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Announcing the
Astronomical Society of the Pacific’s

Newest Release

The Universe at Your Fingertips 2.0 DVD-ROM
of Astronomy Activities and Resources is now available.

ASP’s “greatest hits” of astronomy education, designed to help teachers,  
curriculum specialists, museum educators, and astronomers find  
the most effective way of teaching basic space science concepts!

This 2.0 DVD ROM includes: 

• 133 field-tested hands-on activities 
• 17 topic specific guides to information in print and on the web
• 52 background articles on astronomy and education 
• 12 short videos with instructions.

Themes include scales of size, distance, and time; comparing planets; understanding basic sky phenomena, 
such as phases of the Moon, the daily motion of the Sun, seasons on Earth and other worlds, and the multi-
cultural origins of the constellations; and ways of involving astronomy learning with other fields such as 
geography, math, writing, and history.

Here are just a few classic activities:

• Exploring the Phases of the Moon 
• Modeling the Expanding Universe
• Picking the Top Tourist Sights in the Solar System
•  Sensing the Invisible: Waves our Eyes Can’t See but  

Simple Experiments Can Reveal
• Counting to a Billion
•  Mars Opposition Dance: Using Movement to Teach  

about Orbits
• Fun with the Sun
• Transit Tracks: How we Find Planets around Other Stars
• Make a Model Comet in Your Own Classroom
• The Toilet-paper Solar System Model
• Should Pluto be Considered a Planet?
• Bike Years Versus Light Years
• Black Hole Math

The activities have a host of topics that are the staple of national and state science 
frameworks and standards. Edited by Andy Fraknoi, ASP’s Senior Astronomy Educator. 
Each activity comes with full instructions, student handouts, and connections to key 
ideas for learning and teaching. Easy to navigate!

Price: $29.95
Sold through the non-profit AstroShop on ASP’s website.
Discounts are available for bulk orders and to catalogs, museum stores, and other resellers.

For more information and how to order, go to: www.astrosociety.org/uayf or call the 
ASP at 415-337-1100.  

ASP • 390 Ashton Avenue • San Francisco, CA 94112

The Universe at Your Fingertips • Astronomical Society of the Pacific

Astronomy Background • 2.1
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Anyone who has ever gazed at the clear night sky from a dark location knows the special fasci-nation of astronomy — the sense of awe and 
mystery that comes from con sidering our place in the 
vastness of the universe.To the ancients, the planets and stars were simply 
mysterious lights scattered on the dome of the heavens. 
Our modern understanding adds the crucial dimension 
of depth to that simple picture. We now know that some 
celestial objects are rel atively close, while others are un-imaginably remote. The twinkling lights of the sky turn 
out to be other worlds and other suns. Spread among 
them are vast clouds of gas and dust — reservoirs of raw 
material to make new stars, new planets, and perhaps 
even new astronomers. And the countless numbers of 
stars are not randomly distributed in the universe — 
they cluster into vast islands or cities (of stars, planets, 
and raw material) that we call galaxies. The cosmos is 
much richer and more complex than the ancients ever 
dreamed.

Let us, in our mind’s eye, take a short tour of the uni-verse as astronomers understand it today, and get ac-quainted with the main types of objects in the “astro-nomical zoo.” For convenience, astronomers generally 
divide the universe into three realms:1. Our Neighborhood: The Solar System2. Our City: The Milky Way Galaxy3. The Whole Shebang: The Universe.The Solar System

To begin at home, our Earth is a member of the family of 
planets and moons known as the solar system. Orbiting 
our star, the Sun, are eight major planets and their more 
than 160 known moons, each a unique world with its 
own special characteristics. In addition, we have smaller 
worlds, now called dwarf planets, such as Pluto, Ceres, 
and Eris, and more of these are being discovered all the 
time. Assorted cosmic debris — in the form of comets, 

asteroids, and smaller chunks called meteoroids — also 
shares our system with us. (See the glossary later in this notebook if you are not 
familiar with any of the terms in this article. And if you 
are wondering about Pluto, see the article: “What’s a 
Planet and Why is Pluto Not in the Planet Club Any-more?”) 

Let’s examine a few of the neighbor planets that are 
especially noteworthy.
The Inner System
Sunward of us lies the glistening planet Venus, often 
seen as a brilliant morning or evening star. Perpetually 
veiled by layers of clouds that include droplets of sul-furic acid, Earth’s sister planet hoard ed the Sun’s heat 
under its vast cloud layers until surface temperatures 
stabilized at more than 900 degrees Fahrenheit — hotter 
than the self-cleaning cycle of your kitchen oven. With 

A Grand Tour of the Universe:  An Introduction to the Planets, Stars,  and Galaxies
by Andrew Fraknoi and Sherwood Harrington
(Astronomical Society of the Pacific)

Mars globe centered on Mariner Valley; from Viking images (JPL/NASA)
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The Moon and Its Phases

A1 • Images of the Moon

Page 4

125

Lunar Photographs — Set #1

Cut out each picture.  Arrange them in the order you would expect to see the Moon during the

next several weeks.

Astro Adventures, Moon Gazing, Lesson 1: Images of the Moon

© 2003 Pacific Science Center

http://www.astrosociety.org/uayf
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These days magazines tend to come and go, 
often vanishing almost as quickly as many 
new television shows. Mercury has hung in 
there for 40 years — not quite up to Sky & 
Telescope’s seven decades, but impressive 
nonetheless.

The first issue of the new bimonthly publi-
cation appeared in January 1972. The force 
behind the magazine was ASP Executive Offi-
cer Leon E. Salanave. He rejected the generic 
name Astronomy, choosing instead to go with 
Mercury after the messenger of the heavens  
in Roman mythology who appears on the 
Society’s logo. That first issue was 24 pages 
long and contained (among other features) an 
article on the 1923 solar eclipse in Mexico. 
The cover showed a  photographic plate of  
the September 10, 1923 solar eclipse. (The 
infamous fly on the plate can’t be seen in the 
reproduction at right.)

The Society’s President penned the first 
editorial. In many ways, his message still  
resonates today.

A Message from the President of the Society
Publication of this first issue of the new  
Journal of our Society is an important event 
in our history. It represents the most evident 
step in a series now being taken by the Society 
to provide better public understanding of 
astronomy. To provide such understanding 
was a major goal of the Society when it was 
founded 82 years ago; it is becoming increas-
ingly important in the now enlarging activities 
of the Society.

Astronomy has very typically been a sci-
ence the layman can understand. It has greatly 
interested the educated public. But the charac-
ter of astronomical research is changing. It is 
becoming more analytical, less descriptive, 
and harder to explain. The modern observato-
ry is more like a physics or electronics labora-
tory than an abode of philosophers looking 
through telescopes. Computers now control 

the telescopes, which feed radiation to arrays 
of analysing instruments. Observations are 
made from airplanes, balloons, rockets, and 
satellites by “telescopes” the non-specialists 
would never recognize. Technology has greatly 
increased our ability to do research and has 
deepened our understanding, but the strange-
ness and significance of the exciting new 
astronomical discoveries must be explained in 
language all can understand. Our Society can 
make a contribution of far-reaching impor-
tance to the science of astronomy by inter-
preting the results of astronomical research 
for the nonspecialist. It is a task worthy of our 
strongest efforts. This new Journal represents 
one of those efforts. Let us all wish it and its 
Editor well! 

Harold F. Weaver
Mercury, Volume 1, Number 1
January/February 1972 [RETURN]

Paul Deans
Editor, Mercury
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Forty Years Ago

editorial

ON THE COVER
Front:  ESO optician Guillaume Blanchard captured this wide-angle photo of Comet Lovejoy as it rose over 

European Southern Observatory’s Paranal telescopes in Chile on December 22, 2011. Courtesy ESO /  
G. Blanchard.

Back:  Cradled in cosmic dust and glowing hydrogen, stellar nurseries in Orion, the Hunter, lie at the edge of a 
giant molecular cloud some 1,500 light-years away. The Great Orion Nebula, the closest large star-forming 
region, is below center. Courtesy Rogelio Bernal Andreo, DeepSkyColors.com

mailto:editor@astrosociety.org
http://www.astrosociety.org
mailto:asilva@astrosociety.org
http://DeepSkyColors.com
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first word

A dusk or dawn search for the planet 
Mercury may not exactly sink to the 
level of a classic “snipe hunt,” but it 

comes close — especially when the elusive 
little world is not in a favorable apparition. 
Such was the case last November, a time of 
year when the ecliptic makes a shallow 
angle with the western horizon at sunset. 
Consequently, Mercury’s period of “eastern 
elongation” in the western sunset sky was 
similarly horizon hugging.

Nor was this a good time of year for 
such hunting as, in these parts, it is the 
start of the winter rains and cloudbanks 
that like to crowd the line between sea and 
sky. But on November 21st, a week after 
greatest eastern elongation and a few days 
after the planet’s highest altitude above the 
horizon at sunset, a favorable forecast 
promised a mostly clear day between 
weather fronts, and I made the most of the 
opportunity.

And so, at windy sunset, I was on a 
bluff overlooking the sea in Pacifica where 
I live, armed with binoculars rather than 
the snipe hunter’s customary burlap sack 
and flashlight, hoping to bag a little planet. 
The electric-red Sun sunk behind a cloud-
bank (of course), but it was a low, distant 
barrier, and the sky above was clear. 

Venus was the key to my search, and it 
popped out almost immediately, growing 
brighter as the sky deepened its blue and 
the horizon stained pumpkin orange. I 
knew that Mercury was just a little down 
and to the right of Venus, and so guided, I 
searched. And about 25 minutes after sun-
set — there! I had it! A little fleck of light against the amber sky, just 
within the same binocular field of view as its brighter sister.

As the Earth spun, the sky darkened, and the planets sunk 
toward the ocean, I watched. About 15 minutes later, I could just 
make out the planet with my unaided eye, a few degrees above the 
water, vanishingly faint through the ruddy-tinged ocean mists as 
night came on. But it was there, and I bagged it.

Some contend that Nicholas Copernicus never did, but I do not 
make much of that contention, for it strikes me as legend more than 

truth. The story apparently arises from the fact that he used others’ 
observations of the planet (coming from where the weather was  
better) in his book De Revolutionibis, and that he lived most of his 
life in Poland along the lower Vistula with its perpetual mists — not 
unlike Pacifica. 

But he had other chances while he lived in Italy and other loca-
tions, and I find it difficult to believe that he would not have made 
an effort at least as great as mine (sans binoculars) to see the planet 
he was fitting with the others into an elegant new heliocentric solar 

Speedy Delivery
Mercury was the messenger of the gods; now it’s the ASP’s messenger.

by James G. Manning

A
SP

Chesley Bonestel’s vision of Mercury, circa 1972.
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system design that was later proven to be the correct one. 
These days, of course, the orbiting MESSENGER spacecraft has 

the best view of all, relaying close-up photos and streams of new 
data on a planet with a disproportionately large iron core, a magnetic 
field oddly offset to the north, cratered volcanic plains of tantalizing 
variety, and the possibility of ice in the frozen floors of endlessly 
shadowed craters at the poles. And what a clever name the space-
craft has, given Mercury’s mythological billing as the speedy deliv-
eryman and messenger of the Roman gods.

Mercury also has an exalted place at the ASP, adorning our logo 
and lending his name to our magazine that you are reading right 
now. The year 2012 is, in fact, the 40th anniversary of the publica-
tion’s origin, back when the Publications of the ASP was at last given 
over completely to peer-reviewed scientific papers and articles, and 
Society news and goings-on and the former Leafets material was 
gathered into the new magazine. 

And so it has flourished ever since, continuing a fine (and 
ancient) tradition of delivering news and information — not via 
winged sandals, but rather first through the mails and now through 
online entry points. Thanks to our editor Paul Deans, designer 

Leslie Proudfit, its faithful columnists, feature writers, and the staff 
of the ASP, Mercury continues to be a beacon of both quality and 
content — no binoculars required.

May it ever be so, as a vehicle to help us advance our mission 
and to serve our members and friends.

Back in 1972, the famed space artist Chesley Bonestel painted a 
picture of the surface of Mercury for the cover of the new magazine. 
But for some reason, it was never used — until the winter of 2008, 
when the Bonestel portrait appeared on the cover of the first digital 
issue. In honor of the magazine’s 40th birthday, we reproduce it on 
the previous page, with an “updated” view below provided via 
MESSENGER. 

Enjoy, as the magazine continues its proud tradition, and we 
continue to search out the speedy delivery god’s common namesake 
at favorable dusks and dawns.  [RETURN]

JAMES G. MANNING is the Executive Director  
of the Astronomical Society of the Pacific.

first word

This high-resolution mosaic shows Mercury as it appeared to MESSENGER as the spacecraft approached the planet for the mission’s third flyby of 
Mercury on September 29, 2009.

N
A

SA
 /

 JH
U

A
PL

 /
 C

ar
ne

gi
e 

In
st

itu
tio

n

http://messenger.jhuapl.edu
mailto:jmanning@astrosociety.org
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The first issue of Mercury (January/February 1972) dropped 
into ASP members’ mailboxes 40 years ago. On the occasion 
of its 25th anniversary in 1997, I wrote a column that cov-

ered the first quarter-century of the magazine (see the Jan./Feb. 
1997 issue). And the Jan./Feb. 2002 issue ran a lengthy 30-year  
retrospective article, with comments by all the past editors. But 
changes continue to happen to the magazine (and to the Society), so 
I will summarize its past history and update it on this occasion.

The new magazine replaced the monthly Leaflets of the ASP, 
which had been produced since 1925. The ASP president in 1972, 
Harold Weaver, explained why the Society had started Mercury: “It 
represents the most evident step in a series now being taken by the 
Society to provide better public understanding of astronomy…Our 
Society can make a contribution of far-reaching importance to the 
science of astronomy by interpreting the results of astronomical 
research for the non-specialist.” As astronomy becomes increasingly 
complex, this goal is even more important today.

In its early years Mercury was edited by the executive officers of 
the ASP: Leon Salanave, Richard Reis, and then (1978-92) the inde-
fatigable Andrew Fraknoi. After Fraknoi returned to teaching, a 
series of editors followed: Sally Stephens (1992-94), George Musser 
(1994-98), Jay White (1998-2000, and again from 2004-07), and 
Robert Naeye (2000-03). The present editor, Paul Deans, came on 
board in 2007. 

 Under Fraknoi’s leadership the magazine began an increased 
emphasis on educational features, including a column entitled “The 
Universe in the Classroom,” which in 1984 became a separately pub-
lished newsletter for teachers and is now available online. Other 
educational articles and columns followed.

The oldest regular column in Mercury is the one you are now 
reading, Echoes of the Past. It began in 1983, to increase members’ 
awareness of the history of the ASP (then looking toward its centen-
nial in 1989) and of astronomy. Over the past decade or so additional 
departments and regular columns have been added. These include 
Society Scope, Armchair Astrophysics, Annals of Astronomy, Plane-
tary Perspectives, Education Matters, Astronomer’s Notebook, and 
Reaching Out. 

The magazine became full-color in 2001. This necessitated a 
slight reduction in page width but not in content. In 2007 it became 
a quarterly, rather than bi-monthly, as a money-saving move. The 
most significant change occurred in 2008, with the publication 
becoming a PDF-only (electronic) publication. Society members can 
now read Mercury online, with a password. It is also now possible to 
use Sky and Telescope’s Interactive Star Chart, through a link on the 
Sky Sights page.

Over the years the Society, and the magazine, have increasingly 

become focused on 
science education. 
Nearly every issue 
carries articles on 
ways to increase pub-
lic understanding of 
astronomy, and on 
educational projects 
around the country. 
But there also contin-
ue to be feature arti-
cles on current 
developments in 
astronomy, in line 
with Mercury’s origi-
nal goal of explaining 
science to the lay 
public, and several of 
the regular colum-
nists also do this. 

The most recent issue (Autumn 2011) contains, in addition to 
the usual one-page columns, a lengthy report on the August 2011 
meeting of the ASP, called “Connecting People to Science,” held in 
Baltimore. This included reprints of five of the poster papers pre-
sented, which ranged from creative writing projects to 3-D models 
to computer games. Readers could also peruse a talk presented at 
the meeting by David T. Blewett, on “New Views of Diverse Worlds,” 
describing some of the spacecraft studies of the planet Mercury. 
“Astronomy in the News,” another regular feature, gave brief notes 
on such topics as the asteroid Vesta, water on Mars, newly discov-
ered exoplanets, galaxy evolution, and black holes. And “Sky Sights” 
told observers when to look for planets in the night sky and provid-
ed some details of the Dec. 10 lunar eclipse.

