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Dear Merlin, 
If nothing can escape the 

gravity of a black hole, 
how are jets able to shoot 
out from a black hole? 

Shannon Kanorr 
El Paso 

They don't at least 
not from the black hole 
itself.  

The "jets" are 
streamers of electri
cally charged particles 
that shoot into space 
at close to the speed 
of light. They come 
not from the black hole, 
though, but from the disk 
of superhot gas that sur
rounds it. As material moves 
closer to the black hole, it can 
be funneled away by power
ful magnetic fields generated 
in the disk, forming jets that 
squirt away from the black 
hole's north and south poles.  
This process is still poorly un
derstood, though, so astrono
mers are putting a lot of ef
fort into observing jets.  

The jets from the super
massive black holes at the 
centers of galaxies, which are 
millions or billions of times 
as massive as the Sun, can 
stretch across tens of thou
sands of light-years, blow
ing big holes in surrounding 
clouds of gas and extending 
far into interstellar space.  

This process can also com
press those clouds, trigger
ing the birth of new stars.  
In this way, black holes may 
help regulate the growth of 
galaxies - first by pulling 
in gas and helping compress 
it to form new stars, then, 
when the disk around the 
black hole gets big enough 
and hot enough, by blowing 
away the remaining gas and 
shutting down the process of 
starbirth.

Dear Merlin, 
Vega is only 25 light-years 

away. If it went supernova, how 
would that affect Earth? 

Sharon McDonald 
Arden, North Carolina 

It would send shock waves 
rippling through astronomi
cal circles, Merlin assures 
you. Vega is only about twice 
as massive as the Sun, so 
there's no way for it to end its 
life as a supernova. Instead, 
its outer layers will puff out 
into space in a much gen
tler process, leaving behind a 
hot, dense corpse known as a 
white dwarf - the same fate, 
by the way, that awaits the 
Sun in a few billion years.  

Merlin suspects, however, 
that you want to know what 
would happen to Earth if 
any star at a distance of 25

light-years exploded as a su
pernova. The answer: noth
ing good. Earth would not be 
blasted apart, but it could suf
fer other ill effects.  

A supernova produces in
tense outbursts of X-rays and 
gamma-rays, for example.  
Studies over the last couple 
of decades have shown that 
a supernova at a distance of 
about 30 light-years or less 
could bombard Earth with 
enough of this high-energy 
radiation to destroy the plan
et's protective ozone layer, al
lowing the Sun to zap the 
surface with the full power 
of its ultraviolet energy. That 
could destroy the single
celled organisms at the top of 
the oceans, causing a quick 
collapse of the marine food 
chain. It could also kill crea
tures on land (though not as

507_0

STARDATE 3

i 

16

many) and produce ge
netic mutations, can
cers, and other nasty 

Sef fects.  

Beyond a range of 
30 light-years, Earth is 

probably safe from Type 
II supernovae, which 
occur when the core of 

a massive star collapses.  
Several stars visible to 

the unaided eye are likely 
to end their lives as Type 
II supernovae, including 
Rigel and Betelgeuse in 
Orion, Deneb in Cygnus, 
Antares in Scorpius, and 

Spica in Virgo. All of these 
stars are at least several hun
dred light-years from Earth, 
though, so they present no 
risk.  

A Type Ia supernova, how
ever, may prove dangerous 
from a range of up to sev
eral thousand light-years.  
A Type Ia is produced by a 
white dwarf (like the future 

Sun) along with a compan
ion star. In one scenario, the 
white dwarf star may steal 
gas from the companion.  
When enough gas piles up on 
the white dwarf's surface, it 
may trigger an explosion that 
blasts the white dwarf to bits.  
A catastrophic explosion also 
may be produced when two 
white dwarfs collide. So far, 
astronomers haven't identi
fied any likely future Ia su

pernovae within the danger 
zone.  

There is evidence that su
pernovae have impacted life 
on Earth several times in the 
distant past, perhaps play
ing a role in mass extinction 
events around the planet.  
The good news, however, is 
that supernova events appear 
to be a few hundred million 
years apart, so the odds favor 
a long spell of calm cosmic 
conditions.
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half-century after Mariner 2's tri
umph, spacecraft buzz around the 

worlds of the solar system like honey
bees in a spring meadow. Probes are 
orbiting Mercury, Venus, Mars, Saturn, 
and the Moon, with a pair of rovers 
scooting along the Martian surface.  

Other missions are en route to Jupi

ter, Pluto, an asteroid, and a comet.  

And the twin Voyagers, which were 
launched just 15 years after Mariner, 
are nearing the edge of the solar system 

more than two decades after complet
ing a "grand tour" of the four giant 

outer planets.  

"We've come a long way - from 

nothing, to having spacecraft leaving 

the solar system," says Mark Skyes, 

director of the Planetary Science In

stitute in Tucson. "And we're not 
done. The thing about science is, the 

more you learn, the more questions 

you have. We're just cracking the door 

open.  
Mariner 2 provided the first peek 

through that door, although like all 
the audacious steps of the early space 

program, it was motivated less by sci

ence than by national pride. By early 

1960, the Soviet Union had launched 

the first Earth satellite, snapped the 

first picture of the far side of the Moon, 
and sent the first living creature into 

orbit (the unfortunate pooch Laika).  

By contrast, most American space mis

sions - conducted in full view of the 
world - seemed to end with a big ex

plosion or an early splash in the ocean.  

Undeterred by the fiery crashes, 
though, NASA was already plan

ning missions to the Moon, Mars, and 

Venus - space spectaculars designed 

to assert American dominance.  
"The early missions were driven 

by national security, national status 

needs, which was essential to Con

gress passing huge budgets," says Sykes.  

"The public was very much excited 

by this, but not just because we were 

going to beat the Russians - because 

it was like taming the Old West. Space 

was a place where people were going to 

live and work in the future." 
The first of the covered wagons for 

this grand expansion were being de
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veloped for Project Mariner. The first 
was scheduled to roll toward Venus in 
1962, with another heading for Mars 
in 1964. By mid-1961, however, it 
was clear that the booster intended to 
launch the Venus mission wouldn't be 
ready in time, so the plans for a half-ton 

spacecraft were scrapped and new ones 

drafted for two stripped-down models, 
originally designated Mariner R.  

"We got word in September, with 

launch [of both spacecraft] scheduled 
for the next August," says Edward J.  
Smith, a planetary scientist at the Jet 
Propulsion Laboratory who was on the 

science team for one of the Mariner in
struments. "It was a really tight sched

ule, so everything was done in a rush.  

There was very little time to build

the instruments or test them on the 
spacecraft. Everybody was conscious of 
the fact that we were in a competition 
with the Russians, but I personally 
never worried about that - I was try
ing to get my job done." 

