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Dear Merlin, 
A recent StarDate broadcast 

mentioned that this November a 
comet is expected to pass within 
one million miles of the Sun. That 
seems like a blisteringly close 
pass! Considering Mercury orbits 
at just under 36 million miles 
from the Sun, can you give a com
parison on how close comets gen
erally get to the Sun in their or
bits? How close do famous comets, 
such as Halley's, get to the Sun? 

Robert Mullinax 

Houston 

A comet can get either a 
hotfoot or a cold shoulder from 
the Sun. Some comets stay 
outside Earth's orbit, while a 
few actually plunge into the 
Sun. Many others, known as 
Sun-grazers, skim close to the 
Sun's surface. Some of these 
are vaporized by the intense 
heat, but others survive to re
turn to the deep-freeze of the 
outer solar system.  

Halley, which next returns 
to the inner solar system in 
2061, stays about 55 million 
miles (8 7 million km) from the 
Sun. Hale-Bopp, which blazed 
brightly in 1997, passed 
about 85 million miles (136 
million km) from the Sun.  

Comet experts are predict
ing a spectacular show for 
C/2012 Sl (ISON) because of 
its close passage to the Sun, its 
size, the viewing angle from 
Earth, and other factors. Keep 
in mind, however, that com
ets (though inanimate, for

you pedants out there) seem 
to have minds of their own, as 
they frequently underperform 
the predictions. And there's 
always a chance that a comet 
that passes so close to the Sun 
will simply fall apart, spoiling 
the show. Merlin recommends 
that you keep up with StarDate 
magazine, radio, and website 
for updates.  

Dear Merlin, 
What is the gold foil material 

that enshrouds many satellites? 

Jack Harris 

Volcano, Hawaii 

Like the pink stuff in your 
attic, it's insulation. It's typi
cally a thin layer of mylar or a 
similar material, usually atop 
several layers of other mate
rials. The gold color reflects 
solar radiation, preventing the 
spacecraft's sensitive electron
ics from getting too hot. The 
layers underneath keep the 
craft's own heat inside, so the 
electronics and plumbing (for 
rocket engines) don't freeze.  

Dear Merlin, 
My father was a big stargazer 

and I recall him telling me that

fb 

Venus never rises more than 30 
degrees above the Sun. However, 
it seems to me that Venus some
times gets close to 45 degrees
above the horizon b 
What is the widest a 

opens between the S 
from Earth's aspect.

You're right 
appear as far as 
from the Sun as 
Earth. Venus ar 
are both "inferi 
which means the 
Earth's orbit arou 
Mercury is closer 
so it never strays 
about 28 degree 

Sun (perhaps da 
the Venus and M 
gles). Mars, Jupit 
urn are superi 
orbits are outside 

they can appear 
from the Sun. T 

angle comes at o 
180 degrees, dire 
the Sun in Earth's 

Dear Merlin, 
If asteroids are 

of dirt and ice and 
material, how doe 
heat of entry into 

mosphere cause the 
with the force of 
nuclear bombs, su 
teroid that contri 

extinction of the d

~66 

million years ago? 

Roger Gremillion 
Katy, Texas

efore sunrise. It's not so much the heat 

angle that ever as the pressure. An asteroid 
un and Venus is moving at tens of thou
? sands of miles per hour when 

Sydney King it hits Earth's atmosphere.  

San Antonio Although the atmosphere is 

simply wisps of gas, to a fast
- Venus can moving asteroid it's almost 
47 degrees like a brick wall. The aster
seen from oid decelerates rapidly and is 

nd Mercury squeezed by the resisting air.  
or" planets, That pressure causes the as
y are inside teroid (or comet) to explode.  
nd the Sun. The object that struck Siberia 
to the Sun, in February exploded several 
more than miles above the surface with 

es from the a force equal to roughly 30 
ad confused times the atomic bomb that 
Mercury an- destroyed Hiroshima.  
er, and Sat- Larger asteroids, such as the 
r," so their one that hit 65 million years 
Earth's and ago, survive their brief flight 

at any angle through the atmosphere and 
heir widest strike the surface, which is 
pposition at really like a brick wall. When 
ctly opposite an object that weighs billions 
sky. of tons hits Earth's surface at 

tens of thousands of miles per 
hour, the result isn't pretty.  

made mostly The impact is so energetic 
not explosive that it pulverizes the object, 
s the intense gouges a big hole in Earth's 

Earth's at- surface, creates a blast wave 
'm to explode and fireball that destroy ev
thousands of erything around, and throws 
h as the as- so much debris into the atmo
buted to the sphere that it can black out 
dinosaurs 65 the Sun.
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The Age of Astrobiology
In Are We Being Watched?, Paul Murdin brings together the latest research 
about life's beginning on Earth and how that informs scientists' search for it on 
the planets that have been found outside our solar system. He also discusses 
places in our solar system where life might exist today or have existed in the 
past: Mars and the moons Europa, Enceladus, and Titan. In this excerpt, Murdin 
sets out his ideas for framing the quest for ET, and why he thinks the discovery 
will be made in this century

I I

hose in the twenty-first century 
who search for life beyond our 

planet Earth ... have something 

in common with Columbus, but with 

one difference: when he set out, 
Columbus was not sure what land 

lay beyond his horizon, but it was 

unthinkable that there was 

no life on it. We know what 

land there is in space, at 

least in the Solar System 

and in hundreds of planets 

orbiting the nearer stars, but 

nobody yet knows whether 

life does exist elsewhere in 
the Cosmos. Nevertheless, 
like Columbus we have a 
combination of facts and 

informed speculation to 
assist us in our search.  

Our first voyages of 

discovery should certainly 

be to planets and moons " 

that are not too distant 

from Earth, where we have 
reason to believe that life 

once existed or perhaps still 

exists, hidden away from 

hostile forces. The world's 
space agencies are already 
cooperating and competing

to go to the nearer planets: the places 

in the Solar System where it is most 
likely that life could have evolved. In 

the future, our search could take us far 

beyond the bounds of the Solar System.  
If life does exist beyond our planet, it 
may be a long way from here, in some 

remote part of our 
Galaxy. The further 

away we search, the 
more space we will 

have to cover, and 
the more likely we 
are to find what we 

are looking for, but 
the more difficult 
that will be. Since 

there are literally 
- billions of distant 

" planets, we must 
devise strategies to 
focus our search.  
So we should start 

- 6 by considering how 
we would look 
for life and the 
technologies we can 

deploy. After all, if 
we lack the means 
to conduct a search, 
we cannot possibly

hope to discover new 

peoples.  
The Cosmos is, of 

course, a very big place, 

and before we embark 
upon any attempt at 

discovery, like Columbus 
we should gather what | 
knowledge we already 

have to guide us. For 

example, from what we know of our 

Solar System, can we gain some idea of 

where to look and what to look for? We 

can ... be pretty sure of what conditions 

made life possible on Earth, although 

that by itself does not guarantee 

that life exists elsewhere in similar 
conditions, or that it does not exist 

where conditions are different.  
The one certainty about life in the 

Cosmos is that it exists, in considerable 

abundance, on our own planet.  
If we examine the origins of Earth, 
the origins of life on it, the essential 

chemistry of living creatures and the 

conditions that make life possible here, 
can we develop search strategies that 
are likely to lead us to the discovery 
of forms of life elsewhere? Earth is ...  

a rather benign environment for life.  
But it also harbours life-forms that exist
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in very hostile places indeed. In fact, 
life may have originated in some of 
these regions. This suggests that, in our 
search for living creatures, we should 
scour even those planets that suffer 
extreme conditions.  

Another way to refine our search 
would be to look for planets with the 
right kind of energy sources, atmosphere 
and environments hospitable to life; 
or at least climates that are not too 
inhospitable. Satellites, telescopes 
and probes provide us with plenty of 
evidence to help narrow our search to 
planets that can sustain life....  

