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Dear Merlin, 
If Earth did not orbit the Sun, 

it would fall into the Sun or be 
thrown into space. If so, how 
can the debris in the Perseus 
meteor shower maintain its 

position so that Earth goes 
through it at the same time 
each year instead of the 
debris falling into the Sun? 

James Gamble 
Gibson Island, Maryland 

Simple. Each of the particles 
in the debris stream is in its 
own orbit around the Sun.  

Earth passes through this 
debris stream every August, 
sweeping up some of the parti
cles (most of which are no big
ger than pebbles). They plunge 
into Earth's atmosphere at 
tens of thousands of miles per 
hour. Friction with the atmo
sphere heats them and causes 
them to vaporize as the brief 
flashes of light known as me
teors or shooting stars.  

The bits of debris that form 
the Perseids and other meteor 
showers come from comets. As 
it approaches the Sun, some 
of a comet's icy surface va
porizes, releasing small bits of 
rock and dirt known as comet 
dust. Over time, solar radia
tion and the solar wind, the 
gravitational influence of the 
planets, and collisions between 
the particles themselves alter 
the orbits of some of them, so 
the debris field spreads out and 
forms a stream - a ribbon 
of comet dust in orbit around 
the Sun.

CY

Dear Merlin, 
My family and I have decided 

that we would like to relocate to 
Mars. I've been wondering how 
long it would take to travel to 
Mars with today's technology and 
what a realistic projection looks 
like within the next 20-25 years.  

Chris Duncan 
Austin 

Merlin suggests taking a re
ally big carry-on and a few 
extra snacks for the trip. With 
current technology, it takes 
several months to reach the 
Red Planet, with the actual 
time varying depending on 
the Earth-Mars distance at 
the time of launch. The next 
Mars mission, MAVEN (see 
page 21), is launching at a 
time when Mars is relatively 
far from Earth, so its journey 
will take about 10 months.  

That's not likely to change 
anytime soon, either, because 
new propulsion technologies are 
not a priority for NASA or other

space agencies. NASA actually 
developed nuclear-powered en
gines in the 1960s that could 
have cut the one-way Mars trav
el time by half or more, but the 
project was canceled about the 
time the hardware was ready for 
flight testing. .  

Scientists and engineers 
have looked at everything from 
ion thrusters to fusion-pow
ered engines, but there just 
isn't enough money or politi
cal will to develop technologies 
that are fundamentally differ
ent from the chemical rockets 
that have been used since the 
dawn of the Space Age.  

So pack up and enjoy the 
ride! 

Dear Merlin, 
If all the stars in the universe 

are constantly converting hydro
gen to heavier elements, is there 
a measurable time in the future 
when enough of the hydrogen 
in the universe will be gone that 
stars will no longer form as they 
do now? What will happen then? 

Roger Gremillion 
Katy, Texas 

Your instinct is spot on. The 
rate of star formation has slowed 
considerably since the first era 
of starbirth, and will continue to 
slow in the coming eons as the

hydrogen is depleted.  
New stars are born from 

giant clouds of hydrogen and 
other elements. Nuclear reac
tions in their cores fuse togeth
er hydrogen atoms to make he
lium, which in turn is fused to 
make even heavier elements.  
This process gradually depletes 
the supply of hydrogen in the 
universe. In fact, hydrogen has 

dropped from about 75 percent 
of the total mass of the uni
verse shortly after the Big Bang 
to about 73 percent today.  

That still leaves a lot of hydro
gen, although it becomes more 
difficult to gather it up to make 
new stars. Much of the hydro
gen is already locked up in stars, 
so there's not as much available 
in big gas clouds that give birth 
to stars. In fact, some galaxies 
have already used up almost all 
of their hydrogen, so there's not 

enough left to make more stars.  
There's still enough hydro

gen to continue making stars in 
gas-rich galaxies like the Milky 
Way for many billions of years.  
Eventually, though, almost all 
of the hydrogen will become 
locked up in stars, while the lit
tle free hydrogen that remains 
will become so thinly spread 
that there's not enough to col
lapse to make new stars, so star 
formation will end.
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ith a flash of lightning and a 
chest-squeezing bang, a star 
is born. It will live for only 
a tiny fraction of a second 
before it cools and fades. Yet 
in that flicker of cosmic time 

it will help astronomers understand the 
final stage of life of most stars, which in 
turn will help them better understand 
all of cosmic time, from the age of the 
universe to its fate.  

This star isn't of the big, round, shiny 
variety, though. Instead, it's a beaker of 
hydrogen gas the size of a bratwurst that's 
instantly heated to temperatures hotter 
than the surface of the Sun, ripping the 
hydrogen atoms apart to form a state of 
matter known as a plasma.  