With so little time to prepare, engi
neers modeled the Mariners after the 
Ranger probes that were being devel

oped for flights to the Moon (hence 
the "R" in Mariner R). Early test 
models consisted of an open structural 
framework, a cabinet containing the 
electronics, and a pair of solar panels 
for converting sunlight to electricity.  

Confidence took an early hit when 
the first two Rangers, launched in late 
1961, were lofted into useless orbits by 
the same booster that would propel the 

Mariners. "I didn't think the 

A prospects were all that good,"

Artist's concept of 
Mariner 2 en route 
to Venus (above).  
Right: Mariner 1 heads 
skyward; a few minutes 
later it was scattered 
across the Atlantic 
Ocean. Far right: JPL 
scientists display 
part of the mission's 
scientific bounty in the 
form of a [ointot.



says Smith, who also worked on the 
first two failed Rangers. "The launch 
vehicles weren't all that reliable 
things blew up on the pad, or got put 
in the wrong orbit. And software was a 
new thing in those days." 

Yet the Mariner team plunged ahead, 
working long hours to bring their craft 
to completion. "It wasn't unusual to 
work 24 hours at a stretch, especially

when we got to Cape Canaveral," 
recalls Smith. "The only time we had 
to calibrate the instruments was down 
at the Cape. We were so confused 
about what time it was, we always just 
ate breakfast, no matter what the real 
mealtime was. We stood up to it pretty 
well." 

By the summer of 1962, engineers 
and scientists had assembled a pair of 

447-pound spacecraft, each equipped 
with six scientific instruments.  

The first of them, re-designated 
Mariner 1, lifted off in the wee hours 
of July 22, heading eastward across 
the Atlantic Ocean. Less than five 
minutes later, though, tracking data 
showed its Atlas booster was veering 

off course, toward the Atlantic ship
ping lanes or even Cuba, so it was 
destroyed by the range safety officer.  
Like so many other missions before it,

Mariner 1 ended with a fiery blast and 
a watery plop.  

Even worse, the third and fourth 
Ranger missions - the first intended 
for the Moon - had also failed, one 
when its booster misfired, the other 
when the craft itself died. So five 
launches of essentially the same space
craft-booster combination had resulted 
in five failures, damaging American 

prestige in the Space Race 
and adding even more pres
sure on the Mariner team.  
Says Smith: "There was a 
great deal of anxiety. The 
JPL higher-ups felt that the 
survival of the lab was at 
stake." 

The only bright spot for 
American pride: Two 1961 
Soviet launches toward Venus 
both failed; in 1962, three 
more would suffer the same 
fate.  

The Mariner 1 trouble was 
tracked down to software in 
the Atlas booster and on the 
ground. Engineers corrected 
the trouble (they hoped) and 
blessed the launch of the 
other Venus probe, Mariner 
2. Launch was scheduled for 
late August.  

\V enus is Earth's closest planetary 
V neighbor, passing as little as 27 

million miles from us. It's also the 
brightest object in the night sky other 
than the Moon, shining as the brilliant 
mzrr ing or evening star. Yet paradoxi
cally, the very thing that makes Venus 
so bright also forever hides it from our 
vi-w: clouds.  

Unbroken decks of clouds blanket 
the entire planet, day and night. They 
reflect about two-thirds of the sunlight 
tha: strikes them, adding to Venus' 
luster. But they are impenetrable to 
visible light, so even as Mariner 2 sat 
on vs launch pad, astronomers knew 
little about what lurked beneath them.  

"Everything was up in the air," says 
Grinspoon, author of Venus Revealed, 
a history of discovery about the planet.  
"There were several competing vi-

sions of what Venus might be like.  
It was long thought of as sort of an
other Earth, but hotter - a swamp 
world. ... The cloud cover prevented 
astronomers from seeing the lower 

atmosphere or the surface. They didn't 
even know how deep the atmosphere 
was below the clouds. It was very hard 
to determine what the clouds were 
made of. And because we couldn't see 
the surface, we couldn't measure the 
rotation rate," so even something as 
basic as the length of a Venusian day 
was unknown.  

The idea of a swamp world was 

beginning to give way because spec
troscopic observations revealed large 
amounts of carbon dioxide in the plan
et's atmosphere, suggesting an atmo
spheric pressure several times greater 
than Earth's.  

Venus also glowed brightly at mi
crowave wavelengths, suggesting a hot 
surface. "It was another hint that ev
erything is not all Earth-like down 
there," says Grinspoon. "It was part 
of the beginning of the end of the 
concept of Venus as an Earth-like 
world." Yet the observations left some 
wiggle room. Some scientists argued 
the microwave energy could be pro
duced by lightning and other electrical 
discharges in the upper atmosphere, 
leaving the surface cool enough for 
liquid water.  

Despite the hints to the contrary, the 
popular concept of a swamp world still 
reigned, even among some scientists.  
In 1955, one even proposed that giant 
pools of hydrocarbons might dot the 
surface like extraterrestrial tar pits.  

Venus wasn't the only mystery the 
Mariner probes were designed to study.  
The space between the planets was 
poorly understood as well. Scientists 
weren't sure just how many tiny space 
rocks, known as micrometeoroids, the 
craft might encounter, for example.  

They also were unsure about what 
to expect from the Sun. "There was a 
controversy," says Marcia Neugebauer, 
a physicist who headed another of 
Mariner's instrument teams. Eugene 
Parker had hypothesized that the Sun 
produces a thick, high-speed flow of
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electrically charged particles, called 
the solar wind, blowing throughout 
the solar system at hundreds of miles 
per second. Another physicist, Joseph 
Chamberlain, predicted not a wind 
but a breeze, with a speed of only a 
few miles per second. "We designed 
an instrument to cover both of those 

possibilities," says Neugebauer. "The 
whole instrument weighed less than a 
kilogram, so it was quite a feat." 

M ariner 2 soared into the Florida 
sky before dawn on August 27, 

1962. The first and second stages of its 

booster performed flawlessly, shooting 
Mariner sunward at more than 25,000 
mph. Less than three days later, radio 

commands from Earth switched on 

four of its instruments and the craft 

began transmitting the first bits of its 
eventual 13-megabyte bounty.  

Within days it was clear that Parker's 

model of the solar wind was correct, 
as Mariner sailed through a million
mile-an-hour gale. "Mariner started 

seeing the solar wind as soon as the 

instrument was turned on, and 

it continued all the way to 

Venus," says Edward Smith.  

"Gene Parker became a hero." 

Mariner detected far fewer 

micrometeoroids than scien

tists had expected, particularly

as it moved free of Earth's 

gravitational sphere of influ

ence, suggesting that the inner 

solar system is a lot less messy 

than predicted.  
As Mariner sailed on, 

though, scientists feared it 

would not survive all the way 

to Venus. "It was a hair-raising 
mission," says Neugebauer.  

"Several things failed, then 

just recovered by themselves." 