The twenty-first century is the 

Tisienet ll berr a oenrhto 
century of astrobiology: this is the era 
in which we will discover life on other 

worlds, and learn from it.  
This will be a momentous 

discovery.  
Astrobiology is the 

science of the nature 
and distribution of life 
in the Universe. As I 
write, astrobiology is a 
science about something 
that might exist, not 
something that exists for 
certain. I can make my 

S || hopeful prediction about 
the discovery of life in 
the Universe because in 

the last years of the twentieth century 
scientists have several times come so 

5 near to such a discovery without quite 
nailing it. There has always been a 
'but' that has turned the initial thrill 
of the possibility of discovery into an 
agony of doubt, still unresolved. Radio 
astronomers have intercepted a signal 
with all the signs that it was both 
celestial and artificial, but it never 
repeated and remains an undeciphered 
mystery. Meteoriticists have found a 
meteor from the planet Mars containing 
fossil shapes similar to bacteria and 
biologically produced minerals, also 
apparently form Mars, although there 
were other terrestrial (and/or mundane) 
explanations. Space scientists have 
landed robotic spacecraft on Mars 
with experiments to test the soil for 
life and found the expected chemical

activity, but ... it was a bit peculiar 
and there were no dead bodies in the 
soil. Astronomers have found hundreds 
of planets orbiting other stars, but 
their equipment has not until recently 
been capable of finding any earth-sized 
planets, and still has not found any 
that are truly Earth-like, although ... it 
is likely that they are abundant. Space 
scientists have found niche habitats on 
remote planets in our own Solar System 
that are environmentally similar to 
habitats on Earth where life teems in 
abundance, but have not yet visited 
them to prove they are fertile.  

Plans are being made. In the last 
years of the twentieth century, man 
was watching these worlds keenly and 
closely, scrutinizing and studying them 
as narrowly as a man with a microscope 
might scrutinize the transient creatures 
that swarm and multiply in a drop of 
water. Some may think of these worlds 
only to dismiss the idea of life upon 
them as impossible or improbable. At 
most, some men fancy there might be 
life upon Mars, inferior to themselves 
and ready to welcome a missionary 
enterprise. Yet across the gulf of space, 
our scientists' intellects, vast and cool 
and unsympathetic, regard these worlds 
with curious eyes, and slowly and surely 
draw their plans against them.  

In the rather stilted nineteenth
century words of the above paragraph, 
I have turned around the opening lines

of H. G. Wells's (1866-1946) War of the 
Worlds ... which describe how we might 
have been seen by Martians plotting to 
invade Earth, to convey how, almost 
exactly one hundred years later, we 
are regarding those other worlds on 
which we might find life. We too plan 
to invade, after discovering evidence of 
life there. Scientists do not, however, 
have the killer cluster of evidence that 
life exists anywhere in the Universe to 
make it more than speculation that we 
would find it if we left our planet.  

The reason why we must continue 
to try is that we can be sure that 
the life that we find in other worlds 
will be both like and unlike ours. It 
will be like ours because it looks as 
if there is one good way to make life 
from chemicals that are everywhere, 
in environments that are common, 
through processes that are natural: 
probably life somewhere else will have 
found the same way to come into 
existence. In any case, if the life we 
find is not sufficiently like ours, we will 
not recognize it as life at all.  

But extraterrestrial life will not be 
the same as life here on Earth. The 
species that we find will certainly be 
different; biologists still find distinct and 
previously unknown species when they 
investigate unexplored environments 
on Earth, so we can certainly expect 
to find new species on other planets.  
Although they will probably be carbon-
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based, they may not 
function chemically 
in precisely the 
same way that our 
life does. Life here 

on Earth exists 
with the distinct 
biochemistry that 

+6 it does because 
this was the way 
that life evolved 
on Earth. Some 

- possible chemical 
, architectures never 

/ happened, others 

may have started 
and never took 

Z off, and others 
may have started and evolved but, 
due to some chance event, died out.  
Life elsewhere could well have evolved 
in a biologically different way, and 
therefore with different capabilities.  
It would be a rich resource to know 
what those capabilities are, and how 
extraterrestrial life differs from ours in 
its make-up and machinery.  

So, if we find new forms of life, 
we will learn from the discovery, by 
comparing and contrasting them with 
ours. We will extend or knowledge of 
biology and biochemistry, and, as a 
result, make advances in medicine and 
biotechnology. Who knows where that 
will lead? We see vaunted in science 
fiction (for example, in such films as 
Blade Runner and Alien) the value of 
off-world mineral deposits and other 
natural resources. The intellectual 
capital found from the examination 
of extraterrestrial life is likely to be 
socially and financially much more 
valuable: the greater understanding of 
life that we will acquire will lead to 
new medicines, new chemistry, new 
industrial processes. But of course we 
first have to find extraterrestrial life in 
order to acquire the new knowledge.  

There will, however, be other 
effects upon our way of looking at 
things, of understanding our position 
in the Universe, which will be more 
momentous. The discovery 400 years 
ago that our planet was not the centre of

the Universe but was one typical planet 
of the half-dozen planets then known 
in orbit around the Sun (Mercury, 
Venus, Earth, Mars, Jupiter and Saturn) 
changed our world picture forever. The 
same will surely be so of the discovery 
of life elsewhere in the Universe, even 
if we cannot say precisely what the 
impact will be.  

According to anthropologist Kathryn 
Denning, the search for extraterrestrial 
life might be like the hunt for the 
unicorn, the story woven into a tapestry 
from Brussels (c. 1500) that now hangs 
in the Metropolitan Museum of Art in 
New York.  

A noble visionary few go in search of 
something rare and beautiful that may not 
even exist; they find it; it resists capture; 
there is a drama of some sort (in this case 
the death and resurrection of the beast); 
they deliver it to the ruler who rather 
fancies rare and beautiful things that no 
one else has; and the beast lives happy ever 
after in blissful contentment in captivity, 
utterly tamed.  

She goes on to warn, however, that: 

even if we can hunt life and then 
triumphantly capture it, and keep it in a 
cage, domesticate it...beware of thinking 
that we can do that with life's meaning as 
well. The idea that we can predict what 
a detection of other life will mean to the 
world, that we can use our cleverness to 
control what information will do in the 
world, that we call those shots...this is the 
stuff of fairy-tales.  

We can turn to writers of modern 
fairy-tales for some ideas. Science
fiction writers invite us to fear hostile 
colonists, or to welcome wise and 
peaceful gurus. They imagine parasitic, 
egg-laying arthropods, or time-traveling 
mind-readers. Science itself suggests 
either that the reality will be more 
modest and, face to face with our first 
extraterrestrial, we may be confronting 
a bacterium; or that on some principle 
of universality we may be able to talk 
to someone who looks and thinks

pretty much like ourselves, a bipedal, 
thinking, warm-blooded being like ET 
in Steven Spielberg's film of that name.  
What will our reaction be? We may 
want to plumb the mind of our ET 
for new technology, wisdom or just a 
different point of view. We may erect 
defenses against whatever change is 
threatened by the contact. We may 
want to convert ET to our own way or 
colonize ET's terrain, real or virtual.  

The prediction that I made [about 
finding extraterrestrial life this 
century] could be false and optimistic, 
and grossly overstate the possibilities.  