During its brief life, this faux star is 
a perfect replica of conditions in the 
thin atmosphere of a white dwarf, the 

crushed corpse of a once-normal star like 

the Sun. "It's not like the conditions in a 

white dwarf plasma, it is the conditions 
in a white dwarf plasma," says Don 

Winget, a University of Texas at Austin 

astronomer and, with colleague Mike 

Montgomery, lead scientist for 

the experiment. Winget and 

colleagues will compare the 
plasma to that observed in 

more traditional white dwarfs 

- those sprinkled through the 
universe - to refine the models 

of how these stellar remnants 

behave. White dwarfs play key 
roles in determining the age 

of the galaxy and measuring 

the effects of dark energy, so 
it's critical for astronomers to 

understand their nuances.  
For that, they venture to 

Building 983 at Sandia National 
Laboratories, a national 

security research center on the 
western flank of the Monzano 
Mountains in Albuquerque.  

Like many of the buildings 
around it, the warehouse-like 

structure is painted desert 
tan. Unlike most of Sandia's 

other buildings, however, this 
one has a name over the front 

door: Z Pulsed Power Facility.  

6 NOVEMBER/DECEMBER 2013

It contains the world's largest spark
maker, a tank more than 100 feet in 
diameter and two stories tall known as 
the Z machine, which generates brief but 
intense bursts of power that produce high 
temperatures, strong magnetic fields, and 
intense pressures.  

Z's primary mission is to help maintain 
America's nuclear weapons arsenal, but 
some of its time is devoted to fundamental 
science, allowing researchers to probe 
some of the most extreme conditions in 
nature, from the surfaces of white dwarfs 
to the cores of giant planets. "Z uncovers 
things about nature that people didn't 
know were there," says Greg Rochau, 
research and development manager for 
the Z facility. "There's always a surprise 
when you do a Z experiment." 

That's because the machine is like 
nothing else on Earth. It provides 
extreme conditions on a grand scale, 
allowing researchers to study samples that 
are far larger than those in any other 
laboratory facility - from the size of 
a grain of sand up to the bratwurst
size hydrogen container. Although that
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sounds minuscule by everyday standards, 
to a physicist it's a big blob. "What's 
different about Z is that the quantities of 
material we're heating to these conditions 
are much larger than ever before," says 
Jim Bailey, distinguished member of the 
technical staff at Sandia, who works on 
several Z experiments. "So we're not 
just reaching these conditions, but we're 
doing it with a large amount of material 
for a long time under uniform conditions." 

Z achieves those conditions through 
brute force - a sort of Thor's hammer of 

the extreme-physics world.  
The heart of the machine is a set of 

36 electric capacitor banks arranged like 
the spokes on a wagon wheel. Z draws 
electricity from the local power grid 
enough to light about 100 houses for 
a few minutes - and stores it in these 
devices.  

When all systems are "go," the capacitors 
fire together in a controlled short-circuit: 
all 36 discharge within 10 billionths of a 
second, sending their power racing toward 
the center of the machine, a vacuum 
chamber 12 feet in diameter. The power 

is compressed in steps, then 
discharged to the experiment 

chamber. This jolt carries more 
than 1,000 times the electricity 
of a typical lightning bolt, but 
it discharges much faster less 
than a millionth of a second.  
In that instant, it can produce 

re up to 85 million megawatts of
power, "far more than the entire 
electrical capacity of the entire 
world," says Joel Lash, the Z 
facility's senior manager for 
research and development.  

All of that energy is channeled 
into a small target capsule.  

The one for the white-dwarf 
experiment and several others 

conducted in the same shot 
contains a network of hundreds 
of tungsten wires, each about 

one-tenth the diameter of a 
human hair. The energy pulse 

A wire-mesh target is ready for a 
shot. The wires are much thinner 
than a human hair.
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vaporizes this "cage" of material with the 
force of 10 pounds of dynamite, creating 
a :errific concussion. "You can feel the 
Earth shake when the machine fires," 
says Lash.  

A powerful magnetic field surrounds 
the vaporized material, forcing it to slam 
together alorg the container's vertical 
axis (the "z" axis in the three-dimensional 
x-y-z coordinate system, which is where 
the Z machine gets its name). That 
creates a shockwave that runs into more 
material that is falling inward. This 
collision heats the material to roughly 
the same temperature as the interior of 

the Sun, producing enormous amounts of 
X-rays. "It makes a fantas-ic X-ray light 
bulb," says Barley.  

The X-rays shine through small 

openings in the chamber, irradiating the 
beaker of hydrogen and other samples 
at distances of roughly 2 to 12 inches 
(5-35 cm), converting them to a plasma 
- a state in which an atom's electrons 
are ripped away from its r.ucleus. These 
s .mples are recorded by high-speed 
cameras and other instruments. Scientists 
analyz- these readings to determine how 
me sample materials behave, providing 
a better understanding of extreme 
environments.  

"We try to understand these 
environments with models and

computer codes, but they're so incredibly 
complicated that it's hard to vet them," 
says Taisuke Nagayama, a postdcctoral 
researcher at Sandia who is st-dying the 
the effects of impurities in the outer layers 
of the Sun. "Now that we can study these 
conditions in the lab, we can tes: the 
models under realistic conditions and see 
which are most accurate." 

n a brilliant Moncay in late 
September, Z is being prepped 
for firing No. 2,552, a process 
that resembles the countdown 

for a space mission. It takes a cday or more 
for a team of several dozen engineers ard 
technicians to ready the machine for a 
single shot.  

