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Front: Four of the first ALMA antennas at the 
Array Operations Site, located at 5000 meters 
on the Chajnantor plateau of Chile. In the 
background is the impressive plane of the 
Milky Way, here seen looking toward the 
center. Courtesy ESO/José Francisco Salgado.

Back: Spectacular jets powered by the energy 
of a supermassive black hole in the core of the 
galaxy Hercules A are seen in this combination 
of visible light and radio data. The yellowish 
elliptical galaxy in the center appears ordinary 
at visible wavelengths. The radio data reveal 
enormous, optically invisible jets that, at 1.5 
million light-years wide, dwarf the galaxy from 
which they emerge. Courtesy NASA, ESA,  
S. Baum and C. O’Dea (RIT), R. Perley and  
W. Cotton (NRAO/AUI/NSF), and the Hubble 
Heritage Team (STScI/AURA).
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OMG…What happened to Mercury? If that 
was your first reaction to the new look of  
Mercury, then perhaps you didn’t absorb my 
editorial in the previous issue. So let me recap. 

In an ASP member’s survey performed this 
past summer, one of the questions asked was: 
When you read Mercury, how do you read it? 
Almost 85% of respondents said they read it on 
a computer screen or a tablet.

Because so many of you read Mercury on a 
screen, we changed the layout to a landscape 
(horizontal) format, which will make this PDF 
e-zine much easier to read on your (horizontal) 
screen. In this new format, a single page will fill 
your screen and hopefully make up-and-down 
scrolling a thing of the past. Format doesn’t 
matter quite as much for a tablet, but with a 
horizontal layout, there’s a good chance that 
you won’t have to expand the page to read it.

For those of you who want to read it in print, 
Mercury is still easily printable in its new format. 
I know this to be true because…well…I still 
print the final version of each issue and stash it 
in a binder for future reference, and I printed a 
test of this issue just to be certain.

If you’re reading Mercury on your computer 
screen, you’ll see buttons at the bottom of each 
page. Use them to move from page to page, 
to toggle full-screen mode on and off, and to 
return to the Table of Contents at any time. If 
you’re using an iPad, the only button you’ll see 
is the one that will send you back to the Table 
of Contents — the iPad’s swipe and pinch out/
in gestures make the other buttons redundant.

So…comments? Criticisms? Critiques? You 
can click on the hotlink below my signature 
and send me your thoughts. We’ll likely be 
tweaking the layout in the next issue, so I’m 
quite interested in ideas for improvements. 

I’d particularly like to hear from anyone who 
tries to load Mercury onto a non-iPad tablet. 
Can you do it and if so, what works and what 
doesn’t — and if you write, make sure you 
mention which tablet and OS you’re using. 

Paul Deans
Editor, Mercury

http://astrosociety.org
mailto:asilva@astrosociety.org
mailto:%20editor%40astrosociety.org
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If you’re seeking perspective, look at the sky. If you’d like additional 
context, do it in a national park.
I had an opportunity to do so during a visit to Yosemite National 

Park not so long ago, when the weather was warm and clear in the 
Sierras at a time of year without the clogging crowds. Observing 
from the Tunnel Overlook by day, I had a magnificent view down the 
Yosemite Valley, framed by the sheer granite edifice of El Capitan on 
the north side, the Cathedral Rocks on the south (with Bridalveil Fall 
in the foreground, still billowing a diaphanous spray over its cliff), 
and Half Dome hulking in the distance between them.

One can read the signs to get the glacial and geological heritage 
of the valley, but the locals had their own explanations for its physi-
cal attributes. One variant of a story of the Miwok people, who spent 
summers on the forested and meadowed valley floor, tells of bear 
cubs who one day fell asleep on top of a modest rock. When they 
awoke, they found that the rock had grown tall and forbidding, 
and they could not get down. One by one, the animal people tried 
to scale the vertical face of the rock to rescue the cubs, and failed. 
Finally, the lowliest of the lowly — the inchworm — offered to take 
its turn. Slowly, the worm crawled its way up the rock face, and with 
patience, reached the top and brought the cubs back down to earth. 
That rock today is known as El Capitan.

In modern times, that inchworm tradition has continued and 

flourished in the form of rock climbers who inch their way up El Cap-
itan on a nearly continual basis in good weather. This particular day, 
I was able to train my binoculars on its sunlit face and spy numer-
ous parties of tiny figures working their way up the cliff. On average, 
it takes climbers about four days to scale the height, so they have 
to haul their “overnight” bags along with their climbing gear. And I 
could see tiny flashes of color from the tents and bags being hauled 
along by the figures, ready to camp on narrow ledges or in anchored 
hammocks when the Sun went down.

After it did, I returned to the overlook in the early night for a black 

Yosemite Valley from Tunnel Overlook. [James Manning]

Climbing
We are all climbers in our own way, striving to get a little closer to the stars.

by James G. Manning

first word



VOL. 42 NO. 1
WINTER 2013 6

TABLE OF CONTENTS

and bristling view of a sky unfettered by the ambient light of civiliza-
tion — the grainy Milky Way of autumn arching overhead and the 
sparkling Summer Triangle edging westward. Looking east down the 
valley, I could see the Pleiades, the “hungry children” of the Onon-
dagas, rising on a slanted trajectory from behind El Capitan — the 
Pleiades whom the Sacramento area Miwok called Os-so-so’-li, one 
of the female star chiefs of the sky, and whom the nearby Yokuts 
thought of as five wives fleeing their flea husband who followed 
alongside.

And to my un-
expected delight, 
beside that glittering 
cluster rising up in 
the east, the black 
face of El Capitan was 
itself transformed 
into a new constel-
lation, where no less 
than a dozen separate 
twinkling lights be-
trayed the locations 
of climbing parties, 
bedding down for 
the night on the rock 
face. It was a symbolic 
melding of Earth and 
sky on a beautiful 
evening, reminding 
me once again of 
how our connections 
to both can manifest 

themselves in 
compelling ways. 
We only have to 
be open to experi-
ence, and to pay 
attention.

Not all of us 
(perhaps not many 
of us) are prepared 
to play inchworm 
and spend the 
night bolted to 
a rock a thousand feet and more in the air. But we are all climbers 
in our own way, toiling on our own particular cliffs, belaying and 
pitching and jamming our way up, striving to get a little closer to 
the stars. We spend many a night dangling in the air, hoping that our 
bolts hold until morning so that we can continue the journey. And 
many of us are blessed with sturdy climbing partners, anchoring 
the ropes, encouraging us along when the going gets tricky and the 
rock gets friable.

For our part at the ASP, we thank you for being our climbing part-
ners, for your encouragement and help with the ropes, and for being 
there at the top to share in our successful efforts and the advanc-
ing of our mission. It’s a team effort, and we’re pleased to have your 
company in the climb.

With the new year comes new heights to scale for us all. We wish 
you all the best with yours in 2013. We wish you good partners for 
the journey, stout ropes, good rock, and a view of the stars at the top.

See you on the slopes! 

JAMES G. MANNING is the Executive Director of the Astronomical Society of the Pacific.
The Pleiades rising over El Capitan in Yosemite National Park. 
[Shutterstock]

El Capitan at sunset. [James Manning]

mailto:jmanning%40astrosociety.org
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In an ASP Leaflet for January 1953, Otto Struve wrote about “New 
Light on the Structure of the Galaxy.” Today we are accustomed to 
thinking of the Milky Way as a spiral galaxy; but sixty years ago the 

evidence for this structure was by no means clear. Struve outlined 
the latest discoveries that clinched this idea.

Struve described how W.W. Morgan in early 1952 had given a pa-
per at the American Astronomical Society meeting in Cleveland, in 
which he announced that: “he had finally succeeded in tracing two 
spiral arms of the Milky Way in the vicinity of the sun.” This paper was 
so convincing that it “was greeted by an ovation such as I have never 
before witnessed.” Struve went on to point out that “the year has just 
closed with the confirmation and extension of Morgan’s spiral arms 
by the Dutch radio astronomers Oort, Muller, and van de Hulst.”

This work was based on several types of study. Walter Baade had 
noticed that the hottest stars are always associated with nebulae, 
and in the Andromeda galaxy both of these are found only in the 
spiral arms. Then Bengt Strömgren identified many nebulae in the 
Milky Way as clouds of hydrogen ionized by hot stars. Morgan found 
the distances to those hot stars, using spectroscopic criteria, and was 
able thus to map out the locations of these objects in our galaxy.

He concluded then that the band of Milky Way light from 
Monoceros and Orion on up through Cygnus is actually “produced 
by two bands seen superposed over each other. The nearer band is 

almost straight and 
extends to a distance 
of 3000 light years in 
Monoceros….The  
second spiral arm 
runs parallel to the 
first, at an average 
distance of 5000 or 
6000 light years from 
it.” Struve included an 
illustration of these 
arms in his Leaflet.

Jan Oort confirmed 
this result and ex-
tended the picture by 
using radio telescopes 
to study the 21-cm 
line emitted by un-ionized hydrogen. Radio waves can penetrate the 
dust of the galactic plane better than visual light and can thus get 
through from farther away. Using data on galactic rotation, Oort was 
able to assign condensations of hydrogen gas to spiral arms. Bart 
Bok and others extended this work in the Southern Hemisphere.

During the past 60 years, much more has been learned about the 

In this artist’s concept of the new view of the Milky Way, our 
galaxy’s two major arms (Scutum-Centaurus and Perseus) can 
be seen attached to the ends of a thick central bar, while the 
two now-demoted minor arms (Norma and Sagittarius) are less 
distinct and located between the major arms. [NASA/JPL-Caltech]

60 Years Ago: The Structure of Our Galaxy
Our view of the Milky Way’s structure has changed during the past six decades.

by Katherine Bracher

echoes of the past
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structure of our galaxy. Morgan’s inner spiral arm is now called the 
Orion-Cygnus arm, and the Sun is located on its inside edge. His 
farther one is now known as the Perseus arm. But several additional 
ones have now been recognized, like the Sagittarius arm and Scutum-
Centaurus arm which are closer to the galactic center than we are, 
and the so-called 3-kiloparsec arm which may coil around and join 
the Perseus arm. There also seems to be an outer arm beyond the 
Perseus arm.

In addition to spiral structure, we know the Milky Way has a spher-
ical halo of globular clusters and old stars surrounding the flat disk 
that contains the spiral arms. At the center is a bulge of old stars,  
and within that — a strong radio source called Sagittarius A*. This  
is believed to be a supermassive black hole containing more than 
four million times the mass of the Sun. In this respect our galaxy 

resembles many others, which also contain such black holes.
In recent years a general agreement has grown that the Milky Way 

is a barred spiral galaxy, rather than a “normal” spiral. This means that 
the central regions contain older stars distributed in an elongated 
bar rather than a disk or sphere. This is not uncommon among galax-
ies; more than half of all galaxies seem to exhibit such structure. Spi-
ral arms then come off the two ends of the bar and coil around. The 
Sun is now believed to be about 26,000 light-years from the center, 
orbiting that center once every 230 million years or so. 

KATHERINE BRACHER taught astronomy at Whitman College in Walla Walla, WA, for 31 years. 
Retired in 1998, she currently lives in Brunswick, Maine. Her research focuses on eclipses and the 
astronomy of the ancient world; her other principal interest is early music.

New Mars, Old Mars
As you might expect, our views of Mars have evolved during the centuries.

by Clifford J. Cunningham

annals of astronomy

With the August 2012 landing of the Curiosity rover in Gale 
crater on Mars, humanity has taken its next great step 
forward in the exploration of the Red Planet. President 

Obama lauded the success as “an unprecedented feat of technology 
that will stand as a point of national pride far into the future.” 

In October, NASA chief Charles Bolden said the discovery that a 
stream of water once ran across the area of Mars where Curiosity is 
driving is just the first of many new findings that he predicts “will 

transform our understanding of the Red Planet and help pave the 
way for human landings there.”

As the public and scientists alike learn more about Mars, Lord 
Rees, Great Britain’s Astronomer Royal, has predicted a “dramatic 
cultural and technological evolution” on Earth.

The “transformational” views expressed by Bolden and Rees 
coincide nicely with those examined in an important new book, 
Imagining Mars: A Literary History, by Robert Crossley, emeritus  

mailto:kbracher%40earthlink.net
http://www.upne.com/0819569271.html
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professor of  
English at the 
University of Mas-
sachusetts Boston. 
Looking at books 
since the 1600s, 
Crossley shows 
how our views of 
Mars have evolved 
across the cen-
turies. A central 
theme running 
through the book 
is the search for, or 
creation of, Utopia. 
It is no coincidence 
that one of the 
prominent areas 

on Mars has actually been named Utopia Planitia — the Utopian plain. 
Another recurrent them in the book is Milton’s Paradise Lost. 