Maybe we will not ever find 
extraterrestrial life of any kind; maybe 
we will not ever contact intelligent 
extraterrestrial life.  
Suppose our efforts are 
fruitless and we conclude 
that we are quite alone, -4 
with no one else in the 
Cosmos to talk to. Will 
we accept this rationally 
and with resignation, 
as part of being human, 
as we accept our own 
mortality? Will we 
despair and collectively 

go off the rails? In the 
modern world picture 
we contrast ourselves in 
scale and timespan with the vastness 
and duration of stars, galaxies and the 
Universe, and feel humble. If it turns 
out that we are unique, will we change 
our minds about how unimportant 
we are? Perhaps we will return to 
the medieval belief that we are the 
focus of the Universe's attention, with 
'dominion over the fish of the sea, 
and over the fowl of the air, and over 
the cattle, and over all the Earth'; 
if he had been alive now, would the 
writer of Genesis add 'and over all 
the Universe'? This would not be 
a healthy attitude for mankind to 
readopt: in Greek tragedy, after hubris, 
there always follows nemesis.  

But these possibilities are in the 
future. What is in the present ... is 
the scientific search for alien cultures, 
other worlds and life in the Cosmos.
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nto the Galactic Garden 
In The Milky Way: An Insider's Guide, author William H. Waller compares the Milky 
Way and other galaxies to different styles of gardens. Here, he discusses what is 
known of the structure of our galaxy, and how, from our vantage point inside the 
galaxy, astronomers deduce that structure through observations of its stars and 
gas, as well as through studies of other galaxies we view as outsiders.

ust as a garden's 
flowers, ferns, bushes, 
and trees can manifest 

multiple patterns on a 
variety of scales, so too 
the Milky Way's diverse 
stellar and nebular 

2013 BOOKS components reveal 
structures upon structures 
that bespeak a hierarchy 

of complex and interacting dynamics at 
work. Tracing out these structures has 
turned out to be a difficult challenge, 
alas. Our status as "insiders" within the 

Milky Way has pretty much prevented 
us from ever getting a clear view of 
the Milky Way as it would appear 
from the outside. We are therefore left 
to reconstructing such a view from 
our compromised impressions of the 
Milky Way along with observations of 

other galaxies that can serve as helpful 
prototypes. ...  

Like explorers of vast underwater 

caves, galactic astronomers must piece 
together limited sensory input in 

order to derive reasonable semblances 
of their surroundings. The obscuring 

effects of dust, in particular, have 

prevented optical astronomers from 

ascertaining the overall distribution of

stars in the Milky Way. Our optical 
view is especially hindered toward the 
inner galaxy, where the abundance of 
dusty clouds has constrained our stellar 
spelunking to only a few thousand 
light-years from the Sun. These murky 

circumstances changed 
in the 1990s, when the 

Cosmic Background 
Explorer (COBE) 
satellite surveyed the 

entire sky at infrared and 
microwave wavelengths.  
The near infrared maps...  

were especially important 

to the study of stellar 

structure in the Galaxy, 
as most of the stars The Milk 
in the Milky Way are 
low-temperature near- By Willia 
infrared emitters. Also, Hardcov 
because infrared light 
is relatively unimpeded 2013 by Pr 
by intervening dust, the Press. Reprint 

COBE near-infrared 
maps could reveal 

stars from throughout the disk. Close 

examination of these maps revealed 

a puzzling asymmetry in the central 

concentration of stars. This was 
interpreted as indicating the presence

yi 
m 

er: 

incc 
edt

of a central bar that is pointed almost 
toward the Sun. The near part of the 
bar (seen at positive longitude) is 
closer to us and hence appears a bit 
larger than the farther part (seen at 
negative longitude). Careful analysis 

of these maps yielded 

a rendering of the 
Galaxy's stellar disk 
that features both the 

central bar and an 

outer warping of the 
disk.  

Completed in 2001, 
the ground-based 
Two Micron All Sky 
Survey (2MASS) 

Way greatly improved on 
COBE by mapping the 

H. Waler near-infrared sky at 
$29.95 500-times finer spatial 

resolution (about 
ton University 4 arcseconds). The 
by permission. resulting harvest of a 

half billion stars has 
provided astronomers 

with a rich catalog of stellar 

magnitudes, colors, and positions in 

the disk. By culling carbon-rich red 
giant stars according to their distinctly 
red colors, one astronomical team

8 MAY/jUNE 2013



found about 30.000 of these ruby orbs 
delineating the central bar. The carbon 
stars have fairly constant luminsities 
equivalent to about 5,000 Suns each, 
and so could be used as "standard 
candles" for fathz'ming the distances to 
different parts of the bar. The resulting 
configuration has the bar tilted by 
3C" degrees with respect to the line of 
sight that connects the Sun with :he 
galactic renter. About 15,000 light
years long and 5,000 light-years wide 
(a 3:1 aspect ratio), the bar extends to 
more than 7,50C light-years frcm the 
galactic center ;one third the distance 
tc the Sun), where it appears to merge 
with the "pseudo-ring" of trolecular gas 
that has been found beyond this radius.  

These results were confirmed in 
2008, when a more sensitive near
infrared mapping of the Milky Way by 
the Spiszer Spare Telescope revealed 
a similar configuration for the cen-ral 
bar. Even more exciting, members of 
the survey team found compelling 
evidence for a two-armed spiral 
pattern in the stellar disk. By tagging 
[red giant stars] according to their 
particular near-infrared colors. the 
investigators perceived regions in the 
Milky Way that were especially rich 
ir these stars, an so were likely tracing 
lcng sightlines through spiral arms.  
Though expecting star counts that 
would support the four-armed spiral

The spiral galaxy M95 
may b- a good analog 

for the Milky Way.  

pattern seen in the gas, they found that 
the Perseus and Scutum-Centaurus 
arms had stellar counterparts which 
connect nicely with the central bar, 
but the Sagittarius and Norma arms 
were :or the most part missing.  

This startling result may seem at first 
to be a contradiction. However, other 
spiral galaxies also show wavelength
dependent disparities in their spiral
arn patterns. Images at wavelengths 
that trace the gas, dust, and recent star 
formation often yield greater numbers 
of spiral arms and intermediary "spurs" 
than do images of the underlying near
infrared starlight. Here, we are likely 
witness to the interplay between density 
waves in the stellar disk and the complex 
response to these waves as played out 
by the gas, dust, and consequent star
forming activity.  

Given all these uncertainties 
and tantalizing clues, what can we 
conclude about the overall layout 
of o0-r galactic garden? Perhaps 
mcst important is our new-found 
evidence for a substantial central bar 
in the stellar disk. This fundamental 
"overtone" in the rhythmically 
responsive disk is likely responsible for 
driving further oscillations throughout 
the stellar and gaseous components.  
Immediately surrounding the bar, two 
small arms of molecular gas have been 
traced by radio astronomers. The "3-

kpc arm" on the near side of the 
nucleus was known back in the 1980s, 
but its far-side counterpart was only 
detected in 2008. Near the ends of 
the bar, some 7,500 light-years from 
the center, a ringlike configuration 

suggestive of two tightly wound spiral 
arms is evident in [carbon monoxide] 
mapping of the molecular gas. This 
"pseudo-ring" is also aglow with radio 
emission from numerous HII regions 
[or clouds of ionized hydrogen gas, 
that are] testament to its robust star
forming activity. Were we able to 
view the Milky Way from its brethren 

galaxies in the Local Group, we would 
find this inner annulus particularly 
dazzling. Beyond the stellar bar and 

gaseous pseudo-ring, 
we would see a simple 
two-armed pattern of 
enhanced stellar and 

gaseous density. And in 
between these primary 
arms, we would also 
perceive two additional 
arms and multiple spurs 
as traced by their gaseous 
contents and associated 
star-birth activity.  
Beyond all that, we could 2013 B 
still trace a warping in 
the disk of stars and gas 
that inhabit these outer 
reaches.  