Much of their time is devoted to 
cleaning. Any impurities in the machine 
can divert some of Z's electrical discharge, 
reducing the effectiveness of the 
experiments and perhaps damaging the 
equipment. So bunny-suited techncians 
wipe down the walls of the central 
vacuum chamber as well as a large cone 
that will contain the samples for another 
day's experiments.  

As they work, a man in a wetsuit walks 
along the catwalks that cr-sscross the 
top of the machine, preparing to dive 
into the innermost of two rings around 
the vacuum chamber. The rings contain

fluid to insulate the giant capacitors 
and the other electrical equipment. The 
outermost ring holds about a million 
gallons of transformer oil (the smelt of 
which permeates the building), white the 
inner ring contains about a half-million 
gallons of ultra-pure water. Divers check 
for air bubbles, which could short out the 
system.  

As the Sandia team prepares the Z 
machine, researchers from several 
institutions prepare their experiments.  
They are members of a collaboration 
known as ZAPP (Z Astrophysical Plasma 
Properties), which compares plasmas 
created by Z to those seen in the universe.  

Ross Falcon, a University of Texas 
graduate student who works at Sandia full 
time on the white dwarf project, prepares 
the hydrogen gas cell. Also wearing a 
bunny suit, he works inside a restricted 
area where signs warn of possible 
contamination by beryllium, a material 
that can produce health problems.  

"The experiments are really difficult," 
he says. "If you miss one little thing, it can 
collapse your whole data set. If an optical 
fiber gets pinched in installation or you 
forget a connection, you see nothing...  
One of the first lessons I learned was that 
double checking isn't good enough -

you need to triple check." 
One experiment will use a thin wafer
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of silicon sandwiched between layers of 
plastic to shed new light on the accretion 
disks in X-ray binaries, in which gas from a 
"normal" companion star spirals toward a 
black hole a few times the mass of the Sun.  
The gas is heated to millions of degrees, 
so it emits copious X-rays. Observations 
by space-based X-ray telescopes don't 
match some of the accretion disk models, 
though, so the Z experiment should help 
astronomers better understand the physics 
of these disks.  

Another experiment will use iron 

and magnesium to shed new light on a 
possible problem with models of the Sun 
and other stars.  

"Until about 2000, the best astrophysical 
models of how the Sun works matched 
the observations," says Jim Bailey, who 
leads the experiment. Observations in 
2000, however, found that the amounts of 

certain elements in the Sun's atmosphere 

were far off those found by earlier work.  

These elements make up only a tiny 

fraction of the Sun's total mass, which is 

almost entirely hydrogen and helium, but 

they play a major role in the way energy 

is transported from the Sun's core, where 

the energy is generated, to its surface.  

"The dilemma is the best models don't 
match the best observations," Bailey says, 
although he notes that many astronomers 

reject the troublesome observations.  

Some researchers have suggested there 

could be a flaw in the models of how 

much energy the trace elements block 

or let through, known as their opacity,

observations are flawed or incomplete, 
or, more distressingly, that models of 
how stars work are off.  

"We've been working for the last five 
years to produce the right conditions, 
and we're close to being ready to publish 
our results. We're still scrutinizing our 
analysis - we're checking the math 
before publication," Bailey says with a 
chuckle. "None of this has ever been 
done before." 

As he speaks, technicians are working 
on a problem with the day's shot. A leak 

has developed at the top of the vacuum 
chamber. They ponder possible solutions 
with Greg Rochau, including using a 
sealant to plug the leak. After some 

quick discussions, though, they decide 

to scrub the shot. The Sun has set on 

today's attempt to better understand the 
workings of our star. But it will rise again 

tomorrow, bringing another chance to 

shake the world.  

oss Falcon had started his 
graduate work at the University 

of Texas when Jim Bailey visited 

S the Austin campus. Falcon 

was studying white dwarf stars with 

Don Winget, using data gathered with 

telescopes at McDonald Observatory and 

elsewhere. "I didn't even know what 

Sandia was," Falcon recalls. "But Jim 

talked about the work they were doing 

with the Z facility, the conditions he was 

reaching there, and he said that maybe 
we could create the conditions of a white

'Z unCovers things about nature that peope id IA k 
there. There's always a surprise when you do a Z experiment.' 

-' l reg Rochali
which could skew the solar observations.  

So Bailey is testing the models by 

comparing the behavior of two trace 

elements found in the Sun: magnesium, 
which is fairly well understood, and iron, 
which is less understood. The experiment 

has already yielded many shots with Z, 
with more scheduled to try to confirm 

or refute the earlier work. The results 

could show either that some of the 
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dwarf atmosphere." 

Texas soon joined the ZAPP 

collaboration, and Falcon began working 

with Bailey and Greg Rochau to design 

the white-dwarf experiments. The first 

test shot took place in April 2010, and 
the following year Falcon moved to 

Albuquerque to work on the project full 

time while he completes his PhD.  

