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The smack of ball against bat brought my 
hands up quickly to cover my tiny son’s head, 
but the high-flying foul sailed off in the direc-
tion of Leo. The hubbub of surrounding spec-
tators and young folks hawking peanuts and 
popcorn gave the baseball game life. Yet my 
thoughts at that moment flew with the ball 
toward the lion’s maw.

Just a day before, I sat in a hotel room, 
working on various tasks, when a knock came 
at my door. A young man 
carried into my room a tray 
of food and placed it on my 
desk. While we chatted—
about the seeming-end-of-
ages rainstorm in Long 
Beach that day—he caught 
sight of my laptop computer’s 
screen and there the latest 
magnificent image from the 
Hubble Space Telescope. A 
portion of that image stretch-
es the cover of this issue of Mercury from 
Earth to the Carina Nebula.

“What’s that?” he asked. And then he 
immediately apologized for looking where he 
thought he should not.

I told him about the new image and provid-
ed some context for my interest in it—my work 
for Mercury and the Society, my training and 
education as a scientist, and my pleasure at 
being touched by such an alien spacescape.

“Jonathan,” who was simply enthralled by 
the topic and had unconsciously leaned back 
against a wall, popped forward and said quick-
ly, “Oh, I am sorry to bother and keep you, sir.” 
I reassured him that I was happy to discuss just 
about anything astrophysical and watched him 
ease into a series of questions on topics span-
ning a spectrum from Martian canals and res-
ervoirs to what acceleration and expansion of 
the Universe really means. What I learned from 
his questions was telling: a sometimes college 
student, Jonathan had, as a child, fancied him-
self becoming an astronomer or X-Files-type 
investigator. Then he discovered the challenges 
of mathematics and the “extreme sport” of real 

science. Since that discovery, he has drifted 
among various jobs and contemplated careers, 
yet what continues to stir him are fundamental 
questions regarding what we do know (only a 
little) and do not know (a great deal) about 
Nature and its workings.

How many times I have had this same gen-
eral conversation with folks in spots around the 
world—a group of students in Hanoi, a couple 
of truck drivers at a store outside Reykjavik, a 

father and his toddler daugh-
ter on the steps of a university 
building in Tennessee, 
a[nother] fellow delivering my 
in-room meal at another 
southern California hotel, a 
young fellow in the middle of 
Morocco, an airline pilot in 
Sydney, an elderly woman 
sharing a SuperShuttle into 
San Francisco. My goodness, 
but in a world in which we 

define ourselves by differences with others, 
curiosity and a passion to know the Universe 
are great unifiers. And all it takes is capture of 
an image of a celestial something greater than 
ourselves or, even more simple, stopping under 
a starred sky and looking up: people stop, they 
look upward with you, and they join you in the 
quest to know.

Jonathan smacked me into remembering 
this—how incredible life and existence are 
and how mystery and longing for connection 
with the cosmos can drive us.

That baseball is still speeding toward zodia-
cal Leo, and my son and I and every other per-
son are hurtling through space, too. We may 
not always realize we’re on a voyage, but we are, 
zipping along at thought speed into that aching-
ly dark Universe that calls to every one of us.

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

Smacked to the Stars

ON THE COVER: The Carina Nebula contains at least a dozen stars that are fifty to one 
hundred times the mass of the Sun. This panoramic image of the Nebula, covering a width of 
50 light-years and showing the cycle of star birth and death, was recently released in celebra-
tion of the 17th anniversary of the launch of the Hubble Space Telescope. Image courtesy of 
NASA, ESA, N. Smith (University of California, Berkeley), the Hubble Heritage Team (STScI/
AURA), and NOAO/AURA/NSF.
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by Christopher Wanjek

A year ago the gamma-ray burst mys-
tery was neatly unraveling. Really 
short ones, under two seconds, had 

to be from mergers, either between two 
neutron stars or a black hole and a neutron 
star. Longer ones had to be from massive 
star explosions.

NASA boasted of smoking-gun evi-
dence—facts and figured culled from the 
ashes of these explosions—that efficiently 
characterized all bursts into either scenario 
A or scenario B: distant star explosions or 
relatively nearby mergers. Case closed.

But the Universe keeps presenting its 
case. With NASA’s Swift satellite, scientists 
are finding long short bursts (or maybe 
short long bursts), star explosions with no 
ash, short bursts at distances where long 
ones usually reside, and a motley collection 
of bursts that do not fit any category. 