“Milton’s epic has some claims to be the first great anticipation of 
science fiction,” writes Crossley, who begins Chapter 2 of his book 
with the meeting in 1638 between the young Milton and the aged 
astronomer Galileo, who was first man to look at Mars through a 
telescope. The theme goes all the way up the present. Kevin  
Anderson is known to millions as the “novelizer” of the Star Wars 
films, but in his own science fiction book Climbing Olympus (1994), 
one of his characters paraphrases Milton as she reaches the top of a 
Martian mountain.

Crossley examines all the great fallacies about Mars, especially  
the canals. A century ago the astronomer Percival Lowell made an 

indelible mark on society by saying they were built by Martians to 
carry water through the Martian landscape. The idea that Mars was 
inhabited by intelligent beings was commonplace for decades, so 
when Orson Wells broadcast a radio program in 1938 about an inva-
sion from Mars, panic gripped the hearts of the populace. It was the 
most famous/infamous radio broadcast of all time.

But the author goes far beyond the well-known Martian writings 
to explore obscure novels, such as an 1880 work entitled Mars  
Revealed, or Seven Days in the Spirit World. How the paranormal be-
came linked to Mars is a fascinating account, covered in Chapter 7.

The “militarism of the United States” is often projected onto Mars, 
a trope that has extended from the time of the Spanish-American 
War a century ago right up to the present. For example, the author 
looks at Gustavus Pope’s 1894 book Journey to Mars. Pope, writes 
Crossley, “makes the most revealing display of the artistic insecurity 
that characterises many of the masculinist romances of Mars.” Some 
of the most recent novels about Mars exhibit the very things that are 
most associated with the American Revolution: “the desire for inde-
pendence, a spirit of rebellion, the drafting of a Martian constitution.”

Crossley saves his highest plaudits for the recent Mars trilogy 
(1993-96) by Kim Stanley Robinson. “No other Martian fiction has 
ever been so profuse, so prodigal in its spending of words to conjure 
up a world at once alien and alluring. The exuberant romance of Mars 
in Robinson’s imagination gives his Martian utopia the one quality 
that readers so often miss in traditional utopian literature: soul.”

There is no better book than Crossley’s to understand why Mars  
is so important to the soul of humanity. And for more about the  
ongoing mission of Curiosity on Mars, visit NASA’s MSL website. 

CLIFFORD CUNNINGHAM was recently seen at the Kennedy Space Center chatting with the 
Administrator of NASA, Charles Bolden.

A self-portrait mosaic of Curiosity at “Rocknest,” the spot in Gale  
Crater where the mission’s first scoop sampling took place. [NASA/ 
JPL-Caltech/Malin Space Science Systems]

http://en.wikipedia.org/wiki/Mars_trilogy
http://www.nasa.gov/msl
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The existence of dark matter was first proposed in 1932 by Jan 
Oort to account for the dynamics of stars in the Milky Way. A 
year later, Fritz Zwicky suggested that the motion of galaxies in 

the Coma cluster could only be accounted for by the presence of dark 
matter in excess of 400 times that of luminous matter in the cluster. 
In the 1960s and 1970s, Vera Rubin examined the orbital velocities of 
stars in spiral galaxies and found, contrary to the predictions of New-
tonian gravitational theory, that the velocities of stars outside of the 
galactic bulge remain nearly constant with galactic radius.

Since the 1980s, the astronomical community has accepted the 
existence of dark matter around individual galaxies and in clusters of 
galaxies and has embarked on a quest to determine the nature  
of dark matter. However, some astrophysicists have been actively 
investigating alternatives to dark matter. One of these is modi-
fied Newtonian dynamics (or MOND), which proposes that gravity 
changes asymptotically for accelerations less than 10-10 m/s/s. In 
1992, Eduardo Battaner and colleagues suggested that action of 
magnetic fields on ionized gas in galactic disks could account for 
galactic dynamics without the need to invoke dark matter. Although 
some in the astronomical community have proclaimed that these 
alternatives have effectively been discredited, there are those who 
still actively pursue these lines of research.

Since the original discovery that the velocity curves of spiral 

galaxies “flatten out” 
beyond the galactic 
bulge, a new conun-
drum has come to 
light. The rotational 
curves of several 
galaxies exhibit a 
rise in velocity at the 
outer part of the disk. 
A notable example 
is the Andromeda 
galaxy (M31). Can dark matter account for the observed rise in the 
rotational curve? Until recently, dark matter halos were assumed 
to be uniform and spherical. A number of researchers suggest that 
the observed increased velocity in the outskirts of galaxies like M31 
results from dark matter substructures, such as rings. 

Recently, Battaner and several colleagues examined the rotational 
dynamics of the Milky Way and the role of both dark matter and 
magnetic fields. They used previously published rotational curve 
data for the Milky Way. Because stars are not affected by magnetic 
fields, they used only the rotational curve data for 294 gas clouds. 

The group fit three different models to this data. In each model 
there is, of course, the gravitational contribution from the normal 

The Andromeda galaxy. [ESA/Hubble/DSS 2/Davide De Martin]

The Milky Way’s Rotation Curve
Accounting for galactic dynamics should include the effects of galactic magnetic fields.

by Jennifer Birriel

astronomer’s notebook

http://arxiv.org/ftp/astro-ph/papers/0601/0601478.pdf
http://www.nature.com/nature/journal/v360/n6405/abs/360652a0.html
http://iopscience.iop.org/0004-637X/705/2/1395/pdf/apj_705_2_1395.pdf
http://arxiv.org/abs/0912.4133
http://rialto.ll.iac.es/folleto/research/preprints/files/PP12050.pdf
http://rialto.ll.iac.es/folleto/research/preprints/files/PP12050.pdf
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(baryonic) matter. They then fit the data considering only dark mat-
ter, only magnetism, and dark matter plus magnetism. They assume 
a spherically symmetric dark matter halo and a galactic magnetic 
field that decreases linearly at large radii (which is supported by 
observational evidence). 

Battaner and colleagues found taking into account the magnetic 
field yields a better description of the Milky Way’s rotation curve. 
The dark-matter-only model does not fit the increase in velocity in 
the outer regions of the galaxy, but this model assumes spherically 
symmetric distribution of dark matter. What their results show is that 
including the effect of the magnetic field can easily account for the 
increase in velocity without the need to invoke exotic dark matter 
substructures. Also, the magnetic-field-only model does a good job 
at fitting the observational data in the absence of dark matter.

There are other interesting results from Battaner and colleagues’ 
studies. Their model magnetic field strength at a radial distance of 
16 kiloparsecs (kpc) is about 2 micro-Gauss, which agrees with ob-
servations from the Faraday rotation of pulsars and polarization from 
synchrotron emissions. In addition, the rise in the Milky Way’s rota-
tion curve begins at radial distance of about 10 kpc from the galactic 
center. This is similar to the rise observed in M31 and might be sug-
gestive of a common dynamical feature in spiral galaxies. Ultimately, 
their results indicate that ignoring the dynamical effects of magnetic 
fields in galaxies is probably not a viable option. 

JENNIFER BIRRIEL is an Associate Professor of Physics in the Department of Mathematics, 
Computer Science & Physics at Morehead State University in KY. She prefers dark chocolate to dark 
matter and dark energy. 

Stay Frosty, My Friends
It’s easy to do on Io, if you’re SO2...

by Daniel D. Durda

planetary perspectives

As moons go, Jupiter’s Io has to be one of the most unexpect-
edly interesting ones in the solar system. Before the Voyager 
encounters really drove home to us that we had better get 

used to expecting the unexpected in planetary exploration, many 
researchers thought the surfaces of the Galilean satellites would be 
nothing more than cratered ice balls. However, just before Voyager 
1’s arrival at Jupiter, it was realized that tidal heating of Io’s interior 
caused by the flexing of the moon’s figure (as it’s forced into an 

eccentric orbit by Europa and Ganymede), could drive significant 
global volcanism.

That prediction was borne out in spades when Voyager images 
revealed the plumes of actively erupting volcanoes on Io. To chance 
upon even one active eruption during the short interval of time of 
the spacecraft flyby immediately suggested that the eruptions are a 
common and ongoing phenomenon. To see several going on dur-
ing the flyby confirmed the true nature of Io as the most volcanically 
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active world 
in the solar 
system.

One gauge 
of the power of 
the tidal flex-
ing heat engine 
inside Io is the 
flux of thermal 
energy leaking 
through the 
moon’s surface 
to space. Io 
shines in the 
infrared like 
a big, 100- to 
200-trillion-
watt pizza-

colored light bulb. Compare its average surface thermal flux of some 
two to three watts per square meter with Earth’s average of about 
0.075 watts per square meter. The internal heat radiating from an 
average acre of land on Earth could power a few 100-watt light 
bulbs. If you owned an acre of land on Io you’d be able to light your 
property through the Ionian night with significantly more than 100 
such lights! (You couldn’t actually live on your two Hell’s half acres, 
though, since the radiation driven from Jupiter’s intense magneto-
sphere would be lethal — but that’s another story.)

Most of Io’s heat output is localized around the vents and lava 
flows of its many volcanoes. Active sources show up as hadean ‘hot 
spots’ in infrared images from spacecraft flybys (such as New Hori-
zons in February 2007) and Earth-based telescopic observations. The 

measured temperatures of these areas — many around 1000°C or so 
— is consistent with basaltic eruptions and lava flows like those that 
adventuresome tourists to Hawaii can witness first hand.

And, just like their terrestrial cousins, Io’s volcanoes spew forth sul-
fur compounds in abundance. It’s all that sulfur in its various forms 
that gives Io its distinctive yellow-orange hue. Even some of the 
darker reds and browns are due to sulfur in its higher-temperature 
or radiation-damaged forms.

Away from the volcanic vents and flows, though, much of the rest 
of the inactive surface of Io is actually rather cold. These cold areas, 
averaging below -160°C, act as a cold plate to condense one of the 
most abundant gases that erupt in Io’s plumes. Sulfur dioxide (SO2) 
is a toxic, nasty smelling gas that is a very common effluent from 
volcanic vents and some high school chemistry labs. Near the hot 
volcanic regions on Io, sulfur dioxide remains in a gaseous state and 
is in fact responsible for much of the mass of Io’s tenuous atmo-
sphere. But as the gas migrates to more than 100 kilometers or so 
from its eruptive source, the surface temperatures drop below its 
freezing point and the sulfur dioxide condenses out as a white frost 
that is responsible for Io’s brighter surface features.

Even more of Io’s gaseous SO2 freezes out onto its surface dur-
ing the approximately two-hour-long eclipses that mark each of 
Io’s roughly 42-hour days. Once a day Io passes through Jupiter’s 
shadow and much of the moon’s dayside atmosphere snows to the 
ground. It’s an amazing and unique natural laboratory for under-
standing surface-atmosphere interactions. And it all makes for an 
eerily beautiful moon. 

DANIEL D. DURDA is a Principal Scientist in the Department of Space Studies at the Southwest 
Research Institute in Boulder, Colorado.

The image at left shows the partially sunlit plume from the Tvashtar 
volcano and reveals the bright nighttime glow of the hot lavas at the source 
of the plume. The top right view illustrates the contrasting colors of the red 
lava and blue plume at Tvashtar. The bottom right image shows that the 
glow of the Tvashtar volcano is even more intense at infrared wavelengths 
and reveals the infrared glow of at least 10 fainter volcanic hot spots on Io’s 
night side. [NASA/JHUAPL/Southwest Research Institute]
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Scientists using NASA’s Fermi Gamma-ray Space Telescope 
have made the most accurate measurement of all the starlight 
shining in the universe, even light from stars long since blown 

apart or fizzled away. Now, the astute reader of Mercury should find 
something odd in such an announcement. How can a gamma-ray 
telescope detect ordinary starlight, let alone the ghost light from  
epochs past? Gamma rays represent the most energetic form of 
light, usually created by particle collisions, and stars glow primarily 
in the infrared to ultraviolet range. 

The answer is that the measurement was done indirectly, based 
not on how many precious gamma-ray photons were collected but 
rather on how many weren’t collected.

Every star that has ever existed contributes to a pervasive glow in 
ultraviolet, visible, and infrared called the extragalactic background 
light (EBL). Astronomers describe the EBL as a fog that has grown 
thicker in more recent epochs as more and more stars turn on. Mea-
suring the extent of the fog directly hasn’t been possible because, in 
fact, we are in the thick of it. The glow of our galaxy blinds us.

So, to measure the fog, scientists turned to gamma-ray lighthouses 
called blazars. Blazars are a type of quasar — bright galactic cores 
fueled by a black hole. Quasars often have jets that somehow funnel 
matter away from the black hole and into extragalactic space. Bla-
zars are quasars in which the particle jet is aimed straight at us.

If you had a shore-
based lighthouse of 
known intensity and 
distance, you could 
measure the thick-
ness of a fog on a dark 
night. The dimmer the 
light, the thicker the fog 
must be. Well, blazars 
provide this reliability. 
They shoot gamma rays 
through the fog.

