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The middle of the evening had arrived, and 
the moist summer throb of this large southern 
city carried blues beats, the laid down rhythms 
of hip hop, and the “Fine Days” gentleness of 
Thailand’s Marsha. We emerged from Sawaddi 
still feeling the takrai tingle and pepper pout 
of larb and tom yam gai, and the heft of the 
warm evening’s humidity made our pace slow 
and easy.

Our group of six continued conversation 
begun hours before, the threads of personal 
and professional talk weaving, along with the 
food and music, a vibrant fabric of good eve-
ning. And then, while crossing trolley tracks, 
one of our number stopped and called to me.

“Jay, what’s the phase of the Moon tonight? 
It’s past first quarter, right?” We all stopped—
no trolleys approaching—and looked to the 
sky hanging over South. A broad yellow gib-
bous Moon had cleared a space there between 
the tall buildings lining the street’s east and 
west sides. “Ahhh, yes, Sondra, it’s a waxing 
gibbous phase.” We six then gulped that liquid 
Moon and, I swear, after a thousand-one 
thousand-two count, all seemed to sigh at the 
same time. There. In the midst of the city. 
With pedestrians and automobiles and horse-
drawn carriages and trolleys all about. The 
legend of bluesman Robert Johnson has him 
on his knees and howling at the Moon as he 
died of poison, and, while the legend is just 
that, I almost wondered if we six were not 
readying ourselves for a good lunar howl. The 
Moon was that enthralling.

Through the years I have been continuous-
ly touched and moved by the manner in 
which the heavens touch and move us. 
Whether we are humming an Eagles ballad at 
our first sight of the Southern Cross, wiping 
tears from our eyes as the Moon’s shadow 
rushes over us during a total solar eclipse, or 
simply pulling our arms to our torsos as we 
peer at Pegasus charging up from the eastern 
horizon, we are attracted by the heavens. And 
by some Newtonian-like equivalence, we 
attract them, too. We pull their enormity into 
our lives to give vastness to something mun-

dane (“a pie as big as the Moon”) or mysteri-
ous grandeur to something merely pretty 
(“the fabric was dark as space”) or timeless-
ness to things we wish to last (“a love as old as 
the Universe and every bit as large”). We covet 
the cosmos, you see, and use it to enliven us—
be it our popular culture or our emotions or 
even our faith in something or someone 
beyond.

We resumed our stroll, and the Moon wan-
dered amid the buildings built tall to reach 
the sky. Trying to be higher and closer to that 
alien embrace above, we humans are forever 
grasping for more of the heavens’s ethereal 
substance. Or else, as good chap Browning 
once wrote, what’s a heaven for? Indeed. In 
the midst of the beating city or at a location 
miles beyond the sticks, the Universe, our real 
home, is only a glance above.

James C. White II, Ph.D., Editor
editor@astrosociety.org

Finding Home

ON THE COVER: About twice the distance from our Sun to the next nearest star, the 
Eagle Nebula, a tower of cold gas and dust rising from a stellar nursery, soars 9.5 light-years 
high. The dominant colors in the image were produced by gas energized by the star cluster’s 
powerful ultraviolet light. The image was taken in November 2004 with the Advanced Cam-
era for Surveys aboard the NASA/ESA Hubble Space Telescope. Photo courtesy of NASA, 
ESA, and The Hubble Heritage Team STScI/AURA.
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by Christopher Wanjek

Do you find black holes to be so 
complicated and convoluted that 
they can’t possibly be real? 

Researchers at Case Western Reserve Uni-
versity feel your pain. They dare to venture 
that black holes (gulp) don’t exist!

The researchers, who include Lawrence 
Krauss, a well-regarded theorist and author 
of popular science books such as The Phys-
ics of Star Trek, offer a new theory about 
what happens when massive stars implode.

Black holes have been annoying physi-
cists for years. Newton’s laws had allowed 
for the concept of a black hole, an object so 
dense and with gravity so strong that the 
escape velocity from its surface would 
exceed that of light. Einstein’s general theo-
ry of relativity further suggested that mass 
can warp space and suck in matter. By the 
1930s, physicist Subrahmanyan Chan-
drasekhar predicted that stars of a certain 
mass could implode to create a black hole.

But all of this was gushy theory. That soon 
changed with the advent of x-ray astronomy. 
By 1971, ground-based optical and orbiting x-
ray observations were indicating that the Cyg-
nus X-1 system contains a huge star orbiting 
an unseen source too massive to be a neutron 
star, implying that black holes must be real. 

But by stealing matter into their abyss, 
black holes are breaking the law. There’s the 
First Law of Thermodynamics: matter can-
not be destroyed. And there’s the reversibil-
ity requirement of quantum theory: any 
reaction can run in reverse and that starting 
conditions can be determined theoretically 
by studying the end product. This would 
require a black hole to store the informa-
tion it consumes.

Then Stephen Hawking made things 
worse in 1974. Building upon another phe-
nomenon of quantum physics—that virtual 
particles and antiparticles continuously pop 
into existence, immediately annihilate and 
vanish—Hawking said that such pairs must 

form around a black hole. If positioned just 
right, one particle could fall into the black 
hole while the other could escape to roam 
the Universe. To compensate for this cre-
ation of a particle and mass, the black hole 
itself must lose mass in the form of radia-
tion, now called Hawking radiation. Over 
aeons, the black hole will evaporate.

Before, physicists could reason that mat-
ter was locked away in a black hole, simply 
irretrievable. If black holes evaporate, what 
happens to the information that was inside? 

Hawking had said that information is fun-
neled into a parallel universe. Although he 
backed away from this stance last year, he 
hasn’t offered a convincing alternative.

Krauss and his colleagues—lead author 
Tanmay Vachaspati and Dejan Stojkovic—
suggest something simpler than parallel uni-
verses. They say the black hole never forms.

In the old scenario, a massive star runs 
out of fuel, and its core implodes. If there is 
enough mass, no force can stop the free fall 
of matter, and all that mass collapses into a 
singularity, a point of infinite density. This 
is the black hole. The researchers say the 
first part of this can happen, but nothing 
will cross the event horizon. 

Einstein’s general theory of relativity 
predicts that, from an outsider’s view, time 

comes to a standstill at the event horizon. 
Krauss’s group—and they have the complex 
mathematics to support this—say that mat-
ter will pile up and hover at the event hori-
zon yet never fall across because of this 
time dilation. “Even as the star is collapsing, 
it is evaporating by what we call pre-Hawk-
ing radiation,” said Vachaspati. “Since the 
asymptotic observer only sees the frozen 
object hovering outside the horizon, com-
plete evaporation can take place and the 
frozen object will not have fallen in.”

This bypasses the information paradox 
problem because information is never hid-
den or lost. Information in the form of radi-
ation remains visible to the astute observer. 
There’s still an ultra-dense object there, 
Vachaspati said, a “black star” largely indis-
tinguishable from what we call a black hole.

Independent researchers said they were 
still too unfamiliar with the details of the 
new theory to comment. Krauss considers 
this a work in progress to stimulate discus-
sion of the information paradox. “Very 
complicated theoretical problems may 
require theoretical solutions,” he said.

Krauss added that nothing else really 
changes. The Universe is still filled with 
funky black hole-like objects that can be 
studied in detail to reveal insights into the 
nature of gravity and perhaps new physics. 
Future gravitational wave missions, such as 
the ESA-NASA LISA project, might find 
evidence to support this “black star” theory 
with the observation of the merger of two 
alleged black holes. Krauss, known for cri-
tiquing string theory as largely untestable, 
joked that at least this new theory doesn’t 
require new dimensions.

If LISA cannot find evidence for black 
stars, then the theory might simply disappear 
in the black hole of good science ideas proven 
wrong. Such is the nature of the business. 

CHRISTOPHER WANJEK has switched largely to 
health writing and is also more confused than 
ever. He pines for the simple days of covering 

quantum physics.

Black Holes Under Attack
Are black holes just figments of our imagination? Is a hole by any other name still black?

armchair astrophysics

An artist’s impression of a stellar-mass black 
hole. Illustration courtesy of ESA, NASA, and 
F. Mirabel.
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planetary perspectives

by Daniel D. Durda

Back in the July/August 2005 issue of 
Mercury I described the results of an 
expedition in Mexico to test the sonar 

mapping components of a NASA-funded 
robot designed to map and navigate its 
underwater surroundings (“Seeing the 
Unseen,” p. 6). Now, the full-up robotic 
explorer has very successfully completed its 
exploration of the deep Mexican sinkhole, 
paving the way for an exciting follow-on 
project under Antarctic ice.

I’ll recap from that earlier column a bit 
here, in case you don’t have your Mercury 
back issues handy.

The DEep Phreatic THermal Explorer 
project (DEPTHX) is a NASA-funded field 
campaign to design and develop the technol-
ogies and techniques for exploring the deep 
ocean under the icy crust of Jupiter’s moon 
Europa and searching for signs of life there. 
The DEPTHX team is led by renowned cave 
explorer Bill Stone and includes scientists 
and engineers from the Carnegie Mellon 
Robotics Institute, Southwest Research Insti-
tute, the University of Texas, the Colorado 
School of Mines, NASA’s Ames Research 
Center, and the University of Arizona.

Very early in the project we wanted to be 
sure that the sonar mapping portions of DEP-
THX would work as designed before integrat-
ing then into the (at the time, still being 
designed) final robotic vehicle, so two years 
ago we dunked the sonar and ring laser gyro 
units into the deep, water-filled cenote of 
Zacatón, in Tamaulipas, Mexico. Zacatón is a 
perfect place to test the DEPTHX vehicle—it 
offers a diversity of microbial life that varies 
with depth in a geometrically unknown set-
ting, and that combination provides many 
opportunities to test autonomous mapping 
and navigation software and microbe sample 
decision making routines. Those early, pre-
liminary drop tests were spectacularly suc-
cessful and provided the team with detailed 
three-dimensional maps of Zacatón’s upper 

walls, some real-world constraints to help 
refine the vehicle’s hardware and software, 
and important clues to the formation and 
geologic history of the cenote.

But all that was just a warm up for the 
main expedition. 

This last May, after much hard work and 
long hours designing and building the full-up 
DEPTHX vehicle and getting the expedition 
site ready for work, the big day arrived. Fol-
lowing final checks of the on-board naviga-
tion and mapping software, the one-ton 
DEPTHX was lowered by crane into the 
waters of Zacatón and the vehicle was on its 
way down. DEPTHX ran both autonomously 
and tethered in Zacatón. During warm-up 
missions we connected a 600-meter-long 1-
mm diameter fiber optic filament to the vehi-
cle for data uplink back to the floating 
“mission control” and DEPTHX’s fifty-six 
sonars unveiled Zacatón’s unseen depths in all 
their glory. This gave us the opportunity to 
look over the bot’s shoulder while it otherwise 
conducted its automated business. We had 
seen some of the deep geologic structure from 
the dunk tests two years before, but, as DEP-
THX descended to a depth of 270 meters, we 
began to see what appeared to be the previ-
ously completely unknown bottom of the 
cenote. Zacatón bottomed out in an inclined 
slope leading to a deepest point of 319 meters 

at the northwest corner of a roughly 80-meter 
by 45-meter rectangular shaft.

During repeated dives over the next sev-
eral days, DEPTHX continued to map the 
bottom in increasing detail and collected 
many samples of water, biofilm from the 
sinkhole’s walls, and even rock core sam-
ples. The data collected are going to keep 
the team busy for many months to come—a 
preliminary look at the DNA from the 
water samples has already revealed several 
entirely new and unknown divisions of bac-
teria. You can read a more complete diary 
of the expedition at  www.stoneaerospace.
com/news-/news-zacaton-mission3-01.php.

These DEPTHX successes are only the 
beginning. A follow-on project called 
ENDURANCE, led by Peter Doran of the Uni-
versity of Illinois at Chicago with vehicle devel-
opment and integration again taking place at 
Stone Aerospace, will take a stripped-down, 
sterilized, and re-built DEPTHX into the 
depths of ice-covered Lake Bonney in Antarc-
tica in 2008-2009. ENDURNACE is designed 
to test down-hole, through-the-ice deployment 
and reliable auto-docking and extraction.

Next stop—Lake Vostok…then Europa! 

DANIEL D. DURDA is a member of the 
DEPTHX team and did not get a single tick bite 

during the whole project.

DEPTHX Takes the Ultimate Plunge
A NASA-funded underwater robot explores the bottom of a deep Mexican cenote.

Members of Team DEPTHX ready the vehicle for a descent into the deep, water-filled cenote of 
Zacatón, in Tamaulipas, Mexico, to create a map (right) from sonar data. Photo courtesy of the 
author. Illustration courtesy of Stone Aerospace/Team DEPTHX.
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by Katherine Bracher

In the summer of 1947, the 200-inch 
telescope on Palomar Mountain, largest 
in the world, was nearly finished, and 

astronomers were looking forward with 
great anticipation to its advent. Edwin P. 
Hubble wrote an article in the Publications 
of the A.S.P. for August 1947, entitled “The 
200-inch Telescope and Some Problems it 
may Solve.” It is interesting to look back 
today at what problems he considered, and 
what the 200-inch was able to do for them.

The 200-inch was the dream of George 
Ellery Hale, who had been responsible for 
the 40-inch refracting telescope at the Yer-
kes Observatory, and for the 60-inch and 
100-inch telescopes on Mount Wilson. 
Work began on a 200-inch telescope in the 
1930s, but it was put on hold during World 
War II. Hubble wrote that “work was 
resumed soon after V-J Day, and the tele-
scope is now nearing completion.” He con-
tinued: “The dome and mounting have 
been ready for some time… The mirror 
also is in the final stages… Before the sum-
mer is over, …the mirror [will be] trans-
ported to Palomar… We like to believe that 
some research may be started during the 
early months of 1948.”

The research areas for which the 200-
inch was best suited were those requiring 
its great light-gathering power, with its 
diameter twice that of any other telescope 
in existence. There were many of these 
problems, but Hubble chose to focus on 
three: “first, the existence of canals on Mars; 
second, the relative abundance of the chem-
ical elements in stars; and third, the large-
scale structure of the Universe. Each 
problem represents a particular aspect of 
light-gathering power, namely, resolution, 
dispersion, and depth penetration.”

The canals on Mars would not be a high 
priority item today for a large telescope; but, 
in 1947, there was much interest in their 
possible existence. Photographs did not 

have as good resolution as 
visual observations, due to 
the time exposures 
required and the “shim-
mering” effect caused by 
Earth’s atmosphere. The 
200-inch telescope would 
permit short exposures, 
which might be able to 
show such fine detail as 
the canals. However, pho-
tos with the 200-inch did 
not show any canals; and 
the issue was unresolved 
until space probes reached 
Mars in the 1960s and 
showed conclusively that 
canals do not exist.

The abundances of the chemical ele-
ments in stars can be found from analyzing 
the spectrum of stars. But to get fine details 
one needs “to spread out the spectrum on 
the maximum possible scale… With the 
200-inch, all the stellar and nebular spectra 
can be lengthened about four times.” 
Astronomers already believed that hydro-
gen is the most abundant element, but 
Hubble wrote: “There are insistent sugges-
tions that the relative abundance of hydro-
gen varies considerably from star to star. 
There is also some reason to suppose that 
the relative abundance of other elements 
does not vary widely in the stars.” Studies 
with the 200-inch and other telescopes have 
shown that, in fact, the hydrogen abun-
dance is quite similar in most stars, but that 
some of the other elements do vary notice-
ably from star to star. But it is true, as Hub-
ble wrote, that “[t]he data are immensely 
important because they bear directly on 
two very fundamental problems, namely, 
the source of stellar energy and the origin 
of chemical elements.” About ten years later, 
Geoffrey and Margaret Burbidge, W. A. 
Fowler, and Fred Hoyle published a funda-
mental paper on these topics, showing how 
nuclear reactions in stars can produce the 
chemical elements.