So as Mercury moves forward, we may expect more good cover-
age of new developments in astronomy, and reports of new and 
interesting ways of bringing more people to it, especially via com-
puters and the internet. Much has changed in the past decade; who 
knows what will be happening by the time the fiftieth anniversary 
rolls around in 2022?  [RETURN]

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. She also wrote the 
Centennial History of the Astronomical Society of the Pacific,  

which is available as a PDF.

40 Years Ago: The Birth of Mercury Magazine
Mercury has undergone numerous changes during its 40 years of life.

echoes of the past

A
SP

by Katherine Bracher

http://www.astrosociety.org/education/publications/tnl/tnl.html
mailto:kbracher%40earthlink.net?subject=
http://www.astrosociety.org/about/history.html
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For many decades in the 16th and 17th centuries, there were 
three competing views of the cosmos. The original one from 
ancient Greece was based on the Earth being in the center of 

the universe, with the Sun, Moon and planets revolving around it. 
The second, by Copernicus, stated the reverse — the Sun was at the 
center and all the planets, including Earth and its Moon, revolved 
around the Sun.

The third system was developed by the famous astronomer 
Tycho Brahe and fell in between these two. Like the ancient system, 
it maintained Earth was at the center, circled by the Sun and Moon. 
But in Tycho’s system, the other five planets revolved around the 
Sun. A prime reason he came this conclusion is that stellar parallax 
was unobservable, so he reasoned that Earth must be stationary. But 
he was misled, because the parameter he was trying to measure was 
too small to observe with the naked eye.

Two questions seem important here. Did anyone except Tycho 
actually believe his system, and did anyone try to find observational 
evidence to support it?

Remarkable as it may seem, the greatest proponent of the 
Tychonic system was the Catholic Church, which officially adopted 
it from 1611 to 1620, even as Galileo was making his great discover-
ies known to the wider world. 

Two Italian scientists tried to bolster the Tychonic theory with 
evidence — Giovanni Riccioli (1598–1671) and his assistant 
Francesco Grimaldi (1618–63). Both men are credited with major 
achievements. Riccioli developed the system of lunar nomenclature 
widely used today and made the first accurate measurement of grav-
itational acceleration at Earth’s surface. Grimaldi discovered the dif-
fraction of light. Both men have lunar craters named in their honor.

To test the Tychonic system, they devised a series of experiments 
to measure how Earth’s rotation should deflect a projectile fired in 
different directions. In their 1651 book Almagestum Novum , they 
described how Earth’s rotation should cause a rightward deflection 
in a projectile fired northwards. “If a ball is fired along a Meridian 
toward the pole…diurnal motion will cause the ball to be deflected.” 
They further state that such a ball fired toward the east or west will 
not exhibit such a deflection.

The two scientists did not calculate the size of the effect, but they 
recorded the fact that a skilled artilleryman was able to place a shot 
directly into the mouth of an enemy cannon, so any deflection 
would have been easily noticeable. Their experiment showed no dif-
ference between shot fired north to south, versus shot fired east to 
west. Their conclusion: Earth did not exhibit any diurnal motion.

Since they both firmly believed Earth was immobile at the center 
of the universe, it is not surprising they interpreted their results as 
proof of the Tychonic system. In fact, what Riccioli and Grimaldi 

were actually describing was the Coriolis effect, which was not  
“officially” discovered until 1835 by Gaspard-Gustave de Coriolis 
(1792–1843).

The essence of the Coriolis effect is that in a rotating frame of 
reference, a shot fired north should be deflected east. This actually 
happens, but Riccioli and Grimaldi did not observe the effect 
because it is quite small. Their simple cannon experiment was not 
refined enough to reveal it, but the Coriolis effect was used in a 
real-life situation nearly three centuries after their experiment.

When the German army decided to shell Paris in 1918, they 
employed the so-called Paris Gun that measured more than 90 feet 
long. It was capable of hurling a 210-pound shell up to 81 miles. 
The distance was so far that trajectory calculations had to take the 
Coriolis effect into account to make sure the shells actually hit Paris. 
In total some 350 shells struck the city, killing 250 people.

The fascinating story of the Riccioli-Grimaldi experiment, and 
their description of the Coriolis effect, was just recently revealed by 
the historical investigations of Christopher Graney at Jefferson 
Community and Technical College in Louisville, Kentucky.  
[RETURN]

CLIFFORD J. CUNNINGHAM was recently seen chatting in Miami with 
the noted historian and Pulitzer Prize winner Robert K. Massie.

The Tychonic System
An attempt to prove Tycho’s theory of the cosmos led to an unofficial discovery of the Coriolis effect.

annals of astronomy

by Clifford J. Cunningham

In this diagram of the Tychonic system, the objects on blue orbits (the 
Moon and the Sun and the fixed stars) revolve around the Earth, while 
the objects on orange orbits (Mercury, Venus, Mars, Jupiter, and Saturn) 
revolve around the Sun.
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http://galileo.rice.edu/sci/brahe.html
http://dd.dynamicdiagrams.com/wp-content/uploads/2011/01/orrery_2006.swf
http://www.todayinsci.com/R/Riccioli_Giovanni/RiccioliGiovanni-Bio%281841%29.htm
http://www.todayinsci.com/G/Grimaldi_Francesco/GrimaldiFrancesco-Bio.htm
http://fermi.imss.fi.it/rd/bdv?/bdviewer/bid=300870&lng=en#
http://www.gap-system.org/~history/Biographies/Coriolis.html
http://ww2010.atmos.uiuc.edu/%28Gh%29/guides/mtr/fw/crls.rxml
http://www.landships.freeservers.com/parisgun_history.htm
http://www.physicstoday.org/resource/1/phtoad/v64/i8/p8_s2?bypassSSO=1
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astronomer’s notebook

In the Spring 2010 issue of Mercury, I looked at several research 
projects that can be done by students and amateur astronomers 
using digital point-and-shoot cameras and digital single lens 

reflex cameras (DSLRs). There have been a number of interesting 
developments since then that warrant revisiting this topic. Unless 
otherwise stated, these projects require only a camera, a tripod, and 
some software. It is even possible to get started with a setup costing 
less than $300.

Let’s start with the DSLRs. These cameras are typically expensive 
(starting at around $500 with a CMOS chip and more with CCD 
chip). However, DSLRs have a linear response to photon counts over 
a broad range of their sensitivity when images are recorded in RAW 
format. As a result, DSLRs can be used for a variety of photometric 
projects. In order to do photometry, you need some software. You 
could try some of the free programs on the web or you can purchase 
software (AIP4WIN for about $100 or Maxim DL for DSLRs for 
about $465).

Previously, I discussed using DSLRs for astrometry and photom-
etry projects. What else can one do? Kendra Sibbernsen of Metro-
politan Community College in Omaha, Nebraska, found that DSLRs 
can be used to detect cosmic rays using high light-sensitivity set-
tings and long exposures. For such studies, the lens is removed from 
the camera body and replaced by a light-tight cover. In addition, the 
long exposures require the use of a digital timer to keep the shutter 
open (these typically run around $30-$50). Sibbernsen suggests that 
this can be used for a classroom demonstration or a laboratory exer-
cise for astronomy students. 

Alternatively, an advanced undergraduate student can spend a 
semester exploring a variety of issues such as differences in count 
rates due to shielding, camera orientation, etc. Getting back to a bit 
of photometry, Zoltán Kolláth fitted a fish-eye lens to a DSLR and 
produced “all-sky” images to measure light pollution. The added 
fish-eye lens will run you anywhere from $100-$900 depending on 
how serious you want to get! 

A couple of years ago, Russian programmer Andrey Gratchev 
started an open source project called Canon Hack Development Kit 
(CHDK) that allows Canon point-and-shoot cameras to store images 
in RAW format. CHDK is downloaded to the camera’s RAM memory 
from the SD card, so no permanent change is made to the camera. 
Another useful feature of CHDK is the ability to extend exposure 
times indefinitely by connecting a simple circuit to the USB port.

John Hoot recently reported on some new developments that 
allow Canon digital cameras to do a variety of research projects — 
including photometry! These days, point-and-shoot cameras with 
12 to 14 mega-pixel CCD sensors can be purchased for less than 
$200. However, these cameras do not offer the option of saving 

images in RAW 
format. 

 Hoot reviewed 
five Canon camer-
as, supported by 
CHDK, that are 
suitable for astro-
nomical projects 
and discussed the 
pros and cons of 
each. They includ-
ed the12.1 mega-
pixel (MP) ELPH 
100HS, the 10 MP 
SX120is and its 
successor the 12.1 
MP SX130is, all of 
which often list for 
less than $200. The 
two other more 
expensive cameras were the 12.1 MP SX200is and the 14.1 MP 
SX30is. If you are thinking about purchasing one of these, he sug-
gested the SX120is and the SX130is as the best values. 

Several photometric projects can be pursued with these cameras. 
For example, all of these cameras (with their lenese) can be used at 
their widest zoom level to image up to one-third of the sky and can 
therefore be used to measure sky glow! The purchase of an  
inexpensive alt-azimuth tracking mount (around $100) will allow 
photometry of bright variable stars. Photometric measurements of 
Earthshine on the shadowed portion of the Moon can be used to 
measure changes in Earth’s albedo and radiation budget. 

In addition, one can track meteors or satellites, participate in 
lunar transient searches, observe occultations, search for bright nova 
outbursts, and even undertake aurora studies. Hoot points out that 
many people, including students in middle and high school, have 
access to such cameras. Since Canon point-and-shoot cameras are 
inexpensive and simple to use, they could be used as tools to train 
and inspire the next generation of astronomers. In addition, I can see 
using these cameras for a variety of research projects for undergrad-
uates in mathematics, computer science, and physics!  [RETURN]

JENNIFER BIRRIEL is an Associate Professor of Physics in the Department of 
Mathematics, Computer Science, & Physics at Morehead State University in 

KY. She hopes to have her students using Canon cameras this year for 
several studies, including observing the 2012 transit of Venus.

More Astronomy with Digital Cameras 
A commercial camera, a tripod, and software are all that’s needed to start doing astronomical science!

by Jennifer Birriel

Beta Lyrae (arrowed) in the summer constel-
lation of Lyra, the Harp, is a good bright-star 
candidate for photometry.
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planetary perspectives

This year Mercury celebrates its 40th year of sharing ASP’s 
mission to foster a better public understanding of astronomy. 
Back in 1972 a certain young boy was growing up watching 

every science and nature documentary he could find and becoming 
increasingly captivated by the words and imagery in the Time-Life 
series book The Universe. The solar system we live in today is a lot 
different than the one I learned about in 1972, and I thought it 
would be fun and insightful to look back at just a sampling of how 
and why our picture of it has changed.

In some ways it’s probably fair to say that the whole field of plan-
etary science was only being born 40 years ago. Planetary astronomy 
had been thriving for many decades, but the spacecraft reconnais-
sance of the solar system that began with the Mariner program in 
the early 1960s transformed astronomical objects into planetary 
worlds in their own right. The printing of the first edition of Mercury 
was nested between the arrival of the first spacecraft to orbit Mars 
(Mariner 9) and the launch of Pioneer 10 to Jupiter. Think of all the 
amazing images and discoveries that have been transmitted back 
from the other worlds in our planetary system since then. When 
Mercury first debuted they were but mere distant dreams.

Early robotic exploration of the planets proceeded hand-in-hand 
with the Cold War manned space race that culminated in the Apollo 
missions to the Moon. Apollo 16 was just a couple months from the 
pad when Mercury itself launched, and Apollo 17 was still nearly a 
year in the future. (And though at the time twilight was upon the 
Apollo program, I think few then could have imagined how far the 
Moon would again recede from our grasp.) 

The science generated from the Apollo lunar samples remade the 
solar system. The clustering of 3.8-4.1 billion-year-old ages of 
impact melts in Apollo samples was first noticed in the mid-1970s 
and led to the notion of a ‘lunar cataclysm,’ or Late Heavy Bombard-
ment. This apparent dramatic increase in the impact rate on the 
Moon (and, by inference, on our own planetary abode) reaches 
across the other planets of the inner solar system and has profound 
implications for the origin and early history of life on Earth. It was a 
rather controversial idea when first proposed, and it still is today 
among some impact specialists, but we now have a mechanism to 
explain the cataclysm that builds on the discovery of a new popula-
tion of planetary objects that was wholly unknown 40 years ago.

Back then Pluto was a strange little planet, a peculiar outlier in 
the realm of the gas giants. The Kuiper Belt had only been theo-
rized, and Charon was yet to be discovered. Although the theoretical 
underpinnings laying the groundwork for the search for Kuiper Belt 
Objects had been cast in the 1940s, it wasn’t until the late 1980s that 
predictions from new dynamical models began to seriously motivate 
observers. 

The discovery of 1992 QB1 heralded a new era in understanding 
the dynamical evolution of the entire outer solar system. The 
numerous icy worlds in the Kuiper Belt have served as diagnostic 
tracers of the celestial billiards game that seems to have unfolded in 
the realm of the giant planets several hundred million years after 
they first formed. We now think that the planetary rearrangement 
was responsible for the Late Heavy Bombardment that so shaped 
our lives right here on Earth.

Perhaps even more profoundly, we now know definitively that our 
planetary system is not alone. The science fiction galaxy rife with 
diverse planetary systems has been transformed to fact. The treasure 
trove of newly discovered extrasolar planets continues to grow 
almost by the day, filled by breakthroughs in observing techniques 
and technologies that were contemplated but unattainable in 1972. 
These amazing discoveries fire the imagination and provide context 
for the formation and architecture of our own planetary system. (For 
some of the latest news about exoplanets, see the article on page 24.)

How different will our understanding of the solar system be in 
another 40 years? What new visions will be realized and what new 
worlds will we know? While there is certainly cause for some pessi-
mism that the pace of new exploration during the next 40 years can 
match the previous 40, I’m quite sure that the solar system (and oth-
ers!) of 2052 will look a lot different still.  [RETURN]

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

A Whole Different Solar System
A lot has changed since Mercury’s first edition!

by Daniel D. Durda

Shortly after Mercury magazine was launched, Mariner 9 discovered the 
giant Martian volcano Olympus Mons.
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Astronomy is one of humankind’s oldest sciences, dating 
back several hundred thousand years to when the first cog-
nizant primates gazed up at the stars and asked: “Why?” 

X-ray astronomy, however, is only 10 years older than Mercury, 
dating back to 1962. That’s when a team led by Riccardo Giacconi 
used an instrument on a sounding rocket to detect the first celes-
tial X-rays from beyond our solar system. It’s a source called 
Scorpius X-1, now known to be a neutron star.

Oh, you could stretch another 20 more years out of X-ray 
astronomy. Scientists knew of X-rays emanating from the Sun as 
far back as the 1940s. But there was little reason to believe that we’d 
see X-rays from any of those billions of others suns way out there. 
Giacconi, in fact, was expecting to detect X-rays from the Moon. He 
didn’t. But nonetheless, he won the Nobel Prize in Physics in 2002 
for giving birth to the field of X-ray astronomy.

X-ray astronomy has had much catching up to do these past 50 
years to match the sensation of optical astronomy, and has done so 
with great aplomb. While X-ray astronomy cannot yet match optical 
astronomy in terms of imagery, it’s getting there. And X-rays, like no 
other wavelength, can best reveal some of the most powerful and 
bizarre objects in the universe — namely, black holes.

X-ray astronomy got off to a late start, because no one even knew 
about X-rays until 1895. That’s the year Wilhelm Röntgen famously 
made the first X-ray print of his wife’s hand. 

The first hurdle for would-be X-ray astronomers, though, was 
getting an X-ray detector high enough in the sky. The atmosphere 
blessedly blocks the Sun’s X-rays from reaching Earth’s surface, 
thereby making life as we know it possible. Giaconni’s sounding 
rocket broke through the atmosphere, but only for a few minutes — 
long enough to detect something, but not enough to tell what it was.