Though other astronomers may 
disagree, I would recommend that the 
galaxy M109 (NGC 3992) provides 
the best nearby analog to what we 
have found in the Milky Way. This 
intermediate-class spiral galaxy is 
located about 46 million light-years 
away in the constellation of Ursa 
Major. Available optical images 
reveal a central bar, from which 2-4 
spiral arms appear to unfold. The 
intermediate pitch angle of these 
arms is consistent with the 15 -20 
pitch angles that have been surmised 
for our spiral arms. Then again, I'm 
not that certain about it. The Milky 
Way's molecular pseudo-ring interior 
to the Sun's orbit is likely hosting all 

Continued, Page 16
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L ate spring and early summer bring a stellar 
arch, a famous celestial triangle and one lesser 

known one, and a duo of dippers. A trio of planets 
and a summertime scorpion make things even more 

interesting.

MAY1 -15 
May twilights feature a 

grand arch of four stars 
across the western sky as eve
ning darkens. Capella, on the 
right in the northwest, is the 
brightest. Look higher in the 
west for the pair of Pollux and 
Castor, aligned nearly hori
zontally. Procyon shines to 
their lower left.  

This springtime arch floats 
high above two departing 
points: one of them annual, 
one temporary.  

The permanent one is a de
parting winter star: reddish 
Betelgeuse, the last sinking 
corner of Orion. Look for it 
low in the west, below Pollux 
and Castor.  

Jupiter is the other, glowing 
much brighter well to Betel
geuse's right. Jupiter is on its 
way out after many months of 
dominating the evening sky.  
Both it and Betelgeuse set not 
long after dark.  

The waxing crescent Moon 
walks up through the arch 
from May 11 through 14.  

On the other side of the sky, 
the big, temporary Spring 
Triangle is climbing into the 
southeast. Arcturus is the left
most of its three points, and 
the brightest. The other two 
are well to Arcturus' lower 
right, by a good three fist
widths at arm's length: Spica, 
and to Spica's lower left, 
Saturn. This triangle will be 
back next year but differently 
shaped, with Saturn lower.  

Look very high to Arcturus' 
upper left, by about three fists 
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at arm's length, for the Big 
Dipper, now turned upside 
down.  

Look to the 
right of Saturn 
and Spica for the 
distinctive little 
quadrilateral 
of Corvus, the 
springtime crow.  

And now ar
riving low in 
the northeast is 
brilliant Vega, 
matching Arc- J 
turus for bright
ness. In a couple 
of months, Arc
turus and Vega 
will rule equally 
high over the 
summer night.  

MAY 10-31 
Toward the 

end of May, three 
planets put on a 
tight, three-way display oe
neath the springtime arch, 
low in the west-northwest 
after sunset. One is Jupi
ter, which has been sinking 
for months. The o:her two 
emerge from the Sun's glow 
as May advances.  

As early as the middle of 
May, Venus begins to appear 
to Jupiter's lower right, just 
above the horizon in bright 
twilight. Watch Jupiter end 
Venus draw closer together 
each evening.  

Mercury comes up out of 
the Sun's glare to join them 
starting around May 22. It's 
the faintest of the three. Mer-

cury passes closest to Venus, 
the brightest, on the 23rd 
and 24th. The whole group 
is bunched tightest frcm the 
25th through 2 7th. Venus 
and Jupiter are closest 
only 1 degree apart 'about 
the width of a pencil held at 
arm's length) - or_ the 27th 
and 28th.

Thereafter, the three morph 
from a triangle into a diagonal 
line through the end of the 
month and into the first days 
of June.  

Capella, the lower-right an
chor of the springtime arch, 
watches over this show from 
quite a way off to the planets' 
upper right, in the r_orthwest.  
If you don't have an open 
enough horizon to spot the 
planets immediately, look to 
Capella as a guide.  

On nearly the other side 
of the sky, the huge, narrow 
triangle of Arcturus, Saturn, 
and Spica is tilting more up
right now. Arcturus is its nar-

rcw high point. The Moon 
poses near Spica on May 21 
and Saturn on the 22nd.  

.AINE 1 -15 
After sunset, Venus creeps 

a bit higher into view day by 
day. Fainter, fading Mercury 
is above Venus. Jupiter, mean
while, is sinking out of sight to 

Venus' lower right.  
The Arcturus

Saturn-Spica tri
angle now stands 
upright in the 
south after dark.  
Arcturus is on top.  
Saturn is the one 
on the bottom left; 
Spica is on the bot
tom right.  

Looking deeper 
into space, late 
spring is peak Big 
Dipper season, 
when the sky's 
best-known star 
pattern floats high
est in the north 
at dusk. In fact, 
by early June, the 
dipper is already 
shifting and turn

. ing a little west of 
" north. Face north 

arnd look almost straight up 
as twilight fades. The dipper 
is lying more or less upside 
down there near the zenith, 
with its bowl to the left.  

Everyone knows there's a 
Little Dipper too, but where? 
The Little Dipper is notorious
ly faint and hard to find. Start 
by locating the star marking 
the end of its handle, which 
h ppens to be Polaris, the 
North Star.  

To find Polaris, use the Big 
Dipper's two pointer stars, the 
ones forming the front end of 
its bowl. These point to Polaris; 
fellow their line down by three 
fists. Polaris isn't very bright



(only second magnitude), but 
there's not much else there to 
confuse it with. Polaris always 
stands due north at this same 
place in your sky.  

The Little Dipper's handle 
curves away from Polaris to
ward the upper right. The 
handle is made of three 
fourth-magnitude stars; you 
will need a fairly dark sky to 
see them. The bowl of the 
Little Dipper is a smallish rect
angle, with two moderately 
bright stars forming its front, 
currently on top. The bright
est of these two is Kochab, 
similar to Polaris in brightness 
and pale yellow-orange. The 
other is Pherkab, to Kochab's 
right, fainter at magnitude 
three.  

The big and little dippers 
forever wheel around the 
northern sky, maintaining, of 
course, the same fixed orien
tations with respect to each 
other. They almost look as if 
their bowls are pouring into 
one another, back and forth.  

JUNE 10 - 30 
Venus is becoming plainer 

low in the west-northwest as 
twilight fades. Mercury, dim
ming rapidly now, passes just 
to its left on June 16 and 17, 
then moves down out of sight 
over the next week. And look 
too for Pollux and Castor, 
above them on the 16th, and 
to Venus' right by about June 
24 and 25.  

These are the shortest 
nights of the year. By the 
time it finally gets dark now, 
Arcturus has already shifted 
over to shine very high in the 
southwest. Look far below it 
for the other two corners of 
its narrow "Spring Triangle," 
Saturn and Spica.  

Vega, Arcturus' match for 
brightness, now dominates 
the high eastern sky. At dusk 
it is not quite as high as Arc
turus, but it gets there soon 
after dark.  

Vega is the top star of the 
big Summer Triangle, which

The Shower 
Eta Aquarids 
Named for a star in the constellation 
Aquarius, which rises a few hours before 
dawn.  

Peak 
Morning of May 5 

Notes 
The Eta Aquarids are a modest shower for 
skywatchers in the northern hemisphere, 
with peak rates of about a dozen meteors 
per hour. The Moon is a fairly thin crescent 
for this year's shower, rising with Aquarius 
and standing close to the water bearer's 
left or lower left. Its light should not inter
fere with the show.  

is both permanent and as "of
ficial" as an informal aster
ism can get. Remember how 
to find its other two stars as 
summer begins: Deneb is cur
rently to the lower left of Vega 
by a little more than two fist
widths at arm's length. Altair 
is to the lower right of Vega by 
a little more than three fist
widths. Altair comes marked 
by its fainter companion star 
Gamma Aquilae (Tarazed), 
about a finger-width above it.  

Look to the lower left of Al
tair by hardly more than one 
fist and a bit lower. Can you 
see the little constellation Del
phinus, the dolphin? It's swim
ming leftward, just below the 
summer Milky Way.  
Throughout the 
summer beach sea
son, Delphinus frol
ics in the Milky Way 
froth all night.  