Many of these gamma rays reach the Fermi telescope. But some 
collide with starlight photons to create matter-antimatter pairs. 
(Yes, light turned into matter, the reversal of an antimatter annihila-
tion; this gets funkier with every new detail.) Those newly created 
electrons and positrons fly off to destinations unknown, never to be 
detected by us. Scientists instead measure the amount of starlight 
the blazar’s light passes through by determining how many photons 
didn’t make the full journey to Earth.

For this first-ever estimate of the ELB using gamma rays, scientists 
relied on 150 particularly bright blazars. Fermi has detected more 
than a thousand blazars since 2008, but so far only these 150 have 

This plot shows the locations of 150 blazars (green dots) used 
in the EBL study. The background map of the entire sky was 
constructed from four years of Fermi observations of gamma 
rays with energies above 10 billion electron volts. The plane 
of our galaxy runs along the middle of the plot. [NASA/DOE/
Fermi LAT Collaboration]

A Universe’s Worth of Starlight Measure
Gamma-ray beacons help record the entire history of stars, both living and dead.

by Christopher Wanjek

armchair astrophysics
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the right energy level — with enough photons greater than 3 billion 
electron volts, or more than a billion times the energy of visible light 
— to conduct this type of calculation.

Nevertheless, the Fermi team could measure starlight in various 
directions to distances equivalent to more than 10 billion light-years. 
With further calculations, the team concluded that stars filled the 
universe as early as 500 million years after the Big Bang, or about 
13.2 billion years ago. This is roughly in tune with other calculations, 
though the Fermi team said that star formation might have come 
about more slowly than thought.

Oh, so how much starlight is there? The average stellar density in 
the cosmos is about 1.4 stars per 100 billion cubic light-years, which 
means the average distance between stars is about 4,150 light-years.

The key instrument for this calculation is Fermi’s Large Area Tele-

scope, which observes the entire sky in gamma rays every three 
hours. Deeper observations collected during the next few years will 
help fine-tune this EBL estimate, said Marco Ajello of the Univer-
sity of California at Berkeley, one of the leading scientists. This was 
a massive collaboration; more than 100 scientists are listed on the 
journal article describing the results, which appeared in Science on 
November 1, 2012.

Cosmologist Avi Loeb of Harvard University, who was not on  
the paper, described the work as both novel and convincing in its 
attempt to determine the history of starlight. This sets the stage for 
the upcoming James Webb Space Telescope mission, which should 
see these first stars directly.  

CHRISTOPHER WANJEK is the author of the novel Hey Einstein!, now detectable in visible light.

Becoming a Slow Thinker
Help your students learn to use their brain’s two modes of reasoning. 

by David Bruning

education matters

In a recent class, I showed students a marble and a glass bowl. 
The two have the same ratio as the diameter of Earth to Jupiter. 
I asked how many “Earths” would fit into the “Jupiter.” The class 

volunteered 200 Earths. After producing an ensemble of cups, each 
containing 50 marbles, we quickly passed the proffered 200 and 
determined that 700 Earths filled Jupiter. A discussion of the empty 
space between the marbles led us to the actual volume of about 
1300 Earths. How could the students be so far wrong, estimating 200 

when 1300 Earths is the correct volume? Have they forgotten simple 
math concepts such as volume? Were they not sufficiently engaged 
in class and played Angry Birds instead? 

Rather than blame poor academic performance, student behav-
ior, or our lack of teaching prowess, we need to reflect on how our 
brains work. Consider the following problem posed by Daniel  
Kahneman in his book Thinking, Fast and Slow — don’t try to solve it, 
but listen to your intuition: 

http://physics.aps.org/story/v19/st18
http://physics.aps.org/story/v19/st18
http://bit.ly/102XdrN
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A bat and ball cost $1.10.
The bat costs one dollar more than the ball.
How much does the ball cost?

The intuitive part of your brain most likely said 10¢. And you 
would be wrong. (The correct answer is 5¢.) The reason for such 
errors is that we have two modes of thinking (the so-called dual-
process reasoning). System 1 is our intuitive thinking that occurs 
automatically; we are aware only of the final result in our conscious-
ness. It is ancient in development and is the part of our cognitive 
processes that we share with animals. Our brains use System 1 most 
of the time, especially when we need a rapid answer. 

System 2 is slower and more deliberative; it is also uniquely  
human. It engages when we need to bring different conceptual 
structures together or to build new knowledge. System 2 takes 
much more energy to implement and most humans do not like to 
employ it as its use often results in discomfort. In fact, our brain 
preferentially uses System 1 and utilizes it without our being aware 
of which system is answering a question. System 2 is supposed to 
be the taskmaster of our reasoning, but Kahneman provides many 
examples where System 2 lets us down.

System 1 lets students down frequently. Think of the number of 
times a student “just knows an answer is right” but answers incor-
rectly.  How about the “clicker” question when students select an 
answer immediately but clearly miss the point? Is their response a 
result of inattention or System 1 short-circuiting the reasoning  
process? I suspect that often, when we believe students are not 
learning, they have fallen into the clutches of System 1 thinking. 

We need to educate our students about how their brain works so 
they understand that System 1 is working against them. Otherwise, 
how can students be expected to reason when they are unaware 
that their main method of thinking isn’t reasoning at all? 

Students can fight the tendencies of System 1 by using System 2 
often enough that the answers to certain questions become auto-
matic, or part of System 1. That goal is worthy of our majors but is 
generally not practical for Astro 101 students. Instead, we might 
best hope to sensitize Astro 101 students to the differences between 
Systems 1 and 2. To activate System 2, we can train students to be 
deliberately thoughtful; they should pre-load knowledge into their 
memory prior to answering a question, which slows down thought 
processes and engages sequential thinking, which is part of System 2. 
Pre-loading has the added benefit that it puts less strain on working 
memory; overloaded memory has a tendency to kick thinking back 
to System 1. Students find engaging System 2 difficult and mentally 
uncomfortable, but the reward is sound reasoning.

System 1 can be sneaky.  Although I teach my students to break 
a difficult question into smaller, simpler questions that they can an-
swer, System 1 substitutes the original question with a simpler one, 
unbeknownst to the student. Because it substitutes what it consid-
ers to be a related question, students often do not realize they are 
answering the wrong question. For example, System 1 may substi-
tute “which star appears fainter?” for “which star is farther?” Because 
students did not work very hard to get the answer, they grossly 
overestimate how well they understand the material.

Do your students a favor: Encourage them to think slowly, and 
model deliberative thinking, so they can employ System 2 when 
they most need it. 

DAVID BRUNING teaches astronomy at a Midwestern state university. He wishes more faculty 
members would help students learn how their brains work so they can optimize their learning.

http://bit.ly/10ceoXR
http://bit.ly/10ceoXR
http://www.affective-science.org/pubs/2004/WMC.PsychBull.pdf
http://www.affective-science.org/pubs/2004/WMC.PsychBull.pdf
http://faculty.som.yale.edu/ShaneFrederick/RepRevisited.pdf
mailto:david.bruning%40uwp.edu
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As scientists, let’s stop blaming “the public” for being disin-
terested and uninformed and start asking ourselves: Are we 
guilty of ineffective communication? That was one of the 

key takeaway points of the National Academy of Sciences’ Sackler 
Colloquia on “The Science of Science Communication,” held in  
Washington, DC, in May of 2012. 

The talks at this symposium, which I had the pleasure of attend-
ing, were primarily focused on trying to bridge the gap between 
scientists and the media, and between scientists and the public.  
Keynote speakers included David Pogue, the New York Times’ tech-
nology columnist and the host of NOVA ScienceNow, who repre-
sented the media’s point of view, and Dr. Arthur Lupia, a professor of 
Political Science at the University of Michigan, an expert on informa-
tion processing, persuasion, and strategic communication. 

The colloquium stressed that the majority of the American public 
places great confidence and trust in scientists. According to a 2009 
PEW survey (Public Praises Science; Scientists Fault Public, Media), 
70% of Americans believe that scientists contribute “a lot” to soci-
ety’s well-being — only teachers (77%) and members of the military 
(84%) ranked higher, while lawyers (23%) and business executives 
(21%) ranked lowest. On the other hand, the same survey found  
that 85% of scientists see the public’s lack of scientific knowledge 
as a major problem for science. Citing the biological limitations of 

attention and memory building, Dr. Lupia emphasized in his talk that 
attempts to “educate” the public often fall short because scientists 
do not construct their messages appropriately — attempts to con-
vey too much abstract information are destined to fail. 

All the talks given during “The Science of Science Communication” 
are available to watch online. The videos represent an amazing col-
lection of expertise, and I strongly recommend taking the time to 
watch a few — many of the talks are tremendously engaging, and all 
are informative. 

I was reminded of the colloquium in late October, when the issue 
of communication between scientists and the public briefly came to 
the forefront of media attention. Six Italian scientists and a govern-
ment official were essentially found guilty of ineffective communica-
tion, based on charges related to their actions (or inactions) prior to 
the April 6, 2009, earthquake in L’Aquila, Italy, which killed more than 
300 people. My first reaction to the headlines was sheer incredulity 
— how could scientists be jailed for failing to predict an earthquake? 
Of course, as I dug deeper, I eventually understood that they hadn’t 
been convicted of failing to predict the earthquake but of failing to 
adequately inform the population of the earthquake risk. 

My understanding is that the prosecutors argued that had the 
scientists more completely and clearly communicated to the public 
the risks of a serious seismic event, then at least some of the victims 

Communication Conundrum
Communicating science to the public is not always easy or straightforward.

by Bethany Cobb

reaching out

http://www.nasonline.org/programs/sackler-colloquia
http://www.nasonline.org/programs/sackler-colloquia
http://www.people-press.org/2009/07/09/public-praises-science-scientists-fault-public-media
http://www.nasonline.org/programs/sackler-colloquia/completed_colloquia/agenda-science-communication.html
http://www.bbc.co.uk/news/world-europe-20025626
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would have made different choices and would ultimately have sur-
vived. Of course, the question remains: would better communication 
have changed behavior? Maybe. But humans are notoriously bad 
at understanding risk, particularly when it comes to low-probability 
events like earthquakes.

As an astronomer, it is tempting to overlook the real-world conse-
quences stemming from science communication. For all our love of 
exoplanets, dark matter, and black holes, the day-to-day influence 
of such phenomena is limited. However, there are some areas of 
astronomy with potential for short-term, high-impact consequences. 
Strong solar activity, for example, can knock out the power grid. The 
impact of a small asteroid or comet could have a devastating local 
effect (imagine the Tunguska event in, say, New York). 

A knee-jerk reaction would be to view the verdicts at L’Aquila as 
a cautionary tale. If you can be jailed for poor communication, why 

not avoid it altogether? I hope, however, that won’t happen. As 
scientists, we have a duty to share our knowledge to the best of our 
ability. Instead, what we should take away is the persistent idea that 
communication between scientists and the public is both incredibly 
important and incredibly difficult to do well. 

Fostering good communication requires professional astronomers 
to agree that such communication is important, and that communi-
cation is a skill requiring training and practice just as much as solv-
ing formulas and analyzing data. Furthermore, we need to consult 
from time to time with experts in the fields of social and cognitive 
sciences. To that end, I look forward to more gatherings like “The 
Science of Science Communication” and hope to see you there. 

BETHANY COBB is an Assistant Professor of Honors and Physics at The George Washington University, 
where she studies gamma-ray bursts and teaches physics/astronomy to non-science majors.

Sir Patrick Moore
March 4, 1923 – December 9, 2012

Sir Patrick Alfred Caldwell-Moore, CBE, FRS, FRAS, was, at heart, the 
quintessential amateur astronomer. But through a combination of 
good fortune and an engaging personality, he attained prominence 
as a writer, researcher, radio commentator, and television presenter. 
He holds the Guinness world record for the longest continuous ten-
ure as presenter of a single television program, having hosted “The 
Sky At Night” beginning April 24, 1957, until just prior to his death 
(he last appeared in an episode broadcast on November 3, 2012). 
Queen Elizabeth II knighted him in 2001 for “services to the popular-
ization of science and to broadcasting.” 

•  You’ll find a length obituary on the BBC’s website. Wikipedia has 
an even longer summary of his life and achievements.

•  Brian May of the British rock band 
Queen, put together this tribute 
page. May, a doctor of astrophys-
ics who coauthored two books with 
Moore, said: “It’s no exaggeration to 
say that Patrick, in his tireless and 
ebullient communication of the 
magic of astronomy, inspired every British astronomer, amateur 
and professional, for half a century.”

•  Here’s an autobiographical page called “People I Have Met.”
•  In Pictures: The Life of Sir Patrick Moore.
•  Because I have a particular affinity for solar eclipses, here’s a 

YouTube clip of Sir Patrick Moore (in 2001) looking back at his  
past coverage of total solar eclipses.