On the second day of this set of

experiments, with the first of five scheduled 
shots already lost to technical problems, 
he's completed his pre-firing preparations, 
with the gas cell in the vacuum chamber 
at the heart of Z. The cell, which has 
evolved over the course of the project, 
is 12 centimeters long and about two 
centimeters wide (4.5 x 0.8 inches). X-rays 
will shine into the cell through a mylar 
window and hit a gold backplate, which 
will heat up and radiate energy into the gas, 
stripping the electrons from the protons to 
form a plasma. Fiber-optic lines will carry 
observations of the glowing plasma to 
the scientific instruments, allowing Falcon 
and his colleagues to study the results in 
detail.  

The project is of particular interest 
because white dwarfs are handy tools for 
many astronomical endeavors, including 
measuring the age of the Milky Way 
galaxy and plotting the effects of dark 

energy.  
A white dwarf is born when the nuclear 

reactions in a Sun-like star come to an 

end. Throughout its long life, the star 

fuses the hydrogen in its core to make 
helium, then fuses the helium to make 
carbon and oxygen. But the core can't 

get hot enough to fuse the carbon and 

oxygen, so its nuclear engine shuts down.  

The star's outer layers puff out into space, 
while the core shrinks to roughly the size 

of Earth. Although it no longer generates 

energy through nuclear fusion, the core is 

extremely hot, so it will continue to shine 

for billions of years.  
Because white dwarfs are the end

point for Sun-like stars, they can tell 

astronomers much about how stars evolve 

and die. And the surfaces of some older 

white dwarfs pulse in and out like a 

beating heart, creating sound waves 

that ripple through the star and back to 

its surface. Measuring these ripples can 

reveal the white dwarf's structure.  
But white dwarfs also serve other 

scientific purposes.  
For one, they are good "cosmo

chronometers" - devices for measuring 

cosmic time. "A white dwarf is really 

simple - it evolves simply by cooling," 
says Winget. "So you can determine its
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age by taking its temperature. If you find 
the coolest white dwarfs, you can use that 
to measure the age of the galaxy." And 
since the universe can't be older than its 
oldest stars, measuring the oldest white 
dwarfs provides a good check on the 
age of the universe measured with other 
techniques.  

White dwarfs also contribute to the 
study of dark energy, a mysterious force 
that is causing the universe to expand 
faster as it ages. If a white dwarf of a 
particular class steals enough hot gas from 
the surface of a companion star, it can 
explode as a supernova. Current models 
say that all of these blasts should be 
equally bright. "We use these as standard 
candles," says Thomas Gomez, another 
Texas graduate student working at Sandia.  
"We see how bright they appear versus 
how Oright we expect them to be, which 
tells us their distance. We then use those 
to measure the expansion of the universe 
at different times." 

All of these uses, however, require 
precise knowledge of conditions at the 
surface of a white dwarf - something that 
still needs improvement, says Winget, 
who's been studying white dwarfs for the 
last 35 years.  

Indeed, some models, which infer a 
white dwarf's mass from its gravitational 
effect on the light it radiates into space, 
have given results that completely 
disagree with the masses derived from 
other techniques. And even small errors 
in the understanding of white dwarf 
surface conditions could produce big

errors in their masses, ages, and other 
parameters, Winget says. And that's 
where the Z machine experiments come 
in. The current tests focus on a class of 
white dwarfs that are about two-thirds 
as massive as the Sun. Although they 
consist mainly of carbon and oxygen, 
they are surrounded by a thin atmosphere 
of hydrogen.  

"Hydrogen is the simplest and most 
abundant element, so surely we know all 
about that," says Winget. "And that's true 
if it's a little hydrogen atom standing out 
in space by its onesie. But put it together 
with a lot of others, mix it up, and we still 
don't have it right....So we decided, let's 
benchmark the surface plasma conditions, 
which affects everything you do with a 
white dwarf star." 

More than three years and 30 shots 
into the project, that work continues. In 
fact, by the middle of Tuesday afternoon, 
the first shot of the week is finally ready 
to go. Falcon, Gomez, and others gather 
outside a set of double doors to watch 
it happen. Control room technicians 
count up as the voltage builds inside Z's 
capacitors. Finally, after almost two full 
days of preparations, the lightning flashes, 
the building shakes, and the computers 
record the results - the instant birth, 
brief life, and quick demise of a star in a 
gold-lined bottle.  

Damond Benningfield is executive editor of 
StarDate magazine and writer/producer of 
the StarDate radio program.

Above, a Hubble Space Telescope view of 
the nearest white dwarf, Sirius B, which is 
the small dot to the lower left of its brilliant 
companion, Sirius A. Above left, layers 
of hot gas expelled into space by a dying 
star surround the star's dead core, a newly 
emerged white dwarf (dot at center).

INTER NET 

1 Pulsed Power Facility 
www.sandia.gov/z-machine 

The Art and Science of Making White Dwarfs in the 
Desert 
webs.cns.utexas.edu/news/2012/08/white-dwarfs-in-the
desert 

Don Winget: Astronomy and Horses 
mcdonaldobservatory. org/research/astronomers/winget
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W inter skies bring forth a panapoly of planets: Venus at twilight, Jupiter a bit later, and - if 
you stay up really late - Mars. The constellations of 
the Great Water surround lonely Fomalhaut in the 
south. Skywatchers anxiously await Comet ISON's 
December approach to the Sun, speculating whether 
the icy visitor to the inner solar system will put on a 
great show, or fizzle.