A sensor designed to track 

Earth, for example, began los

ing sight of the planet. With

out it, Mariner would not be 

able to aim its instruments at 
Venus or its radio antenna at 

Earth. "From the very first, the 

intensity of that signal was an 
order of magnitude too low," 
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says Smith. "The signal kept decreas
ing, decreasing. We thought we'd lose 
it and the spacecraft would start spin
ning. But, like a miracle, the signal 
jumped up. People around here joked 
that JPL must have a Division of Di
vine Guidance." 

One of the craft's solar panels failed 
several times, each time forcing NASA 

to shut down its instruments to con

serve power for the Venus encounter.  

And by November 21, temperatures 
were rising so fast that engineers feared 
the craft would fail days before its 

scheduled arrival.  
Yet Mariner continued to work as it 

drew closer to the planet, with the data 

count clicking to one megabyte, then 

two, then three. "Today, I can sit on 

my computer at home and download 
data from planetary missions," says 

Smith, who is still active in the Cassini 

mission to Saturn and the Juno mis

sion to Jupiter. "The amount of data 

available is just incredible - moun
tains of data. But for Mariner 2, we 

only had a couple of big institutional

computers. They'd give you a big stack 
of printouts, and you had to decide 
what to do with it." 

On December 14, engineers switched 
on Mariner's final two experiments 
instruments designed to measure the 
intensity of microwave and infrared 
radiation from Venus itself. They op
erated for 42 minutes as the spacecraft 
panned up and down like a bobblehead 
doll, allowing the instruments to trace 
three paths across the planet's disk. As 
the data trickled back to Earth a few 
bytes at a time - the equivalent of a 
few typed characters per second - it 
soon became obvious that Venus was 
nothing like its image.  

"Mariner's science complement was 
very simple, very minimal," says Grin

spoon. "But it had one really impor
tant experiment that worked really 

well. The microwave radiometer con
clusively proved that the surface of 

Venus was very hot." 
As Mariner nodded up and down, 

the microwave instrument viewed first 
empty space, then Venus' edge, then 

the center of its disk, then 
the opposite edge and back 

out into space. It repeated 

- this sequence three times.  

If the microwave glow was 

produced by heat from the 
planet's surface, then the 

microwave intensity would 

be strongest when Mari
ner looked at the planet's 

center, where it would be 
looking at the thinnest 

s layer of atmosphere. If, on 

the other hand, the glow 
came from electrical dis
charges or other phenom

ena in the clouds, then the 

microwave intensity would 

be strongest at the planet's 

limb, where Mariner was 
looking through the thick
est layer of atmosphere.  

The answer was clear: 

The microwave intensity 

was strongest where Mari

ner was looking through 

the thinnest layer of atmo

sphere, proving that the
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surface of Venus is hot - around 800 
degrees Fahrenheit on both the day
side and the nightside, according to 
Mariner.  

"This was a big deal, both among 
scientists and the public," says Grin
spoon. "It was no longer possible that 
Venus was another Earth. In some 
sense, that was seen as a big disap
pointment. An editorial in the New 
York Times had the headline 'Venus 
Says No.' It said the mission marked 
the end of mankind's big romantic 
dream of life on another world. That's 
kind of a bummer, right? It's not the 
answer we wanted." 

Mariner's other instruments added 
to the unearthly tenor of Venus. The 
infrared instrument found that there 
were no breaks in the clouds, so there 
was no way to see through to the sur
face. Smith's instrument, a magnetom
eter, found no evidence of a magnetic 
field, indicating that Venus' interior is 
is quieter than Earth's. And the par
ticle detectors found no evidence of 
radiation belts like those that encircle 
Earth.  

Finally, two weeks after Mariner 2 
zipped past Venus, scientists reported 
that spacecraft tracking data, com
bined with radar measurements of 
Venus' surface made by the same an
tennas that tracked the spacecraft, 
revealed that Venus might rotate on its 
axis once every 250 Earth days. (Later 
observations reduced it to 225 days.) 

In the decades since, a score of 
American, Soviet, and European mis-

sions have revealed that Venus is "a 
weird place," says Mark Skyes. Its sur
face was repaved by planet-wide volca
nic eruptions several hundred million 
years ago, and active volcanoes may 
still belch gases into its atmosphere.  
Atmospheric pressure at the surface 
is about 90 times that of Earth - the 
equivalent of a depth of about 3,200 
feet in the oceans. The surface tem
perature is a bit hotter than Mariner 
found, and the clouds that top Venus' 
atmosphere are made not of water, but 
of sulfuric acid.  

"It turns out that Venus is a really 
worthwhile planet to explore," adds 
Grinspoon. "Mariner 2 set up the ques
tion of how did Venus evolve to such 
a different state from Earth. There's 
a general sense that it started as an 
Earth-like world then transitioned to 
what we see today, but we don't know 
how or when. There's a whole list 
of questions about its climate. Ulti
mately, by understanding Venus better, 
we can understand all planets better, 
including our own." 

Tracking stations lost Mariner's sig
nal on January 4, 1963, when the craft 
was more than 54 million miles from 
Earth. The first mission to another 
planet was over. Venus - the old 
Venus, a twin of our own Earth - was 
dead, replaced by the unwelcoming 
Venus of Mariner 2.  

Damond Benningfield is executive edi
tor of StarDate and writer/producer of 
StarDate radio.
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JPL celebrated the success of Mariner 2 
with a float in the 1963 Rose Bowl parade 
(concept, left; in action, above). Far left: A 
diagram shows how Mariner's instruments 
tracked across the Ventisian disk.  
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In the last months of 2012, Mars performs a neat trick while Jupiter reigns supreme over the night 

and Venus over the dawn. The Summer Triangle 

continues to hang around, while a symbol of fall, the 

Great Square of Pegasus, leads the way to multiple 

skywatching delights in the south.

NOVEMBER 1 -15 
Mars is stuck in place in the 

evening sky. For the past few 
months, as we've been watch
ing the Curiosity rover poke 
around and send back Mar
tian scenery, the planet has re
mained at just about the same 
place in the sky. Look for it 
glimmering low in the south
west as twilight fades.  

The constellations behind 
Mars have been sliding down 
into the sunset week by 
week, as stars and planets 
normally do. And plan
ets often do move east
ward against this west
ward constellation flow.  
But fast enough for Mars 
to seemingly stand still 
against this flow from late 
July to the end of Decem
ber? 

The secret is that dur
ing these months, twi
light has been arriving 
earlier and earlier. If you 
were to point at Mars 
at the same time by the 
clock - 8 p.m., say - it 
would indeed descend the 
sky week by week (and 
drop below the horizon).  
But by looking at the sky 
earlier each month, you 
counteract the seasonal 
turning of the sky.  

In addition, Mars is close 
enough to Earth that when 
it moves eastward against the 
stars low in the evening twi
light, it goes especially fast.  
These two effects add together 
this fall to keep Mars standing

in place.  
Meanwhile, on the opposite 

side of the sky, big bright Jupi
ter rises around the end of twi
light in early November, about 
when Mars is setting. And look 
to Jupiter's right for a spar
kling imitation of Mars: the 
orange-giant star Aldebaran.  