— P.D.

http://www.bbc.co.uk/news/uk-10525469
http://en.wikipedia.org/wiki/Patrick_Moore
http://www.queenonline.com/en/news-archive/sir-patrick-moore-brian-may-tribute
http://www.queenonline.com/en/news-archive/sir-patrick-moore-brian-may-tribute
http://www.bbc.co.uk/science/space/skyatnight/patrickmoore_article.shtml
http://www.bbc.co.uk/news/uk-20659141
http://www.youtube.com/watch%3Fv%3D8IvRUzEzr0A
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Sidewalk Astronomy:  
Bridge to the Universe

Sidewalk astronomy can be a relatively inexpensive, 
easy, and effective outreach program.

By David E. Hostetter

Lunchtime solar astronomy outside the Museum. 
Unless otherwise noted, all images are courtesy 
of the Lafayette Science Museum.
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Back in 2002, the Lafayette Science Museum opened its doors 
in a new location in Lafayette, Louisiana. We went from being 
a very small, local museum with a moderately dark sky and 

plenty of green space to being a much larger, regional museum in a 
light-polluted downtown, land-locked with no surrounding property 
we controlled. Attendance at our popular weekly telescope nights 
crashed, and ultimately the museum cancelled its evening hours.

We also had a long tradition of well-attended star parties across 
town at a local 
park, but lighting 
there increased 
and attendance 
became erratic. We 
needed something 
to supplement the 
star parties, some 
different way to 
show people the 
real sky. Our audi-
ence was chang-
ing — no longer as 

willing to drive a half hour across town to a star party, and not really 
willing to come downtown at night (except to the bars).

On the other hand, Lafayette’s downtown was also changing, with 
the city making a big effort to clean up the place and make it a cul-
tural center with festivals, concerts, outdoor plays and movies, and 
art walks. People did come to those events, sometimes in droves.

With star parties, you set up telescopes and people come to you. 
But with sidewalk astronomy, you take the telescopes to where you 
expect people already will be. We tried that, and haven’t looked 
back. It has its limitations, but it’s a great way to do public astronomy.

Why Sidewalk Astronomy?
There are a number of reasons to do sidewalk astronomy. I have 
to give credit here to Jim Mullaney and International Planetarium 
Society President Dave Weinrich for one of the best reasons — they 
call it the “photon connection.” Sure, you can set up a telescope with 
a camera and monitor and show spectacular views to several people 
at once, but it’s just a picture. No matter how good it is, there’s a 
better one somewhere on the Internet. But there’s something about 
physically looking through a telescope — having that live light actu-
ally hit your eye — that really resonates with the public. To me, one 
of the best reasons to do sidewalk astronomy is to make it easy for 
people to look through a telescope.

Another reason is that the numbers are great! This is more mer-
cenary, but every person who looks counts as outreach attendance 
and we keep careful track. We now have more than a couple thou-
sand people looking 
through our telescopes 
each year, better than 
our best years with star 
parties. Some of the 
events are a little crazy: 
650 people lined up for 
a look during a festi-
val in December, and 
we’ve done as many 
as a thousand. That’s a 
lot of people thinking 
about the sky, and a 
lot of exposure for our 
planetarium and sci-
ence museum. Doing a little sidewalk astronomy as a festival begins.

The new Lafayette Science Museum.
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And that’s another good 
reason to do it: sidewalk 
astronomy gets you out 
into the community, reach-
ing people who otherwise 
might not think to visit 
the science museum (or 
even know you exist). Put 
your facility name on the 
telescope and hand them 
a little program schedule 
— it’s all great marketing. 
Do the same event year 
after year and people will 
start to notice. It helps 
make your planetarium or 
science center part of the 
community life.

Finally, another reason 
to do sidewalk astronomy 
is that it’s just plain fun. 

One nice thing about 
sidewalk astronomy is 

that it’s easy to plan. You can do it almost any time — no special 
celestial event is needed. You can also do it day or night. We set up 
a solar telescope at lunchtime every clear Wednesday throughout 
the summer, showing the Sun and sunspots to downtown workers 
going to and from lunch as well as to families visiting the museum. 
We typically show the Sun to about 400 people each summer, and 
some of our regulars are seeing the sunspot cycle develop right in 
front of them. For Art Walks, we often do twilight viewing, showing 

the Sun until it sets behind a building and then showing the Moon 
or a planet. 

South Louisiana is famous for its many festivals, and those are 
good venues. The park next to our museum hosts a musical perfor-
mance each Friday night, and that’s been good to us, too, particu-
larly the one done for the local university homecoming each year. 
That not only gets us into the community, it helps forge ties to the 
university. We’ve been to Mardi Gras parades, local malls, big book-
stores like Barnes and Noble, and even set up in front of Walmart. 
You might not have to go far, either—this is something that might 
work well near the front entry of a larger museum with a constant 
flow of visitors. If there is a good stream of people, there’s a possibility 
for sidewalk astronomy. 

Sidewalk astronomy has limitations, of course. There’s a lot of light 

You never know what sight might spark a child’s imagination.

Whenever it’s above the horizon, the Moon is always a 
popular target for sidewalk astronomy, even during the 
day. [ESO/Andy Strappazzon]
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pollution in a city, 
and that severely 
limits what you can 
see. Public telescopes 
take a real beating. 
In my opinion, this 
is not the place for 
really top-end equip-
ment if you want to 
keep it looking nice. 
With large crowds, 
it’s also not an event 

for a deep discussion of astronomy. Typically people take a look and 
move on to another event. Of course, if the crowd is sparse, then 
you can have more interesting conversations. Expect all kinds of 
questions, from what programs you are showing to any topic from 
astronomy to pseudoscience, but a real discussion can be difficult to 
have in between ever-changing observers. Finally, sidewalk astron-
omy obviously requires good weather, and there is no good backup 
for bad weather since you are not in a building where you can do a 
presentation.

A Few Helpful Hints 
If you want to try sidewalk astronomy, how might you do it? Remem-
ber that this is likely a quick hit: lots of people looking only briefly 
through a lot of light pollution. It’s not the place for faint fuzzies that 
can barely be seen. Properly filtered solar viewing works great in 
both white light and H-alpha. At night, I’ve found the most success 
with the Moon, Jupiter, Saturn, and the crescent Venus. When they 
aren’t available, lesser targets include Mars around opposition,  
Albireo, epsilon Lyrae, and Alcor and Mizar. Depending on the time 

of year, you can sometimes target the Orion Nebula, M13, and the 
Ring Nebula, but the light pollution really takes its toll. The Pleiades 
seem to be more popular in a finder scope or binoculars than in the 
main telescope!

Make it easy on 
yourself by using a 
very portable tele-
scope. We use an old 
Celestron 8, and if we 
are near the museum 
door, I simply pick it 
up and walk out with 
it, ready to go. When 
going farther than 
our sidewalk, we have 
a Scope Buggy (right)
that works fabulously. 
If you get something 
like that, I recom-
mend looking for big 
inflatable tires rather 
than small solid tires. 
The small solid tires 
bang on every crack in the sidewalk and really beat up the telescope. 

We keep the few accessories we need in an old conference bag 
hanging below the telescope, and I made a holder for a battery. 
Sometimes we use the battery and sometimes we don’t, depending 
on how much set up I want to do. For travel out of the immediate 
downtown area, we break down the telescope and put everything 
on a hand truck for getting it back and forth from our vehicle.

Aside from the battery, I find we don’t need much: a couple of 

A telescope on a tripod, a battery for power, and the accessories 
bag — all on a wheeled trolley and ready to go.

A night view of a park where we often do sidewalk astronomy. 
Note the shadows from all the extraneous light.
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eyepieces, a two-power Barlow, an old motor drive, a dew zapper, 
a dew cap, connection wires, and — very important! — a clicker 
for counting attendance. We often set up in the daytime, so I carry 
an adjustable magnetic compass. If you know your local magnetic 
variation, it’s surprising how accurately you can align an equatorial 
mount. But that’s about it — the telescope travels light.

I prefer an old manual telescope to anything computerized. In 
many cases, it’s easier to set up, but it also has the added advantage 
of showing visitors that you don’t have to have an expensive com-
puterized telescope for astronomy.

I like to carry a small fold-up footstool for small kids, but remem-
ber that little ones often have trouble looking through a telescope. 

Some Caveats
I find there are two personal characteristics for success when con-
ducting sidewalk astronomy — you should have a fairly high  
tolerance for mild chaos…and slightly inebriated observers. And 
here are a few more mundane tips! 

Set up in a safe place, preferably with lots of people flowing by — 
otherwise it can seem pretty lonely. Don’t carry money. Someone 
should know where you are and when you expect to be finished 
(give or take a couple hours in case you’re having a good time!). Get 
permission and coordinate with whoever controls the venue where 
you set up, particularly if you are doing it at an organized event or 
on private property (such as outside the front door of a box store). 

Expect to attract the homeless, some of whom will be surprisingly 
savvy about astronomy. However, sometimes they hang around for 
a long time and that discourages others from stopping. I’ve seldom 
had problems with anyone who seemed actively hostile or a little 
unbalanced, but it can happen. That’s why you want to carry a cell 
phone and maybe some pepper spray (but only if it’s legal in the 
state/province you’re in).

A better solution is to ensure others are around you most (if not all) 
of the time. Don’t wait for passersby to ask to look through the tele-
scope — actively invite them to do so. Become adept at encouraging 
people to stop, for your own protection as well as to accomplish your 
educational goal. And if the local constabulary passes by, invite them 
over for a look and an explanation as to what you’re doing.

I’ve found sidewalk astronomy to be good for my planetarium and 
a lot of fun. I recommend it to you as long as you stay safe and don’t 
mind a little learning curve. 

DAVID E. HOSTETTER is the Curator of the Planetarium at the Lafayette Science Museum in  
Lafayette, Louisiana. 

Attracting crowds for major events (such as last year’s transit of Venus, seen here) isn’t a problem, but 
on regular evenings when patrons may be sparse, always be aware of your surroundings.
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Astronomy is All Around Us

Astronomy’s cultural influences, 
handed down through the millennia, 
are surprisingly many and varied.

By Steve Tidey

The “Flammarion engraving” is a wood engraving by an unknown artist that first 
appeared in Camille Flammarion’s L’atmosphère: Météorologie Populaire (1888).
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Picture the scene. You wake up one morning and decide to 
make a mental note of all the things you come across dur-
ing the next 48 hours that have an astronomical connection. 

You’re not an astronomer or a planetarian or even a science teacher, 
but you do have a more than passing interest in astronomy.

The heavens do influence us, you muse as you lay in bed, staring 
at the ceiling and listening to the radio. Astrologers were right, but 
for the wrong reason. For thousands of years the planets and stars 
haven’t had any spare time to affect our personalities; they’ve been 
far too busy inspiring our creative intellects and influencing the 
development of numerous calendar systems. And there are many 
everyday words and sayings of astronomical origin that are seen in 
the world of commerce. The more you think about it, the more you 
suspect that astronomy’s cultural influences, handed down through 
the millennia, are surprisingly many and varied.

Time Has Come Today
The first influence strikes as you glance at your Pulsar watch. Most 
watch faces are round, and you ponder the belief some people hold 
that when early watchmakers adopted the shape in the 16th century, 
it was because they were swayed by the circular sundials that had 
been in fashion for thousands of years. Another thought: perhaps the 
hands rotate clockwise to reflect the motion of the gnomon’s shadow.

Pondering the 12 digits on the watch face, you reflect that approx-
imately 8,000 years ago the Sumerian civilization is thought to have 
been the first society that used their astronomical knowledge to 
divide day and night into equal halves of 12 hours. This forms the 
basis for our modern 24-hour day.

Getting out of bed, you check your calendar to verify your social 
engagements for the rest of the month. Ah, yes, you think. Month. 
That word derives from “moonth,” an old word that described a full 

lunar cycle of phases. You recall how a variety of calendar systems 
over many millennia have been linked to sky motions. As far back 
as 25,000 BC, when the Earth was covered with so much ice it was a 
small wonder nobody had yet invented whiskey and soda, our ances-
tors etched marks on bones to mark the number of days in a lunar cy-
cle. Yet, long before that era, their ancestors probably used the ocean 
tides to keep a rough track of time — tides that are the product of 
the gravitational tug-of-war between the Sun, Moon, and Earth.

Before you’re done catching up with your social life, you ponder 
that the word “week” comes from an ancient German word meaning 
“change” — in this case, the changing lunar phases. And then you  

The use of sundials extends back thousands of years, but they’re still utilized today, as evidenced by 
this modern one located on the Curiosity rover on Mars. Similar “MarsDials” were placed on the Spirit 
and Opportunity Mars rovers. [NASA/JPL-Caltech/Malin Space Science Systems]
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remember that there are seven days in the week because the an-
cient Babylonians revered the seven celestial objects (Sun, Moon, 
Mercury, Venus, Mars, Jupiter, and Saturn), which they realized 
moved independently of the background stars. The Babylonians 
were also superstitious and believed seven to be a lucky number.