So the next hurdle was keeping an instrument in the sky for a 
reasonable length of time. Through the late 1960s, noisy sounding 
rockets gave way to serene balloons, sent aloft largely by a cadre of 
scientists at NASA’s Goddard Space Flight Center. These balloons 
cleared 99.9% of the atmosphere and stayed afloat for hours, some-
times days. And they carried some nifty detectors that could make 
X-ray images, including the first X-ray view of the Sun.

The problem with imaging X-rays it that they tend to plow 
through most detectors. What you see in a medical x-ray, after all, is 
the shadow of the X-ray cast by the hard bone doing the absorption. 
To “see” X-rays, scientists needed to design detectors with X-rays 
fed to them via gazing incidence mirrors and coded apertures. The 
first is akin to skimming a rock (the X-ray) on water before it sinks; 
the latter creates shadows and requires computer algorithms to 
understand the source.

The sharpest X-ray eyes belong to the Chandra X-ray Observatory, 

with an angular resolution of 0.5 arcsecond. That’s not too shabby 
considering that Chandra possesses a resolution more than one 
thousand times better than that of the first orbiting X-ray observa-
tory, Uruhu, launched in 1973.

Yes, the optical cameras on the Hubble Space Telescope (HST) 
boast of 0.05-arcsecond resolution. Many ground-based optical tele-
scopes such as the Keck Observatory do even better. (And, before 
the letters to the editor come in, radio telescope arrays can get even 
sharper.) Yet some argue that the 40-year leap in resolution from 
Giaconni’s instrument to modern X-ray observatories matches the 
gains in optical telescopes in the 400 years since Galileo. 

From its outset, X-ray astronomy has attracted a weird bunch of 
scientists. In the early years, X-ray astronomers were seen more as 
physicists, engineers, and tinkerers, with their balloon experiments 
out in the desert. They hardly fit the mold of the elegant astronomer 
at a remote observatory, someone who rarely got his hands dirty.

After more than a dozen space-based experiments and missions 
through the 1970s, ’80s and ’90s, X-ray astronomy entered its golden 
era with the launch of Chandra in 1999, designed to be Hubble’s 
twin for X-rays. The European Space Agency launched XMM-
Newton a few months later. Together these two observatories have 
altered the face of X-ray astronomy, if not astronomy as a whole.

Giaconni’s 2002 Nobel Prize provided some much needed 
respect for the field. Yet with concepts such as quark stars, dark 
matter, black-hole jet acceleration, and space-time warps now part 
of X-ray astronomy’s basic vocabulary — and with spectacular new 
missions planned (albeit with uncertain funding) — X-ray astronomy 
might have many new Nobel Prizes under its belt by the time 
Mercury hits 60.  [RETURN]

CHRISTOPHER WANJEK is Baltimore-based health and science writer.  
He is the author of the forthcoming novel Hey Einstein!

The Birth and Rise of X-ray Astronomy
Mercury magazine was born only 10 years after the beginnings of X-ray astronomy.

armchair astrophysics

by Christopher Wanjek

VV 340, also known as Arp 302, provides a textbook example of colliding 
galaxies seen in the early stages of their interaction. Data from Chandra 
(purple) are combined with optical data from the HST (red, green, blue).
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Periodically, I engage in action research to ensure that my 
Astro 101 classroom provides a suitable learning environ-
ment. This past term, the project was to see whether a  

classroom response system (“clickers”) would engage students  
and improve their learning. I had the opportunity to teach two  
sections of the same class at the same time, and in the same room, 
except on different days.

Both sections used the same text (an electronic text I have writ-
ten specifically for my class), the same workbook of collaborative 
activities and supplemental materials, plus a website with practice 
problems and online assessment quizzes. The difference is that one 
section used clickers for a variety of tasks: think-pair-share (TPS) 
questions, pre- and post-activity survey questions, and post-activity 
assessment. The non-clicker section did not share in the survey 
questions, but many of the TPS questions were engaged through the 
in-class activities, and they had a post-activity assessment.

Lecture portions of the class were nearly identical and kept to 
nearly the same pace. Both sections performed daily collaborative 
activities to apply concepts. An obvious difference is that the clicker 
section had less time for the activities owing to the time required to 
ask and answer the clicker questions. A typical class session lasts 75 
minutes, during which up to 30 minutes is spent on in-class activities 
with an additional 10 to 20 minutes spent on practice questions 
leading to activities. The clicker class spent about 10 minutes less on 
activities to allow for an average of five clicker questions per class. 
Identical exams were given to the two sections.

As in most studies, my students like clickers. They appreciate the 
instant feedback and seeing what their peers think. Clicker software 
also provides a quick determination of whether the pre/post gain is 
significant. Because the clicker base tabulates scores as students 
“vote,” the instructor can reshape the class on the fly even before all 
the votes are in.

There are some downsides to clickers. My students can’t seem to 
answer clicker questions in much less than a minute. Although I 
give them ample time to read the question and to work through  
the answer, they drag out the answer process even on re-votes.  
Significant time is spent dealing with dead batteries, missing  
clickers, etc. And there is substantial time needed to write good 
multiple-choice questions, record answers, register clicker numbers, 
and other logistical issues. Our campus does not use clickers exten-
sively, so the time spent on these issues may vary from campus to 
campus. 

There is no question that clickers can be a useful formative-
assessment tool. But do they really perform in the long haul? Do 
clickers help promote success in the summative portion of the 
course — the exams?

In my class, three exam scores for the two sections were statisti-
cally indistinguishable. Given the first weeks of my class, I was  
confident that the clicker section would have done better. Others 
have also found this lack of grade differential. And there is a good, 
positive explanation for this.

If active learning methods are already employed in a class, then 
clickers do not have a significant added benefit. After all, it isn’t the 
clicker that is important, it is the type of questions that are asked 
and the opportunity for students to discuss the questions and 
answers that produces the gains seen with clickers. If one is already 
having students engage important questions through active learning 
methods, then clickers add little to the environment. Indeed, there is 
some evidence that clickers may even detract in those cases, albeit 
slightly, because they become an added media distraction.

So if you are already using tools such as lecture tutorials or TPS 
questions, clickers probably will not benefit your class. Personally, I 
am discarding clickers in favor of having more time for in-class 
activities. But if you are still in lecture mode, clickers provide an 
easy and effective way for you to more actively engage your stu-
dents. For more about clickers, see Doug Duncan’s article in the 
Autumn 2011issue of Mercury and these three articles on effective 
clicker use: Research-based Practices For Effective Clicker Use, 
Clicker Resources, and Student Response Systems.  [RETURN]

DAVID BRUNING teaches astronomy at a Midwestern state university. He 
urges you to use active learning methods in your Astro 101 class, in 

whichever form works best for you.

To Click or Not To Click
Do classroom response systems really improve student learning?

education matters

by David Bruning

Clickers provide a fast and easy means of assessing student learning.
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I’m an observational astronomer who has, until recently, never 
owned a telescope. For full disclosure, Santa Claus did bring me 
a little department-store refractor when I was eight years old. I 

managed to see the Moon through that telescope, but really didn’t 
know how to work the instrument and was clueless about interest-
ing objects in the night sky. I also picked up a Galileoscope during 
the International Year of Astronomy 2009. But despite years of giv-
ing amateur astronomers advice on choosing a telescope, I never 
purchased one of my own. 

I always thought about owning a telescope, but my desire never 
seemed to outweigh the apparent impracticality of such a purchase. 
Furthermore, for a long time I didn’t need a personal telescope. As 
an undergraduate, I had unfettered access to a 24-inch Cassegrain at 
the Williams College Observatory, and we held public observing 
nights there on a regular basis. 

While I was in graduate school, Yale built a beautiful new obser-
vatory and we refurbished the historic 8-inch Reed refractor, an 
instrument that had been purchased in 1882 specifically to observe 
the transit of Venus. How could I possibly buy a telescope that could 
measure up to the Reed? 

As a postdoc at UC Berkeley, my wish for a telescope increased 
because there was no observatory at which I could hold public 
observing events. Alas, there were still too many practical issues. 
Where was I going to store the telescope? How was I going to lug 
the telescope around without a car? At any rate, I was just going to 
have to pack it up and ship it somewhere when my funding ran out.

In fact, in short order I moved to The George Washington 
University, which, unfortunately, also lacks an observatory. But still, 
I remained boringly practical and telescope-free. 

Then I attended the ASP’s Annual Conference “Connecting 
People to Science” in Baltimore, MD, in August 2011. As is typical, 
the ASP held a raffle. Statistically speaking, I’m probably just as 
“bad” at raffles as the next person, but I often feel like I have worse 
than usual luck in random drawings. Therefore, I honestly didn’t 
pay any attention to the prizes the ASP was raffling. Why get excited 
about something that I’m unlikely to win? I bought a few tickets 
anyway, just as a donation to support the ASP’s mission. 

Imagine my surprise, then, when I received an e-mail from the 
ASP informing me that I’d won a telescope through this raffle! I’m 
not sure I even believed the e-mail was true until several weeks later 
when a giant, telescope-filled box showed up in the mail. I had to 
resist the urge to instantly rip open the box. 

With too much else to deal with at the start of the Fall semester, 
the telescope had to sit for several weeks in my office, mocking me 
from inside its shipping crate. I eventually created a free afternoon 
and assembled the beautiful Messier 90-mm refracting telescope. 

So I found myself with a shiny new telescope in the heart of 
Washington, DC. Granted, the observing conditions aren’t the best, 
but I wanted to share my good fortune with my students. I let them 
know that I would be outside with a telescope observing Jupiter on a 
certain evening, and basically held a “Guerrilla” public night in the 
middle of a campus quad. Lots of my students came by to have a 
look, but it was the reactions of those who just happened to be 
walking by that were particularly priceless. 

As people approached, they’d gaze at me, and my telescope, with 
some confusion. Then I’d offer to show them Jupiter or the Moon. 
Predictably, a few people reacted like I must be crazy — they averted 
their gazes and continued walking. But many people were extremely 
enthusiastic about the offer. A majority exclaimed that they’d never 
before looked through a telescope, and were thrilled with what they 
saw. Jupiter, of course, put on a lovely show. 

I look forward to holding more of these informal public nights in 
the future and wholeheartedly thank the ASP for giving me such a 
wonderful tool for sharing astronomy on my campus.  [RETURN]

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. 

A New Telescope for Public Outreach
One evening I found myself with a shiny new telescope in the heart of Washington, DC.

reaching out

Public stargazing with my new 90-mm refractor.
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The arc of the Milky Way seen from a truly dark location is 
part of our planet’s natural heritage. Yet, with half of the 
world’s population now living in cities, many urban dwellers 

have never experienced the wonder of pristinely dark night skies 
and maybe never will. 

So how do you explain to these urban dwellers the importance of 
what they’ve lost to artificial sky glow? How can you make them 
aware that light pollution is a concern on many fronts: safety, energy 
consumption, cost, health and effects on wildlife, as well as our abil-
ity to view the stars? Finally, how do you convince them that it’s 
worthwhile to take steps, even small ones, to help redress this issue?

To convince people to preserve the dark night sky — to influence 
them to literally look up and see the light — the National Optical 
Astronomy Observatory (NOAO) focuses on educating children on 
how to light responsibly and why. Children are the best ambassadors 
for advancing the cause to one day bring back the dark night sky.

In an educational outreach program at NOAO called “Dark Skies 
Rangers,” we use a range of approaches that offer students, their par-
ents, and teachers everything from cursory to committed involve-
ment. We have designed the dark skies program and its resources to 
be as turnkey as possible and provide ways to visualize the problem 
of light pollution with simple, easy-to-grasp, and enjoyable activi-
ties. Students discover how to conserve energy while preserving 
dark skies through standards-based, immersive learning experiences 
illustrating responsible lighting, effects on wildlife, night-sky bright-
ness measurements and more. 

With one-third of light from outdoor lighting escaping unused 
into space, energy and money are wasted. An interactive light-
shielding demonstration, along with a “spectra of lights” activity 
provide a fun, hands-on way to investigate the efficiency of good 
and bad lights and lead into an outdoor lighting audit of school 
buildings or homes. 

The outdoor lighting audit has children determine how much 
energy is used, how much money was spent, and how much green-
house gas was expended. Then in a mind game, they replace lights 
with shielded, more efficient, lower wattage bulbs, implement cur-
fews, use motion sensors, and turn off unnecessary lights altogether. 
They run through the calculations a second time and take the dif-
ference in energy, cost, and greenhouse gas to see what can be 
saved. Some classes take their results to their school board.

Wasted light has negative affects on health and wildlife as well. 
One of the wildlife activities has children role-playing sea turtles 
hatching on the beach seeking moonlight or starlight reflected off  
of the ocean but heading instead for artificial lights on-shore. 
Implementing solutions they have learned from the light shielding 
demo and the spectra of lights activity saves the day. To download 

this and other dark skies activities, visit the Dark Skies Rangers site. 
Finally as a capstone activity, children and adults can participate 

in the “GLOBE at Night” program, an international citizen-science 
campaign to raise public awareness of the impact of light pollution 
by inviting everyone to measure their night sky brightness. Citizen-
scientists record the brightness of the night sky by visually matching 
the appearance of a constellation like Orion using seven star maps 
showing progressively fainter stars. Chart 1, with only a couple of 
stars, is what you might see from New York City. Chart 7, with a 
couple of hundred stars, is what you would see at a National Park. 

Meters called “Sky Quality Meters” can also be used to obtain 
more precise measurements of night-sky brightness. Measurements 
can then be submitted to the GLOBE at Night website from a com-
puter or smart phone. Resulting maps of worldwide observations are 
created on the fly. 

The GLOBE at Night campaign has run for two weeks each  
winter/spring for the past six years. People in 115 countries have 
contributed 66,000 measurements, making GLOBE at Night one of 
the most successful light pollution awareness campaigns. In 2012 
there will be four campaigns: January 14-23, February 12-21, March 
13-22, and April 11-20. Make plans to join us! For more informa-
tion, visit www.globeatnight.org.  [RETURN]

CONNIE WALKER is the director of the GLOBE at Night campaign, chair 
of the International Dark-Sky Association Education Committee, a Board 
member of the ASP, a Board member of IDA, and associate scientist and 

senior science education specialist for NOAO.

Dark Skies: Protecting Our Children’s Heritage
Participate in Globe at Night to kick-start your own dark-sky program.

by Connie Walker

G
lo

be
 a

t 
N

ig
ht

societal impact

http://www.darkskiesawareness.org/DarkSkiesRangers
http://www.globeatnight.org


In the heart of an active galaxy, matter 
falling into a supermassive black hole 
somehow creates jets of particles traveling 
near the speed of light. In active galaxies 
classified as blazars, one of these jets 
beams right toward Earth. Image courtesy 
NASA / GSFC Conceptual Image Lab.

by Nabila Aghanim, Clive Dickinson, 
Guilaine Lagache, Ludovic Montier, 
and Bruce Partridge, on behalf of 
the Planck Collaboration

Although its primary mission is 
to study the Cosmic Microwave 
Background, the Planck 
spacecraft has already made an 
impressive range of discoveries.

T H E  O T H E R 
S C I E N C E  F R O M 

P L A N C K 
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Planck was launched on May 14, 2009, and currently hovers one 
million miles from the Earth. It observes the sky in nine frequency 
bands covering 30 to 857 GHz, that is at wavelengths ranging from  
1 cm down to ~0.4 mm. Once a minute it scans a circular pattern in 
the sky, with the orientation of that circle gradually shifting so that it 
covers the entire sky in about six months.

Planck’s studies of the CMB will not be released for another year. 
The satellite has, however, already produced a wide range of scien-
tific results — some from Planck’s survey of our own Milky Way 
Galaxy, and others from the recently released catalog of compact 
sources detected by Planck. Planck’s all-sky surveys at frequencies of 
100 to 857 GHz are unique. Opening up that range of frequency 
space has allowed Planck to make a number of important discoveries 
about galaxies, the sites of star formation, and tiny dust particles 
spinning at 100 billion rpm. These constitute Planck’s other science. 
Here are a few of the highlights. 

Radio Sources Seen by Planck
A small fraction of galaxies pour out large amounts of energy at 
microwave frequencies. The radio-frequency emission of quasars 
and radio galaxies is thought to originate in symmetrical jets  
emerging from a central region dominated by a black hole. If the 
jets lie approximately perpendicular to the line of sight, we see a 
classic, double-lobe radio source (upper right). Planck did detect a 
few of these, but not many. The reason is that the emission of such 
sources declines fairly rapidly as the frequency observed increases, 
and Planck is a high-frequency instrument. 