The coming of 
summer also means 
the entrance of Scor
pius into the evening 
sky. The brightest 
star of this constella
tion, the red supergi
ant Antares, has ac
tually been in view 
since last Christmas.  
But you had to be 
watching first at the 
beginning of dawn,

and then in the early-morning 
hours, and then around mid
night. Now Antares is already 
well up in the southeast as 
soon as the stars come out.  

The rest of Scorpius is fairly 
bright, too. Look for Antares' 
two accompanying stars, one 
a little below it and the other to 
its upper right. The scorpion's 
head is traditionally marked 
by another row of three stars, 
not quite vertical, farther to 
Antares' upper right. The rest 
of the scorpion's body curls 
straight down and around to 
the stinger in its hooked tail.  

Scorpius is highest in the 
south around midnight now.  
With its red supergiant and 
many bright blue-white stars, 
Scorpius is sometimes called 
"the Orion of summer." But 
it never rises as high as Orion 
(for those of us living in the 
northern hemisphere). How 
high Scorpius appears de
pends on your latitude; the

farther south you are the bet
ter, as is true for many sky
watching delights.  

Alan MacRo bert is a senior edi
tor of Sky & Telescope in Cam

bridge, Massachusetts.  

Summer solstice is June 21.  
This longest day of the year 
marks the beginning of summer 
Various cultures created 
monuments to track the passing 
of the seasons. Below, top: A 
group chants at a copy of a 
Plains Indians medicine wheel 
in North Dakota. The spokes 
of medicine wheels pointed to 
sunrise on the solstice, as well 
as the rising points of bright 
stars. Bottom: The Sun rises 
over Stonehenge on the summer 
solstice in 2005.
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9 An annular solar eclipse will be visible 
across parts of northern Australia, the Solomon 
Islands, and the open spaces of the South Pa
cific this afternoon (the morning of May 10 as 
measured in Australia). Hawaii will see a partial 
eclipse, but the continental United States will see 
none of it.  

11/12 The bright planet Jupiter stands above 
the Moon at nightfall on the 11th, and to the 
lower right of the Moon on the 12th. They are 
quite low in the sky, and set soon after darkness 
falls.  

17/18 Regulus, the heart of Leo, is above the 
Moon on the evening of the 17th, and farther to 
its upper right on the 18th.  

21/22 Spica, the leading light of Virgo, 
stands close to the lower left of the Moon on the 
evening of the 21st, with golden Saturn farther 
along the same line. On the 22nd, the Moon has 
moved down to pose almost side by side with 
Saturn.  

24/25 Antares, the orange heart of the scor
pion, is below the Moon as they rise in late eve
ning on the 24th, and about the same distance 
to the right of the Moon the following night.

25-30 Venus and Jupiter sweep past each 

other over several evenings. Venus is the brighter 
of the two, shining as the dazzling "evening 
star." Jupiter ranks just behind it, outshining 
all the other planets and stars in the night sky.  
Fainter Mercury joins the show, moving up and 
away from the other two in a hurry.

Moon phase times are for the Central Time Zone.

3 Uram s is visible through binoculars a 
few degrees tc tae right or lower right of the Moon 

before dawn. The planet looks like a faint star.  

10/11 The crescent Moon sweeps past the two 
innermost planets, Venus and Mercury, in the 
early evening sk. Mercury stands farthest from 

the Sun for its current evening appearance, and 

soon will begin tL drop back toward the Sun.  

13/14 Regalus, the brightest star of Leo, is

high above the Moon on the evening of the 
13th, and closer to the upper right of the Moon 
on the 14th. The lion's head and mane, formed 
by a curving star pattern known as the Sickle, 
stretch above Regulus.  

18/19 The star Spica is close to the right of 
the Moon as night falls on the 18th, with the 
planet Saturn to the upper left of the Moon.  

Saturn is close to the upper right of the Moon 
on the 19th, with Spica far to their right.  

21 Summer arrives in the northern hemi

sphere at 12:04 a.m. CDT, which is the moment 

of summer solstice. The Sun stands farthest 
north in the sky on the June solstice, providing 

the longest day of the year north of the equator 
and the shortest day in the south.  

21 Antares, the bright orange heart of 

Scorpius, is close to the lower right of the Moon 

as night falls.

14 MAY JL SE 2013
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i _________________ 
Cosmic Crowdiunding O line and social media campaigns to fund projects using large numbers of 

small donations, a practice dubbed "crowdfunding," has taken off in recent 
years. You can make a difference in your favorite astronomy and space science 
projects by donating as little as a few dollars.  

Lowell Observatory is looking to raise about $250,000 to restore one of its 
r istoric telescopes. Its Restore the Clark campaign runs through mid-May.  
More information is available at indiegogo.com/projects/restore-the-clark.  

In March, the Lunar 

Orbiter Image Recov
ery Project raised about A ar , ,e " o T oua t r P 
$63,000 from 550 do- 4 n r g m Er 5n D c mb.r; 
nors to fund efforts to 
recover and enhance im
ages from NASAs Lunar I 
Orbiter missions from 
the late 1960s. And last . .  

year, a group of astrono- .  
mers raised $80,000 , - . _.  
from about 800 donors to 

start Uwingu, a company 

The iconic 1966 image of Earth from Lunar Orbiter 1 whose product sales will , . . . * 

('eft) was reprocessed using modern technology by fund astronomy research * **. * * ,,. , .  
the Lunar Orbiter Image Recovery Project (right). and education.

Getting Around 

I n 1838, the United States South 
Seas Exploring Expedition set 

sail from Virginia. Its half-dozen 
ships would circle the world, 
log more than 87,000 miles, and 
compile some of the most de
tailed and accurate charts of the 
Pacific and Southern oceans to 
that time. Its navigators used 
the Sun and stars to plot their 
position north and south on the 
globe. But plotting their position 
east and west required accurate 
timekeeping as well. Without it, 
the ships could have been far off

course and the expedition's new 
charts would have been flawed.  
The expedition is one of the 
topics in "Time and Navigation," 
a new exhibition at the National 
Air & Space Museum in Washing
ton, D.C. It explains the crucial 
role of accurate timekeeping in 
getting around our planet and 
beyond, from the first good me
chanical clocks used by sailors in 
the 18th century to the atomic 
clocks used by GPS satellites and 
planet-exploring probes today.

airandspace.si.edu/exhibitions/ga213/timeandnavigation
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Continued from Page 9 

sorts of burgeoning starburst activity 
and so should appear prominently at 
optical wavelengths. If so, the ringed
barred galaxy M95 (NGC 3351) could 
provide a better prototype for our own 
galaxy. Located 38 million light-years 
away in the constellation of Leo, M95 
sports two very tightly wound spiral 
arms that encircle its central bar. Other 
more loosely wound spiral arms can be 
seen beyond the pseudo-ring, as appear 
to be the case in our home galaxy.  

Although the true spatial structure of 
the Milky Way remains controversial, 
we can at least state with certainty 
that it includes a thin stellar and 
gaseous disk that is in differential 
rotation. Unlike a spinning compact 

disk, where every part 
is fixed with respect to 
every other part, the 
inner parts of our galactic 
disk are wheeling around 
at greater rates than the 
outer parts. This shearing 
motion would make any 
material spiral arm wind 
up over time until it's as 
tight as a watch spring.  

When we look at other 

2013 BOOKS spiral galaxies, however, 
the spiral arms are far 
looser affairs-with no 

more than two windings per arm.  
Clearly, spiral arms are somehow able 
to adorn their host galaxies without 
winding themselves into oblivion.  