NOVEMBER 1 - 15 
Venus has been hanging in 

the western twilight for so long 
(since June!) that you might 
think it's always there. But 
now it's acting up. In Octo
ber, Venus gained altitude rap
idly after lurking down low for 
months. Now it continues to 
work its way higher. With the 
approach of winter, it will drop 
back down.  

In a telescope, meanwhile, 
Venus is growing more inter
esting. Its brilliant white disk 
enlarges greatly this month 
and next while waning from 
half-lit in late October to an 
eerie thin crescent by year's 
end. On November 6, catch the 
earthlit crescent Moon hang
ing with Venus in twilight - a 
lovely sight.  

High above Venus, as the 
stars come out, you'll see Al
tair. It's currently the lowest 
of the three stars of the big 
Summer Triangle. Vega is high 
to Altair's upper right. The tri
angle's third corner, Deneb, is 
almost at the zenith.  

Deneb is the head of the large 
Northern Cross, the brightest 
section of Cygnus, the swan.  
The cross extends deep into the 
Summer Triangle. Its foot, Al
bireo, falls not far short of the 
triangle's other side: the line 
from Altair to Vega.  

Venus is the brightest planet; 
Jupiter is second-brightest. The 
mid- to late-evening rising of 
Jupiter is a noteworthy event

to watch for, if you have a good 
view of the east-northeastern 
horizon. Jupiter will come up

at a point far below bright Ca
pella.  

By 11 p.m. or midnight, Ju
piter glares in the east. It's in 
Gemini this season, with Gem
ini's head stars Castor and Pol
lux to its left. Orion sparkles 
much farther off to Jupiter's 
right, a late-evening harbinger 
of the coming winter.  

For serious night owls, Mars 
rises around 1 or 2 a.m., below 
Regulus in Leo. Look for Mars 
and Regulus far to the lower 
left of Jupiter. Mars' deep yel
low-orange color gives it away.  

NOVEMBER 10 - 30 
Venus now shines at its

evening highest for the year, 
bright in the southwest dur
ing and after dusk. Jupiter now 
rises as early as 9 p.m. or so 
(depending on where you live), 
with Pollux to its left. Look to 
the upper left of Pollux by a 
similar distance for Castor. The 
waning gibbous Moon rises 
with Jupiter on the evening of 
November 21.  

November, the middle 
month of autumn, is the peak 
evening month for the lonely

"autumn star," Fomalhaut, the 
brightest in an immense area 
of otherwise dim sky. Look for 
it due south soon after twilight 
turns to dark. Fomalhaut rep
resents the mouth of the faint 
constellation Piscis Austrinus, 
the southern fish. You've got 
a good sky if you can see any 
other stars of this constellation 
at all.  

The whole enormous, dim 
southern side of the November 
sky is called the Great Water 
or Celestial Sea for its aquatic
themed constellations. Look to 
the upper right of Fomalhaut 
for Capricornus, a half-goat, 
half-fish from ancient Sume-

rian legend. Dim Aquarius, the 
water carrier, is above Fom
alhaut. Grus, the crane, is 
below Fomalhaut on the Great 
Water's southern shore. Look 
to the southeast (far to Fom
alhaut's left) for Pisces, the 
fishes; Cetus, the whale; and, 
just rising, the river Eridanus.  
You'll need a reasonably dark 
sky to pick these out.  

Turn left; brighter things 
are beginning to happen in the 
east. Orange Aldebaran and 
the little Pleiades cluster above 
it are coming into good view.  
So is brighter Capella, off to 
their left. The many scattered 
stars of the hero Perseus stand 
above Capella and a little to 
the right. Higher still, toward 
the zenith, look for W-shaped 
Cassiopeia, currently standing 
on end.  

Meanwhile, astronomers ev
erywhere are closely following 
the development of a much
anticipated visitor: Comet 
ISON. The comet is currently 
moving lower in the morning 
sky, plunging sunward across 
the stars of Virgo. It's likely to 
still be faint enough to require 
a telescope or at least binocu
lars.  

On November 28, Comet 
ISON will perform a radical 
maneuver. That afternoon 
Thanksgiving Day - it will 
swing very close around the 
Sun, missing it by less than 
one Sun-diameter. The in
tense solar heat will violently 
broil the comet's icy nucleus, 
and the Sun's differential tidal 
pull may rip it apart into a 
string of rubble. This is when 
Comet ISON will be bright
est - but invisible in broad 
daylight! 

In the next few days, what
ever remains will return to the 
southeastern dawn sky: very 
low at first, then higher.
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DECEMBER 1 - 15 
Comet ISON will certainly 

be the astronomical headliner 
of early December. But like 
so many other comets that 
showed early promise when 
they were originally far from 
the Sun, this one seems un
likely (at press time) to become 
the spectacle we hoped. It was 
falling behind its originally 
forecast schedule of brighten
ing, and this suggests a poor 
outcome from its dramatic No
vember 28 Sun flyby.  