You can’t even count on classic gamma-
ray bursts to behave. Normally a GRB’s x-
ray afterglow will fade in a couple of weeks. 
Yet somehow a burst from 29 July 2006, was 
still glowing well into December. 

“New data are turning our old under-
standing on its head,” said NASA’s Neil 
Gehrels, the Swift Principle Investigator.

Let’s start with what is almost known. 
GRBs are the most powerful explosions 
known.  In just a few seconds they can 
release more energy than the Sun will over 
its entire ten-billion-year lifespan. But the 
bursts are fast and random, never to appear 
in the same place twice. This makes them 
hard to study. 

The initial burst of gamma rays might last 
only a few milliseconds to about a minute.  
The afterglow in x-ray, ultraviolet, and optical 
light usually fades in a few days to a few 
weeks. The Swift satellite was designed to 
detect GRBs and turn quickly to observe them 
in detail, while sending burst coordinates to 
other satellites and ground-based telescopes. 

The Swift mission has been a smashing 

success, which is why we’re in the mess 
we’re in. Swift is finding more kinds of 
bursts than anyone imagined. The more 
troublesome developments involve the sur-
prising range of distances for short bursts 
and the size of GRB jets—all from new 
bursts Gehrels describes as “causing quite a 
stir in the GRB community.”

Swift’s speed has enabled scientists to 
measure distances to short bursts. Most of 
these have been around redshift 0.2, or 
within 2 billion light-years. The long bursts 
are way out there—at redshift 3 and higher, 
over 8 billion light-years away.

The relatively close origin of short bursts 
made sense for the merger theory. Neutron 
stars and black holes take billions of years to 

form, find each other, and collide. So this 
would be more common in the nearby, 
“modern” universe. But in 2006, as scientists 
got a little better at detecting the shorter, 
harder-to-catch bursts, they found that many 
were out there at cosmological distances.

A team led by Edo Berger of the Obser-
vatories of the Carnegie Institution esti-
mates that half of the short bursts are 
beyond redshift 1. That’s over seven billion 
light-years away, from the era when galaxies 
were rapidly forming. The team bases its 
estimate on nine new short bursts. This 
implies there are two classes of short bursts: 

the mergers and a second category we can 
call “who knows what?”

In recent years, scientists were estimat-
ing that the GRB jet had a tight opening 
angle of about five degrees. Understanding 
the jet angle is crucial to measuring the 
intrinsic burst energy. The Sun radiates 
spherically. GRBs are beamed, and we only 
see the ones aimed in our direction. The 
Berger-led analysis implies that bursts can 
have a range of jet opening angles. 

Dirk Grupe of Penn State led the obser-
vation of the July burst, called GRB 060729, 
with an afterglow that stuck around for 125 
days. This long afterglow points to an open-
ing angle of perhaps 35 degrees. Once 
again, this is causing a major rethinking of 
what’s powering some of these bursts.

The slow fading of the afterglow 
“requires a larger energy injection than 
what we normally see in bursts, and may 
require continuous energy input from the 
central engine,” Grupe said. 

One possibility is that, for this burst, any-
way, the central engine was a magnetar, a 
neutron star with an ultra-powerful magnetic 
field. Magnetic energy could be pumped into 
the initial blast wave that triggered the burst 
to keep the afterglow lively for months.  A 
burst from January, GRB 070110, although 
with a shorter afterglow, also has signs of 
magnetic power, according to Eleonora Troja 
of the INAF-IASF of Palermo, Italy, in a 
paper published in the Astrophysical Journal.

In the early days, circa 1990, there were 
as many theories as there were detected 
bursts, and the joke was that “if you’ve seen 
one gamma-ray burst, you’ve seen one 
gamma-ray burst.” Seems like we’re heading 
that way again.

Scientists know less now than ever before, 
but what little they do know is far more than 
the great detail they once thought they knew. 

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.

Insights Bring More Confusion
Scientists are (un)solving the (never less perplexing) mystery of gamma-ray bursts.

armchair astrophysics

Within moments of the collapse of the core 
of a massive star, twin and oppositely directed 
beams of matter and energy have eaten their 
way out of the star. Earth-bound observers see 
this as a gamma-ray burst. Caption courtesy of 
P. Plait/SSU NASA E/PO, and illustration by and 
courtesy of A. Simonnet SSU NASA E/PO.
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planetary perspectives

by Daniel D. Durda

I promised myself when I started writing 
this column that I would not write too 
many stories about asteroids. But, to 

quote from Austin Powers, “This sort of 
thing is my bag, baby,” and this latest news is 
just too fun to pass up.