Above Aldebaran, the win
try little Pleiades cluster is 
climbing upwards. With good 
vision, you can count six stars

in the group. Some people 
can make out eight or nine. A 
faint silvery background hints 
at more. In ancient Sweden, 
the Pleiades were called "Fur 
in Frost," and J.R.R. Tolkien 
called them Remmirath, or 
"The Netted Stars," in The Fel-

lowship of the Ring.  
Capella shines well to the 

left of the Pleiades. While Ca
pella is one of the brightest 
of all stars, it is far outshone 
by Jupiter. This whole tableau 
will wheel much higher in the 
coming weeks and months to 
dominate the winter sky.  

NOVEMBER 16 - 30 
Mars remains in place, low 

in the southwest as twilight 
fades away. Jupiter keeps ris
ing earlier, by about an hour 
every two weeks (like the 
stars). The full Moon shines 
close to Jupiter on November 
28, with Aldebaran looking 
on from their lower right.  

High in the western sky 
it's still summer, sort of. Vega

continues to dominate after 
dinnertime. Deneb, the head 
of the big Northern Cross, is 
the brightest star above Vega.  
(The cross is falling over to
ward the right.) Look farther 
to Vega's left, by three or four 
fist-widths at arm's length,

for Altair, the eye of Aquila, 
the eagle. Vega, Deneb, and 
Altair form the big Summer 
Triangle.  

To Vega's right, by about 
two fist-widths, a smallish 
group of four stars forms the 
head of Draco, the dragon.  
The dragon's bright nose 
points to Vega. The rest of 
him loops and winds dimly 
off to the right.  

Fomalhaut, the lonely "au
tumn star," now hangs at its 
highest in the south shortly 
after dark. The Moon shines 
far above it on the evening 
before Thanksgiving.  

Look well below Fom
alhaut for the stars of the 
far-southern constellation 
Grus, the crane, rarely no

ticed by us northerners.  
Use binoculars, or your 
unaided eyes in a very 
dark sky, to look to the 
lower right of Fomal
haut for Grus' dim di
agonal line of stars, from 
upper right to lower left, 
forming the crane's head 
and long neck. The neck 
is about the length of 
11/2 fist-widths at arm's 
length (a little more than 
twice the width of a typi
cal binocular's field of 
view).  

Capricornus, the sea 
goat, is easier to see.  
Look farther to Fomal
haut's right for this dim, 

Z boat-shaped constella

z tion. It's more than two 
Fists wide (three or four 
" binocular fields).  

Early risers: Don't miss the 
close conjunction of bright 
Venus and faint Saturn in 
early dawn on the mornings 
of November 26 and 27.  
They'll appear less than one 
degree apart. Bring binocu
lars!
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DECEMBER 1 -15 
Mars remains in place. Ju

piter now dominates the eve
ning, glaring in Taurus with 
Aldebaran to its lower right 
and the Pleiades above.  

The Great Square of Pegasus 
is a landmark of autumn eve
nings. In early to mid-evening, 
it floats high in the south, if 
you live at the latitudes of the 
northern U.S. or Canada. If 
you live in the southern U.S., 
the Great Square passes al
most straight overhead. Look 
for a square bigger than your 
fist at arm's length, formed by 
stars of only moderate bright
ness (second magnitude).  

The Great Square makes a 
fine starting point for locating 
other sights. For instance: 

Extending left from the Great 
Square's top left corner (as you 
face south) is the big, long An
dromeda line of three second
magnitude stars, counting the 
square's corner itself.  

If you have a very dark 
sky, make a right-angle turn 
upward at the middle star of 
these three. Go up from there 
by a little less than the dis
tance each of the three are 
apart. Two fainter stars guide 
your way. Near the second 
of these is a very dim, elon
gated little cloud of grayness: 
the Andromeda galaxy. At a 
distance of 2.5 million light
years, it's the farthest thing 
most people can see with their 
unaided eyes. Binoculars show 
it more easily.  

Follow the western (right
hand) side of the Great Square 
far down toward the south, 
by three and a half times its 
own length. This brings you to 
Fomalhaut.  

Follow the eastern (left) side 
of the Great Square a slightly 
lesser distance down south 
and you'll be near Diphda, or 
Beta Ceti, one of the few bright 
stars of the enormous constel
lation Cetus, the whale.  

There's no bright planet ex
cept Jupiter for most of the

The Shower 
Leonids 
Named for the constellation Leo, the lion, 
which rises in the wee hours of the morning.  
Its most prominent star, Regulus, stands at 
the bottom of a pattern of stars that looks 
like a backward question mark.  

Peak 
Night of November 16 

Notes 
The Moon is just a few days past its new 
phase, so it is a thin crescent that sets in 
early evening and doesn't interfere with the 
shower.  

night. But dawn brings quite 
a lineup. Sunrise now comes 
late, drawing the early-dawn 
sky scene into more people's 
daily schedules. Look south
east an hour before your local 
sunrise. Brilliant Venus is 
presenting itself there as the 
"morning star." To the upper 
right of Venus, look for much 
fainter Saturn. Spica sparkles 
farther to the upper right.  
Look for Mercury to the lower 
left of Venus.  

This arrangement is chang
ing. Venus begins December 
still fairly close to Saturn: five 
degrees, or about three fingers 
at arm's length. But Venus 
and Mercury gradually sink 
lower throughout December, 
while Saturn and Spica pull 
away to the upper right.  

The waning crescent Moon 
shines next to Spica on the 
morning of December 9, Sat
urn on the 10th, and spec
tacularly with Venus on the 
11th.  

DECEMBER 10 - 31 
Mars remains in place.  
Jupiter is higher now, lord

ing it over the east in the eve
ning amid the stars of Taurus, 
with Capella and the other 
stars of Auriga to its left.  

On Christmas, the waxing 
gibbous Moon pairs up spec
tacularly close to Jupiter. They 
are only one or two degrees

The Shower 
Geminids 
Named for Gemini, the twins. This shower 
can be one of the year's best, with some 
of the brightest meteors, although its peak 
viewing time is shorter than that of some 
other showers.  

Peak 
Nights of December 12/13 

Notes 
The Moon is new on the 13th, so it won't 
interfere with the show.

apart depending on your loca
tion and the time of evening, 
with Aldebaran a little below 
them and the Pleiades higher 
above in the moonlight.  

Farther below Jupiter, per
haps shining through bare 
branches, the bright constella
tion Orion is striding upward 
for the winter. His central, 
three-star belt is in its early-

winter vertical orientation.  
To Orion's left, in the east 

far below Capella and Auriga, 
look for the Gemini twins, two 
starry stick figures lying side 
by side. Their heads are bright 
Castor and Pollux, one above 
the other.  