But Planck did see numerous sources in which one of the jets is 
aligned closely with the line of sight. Such sources are generically 
classified as blazars. In many blazars, the jet emerges at relativistic 
velocities, resulting in a strong luminosity boost. The jet is not 
always uniform; small “burps” can propa-
gate shocks into the jet, resulting in features 
visible in the radio spectrum. Not surpris-
ingly, blazars are frequently variable in their 
overall emissivity. All of these properties 
were detected in the hundreds of blazars 
cataloged by Planck. The two charts (right) 
show some spectra based on Planck’s obser-
vations, supplemented by approximately 
simultaneous ground-based measurements 
at frequencies up to and overlapping the 
Planck bands.

These results offer encouraging confir-
mation of the “shock-in-jet” model for 
blazars, and are beginning to help us 
unravel the related phenomenon of X-ray  

and gamma-ray flares seen in these same sources. It is thought that 
photons emitted in the radio regime are boosted to far higher ener-
gies by collisions with relativistic particles in the jets. As an indica-
tion of the strength of that boosting, at least one of the sources 
characterized by Planck is known to emit gamma rays at energies 
greater than 1012 electron volts (eV), or one hundred million times 
more energetic than your average dental X-ray. 

Planck’s other discoveries about radio sources fall in the category 
of “the dog that didn’t bark.” First, we found no evidence for entirely 
new classes of sources popping up at high frequencies. In addition, 
while many local radio galaxies show evidence of thermal reemis-
sion from dust warmed by starlight, essentially none of the Planck 
radio sources showed this effect. We believe the reason is that sources 
bright enough to have been detected by Planck are completely dom-
inated by emission from radio jets, drowning out the lower intensity 
reemission from warm dust. On the other hand, as seen in Planck’s 
higher frequency bands, emission from warm dust in our galaxy, 
and in a myriad of other galaxies including M82, is strong.

Planck is a satellite expressly 
designed to measure small tem-
perature fluctuations in the heat 
left over from the Big Bang, also 
known as the Cosmic Microwave 
Background (CMB). It’s a European 
Space Agency mission, with support 
from NASA.  

A radio image, made at lower frequencies than Planck’s observations, of 
the classic double-lobed radio source Centaurus A.

The radio spectrum of a blazar (left), showing a flare at high frequency (Planck data in red; archival 
measurements in green); and a Planck-only spectrum of the star-forming galaxy M82 (right).
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http://www.cfa.harvard.edu/news/2011/su201135.html
http://arxiv.org/abs/1010.0907
http://www.rssd.esa.int/index.php?project=Planck
http://map.gsfc.nasa.gov/universe/bb_tests_cmb.html
http://map.gsfc.nasa.gov/universe/bb_tests_cmb.html
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The Cosmic Infrared Background
If we scan across the entire frequency range of the 
electromagnetic spectrum, we discover that there are 
three prominent, diffuse astronomical backgrounds. 
The first is the CMB — the heat left over from the Big 
Bang. Not surprisingly, there is also an optical back-
ground formed by the light of all the stars in all the 
galaxies.

Perhaps more surprisingly, the third is an infrared 
background generated by emission from warm dust 
in distant galaxies. It has the same amount of energy 
as the optical background — each about 50 times 
weaker than the CMB. This Cosmic Infrared Back-
ground (CIB) consists of the cumulative infrared 
emission from all galaxies throughout cosmic history.

Since the energy supply of the CIB comes from 
stars buried in clouds of dust within such galaxies, it 
carries a wealth of information about the processes of 
star formation therein. Much of the information is 
derived from fluctuations in the CIB, most clearly 
detected at high galactic latitude where the microwave 
emission of our own galaxy is faint.

Thanks to Planck’s extensive spectral coverage, we have been  
able to detect the CIB fluctuations with great accuracy in the sub-
millimeter range, down to frequencies where they have never been 

seen before. The fluctuations detected in the CIB trace the large-
scale distribution of star-forming galaxies and, to some extent, the 
underlying distribution of the dark matter halos in which galaxies 
are believed to reside. These data allow us to investigate how the 
processes of star formation taking place in galaxies are related to 
dark matter, which constitutes the scaffold on which galaxies form 
and evolve.

With such measurements, we have determined the typical masses 
of the dark matter halos where star formation takes place at its high-
est efficiency. The theoretical approaches that struggle to model the 
formation and evolution of actively star-forming galaxies in their dark 
matter halos will now have to take these values into account.

A Survey of Clusters of Galaxies
Galaxies are a very social species. They are distributed along the fil-
aments of the cosmic web, gathering in dense knots, and forming 
what we call galaxy clusters. These vast assemblages contain up to a 
thousand galaxies and a large volume of very hot, ionized gas (at 
tens of millions of kelvins), referred to as the Intra-Cluster Medium 
(ICM). The galaxy clusters cast a shadow on the CMB called the 
Sunyaev-Zel’dovich effect (SZE) after the two Russian physicists 
who predicted the effect. 

As CMB light propagates throughout the universe, it passes 
through the ICM and interacts with free electrons in the hot ICM. 
These interactions redistribute the frequencies of photons in a char-
acteristic way such that, when looking at the CMB in the direction 
of a galaxy cluster, one observes a deficit of low-energy photons 
with respect to the average CMB signal, and a surplus of more ener-
getic ones. As a result, the CMB appears fainter when looking 
through a cluster at low frequencies and brighter at high frequen-
cies, with the transition value corresponding to 217 GHz. 

A very useful feature of the SZE is that its amplitude is indepen-
dent of the distance to the cluster. Thus a very distant cluster of  
galaxies produces a SZ signal as large as a cluster 10 to 100 times 
closer to us. The SZE is thus a powerful way of discovering clusters 
at large distances. 

Planck is a splendid machine for detecting faint SZ signals. Its 
nine frequency channels cover the electromagnetic spectrum both 
below and above 217 GHz; this broad range enabled the Planck  
collaboration to separate the SZE from all other anisotropies in the 

A Planck all-sky image made at 857 GHz. In this image, the galactic plane runs horizon-
tally through the middle of the figure. Several high-latitude regions are shown magnified 
to reveal the “lumpy” Cosmic Infrared Background.
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This illustration shows the Planck telescope at the top containing two 
mirrors encased by a shield. The thicker base is the service module.
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CMB. Since Planck surveys the whole sky, it offers the chance to 
detect the rare clusters with very high mass. 

One of Planck’s early products was a catalog of clusters of galaxies 
detected using the SZE (one is shown above). The catalog is the first 
and largest collection of clusters collected from all-sky observations 
since the X-ray ROSAT survey performed in 1992. Planck has now 
detected clusters at redshifts up to one, when the universe was 
roughly one-third of its present age.

Planck’s published list of the 199 most reliable clusters of galaxies 
detected through their SZE includes 30 new clusters, with masses 
typically above 1 to 1.5 x 1015 solar masses. Two-thirds of these 
brand new clusters were confirmed using XMM-Newton X-ray 
observations, looking for the X-ray emission from the hot ICM. 
Some of the new clusters turned out to be double systems — two 
smaller structures interacting with one another. Planck even detected, 
for the first time using the SZE, large bundles of several clusters, 
called superclusters. 

Galactic Science
Our galaxy consists mainly 
of stars, easily observable by 
the unaided eye on any clear 
and dark night. While stars 
have been extensively stud-
ied (population, counts, 
types, death, and so on), no 
fully consistent scenario of 
the birth of stars has yet 
been agreed on. What are 
the conditions required to 
form stars? Where do they 
form? What is the critical 
size of stars? The answers 
are to be found between 
the stars, in the large 
clouds of gas and dust that 

form the matter of future stars.
Planck peers between the stars to observe the submillimeter 

emission of dust grains of carbon and silicates embedded in the 
interstellar gas and heated by the UV emission from stars. These 
dust grains represent less than one percent of the gas mass, which is, 
in turn, only one percent of the total galactic matter. However this 
interstellar medium (ISM), the mixture of gas and dust that perme-
ates the Milky Way, does play a crucial role in regulating the life 
cycle of stars in the galaxy. 

Although the general picture of its composition and dynamics is 
fairly well understood, many details are still poorly known. Planck 
provides a whole-sky picture of the interstellar matter at a sensitivity 
and a resolution never before achieved. While the emission from 
the ISM is regarded as a nuisance by cosmologists (a “foreground 
contaminant”), this emission, as studied by Planck, is beginning to 
tell us important things about the ISM and star formation in the 
Milky Way.

The top panel shows the characteristic spectral signal produced by the Sunyaev-Zel’dovich effect (SZE), and how seven of Planck’s frequency bands sample 
that signal. In the lower portion, the actual maps of the SZE in a cluster are shown: note that the signal is negative (blue in these false-color images) at low 
frequencies and positive (red) at high frequency, as predicted.

Individual maps and three-color composites of the Perseus (left) and the Rho Ophiuchi (right) molecular clouds, 
combining observations at 0.4 GHz, 30 GHz, and 857 GHz, and highlighting (in red) the anomalous dust emission 
arising from nano-sized spinning dust grains. 
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Spinning dust
The dust component in the ISM is known to shine brightly at far 
infrared and submillimeter wavelengths, but it is not expected to 
emit at the longest radio wavelengths. This is because the emission 
mechanism is blackbody radiation, and the dust grains are at tem-
peratures of typically a few tens of kelvins (hotter dust is usually 
destroyed). Thus the blackbody emission peaks at approximately 
100 microns. 

So it was quite surprising when, in the 1990s, a significant emis-
sion coming from dust-dominated regions of the Milky Way was 
detected in the microwave band of radio waves. This was dubbed 
the Anomalous Microwave Emission (AME). Several theoretical 
mechanisms have been developed since then to try to explain this 
mysterious emission. Now, thanks to the broad spectral range of 
Planck and the excellent quality data collected during its first all-sky 
survey, astronomers are finally able to shed some light on this highly 
debated topic.

The investigation focused on two very well studied regions of star 
formation in the Milky Way — the Perseus and the Rho Ophiuchi 
molecular clouds. (See the set of maps and three-color composites 
of these two regions on the previous page.) Thanks to Planck’s high 
sensitivity and its unprecedented spectral coverage, it has been pos-
sible to characterize the anomalous emission arising from these two 
objects in such great detail that many of the alternative theories can 
be discarded. 

As a result, it appears that a significant contributor to the AME, 
if not the only one, is nano-scale spinning dust grains. The physical 
mechanism is relatively simple. Asymmetric charge distributions 
within dust grains result in a residual electric dipole, which if spun 
up quickly enough (billions of times per second), produces signifi-
cant microwave emission. However, the details of the excitation and 
dampening of the dust grains, and the properties of these dust 
grains, are still not well known.

Cold Clumps and Cores
Previous observations have shown that inside large clouds of gas, 
smaller structures are forming. These compact clouds, called cold 
clumps or cold cores, are colder and denser than most of the ISM, 
and appear to be the precursors of new stars. Because Planck is 
particularly sensitive to cold matter, thanks to its frequency range 
and coverage, it provides a unique view of the places where star 
formation could occur. 

Using Planck data combined with infrared data from the IRAS 
satellite, a catalog of 10,342 such sources over the entire sky has 
been constructed. This catalogue, called the Cold Core Catalogue of 
Planck Objects (C3PO), will be the first unbiased all-sky catalogue 
of cold sources. While C3PO has not yet been released to the public, 
a smaller catalog of cold clumps has recently been published (along 
with other Planck results discussed here) in a special edition of the 
European journal, Astronomy & Astrophysics. 

C3PO will list a large number of sources in different environ-
ments and evolutionary stages. Some of them are candidates for 
very dense, cold, and compact clouds, also called “Cold Cores” or 
“pre-stellar cores.” Others, generally located at larger distances from 
us, are more massive and larger clouds known as “Giant Molecular 
Clouds.” Between these two extremes, the C3PO catalogue provides 
a large variety and zoology of objects, offering a unique opportunity 
to understand the processes of star formation.

More to Come
The most efficient way to learn about these sites of star formation is 
to follow up the most interesting C3PO sources with other instru-
ments. One such program, called the “Cold Core Herschel Key Pro-
gram” is performing a follow-up of about 300 Planck-detected cold 
clumps with the Herschel PACS instruments. This program has 
already confirmed the nature of most of the C3PO sources observed 
as cold structures and filaments. The targets for this project were 
drawn from a sub-sample of the original catalog. This sub-sample is 
the Early Cold Core (ECC) list of 915 sources selected for their high 
reliability and low temperature. The ECC is part of the Early Release 
Compact Source Catalogue (ERCSC) (Planck Collaboration 2011c; 
Astronomy & Astrophysics, volume 536)

To learn more about Planck’s “other science,” go to the Planck 
website. The technical details of Planck’s “other science” may be 
found in the special issue of Astronomy & Astrophysics, volume 536, 
dated December 2011. Another batch of results on the Milky Way 
galaxy, clusters of galaxies, and the CIB will emerge during the 
spring of 2012. And stay tuned for some exciting cosmological 
results in very early 2013! 
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Distribution of 915 cold cores or clumps, in galactic coordinates, with the plane of the Milky 
Way galaxy running horizontally. Note the concentration of cold clumps, the sites of star  
formation, in the galactic plane.

ES
A

 /
 P

la
nc

k 
C

ol
la

bo
ra

tio
n

http://irsa.ipac.caltech.edu/IRASdocs/iras.html
http://pacs.mpe.mpg.de] and SPIRE [www.astro.cf.ac.uk/research/instr/projects/?page=spire
http://www.sciops.esa.int/index.php?project=planck&page=Planck_Legacy_Archive
http://www.sciops.esa.int/index.php?project=planck&page=Planck_Legacy_Archive
http://www.esa.int/planck
http://www.esa.int/planck
http://www.sciops.esa.int/index.php?project=PLANCK&page=Planck_Collaboration


Mathematics isn’t just for rocket 
scientists — “math” has relevance 
beyond math class, including being a 
useful BS detector in one’s consumer 
toolkit. Image courtesy NASA.

by Kate Follette and Don McCarthy 

We need to improve student’s 
skills in quantitative literacy 
via introductory astronomy 
courses.

H O W  W E  S E R V E 
( O R  U N D E R S E R V E ) 

O U R  S T U D E N T S 
T H R O U G H 

‘ D U M B I N G  D O W N ’ 
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Am I just biased in its favor because, as a scientist, I use it in my 
day job? By emphasizing basic numerical skills in my introductory 
astronomy curriculum, am I subjecting my students to unnecessary 
angst and agony? If I avoid teaching such skills in my course, am I 
contributing to the dumbing down of a new generation? My stu-
dents are definitely vocal with their complaints about it. Do they 
have a valid point? Could I teach numerical thinking in a more 
exciting way that inspires my students to improve their skills? 

They say that you should start with what you know, so I decide 
to begin by considering an average day in my own life. I get up 
and, because I’m on a diet and am naturally compulsive, I mea-
sure out my breakfast. One cup of my cereal has 130 calories. I 
look in my kitchen cabinet, but my one-cup measure is miss-
ing. A quick glance in the dishwasher confirms that I used it 
last night to measure out yogurt for a smoothie. It’s Monday, 
and I’m not a morning person — the odds that I’m going to put 
in the effort to wash out the crusty yogurt are approximately 
1:1,000,000. So I take the ½-cup measuring cup and fill it twice. 
But I want only ¼ cup of milk, so I fill the cup halfway with 
milk and dump it into the bowl. 

The nutrition information on the back of my juice container 
says there are 100 calories per eight ounces. I think for a sec-
ond and then remember that there are eight fluid ounces in a 
cup, so I rinse my ½-cup out and fill it twice more with juice. 

After consuming my breakfast, I go upstairs to shower with 
my generic bath products, which I purchased after considering 
their price per ounce relative to their name brand counterparts. 
As a graduate student, sometimes every cent counts! 

My husband and I get into our Nissan Leaf to carpool to 
work. Let’s not get into the irony of saving 10 cents on shampoo 
and then going out and buying a new car. For one thing, my 
husband is an alternative energy geek, and he really wanted it. 
Besides, my father drilled into me (from an early age) the rule 
of putting one-third of my income per paycheck into savings, 
so we were able to afford it without taking out a loan. With an 
average interest rate of more than 6% for auto loans and a term 
of five years, this saved us almost $5,000 in the long run. 