The 200-inch contrib-
uted particularly to Hub-
ble’s third problem, 
because it “should pene-
trate into space about 
twice as far as the 100-
inch.” Hubble himself had 
used the 100-inch to study 
the redshifts in the spectra 
of what we now call galax-
ies, and showed that larger 
redshifts indicate greater 
distances. “This interpre-
tation lends itself directly 
to theories of an expand-
ing universe. This inter-
pretation is not universally 
accepted… [but] the 

approximately uniform distribution and the 
approximately linear law of red-shifts must 
be satisfied by any theory of the Universe. 
They are the only observational results on 
the grand scale that can be used as tests.” 
Hubble concluded: “We may predict with 
confidence that the 200-inch will tell us 
whether the red-shifts must be accepted as 
evidence of a rapidly expanding universe, 
or attributed to some new principle of 
nature… [but as] the darkness is pushed 
back, greater problems will doubtless 
emerge which we cannot now foresee.” 

Hubble was right. While the redshifts 
are now accepted as evidence of an expand-
ing Universe, we now have found (using 
even larger telescopes) that the expansion is 
accelerating, and this is attributed to the 
presence of dark matter and dark energy in 
the Universe. This sort of “new principle of 
nature” was completely unimagined sixty 
years ago. 

KATHERINE BRACHER taught astronomy at 
Whitman College in Walla Walla, Washington, for 
31 years. Retired in 1998, she currently lives in 
Austin, Texas. Her research focuses on eclipses 

and the astronomy of the ancient world; her 
other principal interest is early music. Her email 

address is bracher@whitman.edu.

The Promise of the 200-inch Telescope
A new view of the Universe was made possible with a grand new telescope in 1948.

echoes of the past60 Years ago

Russell Porter’s 1938 drawing  
of the 200-inch Hale Telescope. 
Image courtesy of Caltech.
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astronomer’s notebook

by Jennifer Birriel

At a distance of only 150 light-years, 
the Hyades is the nearest open 
cluster and easily lends itself to 

study. It consists of roughly 400 stars, all 
around 625 million years old. It has a 
known deficiency of low-mass 
objects, which are speculated to 
have escaped the cluster earlier in 
its history. Despite years of intense 
study, astronomers are still making 
exciting discoveries about the den-
izens of the Hyades. 

Late this spring, a large team of 
Japanese astronomers announced 
the discovery of a gas giant planet 
orbiting Epsilon Tau in the Hyades. 
The planet, discovered using the 
Doppler-shift method, is at least 
7.6 Jupiter masses and orbits its red 
giant (core-helium burning) parent 
star with a semi-major axis of 1.9 
Astronomical Units and an orbital 
period of 595 days. Its parent star 
has a mass of 2.7 times that of the 
Sun, making it the heaviest planet-
harboring star to date. 

This is the first planet ever discovered in 
an open cluster. Because the ages of open 
clusters are generally not too difficult to pin 
down, this opens up the possibility that 
astronomers might be able to trace the evo-
lution of planets over time. They might also 
be able to study the properties of giant 
planets as a function of parent-star mass 
only because presumably all stars in a clus-
ter have similar metallicities! 

This planetary system has some very 
puzzling aspects. The mass of the parent 
star implies a main-sequence luminosity 
fifty times that of solar luminosity: a gas 
giant planet should have formed only at a 
distance greater than 20 A.U., and then it 
would have taken far longer than 600 mil-
lion years. Was the planet captured in a 
stellar encounter? The fact that its orbital 

eccentricity is low, 0.15, seems to rule out 
that possibility. Perhaps the planet formed 
further out and then migrated inward? Fur-
thermore, the parent star appears to have 
already proceeded through the tip of the 
red-giant-branch stage and would have 
reached a stellar radius of 40 A.U.—so how 
did this planet survive? 

Around the same time, British astrono-
mers Richard Jameson and Nigel Bannister 
announced their discovery of five L and 
two T brown dwarf stars in the Hyades. 
Previously, this cluster was thought to be 
too old to contain brown dwarfs. Brown 
dwarfs experience a brief phase of lithium 
burning and spend the bulk of their lives 
cooling down. The discovery of brown 
dwarfs in a cluster of known age should 
eventually allow for meaningful compari-
sons between brown dwarf theories and 
observations. 

Meanwhile in America, Erika Böhm-
Vitense, of the University of Washington, 
published her discovery of a ring of mainly 
F and G stars around the core of the Hya-
des. Plotting the positions of Hyades A, F, 
and G single and binary stars in right 
ascension and declination she found that 

the F and G stars show a central concentra-
tion while the A stars do not. Böhm-
Vitense identified a narrow ring of 0.5 
degree width and a radius of about 10 
degrees consisting of mainly F stars. 

She posits that this ring was created by a 
shock wave due to a supernova explosion 
about 600 million years ago. Given the age 

of the cluster and the supernova 
explosion, she estimates that the 
progenitor star was between six 
and eight solar masses. The ring is 
composed of mainly F stars, a few 
G stars, one A star, and one white 
dwarf. This would seem to suggest 
that star formation triggered by 
supernova shocks creates stars in a 
narrow range of stellar masses and 
that the range of stellar masses 
formed depends mainly on the 
strength of the shock. 

If the ring stars are in fact the 
result of a supernova explosion, 
could there be a neutron star close 
to the ring center? Near the center 
of the ring resides the star HD 

28052, which possesses an enigmatic 
and unseen companion star dubbed 

V777 Tau. The x-ray and UV emissions 
from V777 Tau are suggestive of its being a 
neutron star. Böhm-Vitense is currently 
working on another paper to discuss this 
possibility.

The Hyades is rapidly assuming the status 
of a cosmic, or at least a Galactic, Rosetta 
Stone. It is an important benchmark in the 
cosmic distance scale and in the study of star 
clusters. It looks like it may also play an 
important role in our understanding of super-
nova-triggered star formation and the forma-
tion and evolution of both brown dwarfs and 
exoplanets. All this only adds to its awesome 
beauty on crisp winter evenings. 

Astrophysicist JENNIFER BIRRIEL spends her free 
time poking around in stellar nurseries and 

stellar cemeteries. She is an assistant professor 
at Morehead State University in Kentucky.

Hyades Highlights
Known since antiquity, this cluster holds a plethora of new and intriguing phenomena.

The Hyades open star cluster in the direction of Taurus. Photo 
©2007 T. Credner & S. Kohle, AlltheSky.com.
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by Clifford J. Cunningham

No man is an island.” With these five 
words John Donne is remembered 
around the world four centuries 

after his death. But other words—that begin 
a legendary paragraph written in 1623—be-
tray Donne’s great interest in astronomy: 
“Who casts not up his eye to the Sun 
when it rises? But who takes off his eye 
from a comet when that breaks out?”

The year 1611 was one of the most 
pivotal years in the annals of astrono-
my. It was in that year that Antonio 
Santucci, at the University of Pisa, 
published a book in which he argued 
that comets are not atmospheric phe-
nomena. This was contrary to the pre-
vailing scientific opinion, and cast 
great doubt on the unchangeable 
nature of the heavens, which threat-
ened both the Catholic Church and 
the wisdom of Aristotle.

The Pope and Cardinals were also 
sorely vexed that year by Galileo. In 
April, Cardinal Bellarmine asked Jesuit 
mathematicians to confirm or deny 
Galileo’s amazing discoveries of irreg-
ular features on the Moon and the sat-
ellites of Jupiter. That matter came to a 
head five years later, when Bellarmine 
told Galileo not to hold, teach, or 
defend the view of Copernicus that Earth 
revolves around the Sun.

What makes the tale so intriguing is that 
Bellarmine was the attack dog for Pope Paul 
V not only against Galileo, but against the 
King of England! Because England had bro-
ken away from the Catholic church to estab-
lish its own Protestant church, the Pope 
declared that no Catholic could swear an 
oath of allegiance to the English monarch.

The Jesuits took this to the extreme and 
were widely believed to countenance the 
murder of the English king. King James of 
England wrote a book defending his rights, 
and Bellarmine wrote a vicious book in 

response. James replied with another book, 
and Bellarmine wrote another incendiary 
reply in 1609, just two years before he 
began his crusade against Galileo.

So by 1611 the atmosphere in Europe 
was inflamed both diplomatically and sci-
entifically—and at its center was Bellarm-
ine. It created the perfect climate for one of 
England’s greatest writers, John Donne, to 

launch a broadside against both the Jesuits 
and Bellarmine. It took the form of a satire 
entitled Ignatius His Conclave. In the book 
the person of the Pope is thinly disguised as 
Lucifer himself, and his sidekick Ignatius is 
none other than Bellarmine.

The tale begins with the narrator 
(Donne) telling the astonished reader that 
he has seen all the rooms of Hades, but 
about most of these he “prefers to be silent, 
then to do Galileo wrong by speaking of it.”  
Instead he goes to “a secret place, where 
there were not many, beside Lucifer him-
self.” It was a place reserved for those who 
have given “an affront to all antiquity, and 

induced doubts, and anxieties and opinions 
directly contrary to all established before.” 

Here Donne is referring to the views of 
Aristotle and Ptolemy, who established 
1,900 years earlier (in antiquity) that Earth 
is the center of the Universe. To make his 
Catholic readers squirm, he notes that Pope 
Boniface III has already been in this exalted 
room of Hades for the past thousand years!

No sooner does he see this room 
than the door creaks open, and he 
spies “a certain mathematician who 
had been busy till then deriding Ptole-
my.” The figure comes to the gates and 
cries, “Are these shut against me, to 
whom all the Heavens were ever open, 
who was a soul to the Earth, and gave 
it motion?”

“By this,” writes Donne, “I knew it 
was Copernicus.” At first he was sur-
prised to see Copernicus there, 
until he remembered that the 
“Papists have extended the name 
and punishment of heresy almost 
to every thing.” Copernicus 
implores Lucifer to let him enter 
this most secret room of Hades: “I 
am he who thrust the Earth up into 
the Heavens and the Sun into the low-
est part of the world.”

Lucifer is impressed, but the sly 
Ignatius is having none of it. Even though 
Ignatius had little scientific learning, 

“after he had spent some time in Hell, he had 
learnt a lot from the Jesuits.” Who cares 
whether Earth travels or stand still, says 
Ignatius. “Do not men live just as they did 
before?”  Besides, says Ignatius, you should 
not be here anyway because “those opinions 
of yours may very well be true.”

This certainly reflects the state of mind 
of Bellarmine, who as a thoughtful man 
must have wondered if the views of Coper-
nicus and Galileo may be found as truth in 
the fullness of time. 

CLIFFORD CUNNINGHAM wrote this column in 
a small room located in a very hot place.

Copernicus in Hades?
Even Hades was not immune to the shifting of the world.

annals of astronomy

The poet John Donne (1572 – 1631).

“
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by Suzy Gurton and Michael Gibbs

When science teachers seek to uti-
lize the excitement of astronomy 
to generate an interest in science, 

one of the resources they can turn to is the 
ASP’s free online newsletter, the Universe in 
the Classroom. Each issue of this newsletter 
provides background on a topic of current 
astronomical interest and hands-on learning 
activities for teachers to use in the classroom 
to supplement their science curriculum.

Started in 1984 by the ASP to serve a 
need of providing scientifically accurate 
information to science teachers in the frenzy 
of Comet Halley hype, the newsletter today 
has expanded to serve not only educators in 
the United States, but around the world.  
Thanks to the generous lead gift from Donat 
Wentzel and additional support from the 
Thomason Foundation and Al Whaley, the 
Universe in the Classroom was revitalized in 
2006 and is edited by Anna Hurst.

Currently, there are over 3,000 subscrib-
ers (individuals who ask to receive an elec-
tronic notification each time a new issue is 
posted), with over 300 being international 
educators. The large number of internation-

al subscribers is due in part to efforts to 
promote the newsletter, such as with a 
recent article in the June 2007 issue of The 
Planetarian, the journal of the International 
Planetarium Society. Also, Hurst is actively 
expanding the international presence and 
conversations are underway with astrono-
mers from Greece, Iran, and Ethiopia to 
bring the newsletter to educators in those 
countries. While the majority of subscribers 
are classroom teachers, a large portion are 
people who communicate astronomy in 
their roles as professional and amateur 
astronomers, as educators at museums and 
nature centers, and as parents.

But the number of subscribers alone does 
not tell the entire story. We find that with any 
good product or service, friends tell friends. 
During the months of November and 
December in 2006, over 13,000 individuals 
downloaded the newsletter—this with only 
3,000 official subscribers. In October 2006 
alone, over 22,000 individuals viewed the 
newsletter leading up to the Mercury transit, 
which was featured in the fall issue. This was 
recognized as a valuable resource and linked 
to from articles in SPACE.COM, on NASA’s 
Sun Earth Forum web page, NASA’s Mercury 
Messenger Mission web page, NASA’s Kepler 
Education and Public Outreach page, and the 
“Mercury Transit Hawaiian Style” web page. 
Another recent issue of the newsletter, writ-
ten by Max Mutchler at the Space Science 
Institute, featured an article on Pluto and 
Ceres as the “ugly ducklings” of the Solar 
System. This was very timely, as it came out 
not long after the reclassification of Pluto 
from a planet to a dwarf planet.

While timely issues like these are a valu-
able service to teachers dealing with head-
line discoveries, the archives continue to be 
a valuable resource with timeless topics like 
those listed in the Table.  The next issue 
will tackle the difficult topic of Dark Mat-
ter, translating this into something teachers 
can address with their students. 

During the National School Board Asso-
ciation national conference held in San 

Francisco in the spring of 2007, the school 
board members and superintendents were 
very grateful to learn about this free 
resource—because of the financial support 
the ASP received to make this possible. 
They also expressed the importance of hav-
ing the resource available in Spanish as 
their districts are having to serve a chang-
ing demographic. Many of the archived 
issues are translated and available on the 
web in Spanish, and volunteer translators 
make sure that each new issue is also avail-
able in Spanish. 

The editorial guidelines are tailored to 
keep this resource useful for teachers and 
easy to get into the classroom with a short 
turn-around time. Each issue contains a 
feature article that is non-technical with 
easy-to-use information on a topic of 
astronomy/space science interest, one or 
two hands-on activities, and a list of supple-
mental resources for those interested in 
digging deeper and expanding on the topic. 

To subscribe, simply visit the Universe in 
the Classroom web page at www.astrosociety.
org/uitc. 

SUZY GURTON (sgurton@astrosociety.org) is 
the Astronomy Education Manager and 

MICHAEL GIBBS (mgibbs@astrosociety.org) is 
the Chief Advancement Officer for the 

Astronomical Society of the Pacific.

Direct to the Teachers
Since 1984 the ASP’s newsletter for teachers has informed, educated, and enlightened.

societal impact

As part of a card-sorting activity that appeared 
in the Winter 2007 issue of the Universe in the 
Classroom, students at Rivendell School in Fort 
Collins, Colorado, discuss the variety of objects 
in the Solar System and devise methods cat-
egorizing them. Photo courtesy of D. Wanger.

Sample issues from  
Universe in the Classroom archives

Issue Title

No. 12 Winter 1988-89 The Moon: It’s Just a Phase 
It’s Going Through...

No. 13 Fall 1989 The Surface of the Moon

No. 20 spring 1992 The Search for Extrater-
restrial Intelligence

No. 58 summer 2002
Responsible Exploration: 
Protecting Earth and the 
worlds we explore from 
cross contamination 

No. 62 summer 2003
Egg Balancing at the 
Equinox: Good or Bad 
Astronomy?

No. 68 summer 2005 
Our Solar Connection: A 
Themed Set of Activities for 
Grades 5-12

No. 71 spring 2007 How Fast Are You Moving 
When You Are Sitting Still?
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by David Bruning

Well, that’s just your opinion,” a 
student comments during a dis-
cussion about how observed 

redshifts of galaxies imply the Universe had 
a beginning some 13 billion years ago.

Is the student’s response one resulting 
from deeply-held philosophy or from limit-
ed educational growth? In the first case, the 
student may not be responding from a reli-
gious standpoint but from a more general 
post-modern philosophy that seems to grip 
Western society. In the latter case, the stu-
dent may be in the early stages of Perry’s 
model of intellectual growth. 