No one can say for sure 
what will emerge low in the 
dawn in the first few days of 
December. Follow our online 
updates at stardate.org, and 
look low in the east-southeast 
as dawn gets under way from 
about December 2 through 7, 
and higher in the east just 
before dawn's first light from 
about the 8th through 15th.  
Bring binoculars.  

ISON's head may become 
visible low in the west-north
west in the evening twilight 
as December progresses, with 
its tail extending to the right, 
but that's only if it becomes 
surprisingly bright. Bright or 
faint, pre-dawn will be the 
time for the best views.  

Meanwhile, Venus comes to 
its greatest brilliancy in the 
first half of December, even 
as it begins to sink lower from 
week to week. Spot it in the 
southwest at dusk. The cres
cent Moon shines above it on 
the 5th.  

Bright Jupiter now rises in 
the east-northeast as early as 
about 7 p.m. (or a bit later for 
southern states). That's also 
when Orion climbs up through 
the eastern horizon. You'll 
always know where Orion is 
going to rise because that's 
where a line from the Pleiades 
through Aldebaran points to.  
To be precise, the line points 
to Betelgeuse, Orion's bright 
orange-red shoulder. Aldeba
ran's apparent distance from 
Betelgeuse is about two fist-

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 full this year, so it will erase all 
but the brightest of the Leonids from view.

widths at arm's length.  

DECEMBER 16 - 31 
In the southwestern sky as 

twilight fades, Venus appears 
lower every evening. Get a tele
scope on it as early as you can 
find it - possibly even before 
sunset! - while it's still fairly 
high in steady air. Every day 
Venus is becoming a longer, 
thinner, more dramatic cres
cent.  

This is also becoming prime 
time for observing Jupiter with

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 
Night of December 12/13 

Notes 
The Moon is in its waxing gibbous phase, so 
moonlight will hamper the shower until the 
Moon sets a couple of hours before dawn.

a telescope. The giant planet is 
about as near, big, and bright as 
it's going to become. (It's at op
position on January 5.) For Ju
piter now, the later you look the 
higher it will be and the sharper 
its view in a telescope. Jupiter 
shines highest in the middle of 
the night.  

On the evening of December 
18, Jupiter rises in conjunction 
with the just-past-full Moon.  

From Christmas through 
New Year's, look for Jupiter 
forming an essentially perfect

right triangle with Pollux and 
Castor to its left. The right 
angle is at Pollux.  

As Orion climbs higher in 
the east-southeast minute by 
minute and day by day, watch 
for brilliant Sirius to rise below 
it. Orion's Belt of three stars, 
in his midsection and now 
almost vertical, points down 
almost to Sirius or its rising 
point. Like Aldebaran above 
Orion, Sirius is about two fist
widths below.  

Remember Fomalhaut? As 
the year draws toward an end, 
it's sinking lower in the south
southwest soon after dark. Al
tair is declining in the west.  
Brighter Vega is on its way 
out, too, moving lower and to 
the right in the northwest.  

This is the time of year when 
Cassiopeia floats at its highest 
overhead. Face due north and 
look almost straight up. There's 
Cassiopeia, looking now like a 
flattened letter M a little more 
than a fist-width wide.  

Alan MacRobert is a senior editor 
of Sky & Telescope magazine.
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3 A total solar eclipse will be visible across 
a narrow strip of Africa. The far northeastern 
United States will see a partial eclipse at sunrise.  

5/6 Venus, the "evening star," is well to the 
left of the Moon as night falls on the 5th, and 
closer to the lower left of the Moon on the 6th.  

18 Venus passes just a fraction of a degree 
from Nunki, the star at the top left edge of the 
"handle" of teapot-shaped Sagittarius.  

18 Aldebaran, the eye of Taurus, is close to 
the upper right of the Moon as they climb into 
view shortly after nightfall.  

20/21 The brilliant planet Jupiter is to the 
lower left of the Moon as they rise in mid-eve
ning on the 20th, and closer to the upper left of 
the Moon on the 21st.  

25/26 The planets Mercury and Saturn swap 
places in the dawn sky. Saturn is to the lower 
left of brighter Mercury on the 25th, but di
rectly above Mercury on the 26th. Comet ISON 
is below them, but difficult to spot through the 
twilight.

25-27 The Moon glides past Regulus and Mars.  
Regulus is close above the Moon at first light on 
the 25th. The next morning, Regulus is to the 
upper right of the Moon with Mars closer to the 
left. And on the 27th, Mars is close to the upper 
left of the Moon, with Regulus far to their upper 

right.  

28 Comet C/2012 S1 (ISON) will pass clos
est to the Sun.  

29 Spica, the brightest star of Virgo, is very 
close below or to the lower left of the Moon at 
first light.

IS] :cI.~ *~I :1 ~ ~~WMi~
1 The planet Saturn stands above the 
Moon and the planet Mercury, which is to the 
Moon's lower left, 30 to 40 minutes before sun
rise. You may need binoculars to spot them.  

4/5 Venus is to the upper left of the Moon in 
early evening on the 4th and closer to its lower 
left on the 5th. Venus is also at its brightest for 
its "evening-star" appearance.  