On the ride in, we watch the battery charge slowly drop and 
also keep an eye on the mi/kWh meter. I maintain that the 
kilowatt-hour is the silliest unit ever invented, but luckily it also 
appears on my electric bill so I remember that it’s a unit of 
energy. The car tells me I am getting 4.6 mi/kWh on average. I 
already know that this is better that the average of 4.3 when my 

husband drives, but how does it compare to a non-electric car? 
Since receiving a long and passionate argument from my 

husband on the virtue of maintaining a gas log in my other car, 
I know very well that it gets about 27 miles per gallon (mpg) in 
the city and 31 mpg on the freeway. I also know that I pay 
between $3.50 and $4.00 per gallon for gas to fill it up. I don’t 
want to think too hard about the math, so let’s say it gets 28 
mpg on average. I like this because I know it’s divisible by 
seven, and $7 is twice $3.50. This choice has the added advan-
tage that $3.50 per gallon is on the lower end of the price of 
gasoline these days, so I don’t seem to be skewing the numbers 
in favor of the electric car.

Using these numbers, I can say that I get approximately 8 
miles for every dollar I spend on gasoline, or about 12 cents per 
mile. I don’t remember what we’re currently paying for electric-
ity, but my husband tells me that our “blended rate,” which 
includes all of the fees and fixed costs, is around $0.10/kWh. 
This means that our 4.3-4.6 miles/kWh translates to less than 3 
cents per mile! That’s more than four times better than gaso-
line. Between this and the reduced emissions, maybe we can 

“Math is only useful to pass a test in 
math class,” said the college honors 
student with authority. As a lover 
of all things mathematical, I was  
initially shocked, but it did get me 
thinking: How valuable is math-
ematics to the average citizen? 
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Kate's Story: Awash in Numbers

Dumbing Down Science to Avoid Math?

“I have always heard a lot about science and 
math being related, but I have never actually 
used them together. I have finished an entire 
year of algebra, but never has there been any 
science in it. The same holds true in my science 
class. Frankly, I have never seen any connection 
between the two of them. Hopefully I will be 
able to use more advanced math and science 
together at Astronomy Camp….”

— From an application to Astronomy Camp  
by a 13-year-old girl.
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Can Introductory Astronomy Help Turn the Tide?
Kate’s story reflects a problem faced by many, if not most, introduc-
tory college science instructors. Resistance to, fear of, and ineptitude 
with numerical manipulation is rampant, particularly among those 
who have chosen college majors outside the STEM fields. It’s also 
often accompanied by a willingness to take numerical and graphical 
representations at face value, without applying the critical thinking 
skills that Carl Sagan so aptly termed “The Fine Art of Baloney 
Detection.”

Is it possible for us, as introductory astronomy instructors, to 
reverse the trends of math anxiety, credulousness, and quantitative 
illiteracy? We think it can be done, and we believe we have to try.  
As the quantitatively illiterate continue to pass into the realm of the 
college educated, aren’t we at least partially to blame?

This burden is not easy to bear, so we have reconsidered the 
goals and content of our courses. Of course we want our students to 
know about the reason for the seasons, the evidence for the exis-
tence of dark matter, and the excitement surrounding the emerging 
field of exoplanet astronomy. But if we could just make them a little 
more comfortable with numbers, and a little savvier about graphs 
and statistics, we would make a bigger difference in their lives.

We believe astronomy can be taught using a common sense, 
everyday language that promotes numerical thinking, deepens stu-
dents’ understanding of basic astronomical concepts, and changes 
their attitudes and abilities for using numbers in their major fields 

of study. In our experience this language should emphasize elemen-
tary arithmetic and proportional thinking more than detailed calcu-
lations; in other words ratios, fractions, percentages, estimation, 
multiplication, and so on. This language should extend throughout 
every facet of the course to demonstrate that “math” has relevance 
beyond math class.

feel both conscientious and consumer savvy about the purchase 
after all!

So I haven’t even made it an hour into my day, and already 
I’ve dealt with fractions, percentages, unit conversions, division, 
and estimation. Let’s ignore anything that I do at work by 
assuming that, as a scientist, I lead a more quantitatively satu-
rated work life than the average Jane. But what if we stop for 
groceries on the way home? The grocery store is inundated 
with numbers! Prices per pound, 10 kiwis for $3, 10% off of 
wine if I buy 12…and on it goes. From grocery to department 
store, from monthly bills to tax deductions — far from encoun-
tering math only in the classroom, the average person can’t 
escape math on a daily basis even if they try! 

My next thought is that as a scientist, I have been trained to 
manipulate numbers — to estimate, read graphs, and think 
about errors and mathematical methodology. Putting aside the 
everyday calculations I’ve just described, the argument for the 
importance of quantitative reasoning in the everyday life of the 

American citizen could be taken even further. 
What do my students think when they’re confronted with 

graphs and statistics in the media, for example? Probably not 
much besides what they are told they should conclude from it. 
In my experience, the mere fact that data or numbers are asso-
ciated with something seems to lend them a sense of undue 
credibility in their eyes.

If I don’t teach my students to be mathematically savvy in 
“their terminal science class in life” (to quote the Center for 
Astronomy Education’s Ed Prather), where else will they see 
applied mathematics and learn to appreciate its usefulness as a 
BS detector and weapon in their consumer toolkit? It’s easy to 
point the finger at any and every step in their prior education 
— to say that it’s not my job to remediate arithmetic skills  
that they should have learned in primary school and analytical 
skills that they should have learned in high school science. But 
when it comes right down to it, I’m the end of the line in their 
science and mathematics education. 

Common Mathematical Misconceptions

Operation
Common  

Incorrect Answer

1 ÷ 5 equals… 0.5

0.5 equals… 5%

How many seconds  
in an hour?

60sec/min + 60min/hr = 
120 sec

102 equals… 20

4.3 × 106 equals… 4.3000000
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Our Quantitative Literacy Study
More than 10% of college students eventually pass through the door 
of an “Astronomy 101” course in college. This large population is why 
we feel that introductory astronomy courses for non-science majors 
are a logical place to begin a study of the efficacy of science courses 
in improving quantitative literacy in the general college population.

We have begun a study to determine whether the inclusion of 
numerical skills into the curricula of introductory astronomy courses 
for non-majors improves students’ comfort with, and ability to 
manipulate and reason with, numbers (their quantitative literacy). 
Essential skills identified in the literature and in the National 
Assessment of Adult Literacy include graph reading, proportionality, 
percentages, probability, and number sense. The study uses an 
online interface to assess students’ attitudes and abilities at the start 
and end of a semester of introductory science. 

We hope that the results will reveal whether introductory science 
courses for non-majors are a good forum for developing numerical 
skills and improving attitudes towards mathematics. We also intend 
to use the results as a basis for a workshop series we’re developing 
for science faculty, with the dual goals of raising awareness of the 
problem of quantitative illiteracy and sharing tips, tricks, and cur-
ricular materials that we have developed to foster it. 

Results from the literature suggest that neither math anxiety nor 
innumeracy is correlated with math ability (Ashcraft, 2002). Both are 
strongly correlated, however, with math avoidance. This means that 
both innumeracy and math anxiety are significant sources of leaks in 
the STEM pipeline. In fact, the relationship between low self-efficacy 
expectations in mathematics and a tendency to avoid science-based 
college majors was revealed more than 25 years ago (Betz, 1983), yet 
very few studies have since investigated how to alleviate it, and none 
through the vehicle of college-level introductory science.

We believe that our study is an important first step in revealing 
whether introductory science courses for non-majors can be used  
to reverse negative attitudes towards mathematics, alleviate math 
anxiety, and develop the numerical skills that are essential for our 
students’ success in life.

Join Us!
If the results of our quantitative literacy study are favorable, we plan 
to develop workshops to teach educators and scientists how to 
incorporate numerical thinking more effectively, and with less pain, 
in their classes. These classes need not be limited to the teaching of 
astronomy and science but also can extend across the school curric-
ulum as well as to informal venues. Through improvements in the 
conduct of science classes (i.e. language), classroom activities, 
homework, and lab exercises, students will gain a deeper under-
standing of the scientific process and can realize the value of mas-
tering numerical skills for their own careers. 

To participate in the study, contribute workshop materials or for 
more information, please contact Kate Follette and/or Don McCarthy.
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NASA’s Kepler mission has confirmed its first planet in the habitable 
zone — Kepler-22b. The planet is about 2.4 times the radius of Earth, and 
its mass is 12.9 times that of Earth.  The force of gravity on the surface of 
a planet is proportional to the planet’s mass, and inversely proportional 
to the radius of the planet squared. What would be the weight of a 100-
pound human standing on the surface of Kepler-22b?
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Statistics from the National Adult 
Literacy Survey (NALS)

The National Assessment of Adult Literacy surveyed 26,000 
American adults in the areas of prose, document, and quan-

titative literacy in 1992, with a follow-up in 2003. This NALS 
defined quantitative literacy as “the knowledge and skills 
required to apply arithmetic operations, either alone or  
sequentially, using numbers embedded in printed materials; for 
example, balancing a checkbook, figuring out a tip, completing  
an order form, or determining the amount of interest from a 
loan advertisement.” 

Key results include:
•  More than 20% of American adults performed at the low-

est level of proficiency with another 25% at the next level. 
•  Quantitative proficiency of younger adults was lower than 

that of older adults, suggesting that general proficiency is 
declining with time.

•  Individuals with the highest numerical proficiencies were 
more likely to be employed and to earn two to three 
times higher salaries. 

•  Non-white adults were more likely to be in the lower two 
levels.

•  The proficiencies of men were somewhat higher than 
those of women. 

Also, about 15% of our non-major students (according to 
the initial survey responses) are pre-service teachers. Since 
many students learn ‘math anxiety’ from their teachers, leaving 
our future teachers with an improved attitude toward mathe-
matics is a very important step towards mitigating math anxiety 
and improving quantitative literacy in future generations.

— K. F. & D. M. 

mailto:kfollette@as.arizona.edu
mailto:dmccarthy@as.arizona.edu
http://www.astronomycamp.org
http://nces.ed.gov/naal


An artist’s rendition of the Kepler-35 
planetary system, in which a Saturn-size 
planet orbits a pair of stars every 131 days, 
while the stellar pair orbits each other every 
21 days. Courtesy NASA,  Lynette Cook.

by Paul Deans

An occasional account of our 
ongoing discoveries of planets 
beyond the solar system.
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Milky Way Contains at least 100 Billion Planets
Our Milky Way galaxy contains a minimum of 100 billion planets 
according to a detailed statistical study based on the detection of 
three extrasolar planets by an observational technique called 
microlensing.

Kailash Sahu, of the Space Telescope Science Institute in 
Baltimore, Md., is part of an international team reporting that our 
galaxy contains a minimum of one planet for every star on average. 
This means that there is likely to be a minimum of 1,500 planets 
within just 50 light-years of Earth.

The results are based on observations taken over six years by the 
PLANET (Probing Lensing Anomalies NETwork) collaboration, 
which Sahu co-founded in 1995. The study concludes that there are 
far more Earth-sized planets than bloated Jupiter-sized worlds. This 
is based on calibrating a planetary mass function that shows the 
number of planets increases for lower mass worlds. A rough esti-
mate from this survey would point to the existence of more than  
10 billion terrestrial planets across our galaxy.

The results were published in the January 12, 2012, issue of the 
British science journal Nature.

The team’s conclusions are gleaned from a planet search tech-
nique called microlensing. The technique takes advantage of the 
random motions of stars, which are generally too small to be noticed. 
If one star passes precisely in front of another star, the gravity of the 
foreground star bends the light from the background star.

This means that the foreground star acts like a giant lens ampli-
fying the light from the background star. A planetary companion 
around the foreground star can produce additional brightening of 
the background star. This additional brightening reveals the planet, 
which is otherwise too faint to be seen by telescopes.

The higher the mass of the “lensing” star, the longer is the dura-
tion of the microlensing event. Typical microlensing events due to a 
star last about a month. But the extra brightening due to a planet 
typically lasts a few hours to a couple of days.

Using the microlensing technique, astronomers can determine a 
planet’s mass. This method, however, does not reveal any clues 

This artist’s illustration gives an impression of how common planets are 
around the stars in the Milky Way. The planets, their orbits, and their host 
stars are all vastly magnified compared to their real separations.
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“Planet Population is Plentiful,” says the European 
Southern Observatory in a press release from the 

January 2012 meeting of the American Astronomical Society 
(AAS) in Austin, Texas. “A Wealth of Habitable Planets in the 
Milky Way,” proclaims one more release, this one from the 
Niels Bohr Institute. “Milky Way Contains at Least 100 
Billion Planets,” says another press page from the Space 
Telescope Science Institute. 

Amazing. In less than two decades, we have gone from 
extraterrestrial planets as the stuff of science fiction to an 
overwhelming abundance of extrasolar worlds. 

Consider. Until 1998 and the first detection of an exo-
planet (circling Gamma Cephei), there was no proof that 
other worlds existed. For all we knew, our solar system was 
a unique oddball. Of course, the assumption of our unique-
ness, when it dealt with our place in the cosmos, has never 
stood the test of time. 

During the decade following that first find, extrasolar 
planets were discovered on an occasional basis, with press 
releases trumpeting each one. Now, thanks to NASA’s 
Kepler mission, the discovery of distant worlds has turned 
from a trickle into a torrent. As a consequence of this data 
flood, other facilities and researchers are often overlooked, 
and yet they continue to make discoveries or do critical 
work confirming Kepler’s finds. And Kepler isn't the only 
planet finder hard at work.

So every now and then I’ll take press releases and Web 
items and assemble an article on exoplanets — probably 
the hottest topic in astronomy these days. I’ll include as 
many hotlinks as possible, so you can keep tabs on the 
search as astronomers seek the Holy Grail of extrasolar 
planets — an Earth-like world in a star’s habitable zone.

If you’d like to try to keep up, I suggest checking the 
Extrasolar Planets Catalog on the Extrasolar Planets 
Encyclopedia website. You can also use the Exoplanet Data 
Explorer, an interactive table and plotter for exploring and 
displaying data from the Exoplanet Orbit Database main-
tained by the California and Carnegie Planet Search group.

And if you’d like to get involved in searching for planets, 
head to the Planet Hunters website — a collaboration 
between Yale University and Zooniverse. There you can help 
find new planets by looking at how the brightness of a star 
changes over time. Who knows? Maybe you will be the one 
to find that elusive world some are calling Earth II.

                     — P. D.
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http://www.planethunters.org
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about the world’s composition.
Unlike other prominent planet-detection techniques, which mea-

sure the silhouettes of planets passing in front of their stars (transit) 
or measure the wobble of a star due to the gravitational tug of a 
planet (radial velocity and astrometry), the gravitational-lensing 
technique is unbiased in the selection of the host star.

The other techniques work best for finding planets close to their 
stars with short orbital periods. But microlensing can detect a planet 
that is as far from its star as Saturn is from our Sun, or as close as 
Mercury is to our Sun. The technique is also sensitive to detecting 
planets as small as Mercury.

Wide-field survey campaigns such as OGLE (Optical 
Gravitational Lensing Experiment) and MOA (Microlensing 
Observations in Astrophysics) cover millions of stars every clear 
night in order to identify and alert stellar microlensing events as 
early as possible. Follow-up collaborations, such as PLANET, moni-
tor selected candidates more frequently, 24 hours a day, using a 
round-the-world network of telescopes.

Of the approximately 40 microlensing events closely monitored, 
three showed evidence for exoplanets. Using a statistical analysis, 
the team found that one in six stars hosts a Jupiter-mass planet. 
What’s more, half of the stars have Neptune-mass planets, and two-
thirds of the stars have Earth-mass planets. Therefore, low-mass 
planets are more abundant than their massive counterparts.

“This means, statistically, every star in the galaxy should have at 
least one planet, and probably more,” said Sahu.

“Results from the three main techniques of planet detection are 
rapidly converging to a common result: Not only are planets com-
mon in the galaxy, but there are more small planets than large ones,” 
said Stephen Kane, a co-author from NASA’s Exoplanet Science 
Institute at the California Institute of Technology, Pasadena, Calif. 
“This is encouraging news for investigations into habitable planets.”

