to their lower left
and growing dimmer.

Then Jupiter pulls away to
the lower right and is lost,
while Mercury fades to in-
visibility. That leaves Venus
standing alone, gathering
strength to rocket high in the
west by the end of the year to
shine over the winter world as
the brilliant Evening Star.

Alan MacRobert is a senior
editor of Sky & Telescope
magazine.
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he Milky Way galaxy hosts a color-
ful assortment of stars and nelu-
lae, from red giants and blue su-

pergiants to rain bow-huec bubbles of gas
around dying stars. Those galactic ceni-
zens look even more colorful in Galaxy
Garden, a floral version of the Milky Way
in -awaii.

' It's the first large-scale explorable
model of the Milky Way," says artist Jon
Lomberg, who conceived the idea after
creating a large parting cf the galaxy for
the National Air and Space Museum. Two
astrophysicists helped insure the accuracy
of :he garden's layout.

Galaxy Garden occupies one-quarter
acre at the Paleaku Peace Carden Sanc-
tuary in IKz'na, on the island cf Hawaii.
Gold-dust croton plants, which feature
yellow-spotted leaves, represent the gal-
axy's star fields, with bright pink hilis-
cus standing in for stellar rnurseries and
periwinkles and vinca portraying smaller
neb alae.

The garden spans 10C ifee:, so each inch
represents about 83 light-years. "Every
star we see in the night sky is on the same
leaf as our solar system. or no more than
one or two over," Lomberg says. "People
have an 'Aha:' moment when they see

that our entire night sky is right there,
then they look out and see that the whole
galaxy spans a hundred feet."

The garden is so popular that another is
ander construction at a science education
center in Smyrna, Delaware, witn cc'mple-
cion scheduled for as early as the end of
:his year. It will feature plants that can
withstand the chilly winter weather. And
Lomberg says he is working on a deal to
build a third in Pamplona, Spain. "I have
a feel ng this will really catch on," he says.

Galaxy Garden
galaxygarden.net
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Eclipses of the Past and Future
Frighten, Teach, and Fascinate

Coming in September ahead of
next August's "great American

eclipse," astronomer Tyler Nor-

dgren's latest book, Sun Moon Earth,

explains everything you wanted to know
about solar eclipses.

Nordgren delves into what solar (and
lunar) eclipses meant to ancient cul-
tures, from North American tribes to the
Maya, Chinese, and others, explaining
how they were used to note the passage
of time or as portents of good or evil. He
also explains how religions today rely
on the cycles of the Sun and Moon for
setting the changing dates of Ramadan,
Easter, and Passover.

On the scientific side, Nordgren ex-
plains the modern understanding of the
motions of celestial bodies that lead to
eclipses, including an in-depth explana-
tion of eclipse cycles.

For millennia, philosophers and scien-
tists have used eclipses. Nordgren details
the work of many of these, explaining
how eclipses enabled calculation of the
sizes of Earth and the Moon, an un-
derstanding of Earth's shape, and the
measurement of longitude - all before
the birth of Christ.

In more recent centuries, Nordgren
explains, scientists used eclipses to de-
duce the motions of the planets. After
the discovery of the eclipses of Jupiter's
moons, in the 1600s, Louis XIV ordered
their use to create the most precise map

of France to date. In the 1700s, Jupiter's
eclipses enabled the early mapping of the
United States and Canada. By the 1800s,
various nations sponsored expeditions
the world over to exploit solar eclipses for
scientific breakthroughs.

Nordgren explains how eclipses con-
tributed to the discovery of Uranus and
Neptune, the discovery of chemical ele-
ments in the Sun (including one previ-
ously unknown on Earth - helium), an
understanding of stellar evolution, and a
crucial test that validated Einstein's the-

SUN

cry of general relativity. And, of course,
a specific kind of eclipse called a transit
has been used to discover more extraso-
lar planets than any other method.

Today eclipse chasers travel the world
to enjoy the spectacle of solar eclipses
fron cruise ships and airplanes, "eager
to see what was once a subject of terror,
but has now become one of tourism,"
Nordgren quips,

He rounds out the book with a wealth
of information on next years "great
American eclipse," a total solar eclipse
whose path of totality will cross the
United States frcm the scutheast to the
nothwest. Nordgren explains how to
view the eclipse safely, as well as how to
photograph it. The book includes a list of
addit final resources for those wanting to

v ew the event. RJ

Summr Sta Pa tics
Looking for opportunities for summer stargazing?
Check out these star parties in your aria.