One solution to this so-called 
winding dilemma is to let the spiral 
arms be material but to make them 
transient phenomena-random 
enhancements in density and star
forming activity that get stretched out 
by the shearing motions into stubby 
spiral segments. After tens of [millions 
of years], the massive stars and their 
luminous consequences peter out, 
leaving the remnant spiral segments 
to dim into obscurity well before 
they wind up. This sort of haphazard 
and ragged mode of inducing spiral 

structure may explain some of the 
less grandly designed spiral galaxies in 

the local universe. The galaxies NGC

4414 and NGC 5055 (M63) provide 
good examples of this genre.  

If galaxies can be likened to vast 
gardens, then these sorts of spiral 
galaxies would most closely resemble 
the effusive and free-flowing gardens 
of English design.  

Another key way to explain how 
spiral galaxies avoid the winding 
dilemma is to abandon the assumption 
that the spiral arms are material 
constructs. Instead, the arms are tracing 
wavelike enhancements in density and 
star-forming activity. By substituting 
material arms with ephemeral pileups 
that propagate around the galaxy at a 
stately "pattern speed," astrophysicists 
have been able to explain many 
observed attributes of the so-called 
grand-design spiral galaxies.  

Imagine a three-lane highway with 
a road crew in the slow lane. The 
crew is painting the line that marks 
the breakdown lane. Their painting 
machine allows them to make slow 
progress down the highway. To avoid 
hitting them, cars must vacate the 
slow lane and merge into the other 
two lanes. That process inevitably 

slows the traffic near the road crew
resulting in a bunching of up of cars as 
their drivers endeavor to pass through 
this slowly moving bottleneck. This 
familiar scenario has many similarities 
to that of stars and gas passing through 
a slowly propagating density wave in a 
galactic disk. Although the analogy is 
not perfect, it helps us to understand 
how the spiral arms can manifest 
concentrated matter, but need not 
consist of the same material over time.  
Because the spiral arms delineate crests 
in the propagating density waves, they 
are no more permanent than the 
plodding bottleneck of cars. As long as 
the wave itself does not wind up, the 
spiral pattern can be maintained for 

billions of years.  
Density wave dynamics provide 

compelling explanations for many 
of the observed properties found 
in "grand-design" spiral galaxies.  
These include resonant behavior at 

particular radii, where-in some spiral

galaxies--ring-like pileups of gas and 
star-forming activity can be seen.  
Perhaps the pseudo-ring of molecular 

gas interior to the solar orbit is tracing 
such a resonance. Then there are the 
noncircular "streaming motions" that 
the gravitating arms induce on the 
orbiting stars and gas. Although we are 
hard-pressed to isolate these motions 
in the Milky Way, we can track them 
in other spiral galaxies such as M81.  

Perhaps most striking are the 
wholesale transformations of gas 
into newborn stars that occur in the 
spiral arms. As gas clouds approach 

the density-wave crests, their 
respective orbits crowd together, 
yielding enhanced rates of cloud-cloud 
collisions. The resulting buildup of 
larger and more pressurized clouds gives 
rise to greater rates of star formation.  
All this can be seen in nearby spiral 
galaxies... . Revisiting the analogy 
of the galactic garden, we would 
recognize in the "grand-design" spiral 
galaxies more formal arrangements 
reminiscent of the Jardin des Tuilleries 
and other French gardens. ...  

All this galactic gardening bespeaks 
remarkably close relations among 
the diverse structural components 
that comprise the Milky Way. As the 
pioneering American naturalist John 
Muir wrote in 1919, "When we try 
to pick out anything by itself, we find 
it hitched to everything else in the 
universe." Today, this sense of cosmic 
interconnectivity dominates our view 
of life within and among the galaxies
including our own Milky Way.  

To get a better "feel" for your own 
personal stake in the Galaxy, just take 
a deep breath and think about it.  
Contained within that single breath 
are some 10 billion trillion (1022) 
atoms of nitrogen, carbon, and oxygen 
that were first cooked up in the bellies 
of stars more than 4.6 billion years ago.  
In their expressive deaths, these stars 

spiced the Galaxy with heavy elements 
like so many drops of Tabasco in a 
roiling pot of gumbo. Today, you and I 
are living, breathing proof of the Milky 
Way's vigorous fecundity.
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Slraighlening rme's Arrows 
A clock ticks, its hands always advancing. The Sun rises, then sets, then rises again.  
A child grows and matures. These examples show that time marches steadily 
forward, carrying people and events with it - a fundamental part of everyday life 
and the universe itself, as the fourth dimension in spacetime. Yet in Time Reborn, 
Lee Smolin tells us that to most physicists, time is an illusion. Smolin, a physicist 
himself, tries to restore time to reality and its place as a fundamental characteristic 
of the universe. In this excerpt, he explains why time seems to flow in only one 
direction and why that is crucial to 'rediscovering' time in physics.

he flow of time is marked by a 
strong asymmetry: We feel and 
observe ourselves moving from 

the past into the future.  
Countless phenomena attest to the 

directionality of time. Many things 
are irreversible (a car accident, a badly 
chosen phrase spoken to an 
insecure friend, a spilt glass 
of milk). Hot cups of coffee 
cool down rather than the 
reverse; sugar mixes into IN 
them, not out; and dropped 
cups shatter into pieces that, 
left to themselves, will never 
reassemble. We all age in the 4 
same direction; books and Le 
movies in which someone 
goes from moribund old age 
to infanthood are fantasies, 
never to be realized in life.  

In equilibrium there 
is no such arrow of time.  
In equilibrium, order can 
increase only temporarily, 
through a random o, 
fluctuation. These excursions .  
from equilibrium look, on 
average, the same when run 

forward or backward. If you ' 
took a movie of the motions

of atoms in a gas in equilibrium and ran 
it backward, you wouldn't be able to 
tell which was the original version and 
which was reversed. Our universe is not 
like this.  

The strong arrow of time we see in our 
universe requires explanation, because 

the fundamental 
laws of physics are 

T MF time -symmetric.  
Any solution to 

B 0 their equations has 
a ghost-companion 

solution, which 
behaves just like the 
first but with the 

St I in film run backward 
(with the added 
subtlety that left and 
right are switched 

_ and particles are 

replaced by their 
antiparticles). Thus 
the fundamental laws 

_ ~would not be violated 
if some people did age 

Backward, or certain 
. a cups of coffee left 

on the counter got 
hotter, or shattered 
cups reassembled

themselves spontaneously.  

Why do these things 
never happen? And why 
do all these different 
asymmetries in time point .  
the same way -toward 
increasing disorder? This 
is sometimes called the I 
problem of the arrow of 
time.  

There are actually several different 
arrows of time in our universe. The 
universe is expanding and not contracting.  
We call this the cosmological arrow of 
time.  

Small bits of the universe, left 
to themselves, tend to become more 
disordered in time (the spilt milk, the air 
equilibriating, and so on). This is called 
the thermodynamic arrow of time.  

People, animals, and plants are born as 
infants, grow up, age, then die. This can 
be called the biological arrow of time.  

We experience time flowing from the 
past into the future. We remember the 
past but not the future. This is the 
experiential arrow of time.  

There is another -less apparent than 
the preceding arrows but nonetheless a 
major clue. Light moves from the past 
into the future. Hence, the light that
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reaches our eyes gives us a view of the 
world in the past, not the future. This is 
called the electromagnetic arrow of time.  

Light waves are produced by the motion 
of electric charges. Wiggle a charge and 
light spreads out, always moving outward 
into the future, never into the past. This 
seems to apply to gravitational waves 
as well. So there is a gravitational-wave 

arrow of time.  

Our universe apparently contains 
many black holes. A black hole is highly 
asymmetric in time. Anything can fall 

in, but all that comes out is Hawking 

thermal radiation. A black hole is a 
device for taking anything and turning 

it into a gas of photons in equilibrium.  