These results are independent from a gravitational-lens survey 
led by Takahiro Sumi of Osaka University in Japan, which estimates 
there are hundreds of billions of planets with orbits larger than 
Saturn’s orbit, or are free-floating throughout the galaxy.

Scientists Searching for Earth-type Planets Should Consider 
Two-Star System
A group of astrophysicists from The University of Texas at Arlington 
plans to expand the discussion about a newly discovered planet 
orbiting two stars by presenting a study suggesting where an Earth-
type planet could exist in 
the system.

The Kepler-16 System 
made headlines in 
September [2011] when 
researchers at NASA’s 
Kepler space telescope mis-
sion revealed the discovery 
of Kepler-16b, a cold, gas-
eous planet that orbits two 
stars like Star Wars’ fiction-
al Tatooine.

The UT Arlington team, 
using data from the Kepler 
and previous research, have 
concluded that an Earth-
type planet could exist in 
the system’s “habitable 
zone” as an exomoon orbit-
ing Kepler-16b. They also think an “extended habitable zone” exists 
outside the orbit of the gaseous planet, under certain conditions. To 
host life in that zone, a terrestrial planet orbiting the two stars 
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An illustration of the habitable zone 
(HZ) and extended habitable zone 
(EHZ) in the Kepler-16 System. The axes 
are given in Astronomical Units.
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would need to have high levels of greenhouse gases in its atmo-
sphere such as carbon monoxide or methane, they said.

Billy Quarles, a doctoral student in the UT Arlington College of 
Science, presented the findings at the annual meeting of the 
American Astronomical Society on January 9 in Austin, Texas. 

“This is an assessment of the possibilities,” said UT Arlington 
Department of Physics professor Zdzislaw Musielak. “We’re telling 
them where a planet has to be in the system to be habitable. We’re 
hoping they will look there.”

The Kepler Mission is a space telescope launched by NASA in 
2009 that measures light from 150,000 stars. Scientists working with 
Kepler data look for changes in stellar brightness that suggest a tran-
sit, or a planet passing in front of a star. They use measurements of 
the star’s luminosity to determine whether the planet is in a “habit-
able zone,” an area where the planet would be orbitally stable and 
where conditions hospitable to the formation and sustainment of 
life could exist.

The UT Arlington team based their conclusions about an 
“extended habitable zone” outside the orbit of Kepler-16b on work 
by scientists such as NASA’s Michael A. Mischna. That research  
says life could be found outside the traditional habitable zone, but  
it requires a more extreme planetary atmosphere, one in which 
chemicals in the atmosphere create a strong back-warming effect, 
Quarles said.

“There is less light from the star, so the planet itself has to main-
tain more heat,” he said.

Discovery Establishes New Class of Planetary Systems
Using data from NASA’s Kepler Mission, astronomers announced 
the discovery of two new transiting “circumbinary” planet systems 
— planets that orbit two stars. This work establishes that such “two 
sun” planets are not rare exceptions, but are in fact common with 
many millions existing in our galaxy. The work was presented by Dr. 
William Welsh of San Diego State University at the American 
Astronomical Society meeting in Austin, Texas, on behalf of the 
Kepler Science Team.

The two new planets, named Kepler-34 b and Kepler-35 b, are 

both gaseous Saturn-size planets. Kepler-34 b orbits its two Sun-like 
stars every 289 days, and the stars themselves orbit and eclipse each 
other every 28 days. The eclipses allow a very precise determination 
of the stars’ sizes. Kepler-35 b revolves about a pair of smaller stars 
(80% and 89% of the Sun’s mass) every 131 days, and the stars orbit 
and eclipse one another every 21 days (see the illustration on page 
24). Both systems reside in the constellation Cygnus, with Kepler-34 
at 4,900 light-years from Earth, and Kepler-35 at 5,400 light-years, 
making these among the most distant planets discovered.

While long anticipated in both science and science fiction, the 
existence of a circumbinary planet orbiting a pair of normal stars 
was not definitively established until the discovery of Kepler-16 b, 
announced by the Kepler Team last September. Like Kepler-16 b, 
these new planets also transit (eclipse) their host stars, making their 
existence unambiguous. When only Kepler-16 b was known, many 
questions remained about the nature of circumbinary planets — 
what kinds of orbits, masses, radii, temperatures, etc., could they 
have? And most of all, was Kepler-16 b just a fluke? 

With the discovery of Kepler-34 b and 35 b, astronomers can 
now answer many of those questions and begin to study an entirely 
new class of planets. “It was once believed that the environment 
around a pair of stars would be too chaotic for a circumbinary planet 
to form, but now that we have confirmed three such planets, we 
know that it is possible, if not probable, that there are at least mil-
lions in the galaxy,” said Welsh. Dr. Laurance Doyle of the SETI 
Institute, further stated, “With this paper, the new field of compara-
tive circumbinary planetology is now established.”

The discovery was made possible by the three unique capabilities 
of the Kepler space telescope: its ultra-high precision, its ability to 
simultaneously observe roughly 160,000 stars, and its long-duration 
near-continuous measurements of the brightness of stars. Additional 
work using ground-based telescopes provided velocity measure-
ments of the stars needed to confirm that these candidates are really 
planets. “The search is on for more circumbinary planets,” said co-
author Dr. Joshua Carter of the Harvard-Smithsonian Center for 
Astrophysics, “and we hope to use Kepler for years to come.”

A circumbinary planet has two suns, not just one. The distances 
between the planet and stars are continually changing due to their 
orbital motion, so the amount of sunlight the planet receives varies 
dramatically. 

“These planets can have really crazy climates that no other type 
of planet could have,” said Dr. Jerome Orosz, a co-author from San 
Diego State University. “It would be like cycling through all four 
seasons many times per year, with huge temperature changes.” 
Welsh adds, “The effects of these climate swings on the atmospheric 
dynamics, and ultimately on the evolution of life on habitable cir-
cumbinary planets, is a fascinating topic that we are just beginning 
to explore.”

First Earth-size Planets Found
Astronomers using NASA’s Kepler mission have detected two Earth-
sized planets orbiting a distant star. This discovery marks a mile-
stone in the hunt for alien worlds, since it brings scientists one step 
closer to their ultimate goal of finding a twin Earth.

“The goal of Kepler is to find Earth-sized planets in the habitable 
zone. Proving the existence of Earth-sized exoplanets is a major step 
toward achieving that goal,” said Francois Fressin of the Harvard-
Smithsonian Center for Astrophysics (CfA).

The two planets, dubbed Kepler-20e and 20f, are the smallest 
planets found to date. They have diameters of 6,900 miles and 8,200 
miles — equivalent to 0.87 times Earth (slightly smaller than Venus) 

This artist’s concept illustrates Kepler-16b, the first planet known to defin-
itively orbit two stars —called a circumbinary planet. The two orbiting 
stars regularly eclipse each other, as seen from our point of view on Earth. 
The fact that the orbits of the stars and the planet align within a degree 
of each other indicates that the planet formed within the same circum-
binary disk that the stars formed within, rather than being captured later 
by the two stars.
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and 1.03 times Earth. These worlds are expected to have rocky  
compositions, so their masses should be less than 1.7 and 3 times 
Earth’s.

Both worlds circle Kepler-20: a G-type star slightly cooler than 
the Sun and located 950 light-years from Earth. Kepler-20e orbits 
every 6.1 days at a distance of 4.7 million miles. Kepler-20f orbits 
every 19.6 days at a distance of 10.3 million miles. Due to their tight 
orbits, they are heated to temperatures of 1,400 degrees Fahrenheit 
and 800 degrees F.

In addition to the two Earth-sized worlds, the Kepler-20 system 
contains three larger planets. All five have orbits closer than 
Mercury in our solar system.

They also show an unexpected arrangement. In our solar system 
small, rocky worlds orbit close to the Sun and large, gas giant worlds 
orbit farther out. In contrast, the planets of Kepler-20 are organized 
in alternating size: big, little, big, little, big.

“We were surprised to find this system of flip-flopping planets,” 
said co-author David Charbonneau of the CfA. “It’s very different 
than our solar system.”

The three largest planets are designated Kepler-20b, 20c, and 
20d. They have diameters of 15,000, 24,600, and 22,000 miles and 
orbit once every 3.7, 10.9, and 77.6 days, respectively. Kepler-20b 
has 8.7 times the mass of Earth; Kepler-20c has 16.1 times Earth’s 
mass. Kepler-20d weighs less than 20 times Earth.

The planets of Kepler-20 could not have formed in their current 
locations. Instead, they must have formed farther from their star 
and then migrated inward, probably through interactions with the 
disk of material from which they all formed. This allowed the 

worlds to maintain their regular spacing despite alternating sizes.
“These new planets are significantly smaller than any planet found 

up till now orbiting a Sun-like star,” added Fressin.  [RETURN]

As the editor of Mercury, PAUL DEANS receives numerous press  
releases about extrasolar planets. He hopes astronomers find  

evidence of alien life on another world during his lifetime.

The first two Earth-sized exoplanets found by Kepler are shown here in comparison to Earth and Venus.
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The Kepler-20 planetary system contains five planets that alternate in 
size: large, small, large, small, large. All five orbit their star closer than the 
planet Mercury in our solar system. Although too hot to be hospitable to 
life, Kepler-20e and 20f are the first Earth-sized planets to be discovered 
orbiting a distant star. In this artist's rendering, the planetary sizes are to 
scale but their orbital spacing is not.
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astronomy in the news

Magnetic Pole Reversals Happen 
all the (Geologic) Time
NASA / GSFC

Scientists understand that Earth’s magnetic 
field has flipped its polarity many times 
over the millennia. In other words, if you 
were alive about 800,000 years ago, and fac-
ing what we call north with a magnetic 
compass in your hand, the needle would 
point to ‘south.’ This is because a magnetic 
compass is calibrated based on Earth’s 
poles. The N-S markings of a compass 
would be 180° wrong if the polarity of 
today’s magnetic field were reversed. 

Many doomsday theorists have tried to 
take this natural geological occurrence and 
suggest it could lead to Earth’s destruction. 
But would there be any dramatic effects? 
The answer, from the geologic and fossil 
records we have from hundreds of past 
magnetic polarity reversals, seems to be ‘no.’

Reversals are the rule, 
not the exception. Earth has 
settled in the last 20 million 
years into a pattern of a 
pole reversal about every 
200,000 to 300,000 years, 
although it has been more 
than twice that long since 
the last reversal. A reversal 
happens over hundreds or 
thousands of years, and it is 
not exactly a clean back flip. 
Magnetic fields morph and 
push and pull at one anoth-
er, with multiple poles 
emerging at odd latitudes 
throughout the process. 
Scientists estimate reversals have happened 
at least hundreds of times over the past 
three billion years. And while reversals have 
happened more frequently in “recent” years, 
when dinosaurs walked Earth a reversal was 

more likely to happen only about every one 
million years. [RETURN]

 More information

Evidence for Subsurface ‘Great 
Lake’ on Europa
Johns Hopkins University Applied Physics 
Laboratory

In a finding of significance in the search for 
life beyond Earth, scientists have discovered 
what appears to be a body of liquid water 
the volume of the North American Great 
Lakes locked inside the icy shell of Jupiter’s 
moon Europa — which could represent a 
new potential habitat for life.

Many more such lakes exist throughout 
the shallow regions of Europa’s shell, the 
researchers predict in an online article for 
the journal Nature. Further increasing the 
potential for life, many of these lakes are 
covered by floating ice shelves that seem to 
be collapsing, providing a mechanism for 
transferring nutrients and energy between 
the surface and a vast ocean already 
thought to exist below the thick ice shell.

The scientists focused on Galileo space-
craft images of two roughly circular, 
bumpy features on Europa’s surface called 
chaos terrains. Based on similar processes 
seen here on Earth — on ice shelves and 
under glaciers overlaying volcanoes — they 

developed a four-step 
model to explain how the 
features form on Europa. 

While one of the chaos 
terrains appears to be 
fully formed, the other 
might still be forming — 
an indication that 
Europa’s surface is still 
geologically active. “For 
quite some time, Europa 
geologists have been 
struggling figure out what 
these features are and how 
they form,” says APL’s 
Louise Prockter, a senior 
planetary scientist who 
has conducted numerous 
studies of Europa. “This is 
the first time that anyone 
has come up with an end-
to-end model that 
explains what we see on 
the surface.”

“If we’re ever to send a 
landed mission to Europa, these  
areas would be great places to study,” 
Prockter says. [RETURN]

 More information

Artist’s impression of the “Great Lake” on Jupiter’s moon Europa. 
Scientists speculate many more exist throughout the shallow 
regions of the moon’s icy shell.
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Excerpts from recent press releases that describe an assortment of astronomical discoveries.

Schematic illustration of Earth’s magnetic field.
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http://www.nasa.gov/topics/earth/features/2012-poleReversal.html
http://www.jhuapl.edu/newscenter/pressreleases/2011/111116.asp
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astronomy in the news

Enceladus Weather
European Planetary Science Congress

Global and high resolution mapping of 
Enceladus confirms that the weather fore-
cast for Saturn’s unique icy moon is set for 
ongoing snow flurries. The superfine ice 
crystals that coat Enceladus’s surface would 
make perfect powder for skiing, according 
to Dr Paul Schenk of the Lunar and Plane-
tary Institute (Houston, Texas).

Mapping of global color patterns and 
measurements of surface layer thicknesses 
show that ice particles fall back onto the 
surface of Enceladus in a predictable pat-
tern. Mapping of these deposits indicate 
that the plumes and their heat source are 
relatively long-lived features lasting millen-
nia and probably tens of million years or 
more, and have blanketed areas of the sur-
face in a thick layer of tiny ice particles.

“The discovery by instruments aboard 

the Cassini orbiter that there’s a currently 
active plume of icy dust and vapor from 
Enceladus has revolutionized planetary  
science,” says Schenk. 

Models of plume particle trajectories 
under the influence of Saturn’s gravity show 
that some particles return to Enceladus in a 
distinctive pattern. This work by Dr Sasha 
Kempf of the Max Planck Institute and Dr 
Juergen Schmidt and colleagues at the 
University of Potsdam, published in 2010, 
predicts that the heaviest accumulation will 
be along two longitudes on opposite sides 
of the satellite. Global color mapping of 
Enceladus by Schenk and colleagues also 
shows a globally symmetric pattern of blu-
ish material along two longitudes on oppo-
site sides of the satellite. Comparison of 
these two maps shows a very close corre-
spondence in the predicted and observed 
patterns. [RETURN]

 More information

Series of Bumps Sent Uranus 
Sideways
European Planetary Science Congress

Uranus’s highly tilted axis makes it some-
thing of an oddball in our solar system. The 
accepted wisdom is that Uranus was 
knocked on its side by a single large impact, 
but new research rewrites our theories of 
how Uranus became so tilted and also 
solves fresh mysteries about the position 
and orbits of its moons.

Uranus is unusual in that its spin axis is 
inclined by 98° compared to its orbital 
plane around the Sun. Uranus is, in effect, 
spinning on its side. The generally accepted 
theory is that in the past a body a few times 
more massive than the Earth collided with 
Uranus, knocking the planet on its side.

There is, however, one significant flaw in 
this notion: the moons of Uranus should 
have been left orbiting in their original 
angles, but they too lie at almost exactly 
98°. This long-standing mystery has been 
solved by an international team of scientists 
led by Alessandro Morbidelli (Observatoire 
de la Cote d’Azur in Nice, France). 

Morbidelli and his team used simula-

tions to reproduce various impact sce-
narios in order to ascertain the most 
likely cause of Uranus’ tilt. They dis-
covered that if Uranus had been hit 
when still surrounded by a proto- 
planetary disk — the material from 
which the moons would form — then 
the disk would have reformed into a fat 
doughnut shape around the new, highly 
tilted equatorial plane. Collisions within 
the disk would have flattened the ring, 
which would then go onto form the 
moons in the positions we see today.