What’s today, you ask yourself, as you get dressed. Saturday. All of 
a sudden you’re remembering the astronomical background behind 
how the names we give the days of the week came about. The ancient 
Chaldean astrologers, who lived in the Mesopotamian region of the 
Middle East, believed that each of the seven revered celestial objects 
ruled a different day of the week. Sunday, Monday, and Saturday, 
so their belief went, were the charge of the Sun, Moon, and Saturn, 
respectively.

The French words for the other days reveal their origin: Mardi 
(Tuesday) is Mars Day, Mercredi (Wednesday) is Mercury’s day, Jeudi 
(Thursday) is Jupiter’s day, and Vendredi (Friday) is Venus’ Day. The 
corresponding English words are derived from various Norse gods, 

which were substituted for the Roman equivalents when the Roman 
seven-day week was introduced into Germanic countries. Wednes-
day comes from Woden’s day (equivalent to Mercury). Thursday is 
Thor’s day (Jupiter). Tuesday comes from the Norse god of war, Tiw 
(Mars). Friday is Frig’s day (Venus). She was Woden’s consort, and the 
goddess of love and beauty.

Calendrical Calculations
You go downstairs to prepare breakfast for yourself and your 7-year-
old son, Wayne.

Turning on your ancient Quasar television in the kitchen, you open 
the cupboard to grab some food. You’re faced with the sight of a bag 
of Sun chips and Cocoa Comets cereal. You open the fridge and pull 
out a carton of orange juice. Behind it you notice a bottle of Palomar 
spring water. Wayne comes into the kitchen and sits at the table.

“Easter’s coming up next month,” you say to him, as he tucks into 
his cereal. Another connection. “Did you know the date for Easter 
Sunday is deter-
mined by the Moon’s 
phases? A long time 
ago some bishops 
in Europe decreed it 
should fall on the first 
Sunday following the 
first full Moon after 
the vernal equinox.”

“Cool,” he replies, 
through a mouthful 
of food, as he picks up 
his orange juice in a 
Comet cup.

The seven celestial objects revered by the Babylonians, plus Earth. [NASA]

The date of Easter Sunday depends on the date of the spring 
equinox and the phase of the Moon. The earliest it can be is March 
22nd; the latest is April 25th. [NASA]
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That little factoid reminds you of a few other things you want to 
pass on to your offspring. “You know, Wayne, when Emperor Caesar 
made some changes to the calendar in the first century AD, because 
of the problems that the Earth’s motions were causing with sum-
mer starting too early, he decided that March should be the first 
month of the year. That made September the seventh month. And 
you know what? The word September comes from a Latin word that 
means ‘seventh month.’”

“Yeah, I learned that at school the other day,” he responds as he 
washes up his plate. “Our science teacher said that May is named 
after a Greek goddess, called Maia. She was one of the seven women 
that were called the Pleiades. I think they’re names in that star clus-
ter you showed me through the telescope last week.”

As Wayne gets dressed upstairs in his room, you browse through 
the newspaper. There’s an article about the 2012 Olympics in Rio, and 
you read that the dates on which the ancient Greeks held the origi-
nal Olympic Games were determined by the Moon’s phases. From 
the first full Moon after the winter solstice, they counted eight more, 
the last of which would mark the halfway point of the Olympiad.

Elsewhere in the paper, you glance at a piece about the Chinese 
New Year that recently began. The author informs readers that the 
“Chinese Year of” practice derives from a 12-year cycle based on 
Jupiter’s movements through the zodiacal constellations, a time-
frame that reflects the time it takes the giant planet to orbit the Sun. 
But, curiously, the order of constellation characters in the cycle is the 
reverse of the order in which Jupiter passes through them.

An Astronomical Journey
You fold up the paper and put it in a rack on the floor. Now for the 
main business of the day, you think. You and Wayne will be setting 
off soon in your car to attend a family wedding in Jupiter, Florida, 

many hundreds of miles and several states away. It’s a two-day jour-
ney. You pull up a map to check the route. After a while you expand 
your view to take in the whole of the US, and you realize how many 
other places have names with an astronomical origin: Mars and 
Moon (Pennsylvania), Neptune (New Jersey), Earth (Texas), Orion 
and Aurora (Illinois), and Star City (Arizona) — to name just a few.

Bundling Wayne into your car, a Saturn, you think about other 
space-related car names: the Jowett Jupiter in the United Kingdom, 
the Ford Taurus, the various cars from Subaru (the Japanese word for 
the Pleiades, which is Subaru’s logo), the Chevrolet Vega and Nova, 
the Nissan Polaris and Pulsar, the Mitsubishi Eclipse, and so on. On 
the back seat of the car sits an arrangement of flowers for the bride, 
purchased through FTD. This florist’s symbol is a stylized version of 
the wing-footed Greek god, Mercury.

Backing out on to the road, you glance up at the roof of your 
house, and you realize the drainpipes need cleaning after a heavy 
winter. That sets off a train of thought about the tiny percentage of 
grit on an average house roof that’s composed of micrometeoroids 
that have gently fallen to ground from space.

Driving through open farm country, you admire the fields of corn, 
which reminds you that the Farmer’s Almanac includes a table that 
lists the most favorable planting times for various crops, based on 
the Moon’s phases. For thousands of years farmers have used the 
Moon’s predictable phases and movements to simplify the timing of 
planting seasonal crops, preparing for the rainy season, etc.

Later, you glance at fields that, a few months ago, were filled with 
pumpkins for Halloween. You muse how that festival dates back to 
the ancient Celts of Europe. They held an annual festival approxi-
mately midway between the autumnal equinox and winter solstice to 
mark the beginning of winter. It was a terrifying time for them, as they 
believed the world was at risk of being invaded by malicious spirits 
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creeping through tears in the fabric of nature as the seasons changed.
On the radio news you hear a feature about Lebanon, a Semitic 

word that derives from “Moon.” This item is followed by news of 
explorers in the Arctic. You’ve known for a long time that the word 
dates back to the ancient Greeks, who noticed that as they traveled 
northward, Ursa Major and others constellations rose higher in the 
sky. The Greek word for bear is “arktos,” so they called regions in the 
far north “arktikos.”

During the long drive you spot some state flags. Searching for a 
clear radio signal while wishing you’d signed up for Sirius satellite 
radio, you find a program on PBS that describes the numerous state 
flags which feature stars and/or the Sun. The crescent Moon shows 
its face on the flags of nearly 20 countries. The program closes by 
noting that the Southern Cross (Crux) is prominent on the flags of 
New Zealand, Australia, Western Samoa, and Papua New Guinea.

After several hours Wayne complains of a headache. Probably mo-
tion sickness, you think, so you stop at a strip mall to buy some pain 
reliever. The drug store displays the familiar Rx symbol on its signage 
outside. You already know it’s a modern version of an ancient Egyp-
tian symbol representing the healing eye of the god Horus, which the 
Egyptians saw in the sky each month as the waxing Moon. The clerk 
puts your purchase in a bag that bears the classic coiled serpents 
symbol of the medical profession. The serpents are entwined round 
the winged caduceus, or staff, of the planet god Hermes (Mercury).

On the way out of the store you glance at the display of sweets. Milky 
Way and Starburst attract your eye, but you resist their temptation.

After several more hours of driving you pass through a time zone. 
As you adjust your watch, you think about how the 50 states of the 
US cover five zones, and that a total of 24 are spread round Earth at 
15-degree intervals, which mirrors the angular distance covered by 
the Sun each hour. About 5:00 pm you decide to stop at a motel for 

Flags, first column from top down: state of Alaska, Turkey, Australia, state  of Texas, and Papua New 
Guinea. Second column, from top down: Brazil, Mauritania, Malaysia, Tunisia, and Algeria.



VOL. 42 NO. 1
WINTER 2013 28

TABLE OF CONTENTS

the night. You 
reflect on how 
the terms “am” 
and “pm” are ab-
breviations for 
“ante meridiem” 
(before the Sun 
reaches the 
meridian) and 
“post meridiem” 
(after it crosses 
that point).

Later in the 
evening you 

point out the full Moon to Wayne. “Did you know the full Moon in 
September is called the Harvest Moon?” you ask him. “For thousands 
of years light from the full Moon rising shortly after sunset in  
September has given farmers extra hours to work in the fields at 
harvest time.”

You go on to relate how the Latin word for the Moon was “Luna” 
and the modern word “lunacy” reflects an old belief that the Moon 
could produce weird behavior in some people. Wayne is goggle-
eyed, and you amaze him some more with the story of how the 
British Parliament passed the Lunacy Act in 1845. This described 
what could be done with the unfortunate souls who, it was believed, 
exhibited aberrant behavior brought on by some lunar phases. Their 
lucid periods were thought to coincide with the waxing phases.

Putting Wayne to bed, you tell him to pay no heed to an old Irish 
folk-tale that claims if you sleep with the Moon shining on your face 
you will suffer a mild form of idiocy, called “moonstruck.” Seeing the 
Moon’s reflection in a puddle outside as you speak reminds you of 

“moonrakers,” a word sometimes used to describe simpletons. It 
became popular after an event a few centuries ago in Wiltshire, Eng-
land, when a group of people were seen trying to rake the Moon’s 
reflection out of a pond.

Astronomy is All Around
Before getting back on the road the next morning, you call up the lo-
cal weather forecast. Reading it aloud to Wayne, you talk about how 
the word meteorology was originally coined to deal with all matters 
above the atmosphere. You also check the weather in the Mediter-
ranean, as friends are vacationing there on the island of Rhodes. It 
got its name from the ancient Greeks, who lived on the island and 
worshipped a sun god. They revered the rose, as it was believed to 

NASA astronaut Tracy Caldwell Dyson, Expedition 24 flight engineer, looks at Earth through a window 
in the Cupola of the International Space Station. Thanks to time dilation, astronauts return from  
missions having aged slightly less than they would have if they’d remained on Earth. [NASA]

According to legend, smugglers were trying to fish a cask of brandy out 
of a village pond using rakes. When an “excise man” discovered them, 
they claimed they were trying to rake a round cheese from the pond, and 
pointed to the Moon reflecting in the water as their target. [Wikipedia]
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be the god’s favorite flower, and Greek for rose is “rhodos.”
You think about the flight your friends took over to Europe. Did 

they realize that when they were flying at 1,000 k/h, the physics of 
time dilation, as described by Einstein, ensured that for them and 
the rest of the people aboard that plane, time was slowed down by 
an infinitesimally small fraction of a second? Not enough to notice in 
any practical sense, but it happened nevertheless. And what about 
the gravity, you wonder. The nearer they flew to the equator (and the 
higher above Earth’s surface), the lighter the Earth’s gravitational pull 
would become. So for a while they were slightly younger and lighter 
than they would have been if they’d stayed on the ground. A foun-
tain of youth and a new diet plan — what more could they want!

After another five hours of driving, you arrive in Jupiter. Seek-
ing out the bride and groom, you hand over the flowers and point 
out that the tradition of using the ring finger for marriage dates 
from medieval times, when palmists associated that finger with the 
beneficent Sun, ruler of spiritual life. Gold, too, was linked with the 
Sun, and a vein was thought to run from the ring finger to the heart. 
You wish them all the best on their honeymoon, a word that may 
derive from the Moon’s golden, honey-colored appearance in June. 
Its lower altitude in the summer makes moonlight more prone to 
being distorted by the atmosphere and air-borne particles. Several 
centuries ago, people who got married in June were said to have a 
“honey moon.”

Observing everyone milling around in the sunshine, you realize 
that here is a typical cross-section of society. There are people who 
are mercurial of temperament, as quick to change moods as Mercury 
is to move in its close orbit round the Sun; people who are saturnine, 
gloomy and uncommunicative, indicative of slow-moving Saturn; 
and others who are capricious, as unpredictable and impulsive as 
the goat-fish in the constellation Capricornus.

You smile and surmise that, on the evidence of the last two days, 
astronomy’s cultural influences clearly go far beyond getting a sun-
tan or having to decide between buying a Milky Way or Starburst. 
Light pollution may have stolen many of the stars from our skies, 
you think to yourself, but their legacy has tendrils that reach deep 
into the nooks and crannies of our everyday lives. And we’re the 
richer for it. 

STEVE TIDEY has extensive experience as a space educator, having been published widely in maga-
zines the world over, and has worked in planetariums in the US and his home country of England. 
This article is an edited version of one that first appeared in the Planetarian, Vol. 37, No. 1 and is 
reprinted with permission. 

On August 7, 2010, a bright Perseid meteor streaked down over buildings at the Stellafane amateur 
astronomy convention in Springfield, Vermont. The night sky influences us far beyond the simple 
pleasures provided by observing. [Sky & Telescope/Dennis di Cicco]

http://skyandtelescope.com
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Highlight Images of 2012 

Here are a few great cosmic photos acquired 
during 2012, and where to find them (and 
others of their ilk).