Modernism, which started in the early 
1900s, arose as physicists and astronomers 
enjoyed great success in detailing the behav-
ior of the atom, stars, and the Universe. Sci-
ence could describe everything according to 
modernists. The backlash to this techno-
viewpoint was post-modernism, which says 
(simplistically) there is no absolute truth and 
that everyone’s opinion is equally valid. 

William Perry, in his studies of Harvard 
students, described the intellectual develop-
ment of 18- to 22-year olds and claimed 
that great shifts can occur as students are 
exposed to diverse viewpoints. Perry devel-
oped a nine-point scale that categorized 
students’ development from “right-wrong” 
(dualistic) thinkers to relativistic ones. 

Category one members are those who 
think there is only one right answer and 
they often state: “You said X in class but the 
book says Y,” followed by “Why did you say 
something wrong in class?” Not only do 
they believe in authority as the source of 
knowledge, but they also have a great sense 
of righteousness. These students often pro-
claim, “Don’t tell me about different theo-
ries, just tell me which one is right.” 

Persons in the second category recognize 
that different viewpoints may exist but feel 
the other viewpoints are wrong and con-
fused. These students take pains to learn the 

instructor’s viewpoint and will repeat it will-
ingly, although not necessarily identifying 
with it. These students see learning as a 
game to figure out what the instructor wants.

Rejecting authority figures occurs for 
category-three thinkers. They may still 
believe that there is absolute truth, but the 
instructor doesn’t know it. Often these stu-
dents think they are graded arbitrarily on 

papers because they haven’t learned yet how 
to form solid, evidence-based arguments.

Students who embrace multiplicity as a 
spectrum of personal opinions form catego-
ry four. Everyone has a right to his or her 
viewpoint but every perspective is just a 
personal opinion. This group understands 
that they must reason relativistically, but 
they have not yet learned that it is because 
physical truth is relative and not just a 
requirement formed by the instructor.

Category five is the swing group. Persons 
in this stage believe that truth is relative to a 
particular situation. They sometimes apply 
this non-uniformly, believing that sociology 
may be relativistic but that science is not. 

Students in category six through nine 
understand that truth is relative, and they 
apply this idea consistently. However, the 
commitment to these perspectives varies 
from six to nine. Early stages have an “any-
thing goes” attitude, while later stages 

develop commitments to certain beliefs 
while accepting other perspectives. 

So do we encounter post-modernism or 
relativism in the classroom? Both, because 
post-modernism, in my opinion, is a soci-
etal equivalent to Perry’s relativism. Anec-
dotally, most of my students seem to fall in 
categories two through five.

While thoughtful academic engagement 
is important for groups five through nine to 
continue development, these students will 
largely succeed in spite of us. Category one 
and two thinkers need to confront ques-
tions such as “Is the Sun an average star? 
Why did astronomers so quickly accept 
Copernican theory even though it was 
more cumbersome and not as accurate as 
Ptolemaic theory? Did Einstein prove New-
ton’s theory of gravitation wrong?”

Category three and four thinkers require 
the most patience and attention from us. 
They can be confrontational, not because of 
their personality but owing to the cognitive 
imbalance they experience. The worst thing 
we can try to do is provide them with 
answers, forcing what Dave Pushkin calls 
cognitive capitulation. Rather, we need to 
lead them to seeing how two things can be 
true at the same time by leading them gently 
with questions so they form their own sense 
of truth. One way to build relativistic think-
ing uses group exercises, which start from an 
imaginary dialog between two students dis-
cussing a concept such as who is at the cen-
ter of the Universe. Students must not only 
ponder the dialog but their own beliefs as 
they discuss which student’s view is correct. 

The next time a student confronts you 
with “which answer is right?” or “that’s just 
your opinion,” take a moment to assess 
where he or she falls in Perry’s scheme. 
Instead of being dissidence, this is really a 
teaching moment. 

DAVE BRUNING (david.bruning@uwp.edu) is a 
Distinguished Lecturer at the University of 

Wisconsin-Parkside. He finds teaching fun, but 
that’s just his opinion.

Dualism and the Post-Modern Student
When is an answer right? 

education matters

“
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by Erica Naone

Three decades since their launch, 
the twin Voyager spacecraft 
continue to be two of humanity’s 
most important emissaries.

N o w, 
V o y a g e r

The Voyager spacecraft were launched thirty 
years ago and are now passing from the 
Solar System into the chill of interstellar 
space. Illustration courtesy of NASA.
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Voyager 2 was twelve that year, racing 
near 65,000 kilometers an hour toward the 
blue planet for its last star-studded plane-
tary encounter, “the last picture show” as 
scientists called it. For the world premiere, 
NASA’s Jet Propulsion Laboratory in Pasa-
dena was packed with A-list journalists and 
investigators eager to get a glimpse of the 
space probe’s images of this distant world. 

John Belcher, principal investigator for 
Voyager’s plasma science experiment at the 
time, recalled the moment he found out when 
the last picture show would take place. “What 
did I do?” he said. “I sat down with a calendar 
and figured out when Sunday was and how 
long I would have to get my results into the 
Sunday edition of the New York Times.” 

Voyager’s star quality may have still 
shined brightly back on Earth, but its ren-
dezvous with Neptune was taking place five 
billion miles from the Sun, in the dim 

recesses of the Solar System where sunlight 
was faint and radio transmissions fainter. 
By then, the famous spacecraft had enough 
scientific discoveries under its belt to have 
caused several rounds of textbook revisions. 
But as Voyager headed for its glamorous 
final photo shoot at the edge of humanity’s 
reach, its age was starting to show.

Media descriptions of the spacecraft at 
the time depicted it as heroic and strug-
gling, as if it were Christopher Reeve at the 
end of his life rather than the Christopher 
Reeve as Superman. In a New York Times 
article headlined “Astronomers strain to 
hear Voyager’s last, weak signals,” John 
Noble Wilford described the “aging Voyager 
2” as “groping in the dim vastness far from 
home, arthritic and partly deaf, feeble of 
voice and prone to memory lapses.”

To hear him tell it, the probe was almost 
dead. That was what I thought at the time. 

When the exotic pictures stopped rolling in, 
it seemed there was nothing left for the 
craft to do but fly silently off into the pas-
ture of deep outer space. 

Now, as I look over Voyager’s images of 
Neptune seventeen years later, sinking my 
eyes into the serenity of their pacific blue, I 
see the storms brewing underneath and the 
life Voyager still had inside it to capture 
such turmoil. Through Voyager’s eyes, the 
outermost planet appeared aptly named: 
ocean-colored and dotted by white clouds 
resembling breakers at the beach. Three 
days after its closest approach to Neptune, 
Voyager sent an image of the planet and its 
moon Triton, each a pale gray sliver, look-
ing like double new Moons fading to black. 
That was the moment Voyager really pulled 
away from shore, plunging into unknown 
space, soon to be blind but far from dead.

The Instrument’s Still Speaking
On the second floor of the Massachusetts 
Institute of Technology’s Building 37, which 
houses the offices of several scientists who 
have been scrutinizing data from the two Voy-
agers since the 1970s, there is a working copy 
of the plasma science instrument aboard each 
probe. It sits in a glass case in an open room 
decorated with pictures of stars and planets on 
the walls. Built at the same time as the instru-
ments on the Voyagers, it is the closest an 
earthling can get to the probes themselves. 

The plasma science instrument was 
designed to measure the solar wind, a stream 

In August 1989, as Voyager 2 approached the planet 
Neptune, I was not quite eight. I had a book I liked 
to take out sometimes that smelled of the high-gloss 
paper it needed for the brilliant color of its images. It 
was about a boy who traveled with a robot through the 
Solar System, learning about each planet as he went. 
My book could hardly have existed without Voyager 2 
and its sister, Voyager 1—two real robot travelers.

A schematic illustration of the Voyager spacecraft. Illustration courtesy of 
NASA.

The Voyager message of greeting is carried by a phonograph record—a 
12-inch gold-plated copper disk containing sounds and images selected 
to portray the diversity of life and culture on Earth. The contents of the 
record were selected for NASA by a committee chaired by the late Carl 
Sagan of Cornell University. Photo courtesy NASA.
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of charged particles that continually flows 
outward from the atmosphere of the Sun. 
The apparatus has one face where three cups 
tilt to slightly different angles, like the parts 
of a bug’s eye. One of the cups sticks out like 
an ear. By peering inside that anomalous 
cup, an observer can see a shining plate, with 
the names of the builders inscribed there in 
cursive script. Just under the lip of the cup 
(you have to cock your head to read it), 
someone carved, “Live free or die.”

No one pays much attention to the 
instrument anymore. To the students who 
use the room daily, it’s just part of the scen-
ery. But the instrument’s space-bound sis-
ters have tasted the fire of the volcanoes of 
Io and bits of the rings of Saturn. They now 
breathe in the solar wind at the Solar Sys-
tem’s edge, more than 100 times farther 
away from the Sun than Earth is. And the 
plasma science experiment is very much 
alive. After thirty years to reach this point, 
its glory days are coming now.

That’s because the Solar System has a 
measurable edge, marked out in space. Voy-
ager chief scientist Ed Stone describes it 
this way: go to the kitchen sink and turn on 
the water. The spot where the stream hits 
the basin is the Sun. You can see water radi-

ating out from that point, and that water 
represents light and the solar wind. Notice 
also that a thickened lip forms a circle 
enclosing the water. The solar wind does 
the same, as it runs up against the wind 
from other stars in the Galaxy. 

The thickened lip is the edge of our 
Solar System. Voyager 1 has entered it, 
while Voyager 2 should cross into it any 
day. Like Lewis and Clark reaching sight of 
the Pacific Ocean, the Voyagers should 
soon peer out of the bubble of wind around 
this system’s sun and behold an entirely 
new vista: the deeper ocean of interstellar 
space. The plasma science instrument is 
one of the ways that Voyager can record its 
experiences at this new horizon.

This instrument has been John Richard-
son’s career. Richardson, now at MIT, joined 
the Voyager team in 1977 and started out 
analyzing plasma data from Jupiter. Because 
the plasma science instrument on Voyager 
1 is no longer working, he is waiting eagerly 
for Voyager 2 to cross into the thickened lip 
at the edge, so that he can get his own data 
from the termination shock, the barrier that 
marks that crossing. Richardson expects to 
follow Voyager’s data all the way to inter-
stellar space.

How the Story Began
Originally named the Mariner Jupiter-Sat-
urn mission at its inception in 1972, Voyag-
er was designed to visit only those two 

planets. It was a compromise mission. 
NASA had originally hoped to launch a 
$750 million “Grand Tour,” a mission that 
would take advantage of an opportune 
planetary alignment that happens just once 
every 175 years, enabling spacecraft to visit 
Jupiter, Saturn, Uranus, and Neptune in one 
continuous trip. But, deciding the Grand 
Tour was too expensive, NASA gave Voyag-
er the go-ahead instead. 

Voyager was going to observe closely 
Jupiter, Saturn, and their moons, following 
in the footsteps of its forerunner, the Pio-
neer mission, which had investigated Jupi-
ter in the early 1970s. Stone says Pioneer 
had proved that human-built probes could 
pass through the asteroid belt and into the 
domain of the outer planets. Voyager was to 
build on that experience, using its more 
sophisticated equipment to get a closer look 
at certain items of interest—such as Jupiter’s 
storms, Saturn’s rings, and Saturn’s moon, 
Titan, which has a thick atmosphere scien-
tists have long suspected to be similar to 
that of primitive Earth.

NASA built two identical Voyager probes. 
The Administration’s missions at times were 
often sent out in pairs, so that a backup was 
present in case one system failed. Because 
scientists were so uncertain of what they 
would find near the outer planets and what 
instruments would be needed, they built 
Voyager with the widest variety of instru-
ments they could and included many redun-

The Titan III E-Centaur carries Voyager 1 into 
space on Monday, 5 September 1977.  No one 
could have guessed at the time that almost 
thirty years later, the Voyagers would still send 
back information from the edge of the Solar 
System. Photo courtesy of J. Belcher.

The Sun’s presence in the Milky Way Galaxy is defined by how far our star’s solar wind penetrates 
into the diffuse gas and dust between the stars. There are various parts to this interaction between 
solar wind and interstellar medium (ISM), and this illustration captures those and shows the current 
relative locations of the twin Voyager spacecraft: the Heliosphere, created by interaction between 
the solar wind and ISM and shaped like a long wind sock as it moves with the Sun through interstel-
lar space; the Bow Shock, formed as the heliosphere plows through interstellar space; the Termina-
tion Shock, the point at which the speed of the solar wind drops abruptly as it begins to feel the 
effects of interstellar wind; the Heliosheath, the outer region of the heliosphere; and the Heliopause, 
the boundary between solar wind and ISM. Illustration courtesy of NASA/JPL.
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dancies. “The space age was only fifteen 
years old at the time,” says Stone. “We didn’t 
know spacecraft could navigate and work so 
well so far from the Sun.”

The plan was to send Voyager 1 on a tra-
jectory that would carry it quickly to Jupiter 
and Saturn. The probe would end its mis-
sion by changing trajectory to get close to 
Titan and Saturn’s other moons. This would 
divert its course, making other planetary 
encounters impossible, despite that once-
in-a-lifetime conjunction waited farther out 
in the Solar System. Voyager 2 was to follow 
behind, reaching Jupiter and Saturn a few 
months after its sister. If something went 
wrong with Voyager 1, or scientists needed 
another look at one of the moons, Voyager 
2 could repeat Voyager 1’s mission exactly, 
using its redundant systems and changing 
course so it, too, would miss the chance to 
encounter other planets. 

But there was another mission path for 
Voyager 2 that Stone and others could not 
resist imagining—and acting on. When 
Voyager 2 was launched in 1977, they set its 
course for the Grand Tour after all, a trajec-
tory that would take full advantage of the 
opportunity to approach the previously 
unexamined Uranus and Neptune. If Voy-
ager 1’s mission went off without a hitch, 
Voyager 2 could stay in line with the plan-
ets and carry out the dream mission. “We 
had great hopes, of course, to keep it going 
as long as possible,” says Stone.

There were some problems with this 
strategy, though. The probe was built to last 
five years; scientists could not be sure it 
would survive the seven additional years it 
needed to reach Neptune. Conditions in the 
outer Solar System were almost completely 
unknown. Alan Lazarus, who helped build 
the plasma science instruments for the Voy-

agers, recalled that it was very hard to test 
the instruments on Earth, or even figure 
out if they were working at all. 

In addition, the power of a Voyager space-
craft’s radio transmitter was only 22 watts, 
smaller than the average light bulb. Project 
scientists had scheduled five years of observa-
tion by the Deep Space Network, an array of 
large antennas on Earth capable of receiving 
signals from far-off spacecraft. According to 
the Deep Space Network’s Peter Poon, there 
were two risks with this plan. First, there was 
no guarantee of future observation by the 
antennas, which are often booked receiving 
data from a variety of distant missions. Sec-
ond, at the time of the launch in 1977, the 
DSN antennas were not sensitive enough to 
receive a 22-watt signal from Uranus.

The Grand Tour
“Planetary encounters are addictive,” says 
Belcher. Sitting on a couch in his MIT 
office seventeen years after Voyager’s flyby 
of Neptune, he still closes his eyes at the 
memory. “I used to have dreams of encoun-
ters for years afterward.” 

Belcher recalls the trips he had to make 
to the Jet Propulsion Laboratory each time 
one of the Voyagers reached a prime desti-
nation on its itinerary. “You’d go from 
knowing almost nothing about a planet the 
month before to having an incredible 
amount of information immediately after 
the encounter,” he says.

Both Voyagers reached Jupiter in 1979. 
They made it to Saturn in 1980 and 1981. 
Voyager 1 then split off, heading to the edge 
of the Solar System with no further plane-
tary encounters. 

Even though Jupiter and Saturn had been 
previously explored, the probes managed to 
discover new things about each planet and to 
take more beautiful pictures. They discov-
ered the strangely marked face of Jupiter’s 
moon Io and the volcanoes that served as its 
fountain of youth. At Saturn, they found a 
braided effect in the planet’s rings and chal-
lenged existing assumptions about the age of 
the rings and how they formed. 