However, the simulation threw up 
an unexpected result: in the above sce-
nario, the moons displayed retrograde 
motion – that is to say, they orbited in 
the opposite direction to that which we 
observe. The surprising discovery was 
that if Uranus was not tilted in one go, 
but rather was bumped in at least two 
smaller collisions, then there is a much 
higher probability of seeing the moons 
orbit in the direction we observe. 
[RETURN]

 More information

Near-infrared views of Uranus reveal its otherwise 
faint ring system, highlighting the extent to which it 
is tilted.
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Cassini color image of “snowy” landscape 
of Enceladus. This terrain features a rolling 
icescape crosscut by narrow fractures. These 
recent fractures have rugged edges with a 
distinctly bluish color indicative of recently 
exposed ice.
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http://www.europlanet-eu.org/outreach/index.php?option=com_content&task=view&id=351&Itemid=1
http://www.europlanet-eu.org/outreach/index.php?option=com_content&task=view&id=359&Itemid=41
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Faraway Eris is Pluto’s Twin
European Southern Observatory

Astronomers have accurately measured the 
diameter of the faraway dwarf planet Eris 
for the first time by catching it as it passed 
in front of a faint star. This event was seen 
at the end of 2010 by telescopes in Chile, 
including the Belgian TRAPPIST telescope 
at ESO’s La Silla Observatory. The observa-
tions show that Eris is an almost perfect 
twin of Pluto in size. Eris appears to have a 
very reflective surface, suggesting that it is 
uniformly covered in a thin layer of ice, 
probably a frozen atmosphere. 

In November 2010, the distant dwarf 
planet Eris passed in front of a faint back-
ground star, an event called an occultation. 
These occurrences are very rare and diffi-
cult to observe as the dwarf planet is very 
distant and small. The next such event 
involving Eris will not happen until 2013. 

Occultations provide the most 
accurate, and often the only, 
way to measure the shape and 
size of a distant solar system 
body.

“Observing occultations by 
the tiny bodies beyond 
Neptune in the Solar System 
requires great precision and 
very careful planning. This is 
the best way to measure Eris’s 
size, short of actually going 
there,” explains Bruno 
Sicardy, the lead author of the 
Nature paper.

Observations of the occultation were 
attempted from 26 locations around the 
globe on the predicted path of the dwarf 
planet’s shadow — including several tele-
scopes at amateur observatories, but only 
two sites were able to observe the event 
directly, both of them located in Chile. 

The combined observations from the 
two Chilean sites indicate that Eris is close 
to spherical. [RETURN]

  

 More information

Spitzer Detects Comet Storm 
in Nearby Solar System 
NASA / JPL

NASA’s Spitzer Space Telescope has detect-
ed signs of icy bodies raining down in an 
alien solar system. The downpour resem-
bles our own solar system several billion 
years ago during a period known as the 
“Late Heavy Bombardment,” which may 
have brought water and other life-forming 
ingredients to Earth.

During this epoch, comets and other 
frosty objects that were flung from the 
outer solar system pummeled the inner 
planets. The barrage scarred our moon and 
produced large amounts of dust.

Now Spitzer has spotted a band of dust 
around a nearby bright star in the northern 
sky called Eta Corvi that strongly matches 
the contents of an obliterated giant comet. 
This dust is located close enough to Eta 
Corvi that Earth-like worlds could exist, 
suggesting a collision took place between a 
planet and one or more comets. The Eta 
Corvi system is approximately one billion 
years old, which researchers think is about 
the right age for such a hailstorm.

“We believe we have direct evidence for 
an ongoing Late Heavy Bombardment in 
the nearby star system Eta Corvi, occurring 
about the same time as in our solar system,” 
said Carey Lisse, senior research scientist at 
the Johns Hopkins University Applied 
Physics Laboratory in Laurel, Md.

A second, more massive ring of colder 
dust located at the far edge of the Eta Corvi 

system seems like the proper environment 
for a reservoir of cometary bodies. This 
bright ring, discovered in 2005, looms at 
about 150 times the distance from Eta Corvi 
as the Earth is from the Sun. [RETURN]

 More information

This artist’s concept illustrates a storm of comets around a nearby star called Eta Corvi. 
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Artist’s impression of the distant dwarf planet Eris.
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http://www.eso.org/public/news/eso1142/
http://www.jpl.nasa.gov/news/news.cfm?release=2011-322
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NASA Telescopes Help Solve 
Ancient Supernova Mystery 
NASA / JPL

A mystery that began nearly 2,000 years 
ago, when Chinese astronomers witnessed 
what would turn out to be an exploding 
star in the sky, has been solved. New infra-
red observations from NASA’s Spitzer Space 
Telescope and Wide-field Infrared Survey 
Explorer (WISE), reveal how the first 
supernova ever recorded occurred and how 
its shattered remains ultimately spread out 
to great distances.

The findings show that the stellar explo-
sion took place in a hollowed-out cavity, 
allowing material expelled by the star to 
travel much faster and farther than it would 
have otherwise.

“This supernova remnant got really big, 
really fast,” said Brian J. Williams, an 
astronomer at North Carolina State 

University in Raleigh. “It’s two to three 
times bigger than we would expect for 
a supernova that was witnessed 
exploding nearly 2,000 years ago.  
Now, we’ve been able to finally pin-
point the cause.”

In 185 AD, Chinese astronomers 
noted a “guest star” that mysteriously 
appeared in the sky and stayed for 
about 8 months. By the 1960s, scien-
tists had determined that the mysteri-
ous object was the first documented 
supernova. Later, they pinpointed 
RCW 86 as a supernova remnant locat-
ed about 8,000 light-years away. But a 
puzzle persisted. The star’s spherical 
remains are larger than expected. If 
they could be seen in the sky today in 
infrared light, they’d take up more 
space than our full Moon. [RETURN]

 More information

Hubble Solves Mystery on 
Source of Supernova 
Space Telescope Science Institute

Using NASA’s Hubble Space Telescope 
(HST), astronomers have solved a long-
standing mystery on the type of star, or so-
called progenitor, that caused a supernova 
in a nearby galaxy. Based on previous 
observations from ground-based telescopes, 
astronomers knew that a kind of supernova 
called a Type Ia created a remnant named 
SNR 0509-67.5, which lies 170,000 light-
years away in the Large Magellanic Cloud.

The type of system that leads to this 
kind of supernova explosion has long been 
a high importance problem with various 
proposed solutions but no decisive answer. 
All these solutions involve a white dwarf 
star that somehow increases in mass to the 
highest limit. Astronomers failed to find 
any companion star near the center of the 
remnant, and this rules out all but one solu-
tion, so the only remaining possibility is 
that this one Type Ia supernova came from 
a pair of white dwarfs in close orbit.

“We know that Hubble has the sensitivi-
ty necessary to detect the faintest white 

dwarf remnants that could 
have caused such explosions,” 
said lead investigator Bradley 
Schaefer of Louisiana State 
University in Baton Rouge. 
“The logic here is the same as 
the famous quote from 
Sherlock Holmes: ‘When you 
have eliminated the impossi-
ble, whatever remains, how-
ever improbable, must be the 
truth.’”

The cause of SNR 0509-67.5 
can best be explained by two 
tightly orbiting white dwarf 
stars spiraling closer and closer 
until they collided and 
exploded.

Because the remnant 
appears as a nice symmetric 
shell or bubble, the geometric 
center can be accurately deter-
mined. These properties make 
SNR 0509-67.5 an ideal target 
to search for ex-companions. 
The young age also means that any  
surviving stars have not moved far  
from the site of the explosion. [RETURN]

 More information

This image of supernova remnant 0509-67.5 shows soft green 
and blue hues of heated material from X-ray data from the 
Chandra X-ray Observatory, surrounded by the glowing pink 
optical shell seen by the HST.
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This image combines data from four different space 
telescopes to create a multi-wavelength view of the 
supernova remnant RCW 86. X-ray images from the 
European Space Agency’s XMM-Newton Observa-
tory and NASA’s Chandra X-ray Observatory pro-
vide the blue and green colors in the image. Infrared 
data from NASA’s Spitzer Space Telescope, as well 
as NASA’s Wide-Field Infrared Survey Explorer 
(WISE) are shown in yellow and red, and reveal 
dust radiating at a temperature of several hundred 
degrees below zero.
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http://www.jpl.nasa.gov/news/news.cfm?release=2011-329
http://hubblesite.org/newscenter/archive/releases/2012/06/full/
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Surprising Ingredients of Early 
Galaxies
Max Planck Institute

Gamma-ray bursts are the brightest explo-
sions in the universe. They are first spotted 
by orbiting observatories that detect the ini-
tial short burst of gamma rays. After their 
positions have been pinned down, they are 
then immediately studied using large 
ground-based telescopes that can detect the 
visible-light and infrared afterglows that the 
bursts emit over the succeeding hours and 
days. 

One such burst, called GRB 090323, was 
first spotted by the NASA Fermi Gamma-
ray Space Telescope. Very soon afterwards 
it was picked up by the X-ray detector on 
NASA’s Swift satellite and with the GROND 
system at the MPG/ESO 2.2-metre tele-
scope in Chile. 

The burst was also studied in great detail 
using ESO’s Very Large Telescope (VLT) 
just one day after it exploded. These obser-
vations show that the brilliant light from 
the gamma-ray burst had passed through 
its own host galaxy and another galaxy 
nearby. These galaxies are being seen as 

they were about 12 
billion years ago. Such 
distant galaxies are 
very rarely caught in 
the glare of a gamma-
ray burst.

“When we studied 
the light from this 
gamma-ray burst we 
didn’t know what we 
might find. It was a 
surprise that the cool 
gas in these two gal-
axies in the early uni-
verse proved to have 
such an unexpected 
chemical make-up,” 
explains Sandra 
Savaglio (Max-Planck Institute for 
Extraterrestrial Physics). “These galaxies 
have more heavy elements than have ever 
been seen in a galaxy so early in the evolu-
tion of the universe. We didn’t expect the 
universe to be so mature, so chemically 
evolved, so early on.”

As light from the gamma-ray burst 
passed through the galaxies, the gas there 
acted like a filter, and absorbed some of the 

light from the burst at certain wavelengths. 
Without the gamma-ray burst, these faint 
galaxies would be invisible. By carefully 
analysing the tell-tale fingerprints from dif-
ferent chemical elements the team was able 
to work out the composition of the cool gas 
in these very distant galaxies. [RETURN]

 More information

This artist’s impression shows two galaxies in the early universe. The 
brilliant explosion on the left is a gamma ray burst. The light from the 
burst travels through both galaxies on its way to Earth (outside the 
frame to the right).

Astronomers Find Elusive 
Planets in Decade-Old Hubble 
Data
Space Telescope Science Institute

In a painstaking re-analysis of Hubble 
Space Telescope images from 1998, astrono-
mers have found visual evidence for two 
extrasolar planets that went undetected 
back then. Finding these hidden gems in 
the Hubble archive gives astronomers an 
invaluable time machine for comparing 
much earlier planet orbital motion data to 
more recent observations. 

Four giant planets are known to orbit 
the young, massive star HR 8799, which is 
130 light-years away. In 2007 and 2008 the 
first three planets were discovered in near-
infrared ground-based images; the fourth 
and innermost planet [was uncovered] in 
2010. This is the only multiple-exoplanet 
system for which astronomers have 

obtained direct snapshots.
In 2009 David Lafreniere 

of the University of Montreal 
recovered hidden exoplanet 
data in Hubble images of HR 
8799 taken in 1998 with the 
Near Infrared Camera and 
Multi-Object Spectrometer 
(NICMOS). He identified the 
position of the outermost 
planet known to orbit the 
star. This first demonstrated 
the power of a new data- 
processing technique for 
retrieving faint planets bur-
ied in the glow of the central star.

A new analysis of the same archival 
NICMOS data by Remi Soummer of the 
Space Telescope Science Institute in 
Baltimore has recovered all three of the 
outer planets. By finding the planets in 
multiple images spaced over years of time, 

the orbits of the planets can be tracked. 
Knowing the orbits is critical to under-
standing the behavior of multiple-planet 
systems because massive planets can per-
turb each other’s orbits. [RETURN]

 More information

(Left): This is an image of the star HR 8799 taken by Hubble’s 
NICMOS in 1998. A mask within the camera (coronagraph) 
blocks most of the light from the star. (Center): Recent, sophis-
ticated software processing of the NICMOS data removes 
most of the scattered starlight to reveal three planets orbiting 
HR 8799. (Right): This is an illustration of the HR 8799 exoplan-
et system based on the reanalysis of Hubble NICMOS data 
and ground-based observations.
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http://www.mpe.mpg.de/News/20111102/text.html
http://hubblesite.org/newscenter/archive/releases/2011/29/full/
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ASP Board Member Awarded AAS Education 
Prize
Donald W. McCarthy, an 
ASP Board member (and 
chair of the Board’s 
Publication, Awards, and 
Audit committees), was 
awarded the American 
Astronomical Society’s 2012 
Education Prize at the 
AAS’s recent semiannual 
meeting in Austin, Texas. 
The AAS citation reads:

For his tireless efforts 
over the past three decades 
through the University of 
Arizona’s Astronomy Camp 
to educate and involve more 
than 1,500 students, teach-
ers, and adults in astronomy and the scientific method using 
authentic inquiry; and for expanding the model internationally 
through the Tecnológico de Monterrey;

For encouraging numerous youth and adult campers to pursue sci-
ence as a career, including several who now hold PhDs in astronomy;

For inspiring many students to pursue astronomy projects in inter-
national science fairs, leading to 11 National Young Astronomer 
Awards and seven finalists in the Intel Science Talent Search;

For motivating and mentoring numerous graduate students and 
Astronomy Camp counselors to pursue teaching with the best prac-
tices in education, including facilitating a sense of exploration and 
passion for astronomy;

For providing outreach during the past decade to the adult lead-
ership of the Girl Scouts of America and providing a model for 
instructing Girl Scouts in astronomy and science inquiry;

The members of the Education Prize Committee hereby grant 
the 2012 Prize to Donald W. McCarthy (University of Arizona).

Save the Date: August 4–8, 2012
Communicating Science: A National Conference on Science 
Education and Public Outreach, will be held in Tucson, Arizona 
from August 4 to 8, 2012. Also featured will be: In the Footsteps of 

Galileo, a national workshop of educators in grades 3-12 and in 
informal settings.

Join us in the beautiful setting of the American Southwest for a 
three-day symposium on the joys and challenges of communicating 
our understanding of the universe and science in general — whether 
in the classroom, in a museum or nature center, to general and spe-
cific audiences, through books and magazines, on the Web, via fairs 
and festivals, on radio and television, or through the social media. 
Preceding the symposium will be a two-day workshop In the 
Footsteps of Galileo.

Anyone involved or with an interest in science education and 
public outreach (EPO) and science communication is welcome, 
including scientists and EPO professionals from NASA and NSF 
projects; planetariums, museums, science centers, universities, sci-
entific organizations, research institutions, parks, nature centers, 
and afterschool settings; K-12 teachers and instructors; administra-
tors; education researchers and program evaluators; book authors, 
science journalists, podcasters, bloggers, public information officers, 
webmasters; amateur astronomers doing outreach; and those inter-
ested in these fields of endeavor.

For more information, and to sign up for updates, visit our 
Communicating Science webpage.

Astronomy Apps for Phones & Tablets
An annotated overview of 98 astronomy applications for smart 
phones and tablets has been published in the online journal 
Astronomy Education Review (AER). Compiled by the ASP's Andrew 
Fraknoi (Foothill College), the list features a brief description and a 
direct URL for each app. You can access the article, free of charge, in 
the recently published Volume 10, Issue 1 issue of AER.

The listing includes a variety of apps for displaying and explain-
ing the sky above you (some using the GPS function in your 
device); a series of astronomical clocks, calculators, and calendars; 
sky catalogs and observing planners; planet atlases and globes;  
citizen science tools and image displays; a directory of astronomy 
clubs in the US; and even a graphic simulator for making galaxies 
collide. A number of the apps are free, while others cost just a dollar 
or two. A brief list of articles featuring astronomy app reviews is 
also included.

2012 and Universe in the Classroom
Will we still be here a year from now? A long-standing prediction of 
the end of the world comes to its final reckoning in December of 
2012. This prediction of impending doom has something for every-
one: killer flares from the Sun, magnetic upheavals in the Earth’s 
core, rogue planets, alignments of the non-rogue planets, and an 
ancient calendar written in stone coming to an important milestone. 
Are you ready? It is time to stock up on reality, logic, science, and 
rationality. Think of it as an enhanced learning opportunity.