By Paul Deans

On August 31, 2012, a long filament of solar material that had been 
hovering in the Sun’s atmosphere erupted into space. The coronal mass 
ejection, or CME, traveled at more than 900 miles per second. Courtesy 
NASA/GSFC/SDO. Source: NASA/Goddard Photostream on Flickr.

http://www.flickr.com/photos/gsfc/7931831962
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There are many “highlight” lists created as the old year gives 
way to the new, so why not one in Mercury? Astronomy is a 
visual science, and now astronomers often combine images 

from a wide array of sources — the back cover shot from the Hubble 
Space Telescope and the Karl G. Jansky Very Large Array radio tele-
scope is a prime example — to create stunning photos.

But if you’re going to flaunt astronomical beauty, you have to 
know where to find it, and that’s the secondary motive for pub-
lishing a few 2012 “highlight” photos in Mercury. Of course, if you 
check out Astronomy Picture of the Day (APOD), you’re sure to find 
a steady stream of stunning images. But remember, many of the 

photos that appear in APOD are copyrighted, so be careful how you 
use them, and don’t publish them without permission. On the other 
hand, the following images are all in the public domain, so their 
use for educational purposes doesn’t require permission. As usual, 
links are highlighted so you can acquire the images (and others) for 
yourself. Emjoy.

These global views of Earth’s city lights are composites assembled from data acquired in April and 
October 2012, by the Suomi National Polar-orbiting Partnership (Suomi NPP) satellite. It took the 
satellite 312 orbits and 2.5 terabytes of data to get a clear shot of every parcel of Earth’s land surface 
and islands. Courtesy NASA Earth Observatory/NOAA NGDC. Source: Earth Observatory; here’s a link to 
a Black Marble animation sequence showing a rotating Earth at night.

http://apod.nasa.gov/apod/astropix.html
http://npp.gsfc.nasa.gov
http://earthobservatory.nasa.gov/Features/NightLights
http://1.usa.gov/UG266b
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If you’re looking for planet shots acquired by spacecraft, the mother 
lode of NASA’s planetary images can be found on the NASA/JPL  
PhotoJournal site. But for current images, it’s often better to search 
the specific mission sites: MESSENGER orbiting Mercury; Lunar  
Reconnaissance Orbiter circling the Moon; Opportunity and  
Curiosity roving on Mars; Mars Reconnaissance Orbiter, Mars 

Odyssey, and ESA’s Mars Express orbiting the red planet; Dawn cur-
rently cruising to Ceres after acquiring plenty of images of Vesta, and 
Cassini in orbit around Saturn. 

Titan, Saturn’s largest moon, sweeps in front of the planet and its rings in this natural color view of 
the giant world. This scene looks toward the northern, sunlit side of the rings from slightly above the 
ring plane. Source: NASA/JPL-Caltech/Space Science Institute.

http://photojournal.jpl.nasa.gov
http://messenger.jhuapl.edu
http://lroc.sese.asu.edu
http://lroc.sese.asu.edu
http://marsrovers.jpl.nasa.gov/home/index.html
http://mars.jpl.nasa.gov/msl
http://mars.jpl.nasa.gov/mro
http://mars.jpl.nasa.gov/odyssey/index.cfm
http://mars.jpl.nasa.gov/odyssey/index.cfm
http://www.esa.int/Our_Activities/Space_Science/Mars_Express
http://dawn.jpl.nasa.gov
http://saturn.jpl.nasa.gov
http://www.nasa.gov/mission_pages/cassini/whycassini/cassini20120829.html
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As long as you’re using images for educational purposes, many of 
the world’s largest observatories have beautiful images available in 
the media section of their websites. There are too many to list, but 
a few of my favorites include the European Southern Observatory, 
the Gemini Observatories, the W.M. Keck Observatory, the Subaru 
Telescope, the Isaac Newton Group of Telescopes, the Sloan Digital 
Sky Survey, the National Optical Astronomy Observatory, and the 

National Radio Astronomy Observatory. Wikipedia has a list of many  
astronomical observatories, though there is no guarantee that the 
links work or that the observatories have useable images.

The oddly shaped Pencil Nebula (NGC 2736) is pictured in this image from ESO’s La Silla Observatory 
in Chile. This nebula is a small part of a huge remnant left over after a supernova explosion that took 
place about 11,000 years ago. Source: European Southern Observatory.

http://www.eso.org/public/images
http://www.gemini.edu/gallery/main.php
http://keckobservatory.org/gallery
http://bit.ly/ZQpKMk
http://bit.ly/ZQpKMk
http://www.ing.iac.es/PR/images_index.html
http://www.sdss.org/iotw/archive.html
http://www.sdss.org/iotw/archive.html
http://www.noao.edu/image_gallery
http://images.nrao.edu
http://en.wikipedia.org/wiki/List_of_astronomical_observatories
http://www.eso.org/public/news/eso1236
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By “boldly going,” a flotilla of unmanned spacecraft has taken us 
(visually) from the nearby planets to the edge of the universe. The 
best know of these craft is the Hubble Space Telescope — the 
Hubble Gallery has more than 1,300 images while the HubbleSite 
NewsCenter contains the latest imagery (and press releases).

Beyond Hubble, there are photo galleries for the Spitzer Space 

Telescope, the Chandra X-ray Observatory, GALEX, Herschel, WISE, 
Planck, Swift, and the Solar Dynamics Observatory. 

Bright pink nebulae encircle a spiral galaxy in this Hubble Space Telescope image of NGC 922. The ring 
structure and the galaxy’s distorted spiral shape result from a smaller galaxy hitting the center of NGC 
922 some 330 million years ago. Source: Hubble Space Telescope Newscenter.

http://hubblesite.org/gallery
http://hubblesite.org/newscenter
http://hubblesite.org/newscenter
http://www.spitzer.caltech.edu/images
http://www.spitzer.caltech.edu/images
http://chandra.harvard.edu/resources/images.html
http://www.galex.caltech.edu/media/images.html
http://bit.ly/TW1BES
http://wise.ssl.berkeley.edu/gallery_images.html
http://bit.ly/SzOWth
http://www.swift.psu.edu/uvot/coolPics.php
http://sdo.gsfc.nasa.gov/gallery/main.php
http://hubblesite.org/newscenter/archive/releases/2012/2012/45
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Solar Variability and Terrestrial Climate
NASA

In the galactic scheme of things, the Sun is a remarkably constant 
star.  While some stars exhibit dramatic pulsations, wildly yo-yoing in 
size and brightness, and sometimes even exploding, the luminosity 
of our own Sun varies a measly 0.1% over the course of the 11-year 
solar cycle. 

There is, however, a dawning realization among researchers that 
even these apparently tiny variations can have a significant effect 
on terrestrial climate. A new report issued by the National Research 
Council (NRC), “The Effects of Solar Variability on Earth’s Climate,”  
lays out some of the surprisingly complex ways that solar activity 
can make itself felt on our planet.

Understanding the Sun-climate connection requires a breadth 
of expertise in fields such as plasma physics, solar activity, atmo-
spheric chemistry and fluid dynamics, energetic particle physics, 
and even terrestrial history. No single researcher has the full range 
of knowledge required to solve the problem. To make progress, the 
NRC had to assemble dozens of experts from many fields at a single 
workshop.  The report summarizes their combined efforts to frame 

the problem in a truly 
multi-disciplinary 
context.

One of the partici-
pants, Greg Kopp of 
the Laboratory for 
Atmospheric and 
Space Physics at the 
U. of Colorado, point-
ed out that while the 
variations in luminos-
ity over the 11-year 
solar cycle amount 
to only a tenth of a 
percent of the Sun’s 
total output, such a 
small fraction is still important. “Even typical short term variations of 
0.1% in incident irradiance exceed all other energy sources (such as 
natural radioactivity in Earth’s core) combined,” he says.

MORE INFORMATION

These six extreme UV images of the Sun, taken by NASA’s Solar 
Dynamics Observatory, track the rising level of solar activity as the 
Sun ascends toward the peak of the latest 11-year sunspot cycle, 
expected in 2013. [NASA]

Excerpts from recent press releases that describe an assortment of astronomical discoveries.

astronomy in the news

http://bit.ly/Rq1iCE
http://science.nasa.gov/science-news/science-at-nasa/2013/08jan_sunclimate
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Cassini Suggests Icing on a Lake
NASA/JPL

It’s not exactly icing on a cake, but it could be icing on a lake. A new 
paper by scientists on NASA’s Cassini mission finds that blocks of 
hydrocarbon ice might decorate the surface of existing lakes and 
seas of liquid hydrocarbon on Saturn’s moon Titan. The presence of 
ice floes might explain some of the mixed readings Cassini has seen 
in the reflectivity of the surfaces of lakes on Titan.

“One of the most intriguing questions about these lakes and seas 
is whether they might host an exotic form of life,” said Jonathan  
Lunine, a paper co-author and Cassini interdisciplinary Titan scientist 
at Cornell University, Ithaca, N.Y. “And the formation of floating  
hydrocarbon ice will provide an opportunity for interesting chem-
istry along the boundary between liquid and solid, a boundary that 
may have been important in the origin of terrestrial life.”

Titan is the only other body besides Earth in our solar system with 
stable bodies of liquid on its surface. But while our planet’s cycle of 
precipitation and evaporation involves water, Titan’s cycle involves 
hydrocarbons like ethane and methane. Ethane and methane are 
organic molecules, which scientists think can be building blocks for 
the more complex chemistry from which life arose. Cassini has seen 

a vast network of these hydrocarbon seas cover Titan’s northern 
hemisphere, while a more sporadic set of lakes bejewels the south-
ern hemisphere.

MORE INFORMATION

This artist’s concept envisions what hydrocarbon ice forming on a liquid hydrocarbon sea of Saturn’s 
moon Titan might look like. [NASA/JPL-Caltech/USGS]

astronomy in the news

http://1.usa.gov/XhHBvX


VOL. 42 NO. 1
WINTER 2013 37

TABLE OF CONTENTS

Kepler Discovers 461 New Planet Candidates
NASA

On January 7, 2012, NASA’s Kepler mission announced the discovery 
of 461 new planet candidates. Four of the potential new planets are 
less than twice the size of Earth and orbit in their sun’s “habitable 
zone,” the region in the planetary system where liquid water might 
exist on the surface of a planet. Based on observations conducted 
from May 2009 to March 2011, the findings show a steady increase 
in the number of smaller-size planet candidates and the number of 
stars with more than one candidate.

“There is no better way to kickoff the start of the Kepler extended 
mission than to discover more possible outposts on the frontier of po-
tentially life bearing worlds,” said Christopher Burke, Kepler scientist at 
the SETI Institute in Mountain View, Calif., who is leading the analysis.

Since the last Kepler catalog was released in February 2012, the 
number of candidates discovered in the Kepler data has increased 
by 20 percent and now totals 2,740 potential planets orbiting 2,036 
stars. The most dramatic increases are seen in the number of Earth-
size and super Earth-size candidates discovered, which grew by 43 
and 21 percent respectively.

The new data increases the number of stars discovered to have 
more than one planet candidate from 365 to 467. Today, 43 percent 
of Kepler’s planet candidates are observed to have neighbor planets.

The complete list of Kepler planet candidates is available in an 
interactive table at the NASA Exoplanet Archive.

MORE INFORMATION

Since the last Kepler catalog was released in February 2012, the number of candidates discovered in 
the Kepler data has increased by 20 percent. Follow-up studies and the elimination of false positives 
resulted in a slight decrease of Jupiter-size candidates. [NASA]

astronomy in the news

http://exoplanetarchive.ipac.caltech.edu/index.html
http://www.nasa.gov/mission_pages/kepler/news/kepler-461-new-candidates.html
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Within ‘Habitable Zone,’ More Planets Than We Knew
Yale University

The number of known places in our galaxy theoretically hospitable 
to life may be significantly greater than previously thought, accord-
ing to new research. 

Researchers with Planet Hunters are reporting the discovery of a 
Jupiter-sized planet in the so-called “habitable zone” of a star similar 
to Earth’s sun, as well as the identification of 15 new candidate plan-
ets also orbiting within their star’s habitable zone.

Within the zone, atmospheric temperatures range from -126 to 
86 degrees Fahrenheit. The scientists say a rocky planet there with a 
greenhouse atmosphere could have pools of liquid water, and thus 
the possibility of life. The discovery of the new candidate planets 
nearly doubles the number of gas giant planet candidates known to 
be orbiting within the habitable zones of solar stars.

“This is just a first step toward finding a habitable world else-
where,” said Ji Wang, a postdoctoral researcher at Yale and lead 
author of a paper about the new discoveries. “Any moon around this 
newly discovered, Jupiter-sized planet might be habitable. It’s very 
similar to what was depicted in the movie Avatar — the habitable 
moon Pandora around a giant planet, Polyphemus.”

Conditions on the new planet, gas giant PH2 b, and the 15 can-
didate planets probably could not support life, given their largely 
gaseous state, the astronomers said. But they could have rocky  
satellites that would.