Linda Spilker, nicknamed “The Ring-
master” for her career-long interest in Sat-
urn’s rings, remembers the excitement of the 

MIT scientists who participated in making the 
Voyagers’ plasma science instrument inscribed 
their names on the back of its sensor. On MIT’s 
working copy of the instrument, one can see 
that one of the scientists sent off the Voyagers 
with the inscription, “Live Free or Die.” Photo 
courtesy of J. Belcher.

JPL scientists added color to this Voyager 2 picture of Saturn’s rings to show better the subtle color 
differences among the rings. Data from the Voyagers challenged existing assumptions about the age 
of the rings and how they formed. Photo courtesy of J. Belcher.
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Saturn encounters. For two or three days, 
both before and after the spacecraft’s closest 
approach to the planet, people would bring 
sleeping bags to work with them. “You’d 
walk into someone’s office, and they would 
be lying on the floor wrapped in the sleep-
ing bag with their head under the desk,” she 
says. “Everyone wanted to be there to be the 
first one to see so many surprising discover-
ies.” For Spilker, the Saturn flybys were life-
changing events. She wrote her master’s 
thesis using Voyager’s data on the rings. 
Those data guided her as she went on to 
help design the Cassini mission to Saturn, a 
project that has been the focus of her career 
for the last two decades.

Once Voyager 1 completed its tasks, Voy-
ager 2 pressed on into the unknown. Uranus 
and Neptune are both so distant that little 
about them was known from Earth-bound 
instruments. Voyager 2 reached Uranus in 
1986 and Neptune in 1989. By then, Poon 

and others at the Deep Space Network had 
designed the new technology necessary to 
receive the spacecraft’s signals. 

By the time Voyager reached Neptune, 
Belcher had prepared well for the ten hours 
he had to get plasma science results into the 
Sunday New York Times. He and his team 
had spent the previous five years making 
educated guesses about what might be 
found and getting all the necessary geome-
try down cold. 

When the moment of discovery came, he 
says, “it was almost instantaneous.” The 
instrument’s data told them that Neptune’s 
magnetic north was in a very different place 
from the top of its axis. Sometimes, the mag-
netic pole points straight into the solar wind, 
and sometimes it is completely closed off. If 
you were standing on the planet, he says, you 
would see a spectacular version of the 
Northern lights as a result. He got that ter-
restrial analogy into the press conference. 

No End Yet
As Voyager 2 went farther out, it pressed 
deeper into the unknown, until it stood 
beside what was to us the pale blue dot of 
Neptune. We on Earth were the pale blue 
dot to the machine we had created. Even 
though the Voyagers went blind after that, 
they continue to return scientific informa-
tion about the Solar System’s edge.

In 2003 Voyager 1 crossed the termina-
tion shock, the inner edge of the thickened 
lip of solar wind that encircles the Solar Sys-
tem. Until then, people knew neither where 
that barrier resides nor how big the bubble 
of the Solar System is. Outside the borders of 
the Sun’s influence, the Voyagers are sending 
back information about the anomalous cos-
mic rays, solar wind, and neutral interstellar 
particles that can pass through the magne-
tized bubble surrounding the Solar System. 
Though not as visually appealing as photo-
graphs of Neptune or the other planets, these 

Family Portraits

Following Voyager 2’s encounter with Neptune, the cameras of Voyager 1 were turned back toward the “inner” regions of the Solar System—
from where the two spacecraft had come—and took the images on this page. Then, our system’s seemingly enormous planets appeared distant 
and dim. Photos courtesy of NASA.

Venus Earth Jupiter

Saturn Uranus Neptune
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data are still making scientists rewrite text-
books, increasing our understanding of how 
one star—our Sun—extends its power to 
interact with other stars. 

In a recent NASA review, Voyager was 
rated a top space science priority, says Rich-
ardson. It didn’t always enjoy such security. 
In 2005, the $4 million needed each year to 
keep people monitoring the spacecraft did 
not appear on NASA’s 2006 budget. In an 
age of changing priorities regarding space, 
and George W. Bush’s publicized vision of 
manned missions, the thirty-year-old veter-
an was a relic, ready to be replaced by 
younger, sexier projects such as an Apollo 
sequel or a Mars landing. 

If the funding had indeed been canceled, 
says Richardson, “[t]he first thing that 
would have happened is I’d have gotten a 
pink slip.” Richardson and many other sci-
entists who have made their careers follow-
ing Voyager would have been looking for 
new projects. 

He smiled when he said that, but his face 
then grew serious. If NASA had pulled the 
plug, he continued, there would have been 
few options. People could have continued 
collecting Voyager data, but just not paid 
anyone to analyze it. The other choice would 
have been to stop analyzing or collecting the 
data altogether. The Voyagers would have 
faithfully continued to broadcast their 22-
watt signals, but Earth would have turned a 
deaf ear to them. We could have chosen, and 
could still choose, to miss out on the report 
from the edge of the Solar System. 

Voyager’s funding was saved—this 
time—by a public outcry, but this was not 
the first time the mission’s funding was 
threatened. Richardson recalls it has been 
in danger three times since Voyager 2 
passed Neptune. Each time, Voyager fans 
and scientists have saved it, pointing to the 
heavy scientific return in exchange for the 
relatively small $4 million annual budget. 

The Approaching Goodbye
Stone thinks the craft should last until 
2020. If the project keeps getting its fund-
ing, the probes will be in touch with 
humanity until they reach their 43rd birth-
day. But even after humans lose touch with 
the Voyagers, we won’t have to let them go. 
Their very name symbolizes the search for 
transcendence that sometimes makes 
humans turn toward the stars. 

The Voyagers will fly through outer 
space bearing not only humanity’s hopes 
and dreams but also a time capsule from a 
hopeful period in the history of the human 
race—a time before space shuttle explosions, 

when things with NASA seemed to go right. 
Voyager carries a record album called 
Sounds of Earth, recorded greetings in every 
language from English to Urdu. It contains 
the sounds of the ocean, great music by clas-
sical composers—and Chuck Berry. 

It sends chills through my spine to 
imagine the spacecraft traveling with this 
precious object, holding a few of the whis-
pers of humanity’s thoughts and aspirations. 
It has all the thrill of a message in a bottle, 
and all of the fear. Maybe no one will ever 
find it, and we will never be heard or 
understood. But humanity’s desire to speak 
and be spoken to is so great that we still 
have to cast that bottle into alien territories. 

Also on that golden record is a message 
from then-President Jimmy Carter, which 
now sounds frightening in its naïveté. As if 
putting humanity’s best foot forward to the 
face of a wise mentor, the President wrote: 
“We human beings are still divided into 
nation states, but these states are rapidly 

becoming a single global civilization… We 
hope someday, having solved the problems 
we face, to join a community of galactic 
civilizations. This record represents our 
hope and our determination, and our good 
will in a vast and awesome universe.”

I read these words at my kitchen table 
on an autumn day with perfect light. Out-
side, the reddened leaves of a tree-like vine 
fell from the brick wall across from my 
window. The newspaper headlines spoke of 
death in foreign places and at home. I 
thought of the distance in space and time 
between the President’s words and any 
words of mine, between the two robotic 
travelers and me, and I couldn’t keep the 
tears from my eyes at the thought of that 
noble symbol slipping relentlessly away. 

ERICA NAONE is a student in the science writing 
program at MIT and an alumna of St. John’s 

College in Annapolis, Maryland. She lives in Allston, 
Massachusetts, with her husband and library.

As the Voyagers encountered Jupiter, they returned previously unknown information about Io (left) 
and Europa (right) that continues to drive NASA’s research into the Jovian satellites. Photo courtesy 
of J. Belcher.
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Most people take  
for granted the visual  

gratification that astronomy  
provides, but it is possible to turn 

astronomy into a tactile experience 
for the visually impaired.

by Noreen Grice

T H E  T O U C H  O F 
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created a 3-D model of the Solar System. I 
did not know at the time but this would be 
my first tactile astronomy illustration! 

Several decades have passed, and I still 
have that Solar System model. It hangs in 
my home office, and I often gaze at it while 
I sit at my computer working on accessibili-
ty projects.

I always knew that I wanted to become 
an astronomer, but I did not know in what 
direction it would lead. As a child, one of 
my favorite places to visit was the planetari-
um at the Museum of Science in Boston: I 
was amazed to see so many stars, and the 
person who spoke in the dark always had 
interesting things to say.

During the summer of my senior year at 
Boston University, I began working part-
time at the Museum of Science. One day, I 
was taking tickets for a planetarium show 
and noticed a group of people who were 
blind, in line for the next show. I had 
guessed they were blind because they carried 
red and white canes and shifted the canes 
side to side as they moved forward in line. I 
nervously asked the manager on duty what I 
should do. He said that I should “help them 
to their seats. That’s all you have to do.” 

Once the audience was seated, I wel-
comed everyone to the show. Then I 
pushed a button on the computer and the 
show began automatically. At the end of the 
program, I asked these visitors how they 
liked the show. They replied bluntly, “it 
stunk,” and continued on their way.

I should have known. When I was twelve years old,  
I entered the 7th-grade science fair at Lincoln Junior 
High School in Malden, Massachusetts, with a proj-
ect about the planets. I cut apart Styrofoam balls and 
glued them to a piece of cardboard. After some expert 
coloring with my trusty box of Crayola crayons, I had

The author holds the tactile Solar System she created as part of her 7th-
grade science fair project. Photo courtesy of D. Dawson.

This is the tactile Solar System that the author constructed for her 7th-
grade science fair project. Photo courtesy of the author.

The author at her 9th-grade science fair. (She won grand prize—a fam-
ily membership to the Museum of Science!) Photo courtesy of Lincoln Jr. 
High School in Malden, Massachusetts.

A student at the Colorado School for the Blind evaluates a tactile image 
of Jupiter (from Touch the Universe). Photo courtesy of B. Wentworth.
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I’ll never forget that empty feeling of 
being told that an experience you love 
could be so disappointing to someone else. 
Why was the planetarium show so bad? 

The next day I visited the Perkins School 
for the Blind in Watertown, Massachusetts. 
I wandered through the campus of brick 
buildings, pine trees, and green lawns and 
found the Library. I asked the librarian if 
they had any astronomy books; she directed 
me to a tall stack of Isaac Asimov books. 
Many of the books had spines wider than 
eight centimeters. They were quite hefty!

I pulled some of those books down and 
began flipping through them. The pages 
were full of Braille, but something was 
missing. “Do braille books have pictures?” I 
asked. The librarian replied that not many 
have pictures because the illustrations are 
expensive and labor intensive. And then it 
hit me. The planetarium was a poor experi-
ence because the visual images were not 
accessible.

I suddenly felt a connection with these 
people. Although I am not visually 
impaired, I spent many years growing up in 
a public housing project outside of Boston. 
There were times when fellow students and 
their parents would tell me that I was not 
the same as other kids because I lived in the 
projects…that I was not welcome in some 
places because I was a “project kid.” I never 
really understood why people said that to 
me because it made me feel bad and did not 
really describe the person I was inside.

When I stood in the Perkins Library and 
realized that visually impaired students face 
barriers as I had years before, I knew I was 
in a position to make a positive change for 
them. I thought, “I’m going to do some-
thing about this” and began my quest to 
make astronomy accessible to people who 
are blind and visually impaired.

Tactile Astronomy
I decided to write an illustrated book about 
astronomy, which I titled Touch the Stars. 
One of my astronomy professors, Kenneth 
Janes of Boston University, agreed to super-
vise a senior-directed study in which I 
would write the book and, at the same time, 
investigate ways to make astronomy images 
more accessible. I did not know how to 
make raised images so I visited the Massa-
chusetts Association of the Blind. A woman 
there explained that gluing string to card-
board made raised image—surely, I thought 
during my visit there in 1984, there must 
more advanced methods!

I began producing raised images for the 
planetarium using hand-etching tools and 

plastic sheets. I handcrafted a booklet of 
constellation patterns to accompany the 
planetarium shows. This was a first step in 
providing new opportunities for an audience 
that previously had no touchable resources.

I worked with volunteers from the Mas-
sachusetts Association of the Blind, Massa-
chusetts Commission for the Blind, and 
Museum visitors who were blind, to guide 
me on techniques for improving my tactile 
diagrams. One of the first questions the vol-
unteers asked was, “Why are there so many 
A’s on this picture?” They explained that a 
single dot represents the letter “A” in braille. 
I had used dots to represent stars in my dia-
grams! I needed to add in a texture code to 
explain to the reader that a dot for the dia-
gram meant a star.

After graduation, I left Boston and 
moved to California for two years to com-
plete a Master’s Degree in Astronomy at San 
Diego State University. During that time, I 
contacted some publishers to see if they 
might be interested in publishing Touch the 
Stars. The few responses I received 
explained that it was an interesting concept 
but that they did not have the technology to 
print braille or touchable pictures.

With graduate degree in hand, I 
returned to Boston and resumed work at 
the Museum. I obtained a grant for a then 
state-of-the-art Apple IIE computer and 
Versapoint braille embosser. Using Mouse 
Paint with braille font, I recreated the hand-
drawn sketches and was able to mass-pro-
duce copies for planetarium shows. 

The American Astronomical Society 
(AAS) held its 1989 winter conference in 
Boston. I presented a poster paper with 
samples of hand-made tactile diagrams. My 
poster paper was at the end of a row, and as 
people turned the corner from the previous 
row, they looked at my paper with blank 

faces—it seems the people had been con-
centrating on intense theoretical papers and 
did not know how to react to mine. 

That’s when I sprang into action! I 
grabbed people’s hands and said, “feel this!” 
as I directed them to tactile renderings of 
constellations, moon surfaces, and galaxies. 
The blank stares were transformed into 
grins and before I knew it, I had a crowd! 
The next year, I presented another poster 
paper at the 1990 winter AAS meeting in 
Washington, DC, and displayed some of the 
newer astronomical images I created with 
the Versapoint embosser. 

The Museum of Science published Touch 
the Stars in 1990. This book is currently in 
its 4th edition (2002, National Braille Press) 
and contains text pages printed in both 
braille and large print, and raised line draw-
ings of a variety of astronomical topics 
including planets, Moon phases, eclipses, 
constellations, and galaxies.

In the fall of 1999, I received an elec-
tronic mail message from Bernhard Beck-
Winchatz of DePaul University. He 
wondered if there was a way to make the 
Hubble Space Telescope (HST) images 
accessible; I immediately imagined a uni-
versally designed book where colorful Hub-
ble photographs could be seen and touched. 
Ben Wentworth, a science teacher at the 
Colorado School for the Blind had recently 
contacted me about making an accessible 
planetarium. He and his students would be 
the evaluators for this Hubble book.

Bernhard received a NASA grant to fund 
development of a prototype book, and I began 
designing a variety of tactile pictures. Ben and 
his students reviewed the images and sent 
back comments. After testing about forty dif-
ferent subjects, we chose thirteen for the 
book, and I arranged them in a “powers of 
ten” style—starting in Earth orbit and nearing 
the edge of the observable Universe with the 
Hubble Northern Deep Field of Galaxies.

Bernhard, Ben, and I displayed the proto-
type books in a poster paper and press confer-
ence at the 2001 AAS meeting in Pasadena, 
California. The response was incredible! 

Joseph Henry Press published in 2002 
the HST images in Touch the Universe: A 
NASA Braille Book of Astronomy. For the 
first time, Hubble images of planets, star 
clusters, and galaxies were accessible to 
readers who were blind. The tactile images 
for Touch the Universe were mass-produced 
by embossing on paper color pictures taken 
by HST. The text pages were produced with 
both print and braille characters.

Where Touch the Universe is a leisure 
book, I envisioned a series of hands-on 

“I grabbed people’s 

hands and said, “feel 

this!” as I directed 

them to tactile ren-

derings of constella-

tions, moon surfaces, 

and galaxies.”
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A student at the Colorado School for the Blind evaluates a prototype of the 
Eskimo Nebula (for Touch the Universe). Photo courtesy of B. Wentworth.

A student eagerly begins reading her copy of Touch the Sun, received at 
the NFB book launch event in 2005. Photo courtesy of the author.