In the Winter 2012 edition of the ASP’s Universe in the 
Classroom, find out about some of the predictions for the end of  
the world this year, and read about how you can take action and 
encourage your students to explore and think scientifically.

News and information for Society members.

society scope

http://www.astrosociety.org/events/meeting.html
http://aer.aas.org/resource/1/aerscz/v10/i1/p010302_s1
http://astrosociety.org/education/publications/tnl/tnl.html
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society scope

Arizona and New Mexico Annular Eclipse
May 17–23, 2012
Join us as we journey through the enchanted lands of the Anasazi, 
the Hopi, and the Navajo to view the annular eclipse on May 20, 
2012. Tour such iconic astronomical sites as Lowell Observatory, the 
Arizona meteor crater, and the Very Large Array (radio telescope). 
Explore the beautiful Southwest at Oak Creek Canyon, Zuni, and 
Acoma Pueblos, and marvel at Canyon de Chelly, with its sheer red 
cliffs and innumerable prehistoric Indian dwellings. 

Our two distinguished lecturers on this tour are Dennis 
Mammana (Sky Photographer) and Rich Talcott (editor, Astronomy 
magazine). For more information, please visit the ASP’s 2012 
Annular Eclipse webpage. [RETURN]

Technical Membership

Jose R. De Souza, Porto Alegre-RS, 
Brazil
Drew T. Geswein, Tucson, AZ

General Membership

Lydia Bieri, Ann Arbor, MI
Mike J. Broughton, Milford, MI
Warren Brown, Cambridge, MA
Richard A. Carrigan, Batavia, IL
Armando Caussade, San Juan, PR
William D. Cochran, Austin, TX
Paul A. Crowther, Sheffield, South 
Yorkshire, UK

Sharo P. Danowski, Prescott, AZ
Robert Gendler, Avon, CT
Edwin A. Henneken, Cambridge, MA
David Jewitt, Los Angeles, CA
Rosaly M. Lopes-Gautier, Pasadena, CA
Christopher Mingrone, Pt Pleasant 
Beach, NJ
Harry Nussbaumer, Zurich, Switzerland
Brian E. Rogan, Newton, MA
Matt Vincent, Newport News, VA

NEW MEMBERS — The ASP welcomes new members 
who joined between October 1 and December 31, 2011.

A Gift That Gives Back
u

planned giving
with

the asp heritage society 

T he Astronomical Society of the Pacific is pleased to 

recognize our members and friends who have included 

the ASP in their estate plans. This support of our mission is 

truly appreciated.

Join the Heritage Society by making a planned gift today. Visit 

us online or contact us to request an informational brochure.

 www.astrosociety.org/support.html  
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 Special Order Items ASP Conference Series

HELP EVERYONE REACH FOR THE STARS!

http://www.astrosociety.org/events/arizona.html
http://www.astrosociety.org/events/arizona.html
http://www.astrosociety.org/support/heritage.html
http://www.astrosociety.org/astroshop
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sky sights

The Skies of February

February is always a short month, so it’s often the case that all four 
lunar phases don’t make it into the month’s 28 days. But this February 
is 29-days long, and yet it’s still missing a phase — first quarter.

Well, to clarify, the phase is missing based on Universal Time. 
The UT times for the February lunar phases are: full Moon on the 
7th at 21:54, last quarter on the 14th at 17:04, and new Moon on the 
21st at 22:35. But in North America, where most calendars list lunar 
phases set to Eastern Time, first quarter will appear on the 29th, 
since the phase occurs at 01:21 UT on March 1st (20:21 Eastern 
Time on the 29th).

Still, this is an interesting oddity. According to Jean Meeus  
(a Belgian astronomer who specializes in celestial mechanics), 
between the years 1800 and 2100 there are only four leap years  
with only three lunar phases in February. They are 1940 (no last 
quarter), 2012 (no first quarter), 2052 (no new Moon), and 2092 
(no last quarter). 

This month brilliant Venus is a wonderful beacon of light in the 
west after sunset. It continues to climb a little higher and grow a lit-
tle bright all month long and sets roughly three hours after the Sun. 

Astrophotography Alert: On the 25th there will be a beautiful  
pairing of Venus and the crescent Moon. On the 26th the Moon sits 
beside slightly dimmer Jupiter. If you haven’t spent any time explor-
ing this giant world with a telescope, now is the time to do so before 
it gets too low in the sky after sunset. And if you’re really into photo-
graphing the night sky, try creating a photo sequence that shows 
Jupiter catching up to Venus during February and March. 

Also in the west, but much lower and dimmer, is Mercury. 
During the last few days of the month (and into the start of March), 
look for this elusive world low in the west after sunset; it’ll appear 
almost directly beneath Venus.

Mars is rapidly brightening this month, and rises earlier each 
evening (rising at sunset by month’s end). The red planet is closest 
to Earth early next month (March 5th), which means it appears at 
its largest during the next few weeks, but that’s not saying much. 
This is the planet’s poorest (as in most distant) approach to Earth 
this decade. But at least Mars is high in the sky for northern observ-
ers, and its North Polar Cap is tilted toward Earth, making it one of 
the planet’s most prominent features in amateur telescopes. On the 
9th the Moon, just two days past full, hovers beside the red planet.

Finally, where’s Saturn? It’s in Virgo, rising by midnight. Before 
dawn on the 12th, the Moon hangs beside the star Spica; Saturn is 
to the left of this pairing. The next morning the Moon is far below 
Saturn itself.

The Skies of March

The period between late February and early April is a fine time to 
explore the region known as the Winter Triangle. The three bright 
stars that form this triangle are Betelgeuse (the upper left star in 
Orion, the Hunter), Sirius in Canis Major, and Procyon in Canis 
Minor.  (See the chart on the next page.)

While numerous deep-sky sights abound in this portion of the 
winter Milky Way, our star chart shows only three as it is designed 
for a city-sky view. Still, there are two open clusters worth searching 
for in binoculars: M41 slightly beneath Sirius (the brightest star in 
the night sky), and M50 sitting well above Sirius. Even in city skies, 
M41 shows as a tiny cluster of bright stars, though M50 looks more 
like a concentrated faint glow in a starry field.

The best deep-sky sight is M42, the Orion Nebula. Under a dark 
sky, it’s visible to the naked eye as a faint glow. In a light-polluted 
sky, even low-power binoculars will easily show the glow plus the 
four stars of the Trapezium (merged into a single star due to the low 
power of binoculars). The view is improved tremendously if a tele-
scope is used, with the Trapezium becoming four stars and delicate 
detail emerging from the glow of the Orion Nebula.

A pair of fine, naked-eye sights take place this month. First, on 
the 12th and 13th the two brightest planets, Venus and Jupiter, 
come together in the west after sunset (Venus is the brighter one on 

by Paul Deans

• Go to Sky & Telescope’s February 2012 Sky Chart
• How to use S&T’s Interactive Sky Chart

• Go to Sky & Telescope’s March 2012 Sky Chart
• How to use S&T’s Interactive Sky Chart
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When viewed through a small telescope, Jupiter is a very satisfying sight. 
But if seen through a large scope, at high power, on an exceptionally clear 
night, the detail in the Jovian clouds is stunning, though not this good.

http://www.skyandtelescope.com/howto/basics/3304611.html#UT
http://www.perezmedia.net/beltofvenus/archives/000325.html
http://skychart.skyandtelescope.com/skychart.php?lat=40.0&lng=-100.0&city=&state=KS&zip=67654&country=US&datetime=2012.02.14at9:00pm &dst=off&tz=-21600
http://skychart.skyandtelescope.com/skychart.php?lat=40.0&lng=-100.0&city=&state=KS&zip=67654&country=US&datetime=2012.3.15at9:00pm &dst=on&tz=-21600
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the right). Both evenings the planets sit about 3° apart (roughly the 
width of two fingers held at arm’s length). They will be a stunning 
sight in the darkening sky and are sure to generate calls about UFOs 
to planetariums and science centers. 

Then, thirteen days later, the crescent Moon comes into view. By 
now the two planets have separated, so the three-day-old crescent 
first appears to Jupiter’s right on the 25th. The next night the four-
day-old Moon hovers upper left of Venus.

Meanwhile, Mercury puts on a nice show during the first two 
weeks of the month. Look for it low in the west as sunset fades (it 
helps to have a flat, low western horizon). Look to the lower right of 
Venus and Jupiter, but don’t wait too long as this elusive world sets a 
little more than an hour after the Sun.

If you’re outside at dusk in early March, be sure to check out the 
array of planets stretched across the sky. All five naked-eye planets 
are visible, albeit not at the same time. Mercury, Venus, and Jupiter 
are all in the west and southwest, the waxing gibbous Moon is high 
in the south, and Mars is rising out of the east. If you wait roughly 
four hours, you’ll lose the first three, but you’ll see Saturn emerge 
in the east-southeast.

In the east Mars is at opposition (rises exactly as the Sun sets) on 
the 3rd and closest to Earth on the 5th. As mentioned in last 
months’ write-up, it’s not the best opposition as the disk of Mars 
remains small, but the planet is striking to the naked eye because of 
its color. The Moon slides by this ruddy world on the 6th and 7th. 

Saturn now rises in mid-evening and is nicely placed for viewing 
as the evening passes. You’ll find the Moon to Saturn’s lower right 
on the 10th.

The Skies of April

Although Orion is sinking into the west earlier and earlier each eve-
ning, there’s still time to have a peek at the Winter Triangle. If you 
look at Betelgeuse and wonder if your eyes are playing tricks on you 
because the star looks red — they’re not and it is. To the naked eye 
Betelgeuse has a pale reddish tint. But in binoculars, the star has a 
beautiful golden orange hue. There are other colored stars in the sky 
(Antares in the summer sky is another reddish stunner), but 
Betelgeuse stands out among its brilliant white winter companions.

The highlight of the month involves Venus and the Pleiades in 
the west after sunset. On the evenings of April 2nd and 3rd, don’t 
miss brilliant Venus as it glides through the Pleiades star cluster 
(below). It’ll be an amazing sight in binoculars or a small telescope 
and one that won’t be repeated for another eight years!

Venus and Jupiter continue to hang around the sunset sky, but 
while Venus stands tall in the west (setting more than three and 
one-half hours after the Sun most evenings), Jupiter continues its 
slide into the sunset glow. Indeed, by the time a very thin crescent 
Moon swings by for a visit (hovering just above the giant world on 
the 22nd), Jupiter is almost lost in the sunset glare. Two days later, a 
fatter crescent glides by Venus.

Mars is now high in the south after dark and resides, albeit for 
only a month or so, just west of bluish-white Regulus in Leo, the 
Lion. The red planet is fading as the Earth-Mars separation grows. 
The Moon passes west of the Mars-Regulus combo on the 2nd.

Another planet-star pair is Saturn and Spica, though they’ll be 
together well into summer. On the 6th the full Moon sits immedi-
ately to Spica’s right; Saturn is to Spica’s left.

As for Mercury, it puts in an appearance very low in the east just 
prior to sunrise, but its low altitude, in a bright dawn sky, makes it 
difficult to find.  [RETURN]
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• Go to Sky & Telescope’s April 2012 Sky Chart
• How to use S&T’s Interactive Sky Chart

Venus passing through the Pleiades in early April.

http://www.carinasoft.com
http://www.carinasoft.com
http://skychart.skyandtelescope.com/skychart.php?lat=40.0&lng=-100.0&city=&state=KS&zip=67654&country=US&datetime=2012.04.15at9:00pm &dst=on&tz=-21600
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Thanks to Sky & Telescope magazine, 
Mercury readers have direct access to 
S&T’s online Interactive Sky Chart. While 

anyone can go to it on Sky’s website, registration 
is required to load and use the charts. 
Registration is free and has some advantages, but 
it’s not necessary for ASP members who just want 
to retrieve the monthly star chart.

Sky & Telescope’s Interactive Sky Chart 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 plotted too.

Using the Chart: The Basics
When you launch Sky & Telescope’s Interactive 
Sky Chart applet in your Web browser, you 
should get a rectangular view of the sky in the 
upper left and a large circular all-sky chart on the 
right. If the star charts do not appear, refer to the “Tech Talk” sec-
tion at the end of this article.

For instance, when you click on the link for the February Sky 
Chart, you should see, in a new window, a screen that looks like the 
image above. Each of the monthly links in Sky Sights will take you 
to a chart set for 40° north latitude and 100° west longitude (so it’s 
useful throughout the continental US) at 9:00 pm local time at 
midmonth in February, March, and April. The chart can be used 
one hour later at the start of each month and one hour earlier at 
month-end.

If all you want is a copy of the circular All-Sky Chart to take out-
side, press the “Create PDF” button, and then print the result. You’ll 
find the easy-to-use instructions included on the chart.

But Sky’s Interactive Chart offers much more. Click on any area 
of the circular All-Sky Chart that you’d like to see in more detail. 
The green frame will jump to where your cursor is pointing, and the 
scene in the Selected View window will now show this area. Or click 
and hold down your mouse button within the green frame on the 
All-Sky Chart, then drag the frame around the sky. The scene in the 
Selected View window will change as the location of the green rect-
angle on the All-Sky Chart changes. Finally, click and hold down 
your mouse button in the Selected View window, then drag the cur-
sor to move to another part of the sky. The green frame in the All-
Sky Chart will follow your movements.

Changing the Chart
Below the Selected View window you’ll find the latitude and longi-
tude the chart is set for, as well as the date and time. These can all 
be changed. 

To alter the date and time, click on the month, day, year, hour, or 
minute in the display at lower left, which will become highlighted. 

(You can change only one parameter at a time.) Then use the + or – 
button to increase or decrease the value you’ve selected. Each time 
you change a quantity, both the Selected View and All-Sky Chart 
will be updated instantly. If you’d rather do a wholesale change, click 
the large “Change” button in the Date & Time display area. A pop-
up window will appear. Here you can choose any date between Jan-
uary 1, 1600, and December 31, 2400, using the day and month 
pull-down lists and the year text-entry box.

To alter the location, you’ll need to click the large “Chance” but-
ton in the Location display area. A pop-up window will appear that 
will let you select a new location. Use either the “USA or Canada”  
or the “World by City” box and your time zone will be automatically 
selected, but don’t forget to check the Daylight Saving Time box if 
appropriate. Do not use the “Worldwide by Latitude & Longitude” 
option — there are problems with its functionality among other 
things (here’s an update from S&T).

You’ll find more detailed instructions and hints for using the 
chart on the Help page. To really become familiar with this pro-
gram, see the article:  Fun with S&T’s Interactive Sky Chart.

Tech Talk
The applet should work properly in most Java-enabled Web brows-
ers. For best results on a PC, use Internet Explorer 6 or Netscape 7; 
on a Mac, use OS X 10.3 (or higher) with Safari. If you’ve installed a 
“pop-up stopper” to block advertisements that automatically open 
in new browser windows, you’ll probably have to turn it off, as the 
Interactive Sky Chart needs to open in a new browser window.

If you have trouble getting the Sky Chart to open on your com-
puter, please review Sky’s detailed system requirements to check 
whether you’re using a supported operating system. And don’t forget 
to also review the Help page.  [RETURN]

Using Sky & Telescope’s Interactive Sky Chart
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http://www.skyandtelescope.com/skytel/beyondthepage/126517633.html
http://www.skyandtelescope.com/help/3304366.html
http://www.skyandtelescope.com/observing/skychart/3304906.html?page=1&c=y
http://www.skyandtelescope.com/observing/skychart/3304901.html?page=1&c=y
http://www.skyandtelescope.com/help/3304366.html
http://www.skyandtelescope.com


reflections
European Southern Observatory

VISTA Views the Helix
The European Southern Observatory’s Visible and Infrared Survey Telescope for Astronomy 

(VISTA), at the Paranal Observatory in Chile, captured this striking new image of the Helix 
Nebula, which lies about 700 light-years away in the constellation of Aquarius, the Water Bearer. 
This infrared view reveals strands of cold, nebular gas that can't be seen in visible light images.

The nebula itself is a complex object composed of dust, ionized material, and molecular gas, 
arrayed in a beautiful and intricate flower-like pattern, and glowing in the fierce glare of ultra-vio-
let light from the central hot star. The main ring of the Helix is about two light-years across. 
However, material from the nebula spreads out from the star to at least four light-years. [RETURN]

Courtesy ESO / VISTA / J. Emerson
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http://www.eso.org/public/news/eso1205
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