MORE INFORMATION

This artistic rendition is a hybrid photo-illustration showing a sunset view from the perspective of an 
imagined Earthlike moon orbiting the giant planet PH2 b. [H. Giguere, M. Giguere/Yale University]
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http://news.yale.edu/2013/01/07/within-habitable-zone-more-planets-we-knew
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Our Galaxy’s “Geysers” are Towers of Power
Commonwealth Scientific and Industrial Research Organisation

“Monster” outflows of charged particles from the centre of our  
galaxy, stretching more than halfway across the sky, have been  
detected and mapped with CSIRO’s 64-m Parkes radio telescope.

“These outflows contain an extraordinary amount of energy 
— about a million times the energy of an exploding star,” said the 
research team’s leader, CSIRO’s Dr Ettore Carretti. The speed of the 
outflow is supersonic, about 1000 kilometres a second. “That’s fast, 
even for astronomers,” Dr Carretti said. “They are not coming in 
our direction, but go up and down from the galactic plane. We are 
30,000 light-years away from the galactic centre, in the plane. They 
are no danger to us.”

From top to bottom the outflows extend 50,000 light-years (five 
hundred thousand million million kilometres) out of the galactic 
plane. That’s equal to half the diameter of our galaxy (which is 
100,000 light-years — a million million million kilometres — across).

Seen from Earth, the outflows stretch about two-thirds across the 
sky from horizon to horizon. The outflows correspond to a “haze” of 
microwave emission previously spotted by the WMAP and Planck 
space telescopes and regions of gamma-ray emission detected 
with NASA’s Fermi space telescope in 2010, which were dubbed the 

“Fermi Bubbles.”
The WMAP, Planck and Fermi observations did not provide 

enough evidence to indicate definitively the source of the radiation 
they detected, but the new Parkes observations do.

MORE INFORMATION

The new-found outflows of particles (pale blue) from the galactic centre. The background image is 
the whole Milky Way at the same scale. The curvature of the outflows is real, not a distortion caused 
by the imaging process. [Ettore Carretti, CSIRO (radio image); S-PASS survey team (radio data); Axel 
Mellinger, Central Michigan University (optical image); Eli Bressert, CSIRO (composition)]
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Surprise Pancake Structure in Andromeda Galaxy 
Upends Galactic Understanding
W. M. Keck Observatory

Astronomers using the Canada-France-Hawaii and W. M. Keck  
Observatory telescopes on the summit of Mauna Kea, Hawaii, have 
been amazed to find a group of dwarf galaxies moving in unison in 
the vicinity of the Andromeda galaxy. The structure of these small 
galaxies lies in a plane, analogous to the planets of the solar system. 
Unexpectedly, they orbit the much larger Andromeda galaxy en 
masse, presenting a serious challenge to our ideas for the formation 
and evolution of all galaxies. 

The study reveals almost 30 dwarf galaxies orbiting the larger 
Andromeda galaxy in this regular, solar system-like plane. The  
astronomers’ expectations were that these smaller galaxies should 
be buzzing around randomly, like bees around a hive.

“This was completely unexpected,” said Geraint Lewis, one of the 
lead authors on the Nature publication. “The chance of this happen-
ing randomly is next to nothing.” The fact that astronomers now see 
that a majority of these little systems in fact contrive to map out an 
immensely large — approximately one million light-years across 
— but extremely flattened structure, implies that this understand-
ing is grossly incorrect. Either something about how these galaxies 

formed, or subse-
quently evolved, must 
have led them to 
trace out this peculiar, 
coherent, structure.

“We know of a 
number of galaxies 
that have experienced 
a collision, causing 
some of their stars to 
be expelled great dis-
tances, in sheets and 
tails.  However, it’s 
unlikely that kind of 
event explains what 
we are observing,” 
said R. Michael Rich, 
who led the Keck 
spectroscopy team.

MORE INFORMATION

This composite shows the alignment of the satellite galaxies of 
Andromeda, in relation to the view that we see from Earth (top 
left is a true color image of the center of the Andromeda galaxy 
taken with MegaCam on the Canada-France-Hawaii Telescope). 
New distance measurements allow us to ascertain the three-
dimensional positions of the satellite galaxies, which together 
with new velocity measurements reveal their true nature as part 
of a gigantic rotating structure (side view: bottom left panel; front 
view: top right panel). [R. Ibata (PAndAS team)]

astronomy in the news

http://keckobservatory.org/news/surprise_pancake_structure_in_andromeda_galaxy_upends_galactic_understandin
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New PASP Editor Named
Jeffrey Mangum, a scientist at the National 
Radio Astronomy Observatory (NRAO) head-
quarters in Charlottesville, Virginia, has been 
appointed Editor of the Publications of the 
Astronomical Society of the Pacific (PASP), a 
peer-reviewed scientific journal. He succeeds 
Paula Szkody of the University of Washington 
who has edited PASP since 2005. 

The tenth editor in PASP’s 125-year his-
tory, Jeff will continue in his position on the 
NRAO’s scientific staff, where he has worked 
fulltime since 1994. He also leads the NRAO summer student pro-
gram and contributes to other educational and outreach activities 
at the Observatory, activ-ities well-aligned with the ASP’s goal to 
advance science literacy through astronomy.

At the NRAO, Jeff studies star formation in the universe at radio 
through submillimeter wavelengths. In particular, he uses molecular 
spectral line and continuum emission from star formation regions 
to measure the physical conditions in these regions. The Very Large 
Array, 100m Green Bank, IRAM 30m, and Atacama Large Millimeter 
Array (ALMA) radio telescopes allow him to gather information on 
the sub- to mega-parsec scale structure of the spatial density, kinetic 
temperature, and dynamics of these star formation regions.

He is also driven by a desire to get the most out of the astro-
physical measurements that he acquire. To this end Jeff has worked 
on many issues associated with radio astronomical instrumentation, 
including pointing and positioning performance, signal calibration, 
and observing mode efficiency. You can follow these links to learn 
more about the science that he does and his work in the area of 
radio observatory instrumentation.

PASP occupies a position in astronomical literature that appeals to 
Jeff. “I specialize in developing advanced astronomical instrumenta-
tion, and PASP is one of the top places for instrument and software 
developers in astronomy to rigorously document and disseminate 
their contributions to the field,” he said. “PASP is the only peer- 
reviewed scientific journal specializing in astrophysical research that 
commits all of its net income to the advancement of science edu-
cation,” Mangum continued. “It is great to know that in my work as 
editor I will be contributing to ASP’s education mission.”

Commenting on Dr. Mangum’s appointment, ASP Executive Direc-
tor Jim Manning said, “We are delighted to have a scientist of Jeff’s 
experience and professional stature at the editorial helm of PASP. 
With the tremendous resurgence that radio astronomy is enjoy-
ing through the new telescopes that NRAO is bringing on-line, it’s 
a fitting time to welcome our first-ever PASP editor from the radio 
astronomy community.”

Jeffrey Mangum. [NRAO]

News and information for Society members.

society scope

http://www.cv.nrao.edu/~jmangum/astro
http://www.cv.nrao.edu/~jmangum/instr
http://www.press.uchicago.edu/ucp/journals/journal/pasp.html
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Astronomy Apps for Mobile Devices
Although recently retired from the ASP, Andrew (Andy) Fraknoi’s 
wide variety of interests continue to keep him busy. Among other 
things, he’s the Senior Editorial Advisor for Astronomy Education 
Review (AER), a web-based journal for everyone who works in  
astronomy and space science education. 

Andy is also a frequent contributor to AER, and his recent article 
“Astronomy Apps for Mobile Devices, A First Catalog” remains timely. 
According to the abstract: “This catalog is a first attempt to make a 
list of those of particular interest to astronomy educators. For each 
mobile app, we give the title, then the developer (in parentheses), 
the Web address for downloading it, and a brief description.”

As with his many other lists, some of which can be found on the 
ASP’s Astronomy Resource Guides webpage, Andy is interested in 
keeping his AstroApps list up to date. If you have a favorite that’s not 
on his list, you can e-mail him with the details.

Kepler Scientist and ASP Award Winner Honored
William Borucki, science principal investigator for NASA’s Kepler mis-
sion, is the recipient of the 2013 Henry Draper Medal awarded by the 
National Academy of Sciences. Borucki is honored for his founding 
concept and visionary leadership during the development of Kepler, 
which uses transit photometry to determine the frequency and 
kinds of planets around other stars.

“This is a commendable recognition for Bill Borucki and the Kepler 
mission,” said John Grunsfeld, associate administrator for the Science 

Mission Directorate at NASA Headquarters in Washington. “It is well 
deserved and a tribute both to Bill’s dedication and persistence and 
the fantastic and exciting results from Kepler.”

“It has been a privilege to participate in the initial steps in the 
search for life in our galaxy. I would like to thank all who have 
worked with me to make this possible,” said Borucki.

The Henry Draper Medal is awarded every four years for an out-
standing, recently published contribution to astrophysical research 
and carries with it an award of $15,000.

In 2012 the Astronomical Society of the Pacific presented Bill 
Broucki and David Koch (representing the Kepler science team) the 
Maria and Eric Muhlmann Award for important research results 
based upon the development of ground-breaking instruments and 
techniques.

Save the Date
In 2013, the ASP celebrates our 125th premier gathering of educa-
tors and public outreach professionals from across North America 
and abroad. Via workshops, lectures, panels, discussions and ex-
hibits, more than 200 specialists from across the science spectrum 
collaborate to explore best practices, research findings, trends, and 
professional development opportunities. 

The conference will be held in San Jose, CA — the nation’s center 
of gravity for STEM literacy and industry. The conference will run 
from July 20-24, 2013, with the theme “Ensuring STEM Literacy.” 
In addition to another popular Galileo Teacher Training Program 

society scope

http://aer.aas.org
http://aer.aas.org
http://aer.aas.org/resource/1/aerscz/v10/i1/p010302_s1
http://astrosociety.org/education/astronomy-resource-guides
mailto:fraknoi%40fhda.edu
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(GTTP), 2013 also marks a Cosmos in the Classroom year. This 
unique co-conference welcomes more than 150 teachers of college-
level introductory astronomy for a series of education workshops 
about the most popular and populated basic science class in univer-
sities across the country: “Astro 101.”

Learn more about the conference, and sign up for updates as they 
become available, on our annual meeting webpage. 

society scope

NEW MEMBERS  —  The ASP welcomes new members  
who joined between October 1 and December 31, 2012.

Technical Membership
Mike A. Fairchild, Fairfax, IA
Imamura Kazuyoshi, Kita-ku, Okayama, 
Japan
Alan Lefor, Utsunomiya, Japan

General Membership
Peter Aldous, New Zealand
Noah Austin, Pullman, WA
Tom Bates, Santa Cruz, CA
Lori Fenton, Union City, CA

Mark E. Gerlach, Virginia Beach, VA
Russell M. Heglund, Bainbridge Island, WA
Marta Lindsay, Denver, CO
Terry Lovejoy, Thornlands, QLD, Australia
Jeffrey G. Mangum, Charlottesville, VA
Bryan E. Penprase, Claremont, CA
Seth Redfield, Middletown, CT
Mark J. Reid, Cambridge, MA
Abby Rosenfeld, Wayland, MA
Thomas White, Centralia, IL

legacy giving 
Astronomy compels the soul to look upwards and leads us from 

this world to another
— Plato

Leave a universal legacy...

Astronomy shows us that we are part of something much greater than 
ourselves, and that our actions on Earth have a lasting impact. A legacy 

gift to the ASP as part of your estate plan reflects this understanding 
and will support future generations as they reach for the stars.

astrosociety.org/donate 
or (415) 337-1100 x106 AstroShop

www.astrosociety.org
All proceeds from product sales support the mission  

and education programs of the ASP

Books, Posters, Slide Sets Family ASTRO Games ASP Conference Series

HELP EVERYONE REACH FOR THE STARS!

http://astrosociety.org/education/asp-annual-meeting
http://astrosociety.org/get-involved/donate-to-the-asp/
http://astrosociety.org/astroshop
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by Paul Deans

sky sights

The Skies of 2013
This could be the year of the comet. In mid-March, Comet Pan-
STARRS may be a nice sight low in the west in evening twilight (see 
the March skies for more details). And at the beginning of December, 
Comet ISON will rise rapidly out of the east-southeast at dawn and 
might put on a spectacular display. But comets are fickle, so make 
sure you get outside and see for yourself.

There are two eclipses of the Sun this year: an annular eclipse on 
May 10 and a hybrid (annular/total) eclipse on November 3. In May, 
the path of annularity sweeps over northern Australia and out into 
the South Pacific. In November, the eclipse begins as an annular off 
the eastern seaboard of North America but quickly turns total as the 
path sweeps across central to northeastern Africa. Those on the east 
coast of Canada and the US will see a partial eclipse at sunrise.

There are a number of planetary conjunctions this year, but the 
most interesting is a three-planet gathering of Mercury, Venus,  
and Jupiter in the evening sky in late May. On May 26th this trio of 
planets will form a tight equilateral triangle low in the west-north-
west after sunset.