This irreversible process produces a lot

of entropy.  
But what about white holes? These 

hypothetical objects are solutions of 

general relativity gotten by reversing the 

direction of time in black holes. White 
holes behave in the opposite way from 

black holes. Nothing can fall into a 

white hole, but anything might come out 

of one. A white hole could look like the 

spontaneous appearance of a star, which 

is what you get if you take a movie of the 

collapse of a star into a black hole and 

run it backward. Astronomers have not 

seen anything that could be interpreted 
as a white hole.  

Even if you consider just black holes, 
there is something strange about our 

universe. According to the equations 

of general relativity, it could well have 

started out filled with black holes. But ...  

it seems there were none at all in the early

universe. All the black holes we know 
about seem to have formed long after 
that, from the collapse of massive stars.  

Why are there only black holes and no 
white holes? And why did the universe 
not start off filled with black holes? 
There seems to be a black-hole arrow of 
time, indicated by the absence of black 
holes in the universe's early history.  

Could there be a galaxy on the other 
side of the universe where some of these 
arrows of time run backward? There's 
no evidence of this. We might live in 

a universe where some of the arrows of 

time are reversed from place to place, but 
apparently we don't. Why is this? These 

distinct arrows of time are facts about 

our universe that require explanation.

Any explanation offered for them 

rests on assumptions about the nature 

of time. The explanation offered by 
someone who believes time is emergent 

from a timeless world will differ from one 

offered by someone who believes time is 

fundamental and real.  
Related to this is the question of 

whether or not the laws of physics are 

reversible. ... The fact that the laws of 

nature are time-reversible can be taken 

as evidence in favor of the view that 

time is not fundamental. How are we to 

explain the arrows of time if the laws of 

nature are reversible in time? The arrows 

of time each represent an asymmetry in 

time; how could they arise from time

symmetric laws? 

The answer is that the laws act on initial 

conditions. The laws may be symmetric 

with regard to reversing the direction of

time, but the initial conditions need not 
be. Initial conditions can evolve to final 
conditions that are easily distinguished 
from them. In fact this is the case: The 
initial conditions of our universe appear 

to have been finely tuned to produce a 
universe that is asymmetric in time.  

Here's an example. The initial 

expansion rate of the universe, which 

is set by the initial conditions, seems 

to have maximized the production of 

galaxies and stars. Had it been much 
faster, the universe would have diluted 
too quickly for galaxies and stars to 

form. Had it been too slow, the universe 
might have collapsed directly to a final 

singularity before stars got a chance to 

form. The expansion rate was ideal for 

the production of lots of stars, and it 
is the stars that, by pouring 

hot photons into 

cold space for

billions of years, 
keep the universe away 

from equilibrium and so explain 
the thermodynamic arrow of time.  

The electromagnetic arrow of 
time can also be explained by time
asymmetric initial conditions. At 
the universe's beginning, there were 
no electromagnetic waves. Light was 
produced only later, by the motion of 
matter. This explains why, when we look 
around, the images the light carries gives 
us information about the matter in the 
universe. If we just went by the laws of 
electromagnetism, it could be otherwise.  
The equations of electromagnetism 
allow the universe to begin with light 
traveling freely. That is, light would 
have formed directly in the Big Bang 
rather than being emitted from matter 
later on. In a universe like that, any 
images of objects that light carried away 
from matter would be swamped by the 
light coming straight from the Big Bang.

18 MAY/JUNE 2013
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In such a world, we would not see 
stars and galaxies when we looked back 
with our telescopes. We might just see 
a random mess. Or, for that matter, the 
light formed in the Big Bang might carry 
images of things that were never there, 
like images of a garden with elephants 
munching on giant asparagus.  

This is what the universe would look 
like if we took a movie of it at a time 
far in the future and ran it backward. In 
the far future, there will be lots of images 
traveling around -images of things that 
once existed. But if we run the movie 
backward in time, we see a universe filled 
with images of things that have yet to 
happen. Indeed, light carrying an image 
would flow into the event that the image 
represented and end there. The light 
we would see would tell us 
only about things yet

no white holes.  
This point has been emphasized by 

Roger Penrose, and he has proposed a 
principle to explain it, which he calls the 
Weyl curvature hypothesis. The Weyl 
curvature is a mathematical quantity 
that is nonzero whenever there is 
gravitational radiation or black or white 
holes. Penrose's principle is that at the 
initial singularity this quantity vanishes.  
He notes that this agrees with what we 
know about the early universe. It's a 
time-asymmetric condition, because it 
is certainly not true at late times in tne 
universe. At late times, the universe has 
lots of gravitational waves and lots of 
black holes. Hence, Penrose argues, to 
explain the universe we see, this time-

We believe that our laws are 

approximations to some deeper law.  
What if that deeper law were time

asymmetric? 
If the fundamental law is time

asymmetric, then so are all of its 
solutions. There need then be no problem 

explaining why we never observe crazy 
things that would arise from running 
natural processes backward, because the 
time-reversal of a solution to the law will 
no longer be a solution. The mystery of 
why we see only images from the past 
and not the future is solved. The fact that 
the universe is highly time-asymmetric 
would be directly explained by the rime 

asymmetry of the fundamental law.  
A time-asymmetric universe would

to happen.

1'
We don't live 

in such a universe, but if 
possible universes correspond to 
solutions of the laws of physics, we 
might. To explain why we see only things 
that happen or have happened and never 
anything yet to happen or that will never 
happen, we have to impose strict initial 
conditions. These forbid the universe 
to start with any light carrying images 
and flying freely about. This is a severely 
asymmetric condition to impose, but it 
is needed to explain the electromagnetic 
arrow of time.  

A similar story holds for the 
gravitational-wave and black-hole arrows 
of time. If the fundamental laws are 
time-symmetric, then the whole burden 
of explaining why our universe is time
asymmetric falls on the choice of initial 
conditions. So you have to impose the 
condition that initially in the universe 
there are no gravitational waves moving 
freely, no initial or early black holes, and

asymmetric condition has to be imposed 
on the choice of solution of the (time
symmetric) laws of general relativity.  

That explaining our universe requires 
time-asymmetric initial conditions 
greatly weakens the argument that time 
is unreal because the laws of nature are 
time-symmetric. You cannot ignore the 
role of the initial conditions and declare 
that the past is like the future when, to 
agree even roughly with our universe, 
initial conditions have to be chosen that 
are very unlike those conditions that 
have evolved.  

The burden of explanation then 
falls on the question of how the initial 
conditions were chosen. But we know of 
no rational explanation of how they were 
chosen, so we reach a dead end, leaving 
a critical question about our universe 
unanswered....

no longer be improbable, it would be 
necessary....  

A time-asymmetric theory is far 
more natural if time is fundamental.  
Indeed, nothing would be more natural 
than having a fundamental theory 
that distinguishes the past from the 
future, because the past and future are 
very different. Within a metaphysical 
framework in which time and the flow 
of moments from the past to the future 
are real, it is perfectly natural to have 
time-asymmetric laws governing a time
asymmetric universe. So the reality 
of time gains credence from these 
considerations, because it lets us avoid 
having to leave a vast improbability 
- the strong time asymmetry of our 
universe - without explanation.  
Let's count this as another step in the 
discovery of time.
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This image of the flank of Mount Sharp shows 
some of the rock layers that Curiosity may 
explore. Right: A scoop of Martian soil ready for 
analysis (top) and holes that Curiosity drilled to 
reach material below the surface. A{

Friendlier and Friendlier 
New discoveries paint more hospitable picture of ancient Mars

very time we look at Mars, it gets a 
little friendlier.  

When the first spacecraft cruised 

past the Red Planet in 1965, it beamed 

back pictures of a dead landscape a 

depressing world of impact craters and 
deserts with no hint that it might once 

have been a comfortable abode for life.  