And look far below Orion as 
the evenings grow late to get 
an early sighting of wintry 
Sirius, the brilliant Dog Star.  

Before Sirius comes up, if 
you live at mid-northern lati
tudes, you'll see a precursor 
star rising to Orion's lower left.  
This is Procyon. In Greek, the 
name means "before the dog." 
Greece is far enough north 
that Procyon indeed rises a 
little before the Dog Star (Ath
ens is at the same latitude as 
Washington, D.C.). But if you 
live south of Miami or so, their 
rising order is reversed.  

Alan MacRobert is a senior 
editor of Sky & Telescope 
magazine.
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1 Jupiter blazes above the Moon as they 

rise in early evening.  

11 The Moon, the star Spica, and the planet 
Saturn form a tight triangle at first light today.  

Brilliant Venus is to the left of the Moon, with 

fainter Spica to the lower left.  

12 The planet Saturn stands to the left of 

the thin crescent Moon, quite low in the east, at 

first light.  

13 A total solar eclipse is visible across the 

northern tip of Australia and a long path across 

the southern Pacific Ocean during the afternoon 

hours on American clocks.  

15 Mars is to the upper left of the Moon, low 

in the southwest at nightfall.  

16 The Leonid meteor shower is at its best 

tonight, with no moonlight to spoil the show.  

17-19 Brilliant "morning-star" Venus scoots 

past Spica, the brightest star of Virgo, in the pre

dawn sky. Spica is to the lower right of Venus 

on the morning of the 17th, level with it on the 

18th, and to the upper right on the 19th. At their 

closest they are separated by about the width of

two fingers at arm's length.  

26/27 Venus and Saturn team up in the south

east at first light. Golden Saturn is to the left of 

radiant Venus on the 26th, and to its upper left 

on the 27th.  

28 A faint eclipse of the Moon will take 

place. The Moon will pass through Earth's faint 

outer shadow, the penumbra. It is difficult to see, 

however.  

28 Jupiter is to the lower right of the Moon 

as they climb skyward this evening. Jupiter is 

near its maximum brilliance.

inEA~

2 Jupiter is at its best for the year, shining 

all night. upiter is also brightest for the year, 

outshining everything else in the night sky ex

cept the MVon and the planet Venus. It shines 

with a sight ivory or cream color. Aldebaran is 

close to ts lower right as they rise, with the Ple

iades star cluster well above Jupiter.  

5 Regulus, the brightest star of Leo, is 

close to the left of the Moon as they rise in late 

evening.  

9-11 The Mocn sweeps past three bright com

panions before dawn. On the 9th, the star Spica 

is quite close to the upper left of the Moon. On

the 10th, Saturn is farther to the left of the 

Moon, with brilliant Venus well below them.  

And Venus snuggles close to the upper left of the 

Moon on the 11th. Fainter Mercury, the planet 

closest to the Sun, is a little below them.  

12/13 The Geminid meteor shower is at its best 

on these nights.  

14 Mars is to the left of the Moon, low in 

the southwest, about 45 minutes after sunset.  

21 Winter arrives in the northern hemi

sphere at 5:12 a.m. CST, which is the moment 

of the winter solstice. The Sun appears farthest 

south for the year on the solstice, which is the 

shortest day of the year.  

24/25 Jupiter is the brilliant "star" near the 

Moon. Jupiter is to the lower left of the Moon at 

nightfall on the 24th, and quite close to the left 

or upper left of the Moon on the 25th. At their 

closest, they are separated by about the width of 

a finger at arm's length.

14 NCVEMBER/DECEMBER 2012
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Moon phase times are for 
the 'entral Time Zone.
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Immortal Astronomy
One of the world's longestserving astronomical 
observatories sat atop the wall 
that surrounded Beijing. From 
that tall brick platform, Chinese 
astronomers kept track of the 
heavens from 1449 to 1927. The 
site and many of its instruments 
(which did not include modern 
telescopes) have been preserved 
and are a popular tourist 
destination today.  

The Beijing Observatory is 
also one of the sites featured on 
a new website from UNESCO and 
the International Astronomical 
Union. "Portal to the Heritage 
of Astronomy" features detailed 
profiles on dozens of historically and

culturally significant astronomical 
sites around the world. The list 
includes the familiar, such as 
Stonehenge, the pyramids of Giza, 
and the cave paintings of Lascaux, 
France, as well such lesser-known 
sites as a Sun-watching station in 
French Polynesia, an ancient stone 
observatory in Korea, and a 20th
century solar telescope in Germany.  

Essays probe astronomy through 
the ages, and other sections 
describe efforts to identify and 
preserve the world's astronomical 
heritage. The site is a bit dry and 
wonky, but it shows that people 
have been reaching for the stars 
almost as long as they've been 
looking at them.

www2.astronomicalheritage.net 
.... .............................................................................................................  

jib i atin gibe Darkness 

new poster from the HETDEX project is available 
N t, at no charge to teachers, schools, libraries, and 

science museums, while members of the public can 
download a copy from the web or win a printed 
version by taking an online quiz. The poster depicts 
the work of the Hobby-Eberly Telescope Dark 

I *F Energy Experiment, which will look for the source 
one million Galaxies energy by studying more than one million 

One Giant Telescope Ngalaxies. The back of the poster offers details on 
dark energy, the expanding universe, HETDEX, and 
more. Ordering information and the quiz are avail
able at the HETDEX website.  

hetdex.org/resources/gallery.php

x _
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Accessible to All 
Noreen Grice has written several books that 

brought the wonders of the universe to 
Braille readers. Now, in the second edition 
of Everyone's Universe, she shares which 
observatories, museums, and planetaria across 
the country are bringing astronomy to people 
of all abilities, including those with vision, 
hearing, mobility, neurological, and other 
types of issues.  

More than half of the 
book is devoted to a 
state-by-state guide to 
accessible astronomy 
attractions. Along 
with descriptive text 
and black-and-white 
photos, Grice uses 
a simple system 
of symbols to 
denote whether 
attractions offer 
programs for 
persons in wheelchairs, Braille 
text, accommodations for hearing impaired 
visitors, and more.  

She also highlights telescopes that have 
been modified for mobility impaired viewers, 
including the Wren Marcario Accessible 
Telescope at McDonald Observatory's Frank N.  
Bash Visitors Center.  

This book is more than a travel guide. For 
readers involved in astronomy outreach 
(including astronomy clubs), Grice shares her 
tips for sharing astronomy with specialized 
audiences. She also includes a list of dozens of 
organizations and vendors to contact for more 
information.  