Finally, 2013 is expected to be the year of maximum solar activity 
(solar max is predicted for mid-to-late 2013). This means more spots 
on the Sun’s face, and more opportunities to witness the Northern 
or Southern Lights (aurora borealis or aurora australis). For reasons 
that are not entirely clear, the best blocks of time to see them are 
shortly after the spring and autumn equinoxes. 

The Skies of February
During the middle two weeks of the month, Mercury is nicely 
placed in the west-southwest after sunset. But it fades during these 
two weeks, so try to catch it early. On the 11th, look for it almost 
directly beneath the 2-day-old crescent Moon. And if you haven’t 

The aurora dances and shines above Bear Lake near Eielson Air Force Base, Alaska.  
[USAF/Senior Airman Joshua Strang]

http://skyandtelescope.com/panstarrs
http://skyandtelescope.com/panstarrs
http://skyandtelescope.com/ison
http://eclipse.gsfc.nasa.gov/OH/OHtables/OH2013-Tab04.pdf
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spotted Mars earlier, you might pick it out slightly below Mercury 
on the 11th. The red planet is significantly fainter than Mercury, and 
even though both are very close on the 7th and 8th, dusk’s glow will 
make Mars hard to spot. Venus is impossible to see this month as it’s 
too close to the Sun.

Jupiter is high in the south at sunset; perfectly placed for some 
post-dusk viewing. During the early evening of the 17th, the first 
quarter Moon creates a pretty triangle with Jupiter to its upper left 
and the Pleiades to its upper right. Saturn rises around midnight; it’s 
high in the south by dawn. Look for this ringed giant above the last 
quarter Moon on the morning of the 3rd.

The Skies of March
As mentioned on the previous page, Northern Hemisphere sky-
watchers may be in for a cometary treat this month. Comet Pan-
STARRS will be in low in the west after sunset beginning around 
mid-March. The comet passes closest to the Sun (perihelion passage) 
on March 10. Of course the two key questions are: How bright will 
the comet be, and how long might its tail be as it emerges in the 
western sky after sunset?

On the 12th, the comet will be just to the left of the 30-hour-old 
crescent Moon; the next evening it’ll be almost directly below the 
2-day-old lunar crescent. But be warned! The comet’s head will be 
a mere 8° or so above the western horizon 30 minutes after sunset, 
so you’ll need a low and unobstructed western horizon to have any 
chance of seeing this comet. Observing conditions don’t get a lot 

better during the following two weeks. The comet stays close to the 
horizon after sunset, even as its brightness fades and its tail shrinks. 
Keep up to date with the latest predictions via reputable websites 
such as Sky & Telescope and Astronomy.

It’s a good thing there’s a comet to keep an eye on, because the 
planet-watching is pretty thin this month. Venus, and Mars are all 
too close to the Sun to be seen. Mercury rises shortly before the Sun 
at month’s end, but it’s always extremely low in the east-southeast. 

sky sights

Don’t be fooled by the brightness of the comet or the length of its tail in this graphic; they’re 
for illustrative purposes only! However, the crescent Moon will be above the head of Comet 
Pan-STARRS after sunset on March 13. But will the comet be visible? [Starry Night Pro]

http://skyandtelescope.com
http://astronomy.com
http://www.starrynight.com
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Saturn rises in the east-southeast well into the evening and is vis-
ible for the rest of the night. The Moon visits twice: on the 2nd when 
it rises with Saturn just past midnight, and at month’s end when the 
waning gibbous Moon is to Saturn’s upper right on the 28th and 
beneath it on the 29th (as both rise around 11:00 pm).

Jupiter shines high in the southwest after sunset. If you want to 
explore this belted giant and its four brightest moons, don’t delay 
too much longer. The planet is sinking into the west each evening, 
and two months from now, it will be nearly lost in the solar glow. On 
the 17th the 6-day-old Moon sits nicely between Jupiter (2° to its up-
per right) and the orangish star Aldebaran (3° to Luna’s lower left). 

The Spring Equinox arrives on the 20th at 7:02 am Eastern day-
light time, 4:02 am Pacific daylight time.

The Skies of April
The poor parade of planets continues this month, as Venus and 
Mars are again buried in the glare of the Sun and impossible to see. 
Mercury might be spotted very low in the east-southeast as dawn 
brightens; the best opportunity could be the morning of the 8th 
when it’s to the lower right of a skinny crescent Moon. And Comet 
Pan-STARRS might still be visible in binoculars or a small telescope. 

Jupiter is high in the west after sunset; the 4-day-old crescent 
Moon is to the giant planet’s left on the 14th (the orangish star 
Aldebaran is below them both). Saturn rises just after sunset for 
most of the month; it’s at opposition on the 28th. The full Moon is 
below Saturn all night on the 25th. 

sky sights

S&T Sky Charts

Thanks to Sky & Telescope magazine, Mercury readers have direct 
access to S&T’s online Interactive Sky Chart, which is a Java applet 
that simulates a naked-eye view of the sky from any location on 
Earth at any time of night. Charted stars and planets are the ones 
typically visible without optical aid under clear suburban skies. 
Some deep-sky objects that can be seen in binoculars are plot-
ted too. If you have trouble getting the Sky Chart to open on your 
computer, please review S&T’s detailed system requirements and 
their Help page.

Links to Sky & Telescope’s Interactive Star Chart:  
February • March • April

These links will take you to a chart set for 40° north latitude and 
100° west longitude (useful throughout the continental US) at 9:00 
pm local time at midmonth in February, March, and April 2013. The 
charts can be used one hour later at the start of each month and 
one hour earlier at month-end.

You can alter the chart’s date, time, and location — detailed in-
structions and hints for using the chart can be found on the Help 
page. To really become familiar with this program, see the article:  
Fun with S&T’s Interactive Sky Chart.

For iPad Users
S&T’s Interactive Sky Chart does not work on the iPad. Instead, try 
the SkySafari 3 app (available through iTunes). Here is a review. If 
ASP iPad users have another favorite, please tell me about it.

http://bit.ly/W4Ybhj
http://www.skyandtelescope.com/help/3304366.html
http://bit.ly/11vmonb
http://bit.ly/ULH970
http://bit.ly/X929ET
http://www.skyandtelescope.com/help/3304366.html
http://www.skyandtelescope.com/help/3304366.html
http://www.skyandtelescope.com/observing/skychart/3304906.html?page=1&c=y
http://media.skyandtelescope.com/documents/Southern%2BStars_Dec11.pdf
mailto:editor%40astrosociety.org
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Are you a scientist? Think you’ve got reasonably good commu-
nications skills? Want to try answering the question “What is 
time?” for an 11-year-old? If you think you’re up to it, then the 

Flame Challenge is for you. The Flame Challenge is sponsored by the 
Center for Communicating Science (CCS).

This is the second year of the Flame Challenge, an international 
contest that asks scientists to communicate a complex science topic 
in a way that is comprehensible to an 11-year-old. Alan Alda started 
the challenge when he wrote a guest editorial in Science about why 
scientists need “to communicate clearly and vividly with the general 
public.” He ended it by asking: “Would you be willing to have a go 
at writing your own explanation of what a flame is — one that an 
11-year-old would find intelligible, maybe even fun?” 

According to Alda, when he was 11 he asked his teacher, “What is 
a flame?” She replied: “It’s oxidation,” and he never forgot how disap-
pointing that answer was. Here is last year’s flaming winner. 

For Scientists and Students
If you’re a scientist, you can enter. The CCS defines a scientist as: 
“someone who has, or is in the process of getting, a graduate degree 
in a science (including health sciences, engineering and mathemat-
ics), or who is employed doing scientific work, or who is retired from 
doing scientific work.” 

This year, the contest has two categories:  
written (an essay, maximum 300-words) and 
visual (a video, maximum of six-minutes).  
Entries will be judged within their category and 
will be accepted until 11:59 pm March 1, 2013 
(New York time). For more details, check out the 
Flame Challenge Rules. Hint: try out your answer 
on some 11-year-olds and see how they react.

After scientists screen the entries for accu-
racy, classes of schoolchildren will evaluate the 
screened entries. The student judges will be 11 
years old and in grade 4, 5, or 6. Teachers will 
compile their students’ ratings and submit them 
to the CCS. Last year, more than 6,000 children 
in 130 schools from all over the US and in several other countries 
participated in the judging.

If you’re a teacher interested in involving your class, here’s how it 
works; the webpage includes sign-up links. But February 1 is the last 
date for schools to register if they want to be sure they can partici-
pate. A school may be able to join later, but there is no guarantee. 

PAUL DEANS is the editor of Mercury. He thinks it would be very cool if an ASP member were to win 
this challenge.

[Wikipedia/S. Sepp]

Explaining Time to an 11-Year-Old
Scientists and philosophers have struggled to explain time. Can you?

by Paul Deans

reflections

http://www.centerforcommunicatingscience.org/the-flame-challenge-2
http://www.centerforcommunicatingscience.org
http://en.wikipedia.org/wiki/Alan_Alda
http://www.centerforcommunicatingscience.org/wp-content/uploads/2012/10/Flame-Challenge1019.full_.pdf
http://www.centerforcommunicatingscience.org/the-flame-challenge-2/meet-last-years-winner
http://www.centerforcommunicatingscience.org/flame-challenge-ii-rules
http://www.centerforcommunicatingscience.org/participating-schools-helpful-information
http://www.centerforcommunicatingscience.org/participating-schools-helpful-information



	next 2: 
	Page 1: Off

	previous: 
	Page 2: Off
	Page 41: Off
	Page 52: Off
	Page 63: Off
	Page 74: Off
	Page 85: Off
	Page 96: Off
	Page 107: Off
	Page 118: Off
	Page 129: Off
	Page 1310: Off
	Page 1411: Off
	Page 1512: Off
	Page 1613: Off
	Page 1714: Off
	Page 1815: Off
	Page 1916: Off
	Page 2017: Off
	Page 2118: Off
	Page 2219: Off
	Page 2320: Off
	Page 2421: Off
	Page 2522: Off
	Page 2623: Off
	Page 2724: Off
	Page 2825: Off
	Page 2926: Off
	Page 3027: Off
	Page 3128: Off
	Page 3229: Off
	Page 3330: Off
	Page 3431: Off
	Page 3532: Off
	Page 3633: Off
	Page 3734: Off
	Page 3835: Off
	Page 3936: Off
	Page 4037: Off
	Page 4138: Off
	Page 4239: Off
	Page 4340: Off
	Page 4441: Off
	Page 4542: Off
	Page 4643: Off
	Page 4744: Off

	next: 
	Page 2: Off
	Page 41: Off
	Page 52: Off
	Page 63: Off
	Page 74: Off
	Page 85: Off
	Page 96: Off
	Page 107: Off
	Page 118: Off
	Page 129: Off
	Page 1310: Off
	Page 1411: Off
	Page 1512: Off
	Page 1613: Off
	Page 1714: Off
	Page 1815: Off
	Page 1916: Off
	Page 2017: Off
	Page 2118: Off
	Page 2219: Off
	Page 2320: Off
	Page 2421: Off
	Page 2522: Off
	Page 2623: Off
	Page 2724: Off
	Page 2825: Off
	Page 2926: Off
	Page 3027: Off
	Page 3128: Off
	Page 3229: Off
	Page 3330: Off
	Page 3431: Off
	Page 3532: Off
	Page 3633: Off
	Page 3734: Off
	Page 3835: Off
	Page 3936: Off
	Page 4037: Off
	Page 4138: Off
	Page 4239: Off
	Page 4340: Off
	Page 4441: Off
	Page 4542: Off
	Page 4643: Off
	Page 4744: Off

	toggle: 
	Page 2: Off
	Page 41: Off
	Page 52: Off
	Page 63: Off
	Page 74: Off
	Page 85: Off
	Page 96: Off
	Page 107: Off
	Page 118: Off
	Page 129: Off
	Page 1310: Off
	Page 1411: Off
	Page 1512: Off
	Page 1613: Off
	Page 1714: Off
	Page 1815: Off
	Page 1916: Off
	Page 2017: Off
	Page 2118: Off
	Page 2219: Off
	Page 2320: Off
	Page 2421: Off
	Page 2522: Off
	Page 2623: Off
	Page 2724: Off
	Page 2825: Off
	Page 2926: Off
	Page 3027: Off
	Page 3128: Off
	Page 3229: Off
	Page 3330: Off
	Page 3431: Off
	Page 3532: Off
	Page 3633: Off
	Page 3734: Off
	Page 3835: Off
	Page 3936: Off
	Page 4037: Off
	Page 4138: Off
	Page 4239: Off
	Page 4340: Off
	Page 4441: Off
	Page 4542: Off
	Page 4643: Off
	Page 4744: Off

	previous 1: 
	Page 3: Off

	next 1: 
	Page 3: Off

	toggle 1: 
	Page 3: Off

	previous 2: 
	Page 48: Off