We’ve known for some time that sun-
light can affect the orbital evolution of 
small bodies. The very tiniest dust particles 
liberated from comets and ground into 
existence in the collisions between small 
meteoroids are blown right out of the Solar 
System by the pressure of sunlight itself. 
These sub-micron-size interplanetary motes 
eventually become the smallest of inter-
planetary emissaries.

Larger dust particles feel the force of 
sunlight as well. Traveling around the Sun 
at many kilometers per second, each dust 
particle sees the flux of photons streaming 
away from the Sun as a sort of headwind. 
This Poynting-Robertson effect slowly 
retards their motion, causing them to spiral 
inward on ever-smaller orbits.

Perhaps more surprising, though, is the 
fact that even asteroid-size bodies are sub-
ject to the power of sunlight. When the Sun 
shines on a rotating object like a planet or 
asteroid, it takes time for the surface of that 
object to warm. That is why the warmest 
time of the day is not right at noon but off-
set to about 2:00pm or so. The object re-
radiates more infrared emission, then, not 
from the sub-solar point, but from the por-
tion of the sunlit hemisphere offset in the 
direction of its rotation. That re-emitted 
infrared radiation acts like a weak rocket 
plume, slightly adding to the orbital motion 
for a prograde-rotating body and slightly 
retarding the motion of retrograde-rotating 
bodies. This Yarkovsky effect, named after 
its discoverer, can noticeably affect the 
orbits of kilometer-scale asteroids.

A variant of this effect is YORP—an 
acronym for the Yarkovsky-O’Keefe-

Radzievskii-Paddock effect, where the 
asymmetric heating and re-emission of 
sunlight on irregularly-shaped rotating 
bodies can cause them to spin up or spin 
down and alter the orientation of their spin 
axes. Recent studies of the decidedly non-
random orientation of the spin poles of 
some small members of the Koronis family 

of asteroids has provided strong circum-
stantial evidence for the influence of YORP 
on asteroids.

But now, two teams of astronomers in the 
United States and Great Britain have actually 
directly measured the YORP acceleration in 
the spin of a small near-Earth asteroid. Cor-
nell University researchers Patrick Taylor 
and Jean-Luc Margo mapped the shape and 
spin of the 100-meter-diameter asteroid 2000 
PH5 using radar observations obtained by 
the Arecibo observatory between 2001 and 
2005. They found that the rather rapid spin 

of 2000 PH5—about one revolution every 
twelve minutes—is getting faster by about 
one millisecond every year. A team led by 
Stephen Lowry and Alan Fitzsimmons at 
Queen’s University Belfast found exactly the 
same result in optical observations of the 
asteroid’s lightcurve obtained by telescopes 
around the world.

The implications of YORP-induced rota-
tion changes for other small asteroids are 
particularly intriguing. At the last Lunar 
and Planetary Sciences Conference in 
Houston, Dan Scheeres from the University 
of Michigan presented an evaluation of the 
effects of YORP on the rotation state of 
asteroid Itokawa. Japan’s Hayabusa mission 
to Itokawa revealed a sea-otter-shaped rub-
ble-pile asteroid that appears to be a contact 
binary, with each component being roughly 
ellipsoidal in shape. Scheeres’s analysis indi-
cates that Itokawa’s spin rate is currently 
decelerating, and that just 200,000 years ago 
Itokawa was probably spinning with a peri-
od of 6.5 hours—just fast enough for the 
“head” and “body” of Itokawa to be in 
mutual orbit about each other.

What this really means is that it is likely 
that the biggest components of Itokawa 
have shifted about several times throughout 
its history, with each change in shape con-
figuration mutually driven by and affecting 
YORP-induced changes in rotation. YORP 
causes the asteroid to spin up, the more 
rapid rotation causes a redistribution of 
rubble that changes the shape (and maybe 
even creates a binary system), the new 
shape allows YORP to slow the asteroid’s 
spin, the slower rotation causes another 
shape change, and so on.

Sunlight can actually turn what we once 
thought to be static hunks of rock into sur-
prisingly dynamic little worlds. For me, 
that’s a rather fun revelation. 

DANIEL D. DURDA is a Senior Research Scientist 
in the Department of Space Studies at the 

Southwest Research Institute in Boulder, 
Colorado.