July 6-9 Green Bank Star Quest
Green Bank, West Virginia
greenbankstarquest. org

July 8-10 Connecticut River Valley Astronomers
Conjunction
Northfield, Massachusetts
philharrington. net/a stroconjunction

July 24-30 Maine Astronomy Retreat
Washington, Maine
astronomyretreat.com

July 27-31 York County Star Party
Wellsville, Pennsylvania
yorkcountystarpartyorg

July 31-August 5 Nebraska Star Party
Valentine, Nebraska
nebraskastarparty.org

August 2-6 Table Mountain Star Party
Oroville, Washington
tmspa.com

August 3-7 Indiana Family Star Party
Frankfort, Indiana
indianastars.com/starparty

August 4-6 Julian StarFest
Julian, California
julianstarfest.com

August 4-7 Stellafane
Springfield, Vermont
stellafane. org

August 5-6 City of Rocks Star Party
Almo, Idaho
mvastro.org

August 5-7 Northwoods Starfest
Fall Creek, Wisconsin
cvastro.org/north woods-starfest

August 26-27 Maine State Star Party
Edmonds, Maine
downeastaa.com/mssp_2016

August 31-September 4 Northern Nights Star Fest
Palisade, Minnesota
mnastro. org

August 31-September 5 Brothers Star Party
Brothers, Oregon
mbsp. org
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Long-awaited views of the distant world and
its moons wow astronomers and the public
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Above: New Horizons took the images making up
this 330-mile (530-km) mosaic of Pluto's surface
just before closest approach. Features as small as
270 yards (250 m) across are visible, including
craters, faulted mountain blocks, and part of
the vast basin informally called Sputnik Planum.
Left: False color has been added to indicate
elevation on this image of a mountain 3.5 miles
(5.6 km) high, informally named Piccard Mons.
Brown terrain is higher; blue is lower, and green
is intermediate. Because it has a depression at
its summit, scientists think Piccard Mons may
be an 'ice volcano.' nstead of spewing molten
rock, it might spew a slurry of water ice, nitrogen,
ammonia, and methane.
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Stirring Up a Recipe for Planets

After a trek of almost five
years and more than 1.7

billion miles, the Juno
spacecraft is scheduled to enter
orbit around Jupiter on July 4.
Yet planetary scientists are
hoping the craft will take them
on an even longer journey
back to the birth of Jupiter and
the solar system's other planets
4.6 billon years ago.

Juno will orbit around
Jupiter's poles, dipping as low as
3,000 miles (5,000 km) above
the giant planet's cloudtcps.
From that perch, a camera will

provide the clearest images to
date of Jupiter's polar regions.

Juno's instruments alse
will probe Jupiter's interior,

20 JULY/AUGUST 2016

atmosphere, and magnetic field.

T-re observations will yield new

details on how Jupiter is put

together. what its atmosphere

is like far below the cloudtops,

and ecw :he planet interacts

with the flow of electrically

charged particles from the Sun

known as the solar wind.

Most important, though,

scientiss hope the craft's

fbidings will help reveal how

Jupiter and the other planets

took shape.

Wher the solar system was

born, the young Sun was

s arrounded by a large disk of gas

and dust, which prov ded the

raw materials for the planets.

Just how those ingredients were

stirred together to make planets

remains a bit of a mystery,

however.

"If we want to go back in

time and understand where

we came from, and how the

planets were made, Jupiter

holds this secret, because it's

got most of the leftovers after

the Sun formed," said Scott

Bolton, Juno's chief scientist,

shortly after the craft was

launched. "What we're really

after is d-scovering the recipe

for making planets, and we're...

making sure we have all the

ingredients in that recipe."

One theory says that some

of the ingredients coalesced

to form chunks of rock and

ice, known as planetesimals,

which merged to form bigger

and bigger bodies, eventually

treating the planets. Another

theory, however, says the

planets formed from the

gravitational collapse of

unstable zones of gas and dust

within the disk.

Juno's measurements of

Jupiter's core and atmosphere

should help scientists pick

between the two ideas. A dense,

rocky core and large amounts

of water and ammonia in the

atmosphere would support

formation from planetesimals

providing a major discovery

from a trek across the solar

system. DB



Today's Science fiction, TWUPPUW'S Science Fact?
series of technical studies

recently funded by NASA sounds

like highlights from a science-

fiction anthology: a fusion-powered Pluto

orbiter and lander, suspended animation

for a trip to Mars, robotic probes that

rappel into cracks on an icy moon.