Everyone's Universe 
By Noreen Grice 
You Can Do Astronomy LLC 
$27.95, softcover 
Also available for Kindle, iBook, ePub
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The World's Oldest Globe
Reveals Astronomy's I ntriguing Role

pasteboard, about 20 
inches in diameter, 
it obviously is quite 

old. Yet the precise age of 

the ornate globe preserved at 
Germany's National Museum 
in Nuremberg still draws gasps 
of surprise (especially from 
Americans): It was commis
sioned in 1491, a year before 
Christopher Columbus' epic 
voyage.  

This is no coincidence. The 
Behaim Globe is the oldest 
surviving detailed, three

dimensional representation 
of Earth. Compiled from the 
work of astronomers who ad
vised Columbus, and drawing 
on the finest stargazing tech
nologies of its day, it depicts 
the world (sans two conti
nents) that the famed explorer 

believed he was navigating 
the day he set sail. Today, it 
adds an astronomical twist to 

a story we all think we know.  
It's common lore that be

fore Columbus' voyage, peo
ple believed Earth was flat.  
In fact, learned people had 
accepted the concept of a 
spherical Earth for more than 

a thousand years. The Greek 

mathematician and scientist 
Archimedes concluded Earth

was round by observing Earth's cir
cular shadow crossing the Moon 
during lunar eclipses. Medieval 
geographers constructed simple 
world globes, and even the golden 
orb Queen Isabella held as she 
received Columbus - part of 
her famous jewels - represented 

Earth as a sphere.  
However, the size of Earth was 

in dispute. At the town of Syene 
in Egypt on the vernal equinox, 
the Sun casts no shadow when it 
reaches its zenith. By comparing 
this with the angle of shadows 
cast in Alexandria 500 miles to 
the north, Eratosthenes (276-185 
BC) computed Earth's circum
ference as 252,000 stadia (about 
24,000 modern miles, amazingly 

close). The geographer Posidonius 
of Rhodes (135-51 BC) used dif
ferent astronomy, siting the bright 
star Canopus, which was just vis
ible on the horizon at his loca
tion. His estimate was reported 
as 180,000 stadia by the Roman 

scholar Strabo. Renaissance esti
mates typically ranged between 
these values.  

The arrangement of Earth's 
continents over the globe like
wise was in question. Astrolabes 
(flattened versions of the universe 
as envisioned by the astronomer 
Claudius Ptolemy inscribed onto 
brass disks) had been imported

from Arab lands. They were used 
to determine the angles of known 
stars, so that one's north-south 
position on Earth could be deter
mined accurately. This "latitude 
astronomy" began the great Age 
of Exploration. Portuguese naviga
tors used it to follow the African 

coast, by 1488 rounding the Cape 
of Good Hope to reach the Indies 
and China.  

But if up-and-down world travel 
was assisted by the stars, side-to
side travel (longitude) was not. As 
Earth spins on its axis, no simple 
celestial siting will fix a position.  
The word longitudo refers to the 
long (east-west) direction of the 
Mediterranean Sea, yet in Colum
bus' day, this and most longitude 
measurements were wildly wrong.  
Recovered classical knowledge 
settled little. Ptolemy (AD 90
168) mapped the known world 
(Eurasia) as wrapping 180 degrees 
around the planet: a philosophi
cally neat Earth made of half land 
and half ocean. Ptolemy's con
temporary Marinus of Tyre, on the 
other hand, estimated that Eurasia 
wrapped around the globe 230 de
grees, making the world two-thirds 
land, one-third ocean. (Both were 
wrong. Earth is just one-third land 
and two-thirds ocean.) 

These were the hotly disputed 
questions Columbus faced as he

Top: Paolo Toscanelli's 1474 map shows where geographers believed the 
continents lay (tan) before explorers blundered upon the new world (white).  
Bottom: A detail of Behaim's globe.
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proposed his journey before the Span
ish court in Salamanca: the size and 
make-up of Earth itself.  

M apmaker and master of astronomi
cal tables Martin of Bohemia, or 

Martin Behaim, was commissioned by 
his native city of Nuremberg to con
struct the Erdapfel (apple-shaped Earth) 
which today bears his name. An expe
rienced world traveler, Behaim had ac
companied the African voyages of Por
tugal's King John II, pioneering the use 
of astrolabes for making Sun-sightings, 
which were necessary because the North 
Star is not visible south of the equator.  
Behaim made his home on the island 
of Fayal in the Azores, the westernmost 
land mass European sailors had discov

ered in the Atlantic. Like Columbus, 
Behaim aspired to sail farther, and reach 

China by traveling west.  

Some believe Columbus and Behaim 
knew and worked 
with each

other in Portugal. Behaim's globe and 
Columbus' surviving maps and charts 
are uncannily similar. Both men were 
part of an international community of 
cosmographers and astronomers specu
lating on the shape of the world. These 
included Martellus Germanus, Paolo 
Toscanelli, and even Leonardo da Vinci.  
They studied the works of Marco Polo, 
who wrote of the fabled city of Cathay 
along the Chinese coast and of lands 
farther to the east. Several proposed a 
westward ocean voyage to reach such 
places. Like a Renaissance space shot, 
such a plan would require both practi
cal seamanship and the best science of 

the day.  
In many ways, Behaim's globe cap

tures the feeling of an old world emerg
ing into a new one. It is a spherical Earth 
rotating about an accurately inclined 
axis, yet fanciful depictions of mythical 
creatures haunt its unexplored reaches.  
Behaim knew the best astronomy and 

geography of his time. His globe's equa

tor is divided into 360 degrees and 
includes the Tropic, Arctic, 

and Antarctic circles. Iron 
rings originally marked 

its meridian and hori
zon. Its ecliptic (the 

Sun's path across the 
sky) is decorated 

7, with the signs of 

the zodiac. Histo

rians can trace 
how he pieced 
together differ

ent, sometimes

conflicting maps of his day, then pro
jected the resulting world map onto a 
globe. He included recent discoveries 
like the Cape Verde Islands off western 
Africa's coast, suggesting a world waiting 
to be explored. The globe's ocean spaces 
are filled with calligraphy that describe 
these lands.  

For all its grand vision, the globe 
is too small. Like Columbus, Behaim 
supported the idea of exceedingly long 
continents wrapping around a small 
planet. Both explorers were, in effect, 
"small Earthers," an opinion which 
would carry momentous consequences.  

Contemplating an Earth of about three
fourths its actual diameter (as advocated 
by Posidonius), and with Asia's Pacific 
contours far elongated (per Marinus), 
China seemed much closer; its east
ern coast approached the longitude of 
California. Japan lay where Cuba should 
be. On such an Earth, an ocean cross

ing from Europe to the Orient seemed 
within range.  

One might contend that in 1500, no 

one could measure these distances ac
curately. Estimates for the length of one 
degree of longitude (required to convert 

ocean distance into angular measure) 
were still contested, and even conver

sions from stadia and other ancient units 
used for earlier calculations remained 

uncertain.  
As well, every player was literally 

seeing the world that best suited him.  
Columbus, Behaim, and other hopeful 
explorers consistently favored measures 
which supported a voyage. The Portu

guese crown, which had already reached 
Asia by circumnavigating Africa, dis
missed their west-sailing plans entirely.  