A New Spin on Small Asteroids
Sunlight plays a remarkably important role in the lives of small asteroids.

Two views of the near-Earth asteroid Itokawa, 
imaged by the Japanese spacecraft Hayabusa in 
the Fall of 2005. The details of Itokawa’s shape 
and rubble surface features may be due to sun-
light-driven changes to its spin. Images courtesy 
of ISAS/JAXA.
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by Katherine Bracher

We all know of Saturn as the planet 
with rings, though we know now 
that the other Jovian planets also 

have rings. But our memories are short, and 
we tend to think that the rings of Jupiter, Ura-
nus, and Neptune were discovered by space 
probes such as Voyager. In fact, the rings of 
Uranus were discovered in 1977, nine years 
before Voyager 2 reached that planet. In Mer-
cury for May/June 1977, Nancy and David 
Morrison described how this happened.

“This exciting discovery was made on 
March 10, 1977 during observations of Ura-
nus’ passage in front of (occultation) a ninth-
magnitude star.” The occultation had been 
predicted several years in advance, and “teams 
of observers planned to travel to Africa, India, 
and Australia, where the event would be visi-
ble.” Also the Kuiper Airborne Observatory, 
which had a 91 cm telescope, was flown to 
the southern hemisphere to observe it.

The observers on the KAO “saw a 
sequence of five short interruptions in the 
starlight before the main occultation by the 
planet and a matching reverse sequence 
afterwards.”  Observers in Western Austra-
lia, India, and South Africa also saw some of 
these.  “At first the observers thought they 
had detected a swarm of individual satel-
lites, but soon it became clear that all the 
short occultations lined up perfectly to 
define five continuous, nearly circular 
rings... [T]hese rings are remarkably narrow, 
less than 10 kilometers wide in all cases but 
one, yet separated by thousands of kilome-
ters.” These were completely unexpected, 
and “no one has attempted to explain how 
these rings could have formed or why they 
are confined to such small areas with such 
huge empty spaces in between.”

Attempts were then made to observe 
these rings visually, by the sunlight they 
should reflect; but these efforts met with fail-
ure. This indicated that the rings must be 
made of particles that have a very low reflec-

tivity, and probably not ice. In late 1978 they 
were imaged successfully in the infrared, 
confirming that they did, indeed, circle the 
planet, and were very dark. In this way, as 
well as their narrowness, they were complete-
ly unlike the well-known rings of Saturn.

By 1986, when Voyager 2 flew past Ura-
nus, studies of more than a dozen occulta-
tions had indicated nine narrow rings 
around the planet. As Voyager approached, 
images, indeed, showed nine narrow bands, 
which were sharply defined and quite dark. 
After the flyby, astronomers expected the 
rings to show up better, as the spacecraft 
looked back at the planet and dust particles 

reflected sunlight.  But to everyone’s sur-
prise, the rings were not seen; so there must 
be very little dust in them, unlike the rings 
of Jupiter and Saturn.

As Voyager passed Uranus, it went behind 
the rings, and radio astronomers observed 
this occultation of the spacecraft by the rings.  
They did detect the rings, indicating that the 
particles making them up are large, as much 
as several feet across.  This and the absence 
of dust were puzzling, since one might expect 
that collisions among these large chunks 
would generate lots of small debris.  

The extreme narrowness of the rings 
was also a mystery. Voyager had found a 
narrow outer ring of Saturn, and two tiny 
satellites, one just outside and one just 
inside this ring.  The gravity of these moons 
is believed to keep particles from wander-
ing out of the ring.  So astronomers specu-
lated that perhaps Uranus’s rings were 
similarly defined by “shepherd” satellites. 
For the outermost (widest and brightest) 
ring, Voyager did find two small satellites, 
but there did not seem to be any shepherds 
for the other rings. They are perhaps 
defined by complex gravitational interac-
tions of the planet’s many moons.

Once Uranus had been found to have 
rings, speculation arose as to whether all 
the Jovian planets had them. Voyager found 
a few thin rings quite close to Jupiter, com-
posed of tiny dark particles. Earth-based 
studies of Neptune suggested that there 
might be “ring arcs,” incomplete segments 
of rings. Voyager 2 in its 1989 flyby found 
complete narrow rings around Neptune, but 
there were bright concentrations within 
them which could have led to the idea of 
incomplete arcs.