A tactile lightcurve made by a student who is blind at the 2005 SEE Project 
summer workshop at Yerkes Observatory. Photo courtesy of the author.

The author explains to a student how a planetarium’s star projector works, 
using a small model of the instrument. Photo courtesy of  W.  Ackerman.

A visitor to the Western Connecticut State University observatory touch-
es a tactile Moon image while viewing the Moon through the telescope. 
Photo courtesy of the author.
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Group photo of NFB “Circle of Life” summer academy students, the author 
(at left), and the Westminster Astronomical Society at the 2006 accessible 
star party. Photo courtesy of the Westminster Astronomical Society.

The author designed tactile satellite images for the NASA/NFB/Somatic 
Digital Touch the Earth book, tested at the 2006 National Federation of 
the Blind conference. Photo courtesy of the author.

Group photo of NFB students, the author (at right), and staff from the 
Maryland Science Museum. Photo courtesy of the Davis Planetarium.

The author displays accessible astronomy images to sighted visitors at the  
Connecticut CPTV Fair in April 2007. Photo courtesy of the NFB.

A photo from the 2001 AAS meeting in Pasadena, California, at which the author presented a poster 
paper and press conference on (the prototype for) Touch the Universe with Ben Wentworth (left), 
a science teacher who worked with students at the Colorado School for the Blind to evaluate the 
author’s tactile renderings, and Bernhard Beck-Winchatz, an astronomer at DePaul University and 
the person who first contacted the author about doing a tactile book on images from the Hubble 
Space Telescope. Photo courtesy of D. Dawson.

A small container of soil and a spritz of water 
create an Earth climate for Florida students at 
an astronomy workshop. Photo courtesy of  
D. Dawson.
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exploratory experiences as the next step in 
accessibility. Bernhard, Ben, and I collabo-
rated with Vivian Hoette (Yerkes Observa-
tory) and Dennis Dawson (Western 
Connecticut State University), the Wiscon-
sin Center for the Blind and Visually 
Impaired, and the National Federation for 
the Blind (NFB) to develop the SEE (Space 
Exploration Experience for the Blind and 
Visually Impaired) Project. Funded by a 
NASA IDEAS grant, the twofold purpose of 
the SEE Project was to create tactile 
resources that people could download and 
to test whether tactile images would help 
the different learning styles of sighted visi-
tors in public observatory open nights (in 
the planetarium and observatory).

I designed tactile star wheels and dia-
grams of asteroid orbits. Steele Hill at 
NASA’s Goddard Space Flight Center 
(GSFC) helped me create a series of sunspot 
observations. Vivian took images of Moon 
phases, and our team developed an accessi-
ble version of NASA’s booklet, Our Very 
Own Star: The Sun.

In 2004 and 2005, summer workshops 
were held at Yerkes Observatory with stu-
dents who were blind or visually impaired. 
The students interpolated tactile star charts 
to create accessible lightcurves of variable 
stars. They also used accessible software to 
operate independently telescopes at Yerkes 
and remotely operate a telescope in Hawai’i. 
Thermal expansion machines (also called 
Swell Form Machines) allowed students to 
feel their telescopic images. At the end of 
the session, the students made presenta-
tions of their research to the Williams Bay 
Lions Club. They had actively conducted 
research and proved that visual impair-
ments are not a barrier to doing astronomy!

Meanwhile, sighted visitors at Western 
Connecticut State University in Danbury, 
Connecticut, used their fingers to trace tac-
tile constellation figures while attending 
planetarium shows. They also touched tac-
tile astronomical images while simultane-
ously viewing those objects through the 
telescope. According to onsite surveys, tac-
tile images did help some people to grasp 
better what they were seeing visually. 

Ben Wentworth and his students in Col-
orado were also evaluators for my third 
book, Touch the Sun: A NASA Braille Book 
(2005, Joseph Henry Press). Joseph Gurman 
and Steele Hill, two astronomers at GSFC, 
were scientific advisors and assisted me 
with image selection. The color pictures for 
this book were silk screened onto plastic 
pages and then heat vacuumed with a ther-
moform machine by View International 

Foundation. The text pages were produced 
in braille and large print. 

My fourth book is called The Little 
Moon Phase Book (2005, Ozone Publish-
ing). The tactile pages are produced with a 
unique, acrylic-like transparent coating 
called Technoprint. In the upper right hand 
corner of each page is a touchable glow-in-
the-dark naked eye view of that phase and 
below it is a telescopic view. With this book, 
a sighted person can go outside, look at the 
Moon and turn the page to match the 
Moon shape to the name of that phase. A 
person who is visually impaired can use the 
same book to explore naked eye and tele-
scopic views of each Moon phase.

In the past two years I have had the 
privilege to work on other interesting acces-
sibility projects including a digital Touch the 
Earth book with NASA, NFB, and Somatic 
Digital Inc., a digital version of Touch the 
Sun for the Talking Tactile Tablet with 
Touch Graphics, Inc. and tactile graphic 
panels for a NASA Exhibit on Jupiter. I have 
presented astronomy workshops for NFB 
and coordinated an accessible star party 
with the Westminster Astronomical Society 
in Baltimore, Maryland. Club members 
imaged astronomical objects, saved them to 
disk, and used Adobe Photoshop to adjust 
the grayscale. It took the students only a 
matter of minutes between imaging an 
object and being able to touch a Swell Form 
image of that picture. This an example of 
accessible astronomy at its finest!

Is it worth all the effort to make astrono-
my accessible for people who are blind or 

visually impaired? I believe so. Consider 
these statistics:

According to the NFB and the American 
Foundation for the Blind, there are ten mil-
lion people in the United States who are 
blind or visually impaired.

More than 93,000 students who are 
blind or visually impaired are enrolled in 
special education classes.

As baby boomers age, the population of 
seniors will increase along with age-related 
visual impairments. 

Here is my personal vision. I see people of 
all visual ability going into their neighbor-
hood bookstore and being able to pull univer-
sally designed books from any bookshelf and 
on any topic. I see astronomy students sitting 
in their first day of class with print and braille 
books (currently braille versions of textbooks 
may be received weeks after the semester 
begins putting braille readers at a greater dis-
advantage). I see instructors creatively making 
their lectures and labs accessible using alter-
native teaching methods, where blindness is 
reduced to a simple nuisance. I see a future 
full of opportunities for all students including 
those who are blind or visually impaired. And 
I believe the future can be now. 

NOREEN GRICE holds graduate and under-
graduate degrees in astronomy and certificates 

in museum studies, non-profit management, and 
assistive technology. She has twenty-three years 

of experience in the planetarium field,  
is President of You Can Do Astronomy LLC  

(www.youcandoastronomy.com), and is author 
of unique tactile astronomy books.

Touch the Universe

The 64-page book, Touch the Universe, presents color images of planets, nebulae, stars, 
and galaxies embossed with patterns that tactilely translate details of the cosmic objects. 
Braille and large-print descriptions accompany each of the book’s fourteen photographs.
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by Andrew Fraknoi and Sidney Wolff

Five years ago a new journal for 
astronomy education was created, and 
now education researchers have an 
appropriate venue for presenting and 
sharing their ideas and practices.
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Lawyers, to take an example, have done 
especially well in finding ways to mark their 
activities as a profession. To become a  
lawyer, you have to go to a specialized “law 
school,” take a bar exam (the failing of 
which effectively bars you from being part 
of the profession), join the bar association, 
keep up with the field, swear to a code of 

conduct, etc. Lawyers have their own publi-
cations, use specialized language that is 
often unclear to the layperson, and hold 
conferences and workshops that only law-
yers can attend.

For several decades, a number of us have 
been asking whether astronomy education 
is a profession. (See “Steps and Missteps 

Toward an Emerging Profession” in the 
September/October 2005 issue of Mercury, 
for example.) In some ways, we still have a 
long way to go in making the training of 
astronomy educators more than just an 
afterthought in the training of astronomy 
researchers. But in one way, we have made 
significant progress. There is now a journal/
magazine that is devoted to the professional 
work of astronomy education.

Astronomy Education Review
Five years ago, the two of us, with much 
help from individuals and organizations 
with an interest in the success of astronomy 
education, founded Astronomy Education 
Review (AER), an online publication focus-
ing on astronomy and space science educa-
tion and outreach. The purpose of the 
journal is two-fold: first, to publish formal 
papers from the emerging field of astrono-
my education research; and second, to pro-
vide a serious forum in which to elaborate 
and encourage innovation, reflection, and 
discussion among those engaged in astron-
omy education.

Because AER is all electronic, it is far 
less expensive to produce than a paper 
journal. The responsibility for printing 
interesting articles lies with the reader, and 
with most readers now hooked up to com-
puters and printers at home and at work, 
this seems to present little problem. As arti-
cles are ready for publication (after referee-
ing and editing), we put them on the 
website right away. Later, when enough 
papers have accumulated, we close an issue 
and assign permanent page numbers to 
each article for professional indexes to 
record. When an issue is closed in this way 
(and a new one opened), we consider the 
issue “published.” In the meantime, no 
author has to wait to share his or her work 
with other educators.

Before the advent of AER, papers and 
serious articles about astronomy education 

What makes an area of human endeavor a pro-
fession, instead of merely a job? For generations, 
groups involved in the same kind of work have 
wrestled with this problem.

“For several  

decades, a number 

of us have been  

asking whether 

astronomy educa-

tion is a profession.”

The founding and current editors of Astronomy Education Review are Andrew Fraknoi (Foothill 
College and ASP) and Sidney Wolff (NOAO). A. F. photo by and courtesy of D. Zevin, and S. W. 
photo by and courtesy of A. Fraknoi.
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were published—if they were published at 
all—in somewhat obscure journals that 
were rarely on the regular reading list of 
those teaching astronomy. Now there is a 
single, convenient place where our commu-
nity is building up an archive of good 
papers and resources. We have been 
encouraging and inviting review articles, to 
summarize the state of astronomy educa-
tion research and to familiarize those new 
to the field with the existing literature. In 
2004 and 2005, one database estimated that 
about seventy per cent of the papers pub-
lished in astronomy education research are 
published in AER. 

The First 100 Papers
Of the first hundred papers published in 
AER, fifty were about teaching college-level 
introductory astronomy, twenty-nine con-
cerned teaching astronomy in grades K–12, 
and about ten each dealt with the use of 
technology in astronomy education, inter-
disciplinary educational approaches, and 
public education and outreach. There were 
also general overview papers, and a scatter-
ing of papers covering undergraduate and 
graduate astronomy instruction and ama-
teur astronomers as educational agents. (If 
you are following along in your head with 

the addition, that adds up to more than one 
hundred because several papers bridged 
two or more of these categories.) 

Of the 170 authors listed on these 
papers, eighty-five were from U. S. universi-
ties, fourteen from universities outside the 
U. S., thirteen were from liberal arts colleg-
es, eighteen from community colleges, four-

teen from K-12 schools, seven from NASA 
centers, and twenty from observatories, 
planetaria, and other organizations not list-
ed above.

All papers and articles published in AER 
are refereed—not just the formal research 
reports. Sometimes more than one referee 
is asked to look at the same paper so that 

Where to Find AER

 The website for the electronic journal is simple: AER.noao.edu. 
Note that no www is involved and no trees have given their lives for the 

journal’s publication.

 “Before the  

advent of AER, 

papers and  

serious articles 

about astronomy 

education were  

published—if they 

were published at 

all—in somewhat 

obscure journals 

that were rarely  

on the regular  

reading list of those 

teaching astronomy.”
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we get the benefit of several lines of exper-
tise for papers that are cross-disciplinary or 
multi-disciplinary. The selection of referees 
is often guided by the advice of two groups: 
our Board of Editors and our Council of 
Advisors.

Who Reads AER
Characterizing the readership of an elec-
tronic journal is different from measuring 
the number of subscribers and library read-
ers of a print magazine. The total number 
of hits per month on the AER site varies 
from 130,000 to 270,000 (less in the sum-
mer months, more when schools are in ses-
sion). Visits per month—the total number 
of unique IP addresses requesting informa-
tion—range from 7,000 to 14,000. We esti-
mate that about 3,000 articles per month, 
which comes out to about one hundred per 
day, are downloaded from the site. This is 
really quite remarkable for such a special-
ized journal that can afford no advertising. 

AER does offer (free) subscriptions of a 
sort: we encourage people to register on the 
website and,  thus, be notified when an 
issue is published or there is news about the 
journal. Currently we have slightly over 
2,000 registered subscribers: sixty-three per 
cent from the United States, twenty-five per 
cent from outside the United States, and 
twelve per cent unknown. (To become a 
registered subscriber, please visit AER.noao.
edu/AERreg.php.)

It is not easy to measure the impact of a 
new journal, especially when it is the first 
in its field. Anecdotal evidence from indi-
vidual faculty members specializing in 
astronomy education research indicates that 

publication in AER is, in fact, being consid-
ered in hiring, tenure, and advancement 
decisions. But no formal study of this effect 
has yet been possible. We welcome reports 
from readers in whose careers the journal 
has played a significant role.

Currently, 148 websites have a link to 
AER, a number comparable with that for 
the physics education journals of the Amer-
ican Association of Physics Teachers—an 
organization that serves a much larger com-
munity and has been publishing for much 
longer than we. AER is indexed in the 
Smithsonian/NASA Astrophysics Data Sys-
tem (ADS), WilsonWeb (H.W. Wilson 
Indexes for Libraries), Cabell’s, and EBSCO, 
and each of its tables of contents is pub-
lished in Mercury magazine. The journal 
has been endorsed by the Council of the 
American Astronomical Society (AAS) and 
the Board of the Astronomical Society of 
the Pacific (ASP).

The Future of the Journal
At the present time, AER’s expenses are 
being supported from two sources. The 
National Optical Astronomy Observatory 
(NOAO) provides infrastructure support—
space on the NOAO website, some pro-
gramming assistance and support, and the 
salary of one of the editors (SW). The rest 
of the expenses are being paid from a grant 
generously provided by what used to be 
called NASA’s Office of Space Science (now 
part of the Science Mission Directorate.) 
Alas, this grant is running out in 2007.

Because the journal is electronic only, 
costs are a fraction of the operating budgets 
of other astronomy journals. Nevertheless, 
there are real costs associated with editing 
the journal and getting material onto the 
web in clear, accessible, and usable form. At 
the present time, the annual direct cost of 
running the journal (excluding the infra-
structure support provided by NOAO) is 
approximately $40,000 per year.

The question is how the costs will be 
met in the future. Currently, AER has no 
subscription fees or page charges for read-
ers and authors, and we believe that the 
journal will have more impact if this policy 
is continued. Many of our readers are in K–
12 education or community college teach-
ing and have limited ability to pay 
significant subscription fees. Even if a rela-
tively small fee is charged for access to the 
journal’s contents, the cost of billing and 
collecting the annual subscriptions might 
well exceed the revenue we obtain from 
them. Similarly, few of our authors have 
grants to pursue their educational activities; 

“We estimate that 

about one hundred 

articles per day are 

downloaded from 

the AER website.”

Cary Sneider of the Boston Museum of Science 
has been systematically reviewing the litera-
ture of research on student learning in astrono-
my for AER. Photo courtesy of the ASP.
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thus, any page charges for publishing would 
have to come out of their own pockets.

Discussions are currently under way 
with the AAS (and, to a lesser degree, with 
the ASP) about the possibility of ultimately 
moving the journal under the auspices of 
one or both societies. The AAS is develop-
ing a business model and editorial policies 
that would apply if it were to assume 
responsibility for the journal. How AER will 
operate in the future, and how readers will 
interact with it, may well depend on the 
outcome of these deliberations. If any Mer-
cury readers have thoughts about how to 
support the journal or about policies that 
should guide its evolution, we invite them 
to write to us at AER@noao.edu.

In summary, the journal is flourishing 
and is now receiving papers at an even larg-
er rate than it has in the past. In the mean-
time, the University of Arizona has 
instituted a major degree program in 
astronomy education and astronomy educa-
tion research, and its graduates are finding 
jobs around the country. Faculty members 
at several institutions are thinking about 
offering courses and degrees in astronomy 
education and outreach. As we look for-
ward to 2009, the 400th anniversary of the 
telescope and the International Year of 
Astronomy, perhaps it can be said that 
astronomy education is becoming a bit 
more like a profession. 