Ferdinand and Isabella's cautious ad

visers could see only limitless ocean.  

But the monarchs themselves veered 
between politics and science. Lacking 

a route to China's riches, they took 

Columbus' gamble. A skilled mariner, 
Columbus hedged his bets, promising 
only "islands in the East Indies" - not 
Cathay.  

O n August 2, 1492, the Nina, Pinta, 
and Santa Maria embarked from 

the port city of Palos along the Span-
"1 0!1611101 - _0 _



ish coast. We can trace 
their intended journey 
precisely on Behaim's 

globe. First southwest 

to the Canary Islands, 
off the African coast.  
Then 4,500 miles due 
west (by their calcu
lation - in reality, 
12,000 miles) across 
the ocean to make 
landfall at the land 
they knew as Cipango 

(Japan).  
Instead, Columbus' exhausted galle

ons encountered the Caribbean Islands, 
likely the Bahamas, at almost precisely 
the planned distance. The correlation 
is so close that some speculate the small 
Earthers had interpreted unconfirmed 
previous Atlantic crossings to the New 
World, dating back to the Vikings, as 
reaching Asia, encouraging their own 
estimates about the size of Earth and the 
distance to reach the Orient. A world 
as exotic as Marco Polo foretold greeted 
Columbus. He returned to Spain in 
triumph.  

Initially, the small-Earth model ap
peared vindicated. Following maps like
ly drawn from Behaim's globe, Giovanni 
Caboto crossed in 1497, seeming to 
confirm that Cathay, golden city of the 
khans, lay within reach. (He actually 
had reached Newfoundland.) Crossing 
to the south, the Portuguese mariner 
Alvares Cabral landed in Brazil, suppos
ing it a large island in the Indies chain.  
According to some, Behaim himself 
reached the Americas. For nearly a 
decade, cartographers struggled to cor
relate these new landfalls with the world 
they knew.  

Then astronomy intervened. On the 
night of August 23, 1499, at a clear
ing in Tierra Firme (modern-day Ven
ezuela), the explorer Amerigo Vespucci 
marked the hours as Mars dipped behind 
the Moon. He knew from star charts 
when this celestial event would be vis
ible back in Spain, allowing him to 
compute (since Earth turns like a clock) 

the difference in longitude from his cur
rent position.  

His measurement, though clumsy and

f still disputed 
today, turned 
out smaller 

than he ex

pected. This 

suggested that 

ships reach
ing what they 

thought was 
the Orient 

were really 
traveling in 
a smaller arc, 

around a much larger globe. Where had 
they landed? 

Partly from Sun observations, Vespuc
ci reported the coastline - today's Bra
zil - extended too far south to be Asia, 
which surely did not pass the equator.  
According to the stars, he concluded, 
the lands must be a new world. These 
revelations cinched Amerigo Vespucci 
as the new continent's namesake.  

The new lands soon revealed a new 
cosmos. Alpha Centauri, the Southern 
Cross, and other stars and star patterns 
invisible from Europe blazed in their 
night skies.  

C olumbus didn't prove Earth was 
round, but he did show us how to 

travel around it. He redefined the world 
from land masses whose perimeters trav
elers could trace, to a globe that could 
be crossed in any direction. Both his 
voyage and Behaim's globe considered 

BOOKS 

Martin Behaim: The German Astronomer and Cosmog
rapher of the Times of Columbus, by John Gottlieb 
Morris, 2011.  
The Race to the New World: Christopher Columbus, 

John Cabot, and a lost history of discovery, by Douglas 
Hunter, 2011.  

INTERNET 

Martin Behaim 
legends.mapsofworld.com/medieval/martin-behaim.html 

Martin Behaim's 'Erdapfel' 
globemakers.com/facsimile/globebehaim.html 

German National Museum 
gnm.de/index.php?id=384
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our world to be a spherical planet like 
those sailing across the night sky - a 
realization that Nicolaus Copernicus 

soon would reinforce. Despite its faults, 
Behaim's Globe joins east and west by 
curving Earth, a feat earlier flat maps 
conveniently avoided. This was perhaps 
as radical a notion for its day as Ein
stein's curved space has proved in ours.  

In the end, the voyage of Columbus, 
despite its errors, was about gather
ing data about a planet. The antique 
globe at Nuremberg which preceded 
this event is an ancestor to our satellite
informed world view, a kind of Google 
Earth in paint and varnish. Today a cu
riosity, the Behaim Globe depicts most 
of the familiar continents, arranged on 
a world midway in size between Earth 
and Mars. It's not really our world, but a 
kind of Planet 1491.  

It also resembles our own first at
tempts to assemble globes of distant 
planets. We still overlap mosaics of 
collected data to do this, albeit more 
precisely than Behaim could. By coin
cidence, some of the satellites (ships, if 
you will) which capture this informa
tion and return it to Earth use bright 
Canopus, the same star Renaissance 
mariners used, to navigate their way.  

New knowledge continues to change 

our planetary models, too. Since its 
discovery in 1930, Pluto's diameter has 
diminished by a factor of four, a far 
greater change in size than from Colum
bus' Earth to ours. The discovery of vast 
oceans on Jupiter's moon Europa echoes 
the New World explorers' revelation 
that Earth was a water world - not a 
single landmass, but separated conti
nents, surrounded by vast oceans. Today, 
we can measure Earth's equatorial cir
cumference as 24,901.55 miles, though 
the final digits change constantly, owing 
to volcanic activity and the tides. At 
Barcelona (Lat. 41 23' N, Long. 2 11' 
E), there stands a statue of Christopher 
Columbus. And at Nuremberg (Lat. 490 
27' N, Long. 110 05' E), one of Martin 
Behaim, holding the globe that changed 
the world.  

Nick D'Alto is an engineer and freelance 
science writer in Bellmore, New York.
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Storm Watch 
Twin craft probe Earth's 

hazardous radiation belts

A pair of recently launched spacecraft is plunging into 
stormy skies. Observations by 
the Radiation Belt Storm Probe 
(RBSP) craft will help scientists 

understand Earth's radiation 

belts and how they vary during 
intense magnetic storms on the 

Sun.  
The Van Allen radiation 

belts (named for Iowa physicist 
James Van Allen, who led the 
team that discovered them) are 
zones where Earth's magnetic 

field traps electrically charged 

particles from the Sun. A stable 

inner belt stretches from about 
400 to 4,000 miles (600-6,000 
km) above Earth's surface, with 

a highly variable outer belt at

an altitude of 9,000 to 12,000 
miles (14,500-19,000 km).  
Prolonged exposure to radiation n 

in the belts could damage 
orbiting satellites or endanger 

the health of astronauts.  