The rings around the Jovian planets are 
now thought to be material that is close 
enough to the planet (within its Roche 
limit) that the planet’s gravity either pulled a 
moon apart or prevented the particles from 
collecting into a moon at all. The rings may 
change over time, as other moons collide 
and rain debris into them, or affect them 
gravitationally.  But the differences between 
the rings of Saturn and those of the other 
Jovians suggest that we still have much to 
learn about the formation and permanence 
of planetary ring systems. 

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 Rings of Uranus
The absence of “something” might sometimes indicate the presence of “something else.”

echoes of the past30 Years Ago

This Voyager 2 image of Uranus’s rings was col-
lected in early 1986 while the spacecraft was 
in the shadow of Uranus, about 3.5 hours after 
closest approach. The frame is about 10,000 km 
across. Image courtesy of NASA.
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astronomer’s notebook

by Jennifer Birriel

When the Universe was 300,000 
years old, the dark ages ended. 
It was then that the previously 

opaque Universe, now cool enough for 
nuclei and electrons to combine and form 
neutral atoms, became transparent to radia-
tion. The resulting cosmic microwave back-
ground (CMB) carries within it the 
signatures of the structure and composition 
of the very early Universe. 

When the Universe was between 300,000 
to 6 billion years old, there was a great deal 
of cosmic activity. Observations of polariza-
tion in the CMB with the Wilkinson Micro-
wave Anistropy Probe indicate that the first 
stars, composed only of hydrogen and heli-
um, began forming first. Galaxies formed 
later, but even when the Universe was a 
mere billion years old, the deepest observa-
tions reveal galaxies that are “metal-
enriched”—i.e., containing elements heavier 
than helium. This suggests that these galax-
ies contain stars that are the descendants of 
the first-generation, metal-free stars. 

First-generation stars are hypothesized 
to have been significantly more massive 
than the present generation of metal-rich 
stars. These earliest stars are also expected 
to have been extremely luminous. However, 
they are not detectable in visible light due 
to their extreme distance and intervening 
dust. These “Population III” stars are simply 
not individually detectable by existing or 
planned optical telescopes. But can they be 
detected at all?

At the time the first stars and galaxies 
were forming, dust filled the Universe. It is 
speculated that the young stars and galaxies 
were enshrouded in dust; their radiation 
would have been absorbed by all that dust 
and re-emitted as infrared radiation. The 
cosmic expansion has redshifted the near 
infrared radiation emitted by this dust to 
far infrared radiation. 

Cosmic infrared background (CIB) radia-

tion represents the “integrated” light of all 
sources over time. The existence of a CIB 
was first postulated in the late 1960s: even 
then, astronomers realized its detection, and 
any existing fluctuations, would be an 
incredible boon to observational cosmology. 
The CIB was definitively detected in 1998, 
after years of analyzing data from the Diffuse 
Infrared Background Experiment aboard 
NASA’s Cosmic Background Explorer. 

The terrestrial geologic record provides 

a good analogy to the various forms of uni-
versal, background radiation: while the 
CMB represents the fossil record of a spe-
cific event or “layer” in cosmic history, the 
CIB represents several “layers” spanning a 
wide range of cosmic time. Embedded in 
the CIB is the history of star formation and 
galaxy evolution. Even more exciting is the 
possible existence of some “fossil” record of 
the first generation of stars! 

The first stars should have produced sig-
nificant imprint on the cosmic infrared 
background radiation in the near-infrared. 
Their presence should be manifest in small-
scale fluctuations in the CIB. By studying 
the fluctuations in the CIB, it should be 
possible to determine the properties of 

these stars and, consequently, conditions in 
the young Universe. 

Over the last several years, Alexander 
Kashlinsky, Richard Arendt, John Mather, 
and Samuel Moseley from NASA Goddard’s 
Observational Cosmology Laboratory have 
been examining data obtained with the 
Spitzer Space Telescope in an effort first to 
identify and then study fluctuations in the 
CIB. In 2005, the team reported that after 
removing the infrared contributions of faint 
galaxies from the data, a significant cosmic 
infrared background with measurable fluc-
tuations remains. The group ruled out Solar 
System and Galactic sources and concluded 
that observed fluctuations in CIB must 
result from extragalactic sources. 

More recently, Kashlinsky and colleagues 
examined a deeper data set from the Great 
Observatories Origins Deep Survey obtained 
with the Spitzer Infrared Array Camera. 
These data solidify their previous findings to 
fainter levels than before. They also found 
that the CIB fluctuations are approximately 
isotropic across the sky and exhibit signifi-
cant clustering. Assuming a lambda cold 
dark matter cosmological model, the group 
determined that the luminous sources 
responsible for the fluctuations lie at cosmic 
times earlier than one billion years and are 
individually much brighter per unit mass 
than present-day stars. 