The NASA Innovative Advanced

Concepts program announced funding

for 21 proposals in May. The list includes

eight Phase II awards, which offer

$500.000 for scientists and engineers

to develop technology demonstrations or

V e

otherwise refine their concepts, as well as

13 Phase I awards, which allow proposers

-o define their ideas and demonstrate that

:hey are feasible.

One Phase II project would reduce the

fue- required for a trip to Mars or other

planets by using a planet's magnetic field
to slcw a spacecraft into orbit. The craft

would emit a cloud of electrically charged

particles, which would interact with the

magnetic field to ease the probe into orbit.

Several Phase I projects would use
materials on or around a planet or moon

to produce rocket fuel, reducing

the mission's weight and
cost. One, for example, would
manufacture fuel from ice on the

surface of Jupiter's moon Europa
or Saturn's moon Enceladus.
Another would produce fuel
from the upper atmosphere

of Mars. The Mars craft could
enter a highly elliptical orbit,
which requires less fuel than

a low circular orbit, then dip

into the Martian atmosphere on each
pass to collect compounds that could be
converted to propellants.

Two other projects would use purely
mechanical systems, with no electronics,
to explore the hellish surface of Venus
and to convert an asteroid into a working
spacecraft by installing engines and
manufacturing fuel from ice and other
materials on the surface.

And yet another project would use a
novel nuclear fusion system to propel a
one-ton spacecraft to Pluto in about five
years - a bigger payload than the recent
New Horizons mission but about half the
travel time. DB

Al -

L 1 1y 0, 
a.q r9

yyg 
j

S ARDAT E 21



Probing Planets En Masse
and Individually Reaps Rewards

T he Kepler mission recently announced
1,284 confirmed new planets, its

biggest haul to date.

The spacecraft continuously monitors

the light output from thousands of stars,

looking for decreases that indicate a planet

passing in front. Since other things can

cause that decrease, too, each find must be

followed up with ground-based telescopes.

Now astronomers have used a new, quicker

method to confirm these planets: statistical

analysis.

"Planet candidates can be thought of like

bread crumbs," said Princeton's Timothy

Morton, creator of the technique. "If you

drop a few large crumbs on the floor, you

can pick them up one by one. But, if you

spill a whole bag of tiny crumbs, you're

going to need a broom. This statistical

analysis is our broom."

According to Kepler mission scientist

Natalie Batalha, "This work will help

Kepler reach its full potential by yielding

a deeper understanding of the number

of stars that harbor potentially habitable,

Earth-sized planets - a number that's

needed to design future missions to search

for habitable environments and living

worlds."

Other scientists continue to study

individual planetary systems in depth,

turning up insights that will help nail

down the details of how different kinds of

planets and systems form.

Sean Mills of the University of Chicago

has been studying Kepler-223, a system

with four "sub-Neptunes"-planets whose

masses fall between Earth's and Neptune's.

(Our solar system does not have one.)

Kepler-223's four planets orbit in

resonance with each other. That is, each

time one planet completes an orbit, its

neighbor completes two orbits, or a similar

ratio.

"Exactly how planets form is an

outstanding question in planetary science,"

Mills said. "Our work essentially tests a

model for planet formation for a type of

panet we don't have in our solar system."

Mills' team speculates that the formation

process for the resonating sub-Neptunes

involves planets migrating around their

star's planet-forming disk before settling

into their permanent orbits, and that this

migration could be the cause for orbital

resonances.

"We think that two planets migrate

through the disk, get stuck and keep

migrating together; find a third planet,

get stuck, migrate together; find a fourth

planet and get stuck," Mills said.

The team says its work could shed light

on how the gas-giant planets in our own

solar system formed. Some scientists

believe that Jupiter, Saturn, Uranus, and

Neptune orbited in resonance with each

other in the distant past. Rj

Comes BreakUp, MakeUp

Scientists from Purdue and the University of Colorado have found that comets can break apart
and then come back together, and that this could happen regularly. They published their findings

recently in the journal Nature.
Purdue's Masatoshi Hirabayashi and Colorado's Daniel Sheeres led the team that studied recent

images of comet 67P/Churyumov-Garasaminko by the European Rosetta probe. 67P shows two
cracks, each longer than a football field. They modeled the comet's behavior from its current spin rate
of once every 12 hours to a faster 7-to-9-hour spin. Their models showed that the faster spin would
cause cracks in the comet's nucleus precisely where they are seen.

And an even faster spin would cause the comet to break in two. "The head and body aren't going to
be able to escape from each other," Sheeres said. "They will begin orbiting each other, and in weeks,
days, or even hours they will come together again during a slow collision, creating a new comet
nucleus configuration." The pattern could repeat for the life of the comet, he said.
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