Andrew FrAknoi and Sidney wolFF are 
the founding editors of Astronomy Education 
Review. Fraknoi is a former executive director 

of the ASP and wolff is a former director of the 
national optical Astronomy observatory. They 

first collaborated when wolff was the President 
of the ASP, and have worked on textbooks and 

other educational projects since then. 

Those Responsible for Astronomy Education Review

Editors
Sidney Wolff, National Optical Astronomy Observatory 

Andrew Fraknoi, Foothill College and the Astronomical Society of the Pacific 

Production Editor
Julie McLaughlin, National Optical Astronomy Observatory 

Editorial Board
Mary Dussault, Harvard-Smithsonian Center for Astrophysics 

Tom Foster, University of Southern Illinois 
Mary Kay Hemenway, University of Texas 

Lauren Jones, Ohio Department of Education 
Robert Mathieu, University of Wisconsin, Madison 

R. Bruce Partridge, Haverford College 
John Percy, Erindale College, University of Toronto 

Harry Shipman, University of Delaware 
Timothy Slater, Steward Observatory, University of Arizona 

Council of Advisors
David Bruning, University of Wisconsin, Parkside 

Lars Lindberg Christensen, European Space Agency  
& International Astronomical Union 

Susana Deustua, American Astronomical Society 
Bonnie Eisenhamer, Space Telescope Science Institute 

Richard Fienberg, Editor, Sky & Telescope Magazine 
Alan Friedman, New York Hall of Science 

Vince Higgs, Astronomy Editor, Cambridge University Press 
Ramon Lopez, Florida Institute of Technology 

James Manning, Astronomical Society of the Pacific 
Stephen Maran, NASA Goddard SFC  

& American Astronomical Society Press Office 
Laurence Marschall, Gettysburg College 
Richard McCray, University of Colorado 

David McKinnon, Charles Stuart University, Australia 
Cherilynn Morrow, SETI Institute 

Jay Pasachoff, Williams College 
Steve Pompea, National Optical Astronomy Observatory 

Ed Prather, University of Arizona 
Phil Sadler, Harvard-Smithsonian Center for Astrophysics,  

Harvard School of Education 
Dennis Schatz, Pacific Science Center 

Nick Schneider, University of Colorado 
Cary Sneider, Boston Museum of Science 
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Contributing to AER

 If you would like to write a paper 
for the journal, look at the instruc-

tions to authors on the website. You 
can submit papers or ask questions  
at the electronic mail address:  
AER@noao.edu.

If you would like to make a finan-
cial contribution to the endowment 
fund for the journal, please contact 
Andrew Fraknoi at electronic mail 
address: fraknoiandrew@fhda.edu.

“Anecdotal  

evidence indicates 

that publication  

in AER is, in fact, 

being considered  

in hiring, tenure, 

and advancement 

decisions.”
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An 8-micron view by the Spitzer Space Telescope  
of a portion of the Galactic center. Image courtesy 
of NASA/JPL-Caltech/S. Stolovy (SSC/Caltech).
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o n e  H i g H  s c H o o L   s c i e n c e  t e A c H e R s
 d R e A M   c o M e  t R u e

Putting teachers and scientists together  
to conduct research is good for both,  

but it is perhaps the students who benefit 
the most.

by Gretchen Stahlman



The Spitzer Space 
Telescope. Illustra-
tion courtesy of 
NASA/JPL-Caltech.
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orbiting telescope is already halfway 
through its short five-year lifespan, and 
research time on “Spitzer” is precious to 
astronomers on Earth.

“You can’t put an amount of money on 
[the opportunity to work with Spitzer],” 
says Doris Daou, Deputy Manager of Edu-
cation and Public Outreach at the Infrared 
Processing and Analysis Center. “The 
opportunity is rare.”

Daou, along with colleague and astron-
omer Stephen Pompea of the National 
Optical Astronomy Observatory, planned 

and initiated the “NASA Spitzer Space 
Telescope Research Program for Students 
and Teachers.” Twelve individuals out of 
thirty-seven outstanding applicants were 
chosen to participate in the 2005 program, 
which offered Spitzer research time to high 
school science teachers.

Spitzer Science Center Director Thomas 
Soifer says, “We wanted to bring the Spitzer 
Space Telescope mission to the classroom, 
and give this great opportunity to teachers 
and students from all over the country.” Soifer 
donated three hours of his personal discre-
tionary research time to the Observing Pro-
gram for Students and Teachers, giving each 
group of four teachers access to a portion of 
this precious telescope time. Spitzer’s science 
teachers are using this technology to bring 
real scientific research into the classroom.

“We are preparing the next generation of 
scientists by giving teachers the tools to 
work with science,” program initiator Daou 
stated in an enthusiastic French-Canadian 
accent as I spoke with her on the phone. 
“We want to engage not only teachers, but 
students as well.”

Making a Cosmic Connection
“Real science is a contact sport,” agrees co-
initiator Pompea, who often spends his 
nights making observations of the ink-black 
Tucson skies above Kitt Peak National 

In the cold expanse of space, 
the Spitzer Space Telescope 

searches for heat radi-
ated from distant stellar 
objects. These thermal 

emissions reveal mat-
ter that would otherwise 

be hidden, such as newly 
formed stars nested inside 
dense, dusty nebulae. The
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Observatory in southern Arizona. “This 
program is a fantastic way to encourage the 
inquiry process and give students and 
teachers a taste of real science.”

Tim Spuck, one of the twelve chosen 
teachers, loves the taste of real science. As 
an Earth and Space Science teacher at Oil 
City Area Senior High School in Oil City, 
Pennsylvania, Spuck has been bringing  
science into the classroom since he began 
teaching in 1988. Following a glowing  
initiation into education, Spuck worked to 
develop the Hands-On Universe Asteroid 
Search Program with fellow science teach-
er Hughes Pack. The Hands-On Universe 
program facilitated the astonishing discov-
ery of a supernova by two of Spuck’s stu-
dents in 1994.

In 1998, Spuck received the Christa 
McAuliffe Teacher Fellowship, a tribute  
to the first teacher chosen to travel into 
space. McAuliffe died in the space shuttle 
Challenger explosion in 1986. The award 
provided Spuck with a $40,000 grant, 
which he used to improve his students’  
science experience.

“I think many people see teachers as giv-
ers of knowledge, and that’s very much a one-
way street,” Spuck says quietly, seated in his 
empty classroom. “The problem with one-
way traffic is that no one ever sees anyone 
else’s face and no one really interacts. When 
you have two-way traffic you can tell an 
awful lot. You can ask someone what’s ahead 
of you. You can watch to see if they have their 
wipers on, which tells you something about 
the weather. The learning environment is a 
place of mutual sharing of experience and 
knowledge, and I’ve found that I love being 
embedded in this sort of environment.”

With some assistance from J. Richard 
Fisher of the National Radio Astronomy 
Observatory, Spuck’s students began working 
on the “Mapping the Universe” project in 
2000, using data from the Arecibo Radio 
Telescope (located in Puerto Rico) to measure 
rotational and recessional velocities of distant 
galaxies and to calculate the expansion rate of 
the Universe. “Hands-On Universe” and 
“Mapping the Universe” allow students to do 
work usually reserved for astronomers.

“Learning must take place for something 
more than a grade,” Spuck states. “It must 

have meaning. When students are asked to 
solve real-life issues, all of a sudden they 
have a ‘need to know.’ This ‘need to know’ 
is the motivation for learning. Placing stu-
dents in an authentic experience where they 
are solving real-life problems is nothing less 
than giving them the opportunity to experi-
ence true science.”

Spuck’s unique educational philosophy 
evolved from his early experiences in sci-
ence teaching.

“With astronomy having such deep per-
sonal meaning to me, the only way I could 
adequately share this with someone else was 
to help them experience it,” he divulges. 
“When I got my teaching job in Oil City in 
1988, I looked for opportunities to get my 
students involved. I started attending sum-

mer workshops sponsored by the National 
Science Foundation. The workshop at the 
National Radio Astronomy Observatory in 
Green Bank, West Virginia, was a real life-
changing experience. I realized I had earned 
my Bachelor of Arts degree and Master’s 
degree in science education, but had never 
had an opportunity to do science as a scien-
tist. At NRAO I was placed on a team, and 
we used a forty-foot radio telescope to 
design and conduct an astronomical investi-
gation. I came back to school after that expe-
rience and completely changed my program 
to match a more inquiry-based curriculum.”

Spuck’s interest in astronomy is practical-
ly as old as he is. As a child, the stars spoke 
to him through a small, flimsy telescope on 
the wooded hills of Western Pennsylvania. 

Communicating and educating are two of the 
functions of the IPAC’s education and public 
outreach site, Cool Cosmos. The site is located 
at coolcosmos.ipac.caltech.edu.

Members of the 2005 teacher-scientist team for the Spitzer Observing Program for Students and 
Teachers included, left to right, Theresa Roelofsen Moody (Educator at the New Jersey Astronomy 
Center for Education in Somerville, New Jersey), Luisa Rebull (Lead Scientist at SSC/JPL/Caltech in 
Pasadena, California), Tim Spuck, (Educator at Oil City Area Senior High School in Oil City, Penn-
sylvania), Cindy Weehler, (Educator at Luther Burbank High School in San Antonio, Texas), and Babs 
Sepulveda (Educator at Lincoln High School in Stockton, California). Photo courtesy of T. Spuck.

Students Sandy Weiser (right) and Nick Kel-
ley fill the CCD dewar at Kitt Peak National 
Observatory’s 0.9 Meter Telescope. Photo cour-
tesy of T. Spuck.

In this artistic imagining (left), a hypothetical 
planetary system contains a star, planets, and a 
ring of dusty debris left over from the system’s 
formation. The Spitzer Space Telescope can 
detect the infrared glow of those dusty remains, 
and this permits scientists to study the after-
math of planetary formation. Illustration cour-
tesy of NASA/JPL-Caltech/T. Pyle (SSC).
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They were persuasive enough to inspire a 
career in science education and a powerful 
love of the Universe and its mysteries.

“I had been fascinated by the Space Pro-
gram growing up, and I remember watch-
ing the lunar landings on TV in second 
grade. I grew up wanting to be an astro-
naut,” he reminisces twenty-six years later 
in a reverent whisper. “I’d go out at night 
and look up and communicate with the 
stars, share my inner feelings and thoughts. 
I was amazed at how they helped me to sort 
through very difficult times in life. As a 
result, a personal connection formed 
between myself and what was ‘out there.’” 

Spuck still looks up every night and 
draws comfort from the stars. Though his 
silvering hair and authoritative manner 
often cause him to appear stern, Spuck’s 
smile and the boyish excitement in his voice 
quickly reveal the amazed child who made 
friends with the night sky.

“The Spitzer Program is just an incredible 
opportunity,” he exclaims. “You’re talking to 
this little boy who dreamed of going into 
space one day, who spent many of his nights 
as a youth gazing at the stars, and now he’s 
using a space-based telescope to investigate 
the very stars he has grown up with. It’s 
magic! How else can you really describe it?” 

Doing Real Science
The Spitzer Space Telescope was created as a 
member of NASA’s “Great Observatories” fam-
ily of four Earth-orbiting telescopes (including 
the famous Hubble Space Telescope), each 
with unique capabilities and a common goal: 
to understand better the Universe by looking 
deeply into outer space. Because light travels at 
a finite speed, glances into deep space are also 
glances back in time. Looking at an object 
many light-years away, one sees it as it was 
hundreds or more years ago, when its light 
first began the journey to Earth. While Hubble 
observes the visual light radiated from objects 
in space, Spitzer looks at infrared emissions.

In the “Witch Head” nebula, 
located eight hundred light-years 
away in the direction of the Orion 
constellation, baby stars are com-
ing into existence. This image was 
obtained by five teachers as part 
of the Spitzer Space Telescope 
Research Program for Teachers 
and Students, involving high school 
teachers and their students from 
across the United States. The 
teachers are Tim Spuck (Oil City 
Area Senior High School), Babs 
Sepulveda (Lincoln High School), 
Tony Maranto (Phillips Exeter 
Academy), Cynthia Weehler 
(Luther Burbank High School), and 
Theresa Roelofsen Moody (Bassick 
High School). Image courtesy of 
NASA/ NASA/JPL-Caltech/L.Rebull 
(SSC/Caltech).
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Though some animals can see infrared 
light, the eyes of human beings can observe 
only the colors of the visible light spectrum. 
Infrared astronomy examines electromag-
netic waves at a lower frequency—or longer 
wavelength—than visible light. Observation 
of infrared emissions reveals a more com-
plete picture of the Universe than the one 
we can see with optical telescopes alone.

Because the visual barrier of our planet’s 
cloudy atmosphere does not extend far into 
space, orbiting telescopes like Spitzer and 
Hubble provide clearer data than ground-
based telescopes. Infrared telescopes are 
additionally able to penetrate thick, nebu-
lous clouds of gas and dust, permitting 
views of obscured objects like young stars 
and forming galaxies.

As part of the Spitzer Observing Pro-
gram for Students and Teachers, Spuck led 
his group of educators in observations of 
the Witch Head nebula, located in the 
direction of the constellation Orion and its 
bright star Rigel. The nebula is a thick, gas-
eous “cocoon” for young stars. This cocoon 
makes it difficult for light of visible wave-
lengths to make it out of the nebula, but 
infrared radiation’s longer wavelengths 
allows the star’s infrared emissions to make 
it out of the cloud and into the hands of 
Spitzer’s observers. 

Spuck’s group spent several weeks last 
summer processing data that were received 
by the space telescope in only seventy min-
utes. Along with their students, the teachers 
are working to determine the ages of the 
nebula’s stars and to learn about the process 
of star formation.

Observing the temperatures of objects in 
the Witch Head nebula, members of Spuck’s 
group and their students are attempting to 
add another piece to the celestial puzzle by 
examining the “embeddedness” of infant 
stars. Such young stars tend to be embedded 
in dense clouds of dust and gas, and, much 
like the Sun seeming redder to us on a dusty 
and windy day, they often appear to be a 
different color, or temperature, than they 
really are. Scientists still are not sure how to 
compensate for this phenomenon, and data 
from the Spitzer Observing Program may 
supply useful clues. Further, because the 
young stars in the Witch Head nebula are 
similar in mass to our Sun, observations of 
stellar development may also illuminate the 
mechanisms that formed our Solar System.

The Spitzer Space Telescope appears set 
against an infrared (100 micron) Galactic “sky” 
in this dramatic artistic rendering. Illustration 
courtesy of NASA/JPL-Caltech.

This image of IC 2118, the 
Witch Head nebula, is a com-
posite generated using MaxIm 
DL and constructed of three 
separate images at 3.6 microns 
(blue), 5.8 microns (green), and 
8.0 microns (red). The data 
were collected and the image 
constructed by Matt Heath, 
Nick Kelley, Paige Morton, 
Matt Walentosky, and Sandy 
Weiser—all students at Penn-
sylvania’s Oil City Area Senior 
High School.
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A New View
Spuck hopes that providing his students 
with an active scientific role in this project 
will encourage them to recognize the 
uncertainty in science.

“Scientists still have questions to be 
answered,” Spuck says. “The only way stu-
dents come to the understanding that sci-
ence is full of uncertainty is to get their 
hands dirty. Like Einstein’s Theory of Rela-
tivity—such a broad new concept changed 
one of the foundations of science. It’s kind 
of scary, but exciting at the same time.”

Spuck and his students, who are current-
ly investigating approximately three hun-
dred possible infant stars identified through 
the data received from Spitzer, were granted 
eleven additional hours of Spitzer observing 
time. They are augmenting their investiga-
tion with further research opportunities at 
Palomar Observatory and Kitt Peak  
National Observatory.