15 Aldebaran, the eye of Taurus, is quite 
close to the lower right of the Moon in early 

evening.  

18/19 Jupiter dazzles close to the left of the

Moon as they rise in early evening on the 18th.  
It is above the Moon on the 19th, with the star 
Procyon about the same distance to the right of 
the Moon.  

21 Winter arrives in the northern hemi

sphere at 11:11 a.m. CST, the moment of the 
winter solstice.  

21/22 Regulus is to the lower left of the Moon 
as they rise in late evening on the 21st, and 
above the Moon on the 22nd.  

25 Orange Mars, which is growing bright
er, stands to the left of the Moon at first light.  

26/27 Mars is to the upper right of the Moon 
and Spica is closer to the lower left of the Moon 
at first light on the 26th, with Spica to the upper 
right of the Moon on the 27th.  

28/29 Saturn perches to the lower left of the 
Moon at first light on the 28th, and upper right 
on the 29th.

14 NOVEMBER/DECEMBER 2013

Mocn phase times are for 
the Central Time Zone.
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Flop of the Century 
ISON watchers beware: Comets 

don't always behave themselves

Astronaut Edward Gibson called it "one of the most 
beautiful sights in creation 
I've ever seen." Just about ev
eryone else called it a dud.  

Comet Kohoutek was hailed 
as a possible comet of the 
century after its discovery by 
Hamburg Observatory astron
omer Lubos Kohoutek. It was 
expected to blaze across the 
night skies of December 1973, 
outshining everything except 
the Moon. Instead, it was bare
ly visible, and few members of 
the general public ever saw it.  
Kohoutek became a national 
synonym for "flop." 

Even today, wary astrono
mers and journalists alike keep 
Kohoutek in mind as they dis
cuss the possible appearance 
of a grand new comet, such as 
ISON (see pages 10-11), which 
could make a grand appear
ance in this December's skies.

Professional astronomers 

organized a worldwide cam
paign to study Kohoutek with 
space- and ground-based in
struments, and their observa
tions provided new informa
tion in the quest to under

stand these cosmic leftovers.  
By far the best view of Ko

houtek came from the Sky
lab space station. Skylab 4 
astronauts studied the comet 
at several wavelengths, and 
used telescopes designed to 
study the Sun to snap hun
dreds of pictures.  

And on December 30, as 
Kohoutek looped from behind 
the Sun, astronauts Edward 
Gibson and Gerald Carr pho
tographed it during a space
walk. They described it as a 
beautiful view. Unfortunately 
for everyone else, though, you 
had to be high above Earth's 
atmosphere to truly enjoy it.

Clockwise from above: Edward Gibson's drawing of Kohoutek; an 
artist's concept based on the astronauts' impressions; Lubos Kohoutek; 
a ground-based view of th6 comet.
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Cold Celebrations 
Antarctic balloon missions to probe early universe, cosmic rays

T eams of scientists and engineers will celebrate 
the holiday season with a few 
balloons. Unlike those that 
accompany most holiday 
festivities, though, these 
balloons are bigger than a 
Boeing 747, will climb to 
altitudes of more than 20 miles, 
and may remain aloft for weeks 
as they circle the periphery of 
Antarctica.  

Like satellites, balloons 
allow astronomers to loft 
their instruments above 
Earth's obscuring atmosphere, 
providing a peek at wavelengths 
of energy that never make it to 
the surface. Yet balloon-borne 
missions cost only a fraction 
as much as space missions, 
and their instruments can be 
recovered for use on later flights.  

NASA launches several

balloons every year from New 
Mexico and Texas. Most of those 
flights last no more than a day 

or two because the payloads 

must be brought down before 

winds push them away from 

safe landing zones.  

In Antarctica, however, 

winds during the southern 

summer push the balloons in a 

big circle around the continent's 

perimeter, so the flights can last 

for days or weeks. Last year, in 

fact, a balloon stayed aloft for 

a record 55 days. And because 

the Sun is above the horizon 
for the entire flight, there's no 

nighttime cooling to cause the 

balloon to change altitudes, 

providing a steadier view.  
This year the agency will 

launch three balloons in 

December, when there's 
round-the-clock daylight. As

they climb into the thin air at 

their operational altitudes of 

up to 130,000 feet or higher, 

the balloons will expand to a 

diameter of about 400 feet.  

One of the Antarctic 

flights will study cosmic rays, 

which are energetic particles 

from exploding stars, the 

supermassive black holes at 

the hearts of galaxies, and 

other sources outside our own 

solar system.  

A second mission, SPIDER, 
will look for the signature of 

ripples in space-time, known as 
gravitational waves, generated 

during the era of cosmic 

inflation - a brief instant in 

which the newborn universe 

expanded at a phenomenal rate.  

"The gravitational waves 

come from the fact that you 

have this violent stretching

of spacetime," says William 

Jones, a Princeton University 

astronomer who leads the 

SPIDER project. "There are a 

lot of theories about inflation, 

but the leading class says there 

should be a level of gravitational 
waves that we can characterize 

with this experiment." 