RBSP's twin probes, which 

use radiation-hardened 

electronics and heavy shielding 

to protect them, will measure 

the radiation intensity and plot 
how the intensity varies during 

solar storms, which pelt Earth 
with radiation and particles.  

In addition to providing 
answers to fundamental 

questions about the belts, the 

RBSP readings will provide 

additional tools to help forecast 
the effects of solar magnetic

storms on Earth's own magnetic 

environment. Such forecasts 
are critical because intense solar 
storms can damage or destroy 
orbiting satellites, disrupt some 
radio communications, create 

corrosive electrical currents in

long oil and gas pipelines, and 
trigger electrical blackouts.  

The probes shared a ride to 

space on August 30 and were 
scheduled to begin full-time 
science operations after a 60
day orbital checkout. DB



S ugar is one of the building blocks of life, and astronomers have found a simple 
form of it in a gas cloud around a Sun-like 
star in a binary system 400 light-years 
away.  

Using the partially complete Atacama 
Large Millimeter/submillimeter Array 
(ALMA) in the mountains of Chile, 
astronomers studied the chemistry of the 
gas cloud around the binary star IRAS 
16293-2422 in the Rho Ophiuchi star
forming region.  

The simple sugar they found, 
glycolaldehyde, is "not much different to the

sugar we put in coffee," said study leader Jes 
Jorgensen of Denmark's Niels Bohr hstitute.  
Though sugar may seem mundane, "this 
molecule is one of the ingredients in the 
formation of RNA, which like DNA, to 
which it is related - is one of the building 
blocks of life." 

"What's really exciting aboit our 
findings," said team member C6cile Favre 
of Denmark's Aarhus University, "is that ...  
the sugar molecules are falling in towards 
one of the stars of th system. The sugar 
molecules are not only in the right place to 
find their way onto a planet, but they are

also going in the right direction." 
The star is young. The gas cloud 

surrounding it has not collapsed into a disk 
frcm which planets may form, but it could.  
The ALMA team said the sugar molecules 
are currently about the same distance away 
frcm the star as Uranus is from the Sun.  

The ALMA study is not the first time 
glycolaldehyde has been detected in space, 
but it is the first time it has been found 
around a Sun-like star.  

ALMA is in a science verification stage, 
and additional antennas continue to be 
added to the array. RJ

New Telescope Hunts 
for Gamma-Ray Sparks

A giant new telescope that rises from the Khomas Highland of Namibia 
is providing new insights into exploding 
stars, supermassive black holes, and 
other exotic and powerful objects.  

Known as HESS II, it is the largest of 
five dishes that make up the High Energy 
Stereoscopic System. HESS II's 382-facet 
mirror spans 28 meters (92 feet), and 
offers a collecting area greater than the 
other four mirrors combined. HESS II 
saw first light in July and was dedicated 
on September 28.  

The HESS telescopes look for Cher
enkov radiation - flashes of blue light 
that occur when gamma rays strike par
ticles high in Earth's atmosphere. Each 
collision generates a cascade of other

collisions, each of which 
can produce a flash of 
light that lasts for a few 
billionths of a second.  
High-speed cameras on 
the telescopes record the 
flashes. Seeing the flashes 
with more than one tele
scope in the array a lows 
astronomers to triangulate a gamma 
ray's path through the atmosphere and 
track the gamma rays to their source.  
HESS is the largest Cherenkov detector 
in the world.  

The gamma rays are byproducts of 
quasars, pulsars, gamma-ray bursts, and 
the remnants of the explocing stars 
known as supernovae, among other ob-

jects. Magnetic fields and shock waves 
in these environments accelerate par
ticles to near lightspeed. Interactions 
with the magnetic fields or with other 
pcrticles cause them to emit gamma 
rays. Studying the Cherenkov radiation 
can help astronomers understand the ex
treme environments around these exotic 
objects. DB
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Laying Tracks _ st I . , 
. .et cta view f rom 

The Curiosity rover (low-angle self-portrait, bottom) the Keck Telescape 
took a look at its eventual destination, Mount Sharp 
(left), shortly after landing. It will study the banded 
layers of rock, which may have been deposited by 
water. A high-altitude view from Mars Reconnais
sance Orbiter (below) shows the rover and the tracks 
of its first few days of driving. The dark area, where 
the rover landed was wiped clean of dust by Curipos
ity's landing rockets.  

Early Spiral Presents 
Aa Cosmic Conundrum 

;A "grand-design" spiral galaxy has been 
found where none should exist: a mere 

three billion years after the Big Bang, when the 
universe was less than a quarter of its present 
age. At that epoch, galaxies should not have had 

...... time to gravitationally organize themselves into 

-t the beautiful spirals seen today.  
A team of astronomers using the giant Keck 

the mos! massitie star known .  Telescope on Hawaii's Mauna Kea set out to 
discover whether the galaxy is really an ancient 
spiral, or an optical illusion: two galaxies 
superimposed along the same line of sight.  
They tracked the motions of disparate parts of 
the object to see how they moved in relation to 

n each other.  
"We got a beautiful map that told us this 

t hing is a rotating disk," said team leader Alice onstepShapley of UCLA. But, "the vast majority of old mOSP MYS galaxies look like train wrecks," she said. "Our 
first thought was, why is this one so different, 

- - and so beautiful?" 
Found a- quartet of stars more than twice stars over time, taking in to account and soneatifly 

said Her team's work provides a possible answer: 
II* BX442 is in the process of merging with 

Weighing in at 30 times the Sun's mass, the collisions normal In such am environmental. * BX40si h rcs fmrigwt 
another galaxy. Gravitational interactions could "monster. stars" were found in a cluster called -"Once these (dikulatico were done, it* uick-. aohrglx.Gaiainlitrcin ol 

R136 in the 30 Doradus region of the .argi iy c ear thatthe ulkamassive stars are be creating its spiral structure. The team notes 

Mageanic d, sateite galaxy h nmy "Banerjee sd. startt p- in the journal Nature that many grand-design 

Milky Way. peering very early in the life of the duster. With spiral galaxies in the nearby universe have close 

The discovery th-eatened to overturn theories s y massive stars tight binary pairs, companions.  

,, ,o se ,, ""BX442 represents a link between early of star formation. Now, a team from The Uni- themselves paked dsly tgher, there are "X4 ersnsaln ewe al 
varsity of Bonn seems to have cracked the case frequent random encounters, some of which galaxies that are much more turbulent and the 

while keeping stellar evolution theories intact. result in collisions where two stars coalesce into rotating spiral galaxies that we see around us," 

Led by m * er . h...... h . h r Shapley said. "Indeed, this galaxy may highlight 

a sophisticated computer model to study the quite easily end up being as ultramossive as the importance of merger interactions at any 

behavior cosmic epoch in creating grand design spiral 
structure." RJ
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And for even more gift ideas, visit the McDonald Observatory Gift Shop! 
MCDONALDOBSERVATORY.ORG/GI FTSHOP
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