The Spitzer Research Team, including stu-
dents from Oil City Area Senior High School, 
presented their findings at the American 
Astronomical Society winter meeting in Janu-
ary 2007, where they were able to compare 
results and ideas with other scientists. Spuck 
recalls: “Our team had a special treat when 
one of the students on our team, Matt Walen-
tosky, corralled Neil deGrasse Tyson, an Astro-
physicist and the Frederick P. Rose Director 
for the Hayden Planetarium—American 

Museum of Natural History. Tyson is what 
many would call the modern-day Carl Sagan, 
and he spent a significant amount of time talk-
ing with the kids about their research.”

This summer, Spuck is spending one 
month working on the project at the Spitzer 
Science Center in California, where he will 
be joined in the final week by students Nick 
Kelley, Matt Walentosky, Greg Gorezney, 
and Matt Heath.

“This type of authentic science experience 
has strengthened my commitment to moving 
science education toward a more realistic 
environment,” Spuck says. “If we truly want a 
scientifically literate society, a society of criti-
cal thinkers, both the leaders in science and 
government must work together to provide 
resources and funds necessary to ensure all 
students have the opportunities to experi-
ence science as the scientist.”

 “We all think science is too hard for us 
because we’ve separated scientists out of 
mainstream society,” he adds. “Our tradi-
tional science education experiences have 
taught us that you cannot do science, so we 
have to do it for you and then tell you about 
the results. It’s great to watch the students 
come to the ‘a-hah!’ moments when the 
light turns on and they realize one day, ‘My 
God…I’m a scientist.’ It’s kind of like letting 
go of a bike, and your kid doesn’t realize it. 
All of a sudden they are riding on their 
own. It’s an amazing transformation.”

In addition to preparing young astrono-
mers, the scientists involved in the Spitzer 
program hope to create a chain reaction by 
encouraging their science teachers to share 
this experience with colleagues.

“The fact that we’ve been given the 
experience of working with Spitzer is a 
clear indication of the importance NASA 
places on our students and the science  
education experience,” says Spuck in his 
strict “teacher” voice. “I hope this project 
will be a catalyst for many more projects  
of its kind. Partnerships between scientists, 
educators, and students are the key to  
moving science in our schools toward more 
authentic education.”

A moment later, Spuck allows himself to 
be an ordinary man in love with the stars, 
laughing wistfully as he contemplates the 
fortunate twists and turns of his life as a 
high school science teacher.

“I’m not even sure I have a career, so I’m 
not sure what [the Spitzer Observing Pro-
gram] will do for it,” he muses. “These 
experiences are all very humbling. The peo-
ple you meet, the science, the questions you 
ask, all help you realize you don’t know as 
much as you thought you did walking into 
it. All I know is that I’m doing something I 
enjoy. If it all ended tomorrow, I could still 
walk outside, look up, and enjoy some time 
with old friends.”

Spuck sighs with a smile and then adds, 
“I guess my career path has simply been 
doing something that I love. When you are 
doing something that you enjoy, how can 
doors not open up for you?” 

GRETCHEN STAHLMAN lives in Socorro, New 
Mexico. She currently works as a Documentation 

Specialist for the ALMA Project’s Back End 
Integrated Product Team, and she can be reached 

by email at gstahlma@aoc.nrao.edu.

Renowned astrophysicist Neil deGrasse Tyson with students Matt Walentosky, Nick Kelley (back 
to us), and Paige Morton at the January 2007 Meeting of the American Astronomical Society in 
Seattle, Washington. Photo courtesy of T. Spuck.

Students Nick Kelley, Matt Walentosky, and 
Sandy Weiser with teacher Tim Spuck. 
Photo courtesy of T. Spuck.
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by Richard Talcott

As summer fades to fall, the days 
grow shorter and the nights longer. 
The sky seems to welcome this 

transition. During the dog days of summer, 
Solar System sights are few and far between. 
As autumn rolls in, however, most of our 
planetary neighbors come out to play.

The one constant presence in the 
 evening sky is Jupiter. The Solar System’s 
 biggest planet lies in the south as darkness 
falls on August evenings. For Northern 
Hemisphere observers, Jupiter peaks only 
one-third of the way from the horizon to 
the zenith. Still, you’ll have no trouble spy-
ing the planet. It gleams at magnitude –2.3, 
some 25 times brighter than 1st-magnitude 
Antares, which lies just 5° below it. Take a 
minute to compare the colors of these two 
objects. Jupiter glows by reflecting sunlight 
and sports a butterscotch hue; Antares, a 
red-supergiant star, displays a reddish tint.

Your best telescopic views of Jupiter will 
come in early evening, when its light tra-
verses less of Earth’s turbulent atmosphere. 
Earlier this year, Jupiter’s roiling cloud tops 
put on a show observers hadn’t seen in 
years. Huge disturbances wracked the South 
Tropical Zone, and the South Equatorial 
Belt revived after a quiescent period. The 
planet’s equator spans 40" in mid-August,  
a value that drops to 34" by mid-October.

The Solar System’s two outer planets 
reach the peak of their yearly apparitions 
this summer. On August 13, Neptune lies 
opposite the Sun in the sky and remains 
visible all night. At this opposition, the 8th-
magnitude planet lies in Capricornus, some 
2.5° northwest of 4th-magnitude Gamma 
(γ) Capricorni. (This star is marked on the 
August all-sky map.) A telescope working at 
100x will show you Neptune’s 2.4"-diameter 
disk and a subtle blue-gray color.

Uranus reaches opposition on Septem-
ber 9. At magnitude 5.7, it glows bright 
enough to glimpse with the naked eye from 
a dark-sky site. At opposition, you can find 
Uranus 0.5° west of 4th-magnitude Phi (ϕ) 
Aquarii (see the September all-sky map). A 
small scope reveals the planet’s blue-green 
disk, which measures 3.7" across.

A relatively inconspicuous object earlier 
this year, Mars finally looks respectable this 

autumn. In early September, it rises around 
midnight local daylight time, and in late 
October, it’s up by 10 p.m. and high in the 
south before dawn. Mars grows brighter 
and larger in concert with its improving 
position. It brightens a full magnitude 
between August and October, and its appar-
ent diameter swells from 7" to 12". The 
planet’s dark surface markings begin to 
stand out, although the easiest feature to  
see will be the bright north polar cap.

Brilliant Venus lights up the morning 
sky soon after it passes between the Sun 
and Earth on August 17/18. You can spot it 
low in the east by August’s close, and it rap-
idly becomes more prominent in September 
and October. Its brightness peaks at mag-
nitude –4.8 on September 23, and it lies 
 farthest from the Sun on October 28. This 
stretch marks the best time to view Venus 
through a telescope because its appearance 
changes quickly. On September 1, Venus 
displays a disk 53" across that’s just 7% lit. 
By the end of October, the size is down to 
24" while the phase is up to 52% lit.

Venus remains in the company of Saturn 
throughout the fall. The two appear 3° apart 
when closest in mid-October. Venus then 
shines more than 100 times brighter than 
0.8-magnitude Saturn. Regulus, the bright-
est star in Leo and just slightly fainter than 
Saturn, lies 5° from the pair . A crescent 
Moon joins the group on October 7.

Saturn always looks impressive through 
a telescope. The planet’s disk appears 17" 
across in mid-October, while the rings span 
38" and tip 8° to our line of sight. The rings 
haven’t shown this small a tilt in a decade. 

Mercury stays out of sight from most  
of the Northern Hemisphere. You might 
glimpse it low in the east-northeast before 
dawn in August’s first week, but that’s your 
best hope. From the Southern Hemisphere, 
however, Mercury makes its best evening 
appearance of the year in late September 
and early October.

Perhaps the biggest sky event this sum-
mer arrives on the morning of August 28, 
when the Full Moon passes deep into Earth’s 
shadow for a total lunar eclipse. Earth’s 
shadow takes its first bite from the Moon at 
4:51 a.m. EDT (1:51 a.m. PDT) — an event 
visible across North America. The shadow 
marches slowly across the lunar disk for the 
next hour, until totality begins at 5:52 a.m. 

EDT (2:52 a.m. PDT). Twilight is then 
underway in the east. Totality ends 90 min-
utes later, by which time the Moon has set 
across the eastern third of the continent. 
The eclipse’s partial phases then play out  
in reverse, wrapping up at 5:24 a.m. PDT.

The Moon typically looks reddish dur-
ing totality. This colored light comes from 
sunlight passing through Earth’s atmos-
phere, which filters out blue light and bends 
the remaining red light into the shadow.

Streaking through the night
Most years, the Moon makes its presence 
felt during the Perseid meteor shower. 
Sometimes it’s a thin crescent and not much 
bother; other times, it’s close to full and 
spoils the view. This year, you won’t see  
the Moon at all — it reaches new phase  
the night of August 12/13, the same night 
the shower peaks.

To see the Perseids at their best, observe 
from a dark site. (City lights hinder the 
shower as much as moonlight does.) Rates 
should average a meteor per minute or 
 better in the predawn hours of the 13th. 
Roughly half as many meteors will show up 
the morning before or after. The meteors 
arise when Earth encounters a stream of 
dust particles released over many centuries 
by periodic comet 109P/Swift-Tuttle. The 
particles slam into the upper atmosphere at 
59 kilometers per second, and friction with 
air molecules incinerates them.

Although the Perseids are king of the 
season’s meteor showers, two others bear 
watching. Some astronomers predict an 
outburst of the normally minor Alpha 
Aurigids before dawn on September 1. 
Although a waning gibbous Moon will 
drown out fainter meteors, this shower  
may produce a lot of fireballs. The short-
lived peak will favor observers along North 
America’s West Coast.

Then, on the morning of October 22, 
the annual Orionid shower peaks. The best 
views will come after the waxing gibbous 
Moon sets some three hours before morn-
ing twilight begins. Observers with clear 
skies can expect to see between 10 and 15 
meteors per hour. 

RICHARD TALCOTT is senior editor for magazine. 
He is coauthor of the book 

sky events
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August 2007

The all-sky star map shows the night sky as  
seen from about 35° north latitude at:
11 p.m. on August 1,  
10 p.m. on August 15, and  
  9 p.m. on August 31.

Check out www.astrosociety.org/pubs/ 
mercury/36_03/contents.html  

for more detailed maps  
covering August 2007.

sky events

 3 The Moon is at perigee, 4:50 p.m. PDT
 5 Last Quarter Moon is at 2:20 p.m. PDT
 6 The Moon passes 6° north of Mars,  

9 p.m. PDT
 12 New Moon is at 4:03 p.m. PDT
  Perseid meteor shower peaks

 13 Neptune reaches opposition,  
11 a.m. PDT

 15 Mercury is in superior conjunction,  
1 p.m. PDT

 17 Venus is in inferior conjunction,  
9 p.m. PDT

 18 The Moon is at apogee, 8:27 p.m. PDT

 20 First Quarter Moon is at 4:54 p.m. PDT
 21 Saturn is in conjunction with the Sun,  

4 p.m. PDT
  The Moon passes 6° south of Jupiter,  

8 p.m. PDT
 28 Full Moon is at 3:35 a.m. PDT;  

total lunar eclipse
 30 The Moon is at perigee, 5:12 p.m. PDT
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September 2007

Check out www.astrosociety.org/pubs/ 
mercury/36_03/contents.html  

for more detailed maps  
covering September 2007.

The all-sky star map shows the night sky as  
seen from about 35° north latitude at:
10 p.m. on September 1,  
  9 p.m. on September 15, and 
  8 p.m. on September 30.

sky events

Open cluster
Globular cluster

Diffuse nebula
Galaxy

 2 Pallas reaches opposition, 5 p.m. PDT
 3 Last Quarter Moon is at 7:32 p.m. PDT
 4 The Moon passes 6° north of Mars,  

7 a.m. PDT
 8 The Moon passes 9° north of Venus, 

noon PDT
 9 Uranus reaches opposition, noon PDT

 9 The Moon passes 0.8° south of Saturn, 
9 p.m. PDT

 11 New Moon is at 5:44 a.m. PDT;  
partial solar eclipse

 15 The Moon is at apogee, 2:06 p.m. PDT
 18 The Moon passes 6° south of Jupiter,  

8 a.m. PDT
 19 First Quarter Moon is at 9:48 a.m. PDT

 23 Autumnal equinox is at 2:51 a.m. PDT
  Venus is at greatest brilliancy (magni-

tude –4.8), 4 p.m. PDT
 26 Full Moon is at 12:45 p.m. PDT
 27 The Moon is at perigee, 6:54 p.m. PDT
 29 Mercury is at greatest eastern elonga-

tion (26°), 9 a.m. PDT

To locate stars  
in the sky, hold  
the map above  
your head and orient  
it so that one of the four  
direction labels matches the  
direction you’re facing. The all- 
sky map will then represent what  
you see in the sky.
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October 2007

Check out www.astrosociety.org/pubs/ 
mercury/36_03/contents.html  

for more detailed maps  
covering October 2007.

sky events

 2 The Moon passes 5° north of Mars,  
1 p.m. PDT

 3 Last Quarter Moon is at 3:06 a.m. PDT
 6 The Moon passes 3° north of Venus,  

8 p.m. PDT
 7 The Moon passes 1.3° south of Saturn, 

9 a.m. PDT
 10 New Moon is at 10:01 p.m. PDT

 13 The Moon is at apogee, 2:51 a.m. PDT
 15 Venus passes 3° south of Saturn,  

7 a.m. PDT
  The Moon passes 5° south of Jupiter,  

11 p.m. PDT
 19 First Quarter Moon is at 1:33 a.m. PDT
 21 Orionid meteor shower peaks

 23 Mercury is in inferior conjunction,  
5 p.m. PDT

 25 Full Moon is at 9:52 p.m. PDT
 26 The Moon is at perigee, 4:50 a.m. PDT
 28 Venus is at greatest western elongation 

(46°), 8 a.m. PDT
 30 The Moon passes 3° north of Mars, 

noon PDT

To locate stars  
in the sky, hold  
the map above  
your head and orient  
it so that one of the four  
direction labels matches the  
direction you’re facing. The all- 
sky map will then represent what  
you see in the sky. Open cluster
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The 2007 ASP Award Recipients

Catherine Wolfe Bruce Gold Medal
Martin Harwit, Professor Emeritus, Cornell  
University, Ithaca, New York

Martin Harwit is a pioneer of infrared 
astronomy and one of the most original 
thinkers in the field. As one of the “new 
astronomers” in the 1960s, he explored the 
far infrared spectrum from space and 
helped open up a new window on the Uni-
verse. His wide-ranging interests produced 
some of the first observations of young 
massive stars in their placental cocoons, 
studies of the interplanetary particles sur-
rounding the Sun, and the important cali-
bration of absolute fluxes from the central 
regions of the Galaxy. He opened up new 
research areas well before they became 
fashionable and set the stage for the explo-
sive growth of infrared astronomy in the 
last two decades of the 20th century.

Harwit’s group at Cornell made seminal 
contributions to our understanding of the 
Galaxy through its observations of far infra-
red lines from molecular clouds and the 
interstellar medium. He was a driving force 
behind important programs using the 
Infrared Space Observatory satellite to 
study the far infrared background radiation 

and observations of interstellar water, a 
cooling agent in warm interstellar regions 
such as the Orion nebula. He distinguished 
himself as a scientist through a long career 
combining breadth with depth, delving into 
many different aspects of astrophysics.

Just as significantly, Harwit’s books have 
had an enormous impact beyond his 
research specialty. His textbook, Astrophysi-
cal Concepts, influenced generations of 
young students by introducing them to the 
principles needed for a deep understanding 
of modern astrophysics. His book, Cosmic 
Discovery, has been equally influential 
among policy makers seeking the best ways 
to invest in new astronomical research. An 
important outgrowth of his approach was 
to show that rapid growth of astronomical 
knowledge resulted primarily from discov-
eries made by non-astronomers using their 
unique technical skills to examine the Uni-
verse in new ways. It is now accepted wis-
dom that the promise of a new observing 
approach increases proportionally to its 
exploration of the uncharted territory 
known from Harwit’s writing as “parameter 
space.”