Under the best-case 

scenario, Jones says, SPIDER's 
microwave detectors will see 

evidence of the gravitational 

waves (although not the 
waves themselves, which 

have yet :o be discovered) in 

the background glow of the 

early universe. "That would 

collapse the number of 

theories dramatically. On the 

other hand, even if we don't 

see anything, that will also 

exclude some theories," Jones 

says. DB
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Telescope Gets Ready for New Life

T he Hobby-Eberly Telescope (HET) at McDonald Observatory took its last peek 

at the universe for a while in late August as 

engineers began upgrading the telescope for 

a major search for dark energy.  
The upgrades will give the telescope a 

wider field of view and provide a new suite 

of spectrographs for analyzing the light from 

distant galaxies, which are key requirements 

for HETDEX (Hobby-Eberly Telescope Dark 

Energy Experiment).  
Astronomers will use the upgraded 

telescope to take the spectra of more than 

one million galaxies at distances of about 
11 billion light-years. The observations 

will allow the astronomers to compare the 
expansion rate of the universe in the distant 

past to that observed at other periods in

rthe history of the universe. That, in turn, 

will help them decipher the mystery of dark 

energy, which is causing the universe to 

expand faster as it ages.  
Engineers and technicians began removing 

some of the telescope's 91 hexagonal mirrors 

on August 12. The mirrors are stored to keep 

them safe while new equipment is installed 

on the telescope. They then removed a 

package of instruments at the top of the 

telescope.  

Over the coming months, engineers will 

install a new tracking system, new optics at 

the top of the telescope to widen its field of 
view, and a set of 150 spectrographs.  

First light for the upgraded telescope is 
expected in June of 2014, with full HETDEX 

operations beginning a few months later.



-ng nucleus s a -a -a 

Identity Crisis 
Planetary scientists work to differentiate 

between comets, asteroids, and others

Several recent studies highlight the blurry distinction between comets and 
asteroids. Both are leftovers from the early 
solar system. Comets contain water while 
asteroids don't; comets come from the outer 
solar system while asteroids come from the 
belt between Mars and Jupiter. It's becoming 
clear, though, that each can mimic the other, 
and gravitational interactions can sling them 
from their birthplaces to other parts of the 
solar system where astronomers must try to 
tell them apart.  

3552 Don Quixote is the third-largest near
Earth object (NEO). Most NEOs are thought 
to be asteroids, which have roughly circular 
orbits. Don Quixote has always been an 
oddball whose highly eccentric orbit brings it 
close to Earth then swings it out past Jupiter.  
Astronomers thought it might be a dead 
comet (one that has lost all its water), which 
make up about five percent of NEOs.  

A recent second look at infrared Spitzer 
Space Telescope images of Don Quixote's 
2009 close pass by the Sun found it had a

coma and a tail. Images from 2004, when 
it was farthest away, showed no tail, but 
evidence of a dusty, comet-like surface.  

The study team, led by Joshua Emory of 
the University of Tennessee, says Don Quixote 
is a live comet. They estimate it holds as 
much water as Lake Tahoe (about 100 billion 
tons). The finding suggests that long-ago NEO 
impacts with Earth might have brought water 
to the planet.  

Another asteroid has been discovered to 
masquerade as a comet. The Sun-grazer 
Phaethon is famous as the parent body of 
the Geminid meteor shower. New studies 
of Phaethon with STEREO, a pair of Sun
observing spacecraft, show that it grows a tail 
as it approaches the Sun.  

Phaethon's tail is made of dust, though, 
not water vapor. It's likely that Phaethon's 
surface gets so hot that it cracks, freeing dust 
particles that the solar wind blows into a tail.  
Without water, Phaethon is not a true comet.  
The study leaders, UCLAs David Jewitt and 
Jing Li, have dubbed it a "rock comet." RJ

It's Official: Voyager 1 

Has left the Solar System 

Scientists have debated for nearly 
a decade indications that Voy

ager 1, the farthest manmade object 
(now 12 billion miles from the Sun) 
has crossed the boundary between 
the Sun's sphere of influence (de
fined by the reach of the solar wind, 
which extends far beyond the plan
ets) and interstellar space. Now, 
however, most agree that a change 
in Voyager l's signal late last Au
gust, analyzed by Don Gurnett and 
his team from the University of Iowa 
and recently published in the journal 
Science, means the craft has moved 
into a new region of space. NASA 
expects to continue receiving a sig
nal from Voyager 1 through 2020.  
The agency launched Voyagers 1 
and 2 in 1977 to study the outer 
planets of the solar system.
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Chandra X-ray Observatory discovered a 
giant cloud of hot gas about 60 million 

light-years from Earth. The 6-million

degree gas (pink) is likely caused by the 
collision of a dwarf galaxy and the large 

spiral galaxy NGC 1 232 (seen here in blue 
and white by the Very Large Telescope).  

The gas cloud's comet-like appearance is 
caused by the motion of the dwarf galaxy.a A{ 

Near the 'head' of this cloud, a bright
region in the spiral ma be the site 

of star formation triggered by a shockwave -A 

from the collision.
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