Yet every mission since then has 

painted an increasingly hospitable picture 
of Mars. Mariner 9 photographed possible 

ancient riverbeds, while Mars Global 
Surveyor mapped the contours of an 

ancient ocean. The Spirit and Opportunity 

rovers found rock layers that had been 

created in a watery environment, and the 

Phoenix lander discovered water ice just 

below the dusty surface.  

The trend has continued with the 

latest explorations, including Mars 

Reconnaissance Orbiter (MRO) and the 

Curiosity rover. Combined with results 

from the earlier missions, they confirm 

that Mars was warmer and wetter in the 

past, with many of the raw ingredients

necessary to support life.  

In results reported in March, Curiosity 

discovered that rocks on the floor of 

Gale Crater, where the rover landed 

last year, formed in an environment 
that contained flowing fresh water, 

which could have supported Earth

like microbes. By contrast, the rocks 

at the Spirit and Opportunity landing 

sites formed in highly salty or acidic 
waters, which would have been far less 

hospitable to life.  
Curiosity analyzed a rock at the bottom 

of this ancient lake or stream bed and 
identified the chemical fingerprints 

of sulfur, nitrogen, hydrogen, oxygen, 

phosphorous, and carbon, which are some 

of the key chemical ingredients for life.  

Curiosity will look for additional signs 

of habitability when it begins to climb 

the flanks of a nearby mountain, which 

contains layers of rocks that may cover 

hundreds of millions of years of the 

planet's history, later this year.  

In the meantime, MRO produced

additional evidence that giant channels 

cn Mars were formed by torrential 

f ooding, some of which may have 

cccurred during the last 500 million 

years. Scientists used observaticns by 

MRO's radar, which can penetrate the 

surface to detect buried contours, to 

construct three-dimensional images of 

these channels.  
The images support the idea that the 

channels were carved by massive floods 

instead of winds or flowing lava.  

One possib-e source of the water on 

Mars, as well as on Earth, is icy comets, 

and Mars will get a close look at one in 

October 2014. Comet 2013 Al (Siding 

Spring) is expected to pass just 31,000 

miles above Mars then, creating quite 

a spectacle in the planet's skies. Early 

reports suggested the comet, which was 

ciscovered in January, could hit Mars, 

but more recent plots of its orbit say 

the chances of an impact are minuscule 

- depriving Mars of a fresh supply oi 

water. DB
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DIack Hole Whittles Away Speedy Companion
A black hole and a small companion star that's been stripped of its outer layers orbit each other once 
every 2.4 hours, a new record for a black hole binary 
system, according to European astronomers.  

The system, known as MAXI J1659-152, was 
discovered when it produced an outburst of X-rays 
in 2010. Observations by space-based X-ray tele
scopes showed that the system consists of a black 
hole and a faint companion. The black hole steals 
gas from the companion's outer layers, which forms 
a hot disk around the black hole. The disk periodi-

ally erupts when too much material piles up before 
it can spiral into the black hole.  

In a paper published in March, a team lead by 
Erik Kuuklers of the European Space Astronomy 
Centre reported that ihe system is probably about 
six billion years old. The heavier of the two stars 
quickly exhausted its supply of nuclear fuel, causing 
its core to collapse to farm a black hole and its outer 
layers to explode as a supernova. The blast nay 
have propelled the system to its current locafon, 
high above the plane of the Milky Way galaxy.

The companion star originally was up to about 
1.5 times the mass of the Sun. Cover the last five bil
lion years or so, however, the black hole has slowly 
whittled away the star's outer layers of hydrogen, 
leaving a remnant just 20 percent the Sun's mass.  

The star is just 600,000 miles from the black 
hole, which is much closer than their original 
distance, and orbits the systems center of mass at 
roughly 1.3 million miles per hujr. The two objects 
will continue to spiral closer together, and the black 
hole may eventually consume the entire companion.
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Infrared space telescope ceases observations
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T he Herschel space telescope's mission is coming to an end. In mid
March, engineers at the European Space 
Agency (ESA) estimated that the infrared 
observatory had almost exhausted its 
supply of liquid helium used to cool its 
electronics to minus -271 degrees Celsius.  

The frigid conditions were necessary 
aboard the infrared telescope so that heat 
from its instruments would not interfere 
with studies of cold objects (like gas 
clouds collapsing to form stars) that give 
off infrared radiation. The liquid helium 
evaporates slowly over time, though, 
limiting the telescope to about a three-year 
lifetime. Herschel was launched in May 
2009, on the same Ariane 5 rocket with 
ESAs Planck space telescope (see page 21).  

"When observing comes to an end, we 

'Backward' Planet 
Explained 

In 2008, Norio Narita of the National 
Astronomical Observatory of Japan used 

the giant Subaru Telescope to find the first 
extrasolar planet traveling around its parent 
star backwards (in the direction opposite 
to the star's rotation). Now, Narita and his 
team think they know the reason for the 
giant planet HAT-P-7b's retrograde orbit.  

Working with collaborators from the 
University of Tokyo, Narita has continued to 
study this star system with Subaru. The team 
has found a companion star, and another 
giant planet orbiting the primary star.  

By following this system for more than 
three years, Narita's team was able to tease 
out the motions of the primary star and 
its attendants. The retrograde giant planet 
orbits closest to the primary star. The newly 
found giant planet orbits further out. The

expect to have performed over 22,000 hours 
of science observations," Herschel mission 
manager Leo Metcalfe said, "ten percent 
more than we had already planned." 

With its three instruments and the 
largest mirror ever launched into space on 
an infrared telescope, Herschel studied the 
physical processes and chemistry involved 
in forming both low- and high-mass stars, 
probed planet-forming disks of gas and 
dust around stars, studied giant gas clouds 
inside the Milky Way galaxy, and helped 
astronomers see through obscuring dust 
into the hearts of distant galaxies.  

At press time, mission managers 
planned to send Herschel away from its 
orbit balanced between Earth and the Sun 
into a permanent orbit around the Sun in 
early May. RJ

companion star orbits much farther still.  
Narita's team thinks that the companion 

star's gravitational influence caused the orbit 
of the outer giant planet (HAT-P-7c) to tilt.  
When this orbital tilt became pronounced 
enough, it influenced the inner giant planet 
(HAT-P-7b), causing it to orbit backwards.  

This gravitational domino effect, called 
"sequential Kozai migration," might explain 
several different kinds of retrograde, tilted, or 
eccentric orbits displayed by some extrasolar 
planets, the astronomers said. RJ

Discovery Spices Up 
Europa's Surface 

oggers on Europa, one of the larger moons 
of Jupiter, won't have to go far to find relief 

for their aching feet. A recent study detected 
deposits of epsomite on the moon's icy surface 
- the mineral that makes up epsom salts, a 
remedy for tired feet and other aches.  

Europa's icy surface appears to ':ap an 
ocean of liquid water that may be 60 miles 
(100 km) thick.  

Spacecraft that flew close to Europa de
tected a weak magnetic field, which could be 
produced by the motions of a salty ocean. The 
combination of liquid water, minerals, and the 
energy that keeps the water from freezing 
suggests that Europa's ocean could be an 
abode for life.  

Astronomers Mike Brown of (altech and 
Kevin Hand of the Jet Propulsion Laboratory 
studied Europa's surface with the giant Keck II 
Telescope in Hawaii. They detected the chemi
cal fingerprint of epsomite, which contains 
magnesium and sulfur. Planetary sdentists 
had theorized that the compound shculd be 
found on Europa, but it had not been detected 
before.  

The astronomers suggest the sulfur comes 
from volcanoes on the moon lo, which belch 
material far out into space, while the mag
nesium squirts to the surface from Europa'; 
ocean. Radiation creates chemical reactions 
that cause the elements to combine, producing 
the epsomite.  

The scientists say the exchange of materi
als between Europa's ocean and surface adds 
energy to the ocean, boosting its habitability.
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