Harwit carried his high standards for 
scholarship to the Air and Space Museum 
in Washington, D.C., where he served as 

Director from 1987 to 1995. While there, he 
influenced millions of visitors through his 
thoughtful approach to exhibits that illumi-
nated for the public how important advanc-
es in science are made. His courageous 
advocacy using historical research to for-
mulate public policy is a fine example of 
putting principle above politics despite 
enormous popular resistance. Similar advo-
cacy of scholarship as applied to other 

News and information for Society members

NeW MeMBeRS  —  The ASP welcomes new members who joined between 21 April and 6 July 2007

Technical Membership
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Paul E. Robinson, Valhalla, NY

Edward Rosenthal, Phoenix, AZ

George W. Sargent, Liberty, ME

Paul Seifert, Moorhead, MN

Mark T. Van Loon, Commack, NY

Reed C. Varian, Somerville, MA

Nathaniel C. Vredenburg, Cheyenne, WY

Jeremy G. Wertheimer, Santa Cruz, CA

David M. Wittman, Davis, CA

society scope

Catherine Wolfe Bruce Gold Medal award  
winner Martin Harwit. Photo courtesy of 
Shenandoah Films.
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causes currently in the public arena will be 
needed to preserve the rich society we call 
civilization against threats both natural and 
manmade.

His original ideas, scholarship, and 
thoughtful advocacy are the elements that 
helped make modern astronomy one of the 
richest and most influential of sciences. It is 
with admiration and deep respect that the 
Astronomical Society of the Pacific awards 
the 2007 Bruce Medal for lifetime achieve-
ment to Martin Harwit.

Las Cumbres Amateur Outreach Award
Richard J. Smith, Space Science for Schools, 
Sparks, Nevada, USA

The Las Cumbres Amateur Outreach 
Award, established by Wayne Rosing and 
Dorothy Largay, seeks to honor outstanding 
educational outreach by an amateur astron-
omer to K-12 children and the interested 
lay public.

Richard Smith’s dynamism and enthusi-
asm for teaching astronomy and “inquiry-
based learning” has propelled Project 
ASTRO and Family ASTRO of Nevada to a 
level of excellence beyond expectation. His 
endeavors include: training undergraduate 
teachers at Sierra Nevada College to use 
Project ASTRO in their classrooms; devel-
oping materials for community and educa-
tional solar parties/star parties/astronomy 
classes in northern and rural Nevada; 
developing and teaching Family ASTRO to 

schools, community groups and families; 
and coordinating and presenting public 
outreach solar and star parties. In addition, 
Smith has conducted in-service teacher 
training/solar astronomy presentations in 
elementary and junior high classrooms, as 
well as the Indigenous People Institute. As 
one Project ASTRO participant remarked: 
“He has it all together—the science, the 
activities, the presentation skills, and the 
personality—to make learning from him a 
memorable treat.”

Richard H. emmons Award
Andrew Fraknoi, Foothill College, Los Altos, Califor-
nia, and the ASP, San Francisco, California, USA

The ASP is delighted to award the Rich-
ard H. Emmons Award for excellence in 
college astronomy teaching to Andrew 
Fraknoi of Foothill College in California. 
He is a longtime member of the Society, 
one of its former executive directors, and a 
distinguished astronomy educator with a 
national reputation. His series of Voyages 
textbooks are clear, accurate and up to date, 
and Fraknoi was co-founder and remains 
co-editor of Astronomy Education Review, 
the only journal of its kind anywhere (see 
“Astronomy Education Review—Astronomy 
Education Joins the Mainstream,” p. 24). 

Fraknoi has also organized five national 
conferences on the teaching of “Astronomy 
101,” the “Cosmos in the Classroom” series. 
While participants in the “Cosmos” confer-

ences range from internationally known sci-
entists to non-astronomers who are assigned 
to teach astronomy or earth science courses, 
they also come from community colleges 
where roughly half of the 250,000 students 
enrolled in “Astro 101” courses during any 
given year learn their science.

Perhaps more familiar to Mercury readers 
are Fraknoi’s many efforts to reach out to 
wider audiences: his frequent radio and TV 
appearances, his articles in Mercury, and his 
ASTRO and Family ASTRO programs. We 
honor Andrew Fraknoi not just for his excel-
lence in astronomy education at Foothill 
College, but for his contribution to astrono-
my education in the nation as a whole.

Amateur Achievement Award
Peter F. Williams, Heathcote, New South Wales, 
Australia

This year’s recipient of the Amateur 
Achievement Award is Peter Francis Wil-
liams, a distinguished amateur astronomer 
from New South Wales, Australia. Since 
obtaining his first telescope at the age of 14, 
Williams has been an active observer. He 
began variable star observing at 16, and by 
age 20 was providing monthly reports to 
the VSS section of the Royal Astronomical 
Society of New Zealand, to whom he has 
since also provided numerous alert notices.

Williams’s diligence over the past twen-
ty-five years has produced results that have 
been made readily available to and used by 

Las Cumbres Amateur Outreach Award winner 
Richard J. Smith. Photo courtesy of B. Smith.

Richard H. emmons Award winner Andrew Fra-
knoi. Photo courtesy of S. Shostak.

Amateur Achievement Award winner Peter F. 
Williams. Photo courtesy of D. Williams.
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professional astronomers (particularly in 
Australia and New Zealand) in their 
research. Some highlights of his research 
include the early detection of declines in R 
Corona Borealis-type stars, the long-term 
monitoring of several southern Mira vari-
ables and eclipsing binaries, and being the 
first person to detect the naked-eye nova, 
Nova V382 Velorum (1999). Work such as 
that conducted by Williams is essential to 
the symbiosis between amateur and profes-
sional communities, and he has proven 
himself critical to both.

Klumpke-Roberts Award 
Noreen Grice, You Can Do Astronomy LLC,  
New Britain, Connecticut, USA

Noreen Grice, the 2007 recipient of the 
Klumpke-Roberts Award for contributing 
to the public understanding of astronomy, 
has a deep commitment to making astrono-
my accessible to people with disabilities and 
creative talents to apply to the task. She is 
best known as the author of the book, 
Touch the Universe: A NASA Braille Book of 
Astronomy, that couples Hubble Space Tele-
scope images with braille, tactile imagery, 
and large print format to bring the wonder 
of new astronomical discoveries to an audi-
ence previously excluded from participat-
ing. Grice’s other titles include The Little 
Moon Phase Book, Touch the Sun, and a 
series of four Touch the Stars books.

Besides writing groundbreaking books, 
Grice is a pioneer in making the planetari-

um environment welcoming and accessible 
to people with disabilities. Among a num-
ber of activities, she edits “How to Make 
Planetariums More Accommodating and 
Accessible to Visitors with Disabilities” for 
the Great Lakes Planetarium Association, 
and she works with blind and visually 
impaired youth in programs sponsored by 
the National Federation of the Blind and 
NASA. As President of You Can Do 
Astronomy, Noreen Grice continues to lead 
efforts to bring the joy of astronomy to new 
audiences.

Robert J. Trumpler Award
Edo Berger, Ph.D. degree awarded by the Cali-
fornia Institute of Technology (now at Carnegie 
Observatories, USA)

The Robert J. Trumpler Award is given 
each year to the individual judged by the 
ASP’s Board of Directors to have produced 
the year’s most promising doctoral disserta-
tion. With a Ph.D. degree awarded by the 
California Institute of Technology, Edo 
Berger is this year’s recipient of the Trum-
pler Award because of his seminal contri-
butions to our understanding of gamma-ray 
bursters, one of the great enigmas of mod-
ern astronomy. 

The location of these sources remained a 
mystery from the time of their discovery in 
the 1960s until the identification of the first 
GRB host in the mid-1990s showed that they 
occur at cosmological distances. It is now 

generally believed that GRBs result from 
beams of particles in energetic explosions, at 
least some of which are supernovae.

Berger’s thesis used data spanning a 
large range of observational techniques 
from x-ray to radio wavelengths to tackle 
the problems of energy generation leading 
to intense gamma rays. It also pioneered 
the use of GRBs as new cosmological 
probes of the obscured star-formation histo-
ry in the Universe. His comprehensive 
analysis of the GRB hosts showed they are 
dwarf galaxies and are, thus, smaller than 
typical field galaxies.

His thesis work resulted in twelve first-
author publications while he was still a stu-
dent, and, in his work since graduate 
school, Berger has turned his attention to 
new data from the Swift satellite and to the 
nature of short, hard x-ray GRBs.

Maria and eric Muhlmann Award 
Harold A. McAlister, Georgia State University, 
Atlanta, Georgia, and the CHARA Array  
Project, USA

The highest resolution available to 
astronomers has generally been in the radio 
regime because radio astronomers can use 
the technique of interferometry—combin-
ing signals received from several reflectors 
to produce images with a resolution set by 
the size of the array of reflectors, not the 
aperture of an individual one. Optical 
astronomers are making rapid strides in 

Robert J. Trumpler Award winner edo Berger. 
Photo courtesy of e. Berger.

Klumpke-Roberts Award winner Noreen Grice. 
Photo courtesy of C. Wilcox.

Monthly e-Newsletter

Don’t miss out on what’s hap-
pening with your Society. 

The e-newsletter will keep you up-
to-date each month on the ASP’s 
activities, outreach programs, and 
other important events or oppor-
tunities. If you are not signed up 
to receive the monthly e-newslet-
ter, sign up online at www.astroso-
ciety.org/membership/signup.html 
or email us at membership@ 
astrosociety.org.



 summer  2007 Mercury 45

society scope

introducing interferometric techniques to 
the near infrared and optical.

A leader in this effort is Harold McAli-
ster, this year’s recipient of the Maria and 
Eric Muhlmann Award presented annually 
for “significant observational results made 
possible by innovative advances in astro-
nomical instrumentation.” McAlister led 
the Center for High Angular Resolution 
Astronomy (CHARA) team that designed, 
built, and is now operating an array of 1-
meter telescopes that form the most power-
ful optical interferometer currently 
available. This has helped bring milliarcsec 
resolution to optical astronomy, rivaling the 
best resolutions obtainable at radio wave-
lengths. The CHARA array has directly 
measured the diameters not just of giant 
and supergiant stars but also of much 
smaller M dwarfs. It has also enabled 
astronomers to measure the shapes of both 
rotationally distorted stars and close binary 
systems, leading to accurate determinations 
of stellar masses. These same interferomet-
ric techniques will form the basis of 
advanced satellite missions to study planets 
orbiting other stars.

Thomas J. Brennan Award
Kenneth W. Zeigler, Arizona Department of 
Corrections Eagle Point School, Buckeye,  
Arizona, USA

The Thomas Brennan Award recognizes 
exceptional achievement in the teaching of 

astronomy at the high school level. The 
2007 recipient of the Award is Kenneth 
Zeigler, astronomy teacher at the Eagle 
Point School of Buckeye, Arizona. Operat-
ed by the Arizona Department of Juvenile 
Corrections, the Eagle Point School is a 
secure facility for boys aged 13-18. It is a 
school behind razor wire and high fences, 
intended for the most difficult and troubled 
young men of Arizona.

Zeigler’s dedication to these students is 
awe-inspiring, and his success in using 
astronomy to engage them in learning is a 
heart-warming story. He began his work by 
resurrecting an unused computer lab and 
then obtained a telescope and (with great 
difficulty) permission to allow students out 
of their housing units at night for observing 
sessions. Zeigler has developed his own 
astronomy curriculum that addresses many 
learning modalities, but his science seminar 
may be the greatest success of the program. 
Seminar students conduct their own research 
and enter it into the School’s science fair—
examples include one student who is study-
ing the distribution of ground water on 
Mars, and two others that are determining 
the distance to the open star cluster M36 
using spectroscopic parallax and CCD imag-
es. Some of the best science projects have 
gone on to the regional science fair.

Ziegler states why he works so hard. 
“For most students here, this is the last stop 
before entering the adult prison system.  

I want my kids to get off the train here.  
I want them to know there is another life 
that could be theirs on the outside.”

ASP Corporate Affiliate Program
The ASP is pleased to announce that Astrono-
my magazine recently joined the ASP’s corpo-
rate affiliate program at the contributing 
affiliate level and that the Universities Space 
Research Association (USRA) and Meade 
Instruments renewed their participation at the 
contributing affiliate level. Sky & Telescope 
magazine recently renewed their support at 
the sustaining affiliate level. The ASP appreci-
ates all of our corporate affiliate members, 
organizations that support our mission.

The ASP Says Goodbye  
to enid Livingston
Enid Livingston left her position with the ASP 
Conference Series at the beginning of July 
after nearly a decade of dedicated service. Her 
duties will be assumed by a new part-time 
employee, Amy Schuff, and by Lisa Roper 
who has been with the ASP for many years.

Since taking over as the production 
manager of the Conference Series in 1999, 
Enid has personally managed the produc-
tion of over 250 volumes. In that time she 
has become a good friend and publication 
mentor to many of the prominent astrono-
mers in the world. The Society will miss her 
greatly, and its members and those touched 
by her wish her the best.

Lockheed Martin’s Support
Lockheed Martin has renewed their sup-
port as a lead corporate sponsor of the 
ASP’s Bay Area Project ASTRO program. 
Since its inception, the Bay Area program 
has created over three hundred astronomer-
teacher partnerships that have worked 
directly with over 33,000 students in seven 
Bay Area counties. We currently support 
over 160 active astronomer-teacher part-
nerships, including many that work in 
schools within low-income and under-
served communities. Volunteers commit to 
a minimum of four classroom visits each 
year, thereby establishing more than curso-
ry relationships with students, as well as 
continuity in content. For the 2007-08 aca-
demic year we anticipate establishing twen-
ty-five new partnerships. 

Maria and eric Muhlmann Award winner  
Harold A. McAlister. Photo courtesy of Georgia 
State University.

Thomas J. Brennan Award winner Kenneth W. 
Zeigler. Photo courtesy of GoPortraits.
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New in Astronomy Education Review
The electronic journal/magazine Astronomy Education Review, edited 
and supervised by professional astronomers actively involved in astron-
omy and space-science education, is located at aer.noao.edu and is 
available at no charge.

“Regulations and Ethical Considerations for Astronomy Education 
Research,” by E. Brogt, E. Dokter, and J. Antonellis (in “Research and 
Applications”)

“Bachelor of Science in Astronomy Technology: A Model,” by J. R. F. 
Torres (in “Letters”)

“Analysis of the Astronomy Diagnostic Test,” by E. Brogt, D. Sabers, E. 
E. Prather, G. L. Deming, B. Hufnagel, and T. F. Slater (in “Research 
and Applications”)

“AER Editor Wins ASP’s 2007 Emmons Award for Excellence in Col-
lege Astronomy,” (in “News and Announcements”)

“Survey of Introductory Astrophysics Textbooks,” by D. Bruning (in 
“Resources”)

“Using Literacy Techniques to Teach Astronomy to Non-Science 
Majors,” by C. A. Garland and D. L. Ratay (in “Innovation”)

“Science and Nonscience Students’ Ideas about Basic Astronomy Con-
cepts in Preservice Training for Elementary School Teachers,” by H. 
Kalkan and K. Kiroglu (in “Research and Applications”)

“Good Reading from Other Sources on Astronomy Education and Out-
reach,” by A. Fraknoi (in “Resources”)

“New Media Technologies: Proposing An Integrated Approach,” by A. 
Price (in “Commentary”)

“Arecibo Observatory for All,” by P. Bartus, G. M. Isidro, C. La Rosa, 
and C. A. Pantoja (in “Research and Applications”)

public.gettysburg.edu/~marschal 
/clea/CLEAhome.html
Project CLEA — develops labora-
tory exercises that illustrate modern 
astronomical techniques using  
digital data and color images

www.astro.washington.edu/labs 
/clearinghouse/labs/labs.html
Introductory Astronomy Clear-
inghouse —  provides a collection 
of tested astronomy laboratory 
exercises on a wide range of topics

astronomy101.jpl.nasa.gov/index.cfm
Center for Astronomy Education — provides a plethora of teach-
ing resources and is a website “dedicated to the professional develop-
ment of introductory astronomy instructors”

www.astronomycenter.org
AstronomyCenter.org —  
a collection of digital resources for 
college-level introductory astronomy 
faculty and students

www.aip.org/history/syllabi/
Learning History of Physics —  
an aid to teaching and studying the 
history of physics and related  
topics and an introduction to the 
vast literature in the field
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