But these latest results are not yet con-
clusive. It is possible that the source of CIB 
fluctuations are not from Population III 
stars but rather from some “abnormal” gal-
axies at low redshift. The question may be 
“literally” resolved by the next generation of 
telescopes: either the James Webb Space 
Telescope or the Atacama Large Millimeter/
submillimeter Array might just be able  
to resolve the individual sources of CIB 
fluctuations. 

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.

Sources of Cosmic Infrared Background
Fluctuations in the cosmic infrared background might contain record of the first stars.

The Universe’s diffuse infrared background 
glow. Image courtesy of M. Hauser, the COBE/
DIRBE Science Team, and NASA.
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by Clifford J. Cunningham

In a recent column (“The Personal 
Equation,”May/June 2006), I stated that 
Galileo discovered the four major satel-

lites of Jupiter on 7 January 1610. It was not 
so simple! Controversy and counterclaim 
has dogged the subject for centuries.

In1614 the German astronomer Simon 
Marius claimed in his book Jovian World 
that he had been the first to discover the 
moons of Jupiter in November 1609. Galil-
eo had already published his report of the 
discovery in Starry Messenger in 1610, so he 
gets the credit, even though Marius may 
have, in fact, seen the four moons first.

Christoph Scheiner (1573-1650) was one 
of Galileo’s many adversaries—not only an 
astronomer, but a Jesuit. He was the first to 
put Kepler’s telescope design into practice. 
And, eager to trump Galileo, he announced 
in 1612 that he had discovered a fifth satel-
lite orbiting Jupiter. It proved to be just a star.

Next on stage was a Capuchin monk, 
Anton Schyrle de Rheita. His claim in 1643 
to have discovered five more satellites 
around Jupiter was harder to put to rest 
because the four-convex-lens telescope he 
designed really was better than the ones 
used earlier. A master of procuring favor, 
Schyrle not only dedicated his discovery to 
Pope Urban VIII, he named the satellites 
after him: Astres Urbanoctavianes. Of 
course, no one else ever saw them, but at 
least posterity has named a lunar crater in 
his honor.

In 1661 John Winthrop, Jr. (1606-1676) 
made a trip to England in order to secure a 
charter for the colony of Connecticut. He 
spent much time in London with the scien-
tific elite, who were in the process of forming 
what would become the Royal Society. His 
reputation was so great that Winthrop was 
elected one of the first Fellows of the Society.

On returning to America in 1663 he 
took with him a telescope measuring three-
and-a-half feet long. It was a simple-lens 

instrument with a concave eyepiece, severe 
chromatic aberration, and a narrow field of 
view. Even so, it was the most powerful 
telescope in North America, and on 6 
August 1664 he made a major discovery, 
the fifth satellite of Jupiter. Scarcely con-
cealing his excitement, Winthrop wrote to 
Sir Robert Mobray, president of the Royal 

Society in London: “Having looked upon 
Jupiter with a telescope upon the 6th of 
August last (year) I saw 5 Satellites very dis-
tinctly about that planet; I observed it with 
the best curiosity I could, taking very dis-
tinct notice of the number of them by sev-
eral aspects with some convenient time of 
intermission.”  Like Scheiner, he was delud-
ed by an ordinary star.

It was not until 9 September 1892 that the 

fifth satellite of Jupiter was discovered with 
the aid of the 36-inch Lick refractor. The 
honor goes to Edward Barnard (1857-1923), 
most famous now for his discovery of Bar-
nard’s star. He accepted a suggestion from 
the French astronomer Camille Flammarion 
to name his new find Amalthea, who in clas-
sical mythology was Jupiter’s nurse.

What is most remarkable is the contro-
versy that erupted after Barnard made his 
announcement. If the papers of the day are 
to be believed, many other people had 
already seen Amalthea! One California 
newspaper reported a “group of local young 
ladies” saw it first, while a minister on the 
east coast wrote quite impertinently to Bar-
nard himself: “May I have the honor of 
being accredited the first to see this new 
satellite? It is something I wish to treasure 
to myself.” The minister duly informed Bar-
nard that no less than a dozen people 
he knew had seen it as well.

The most fantastic claim of all was 
published in a Wilkes Barre, Pennsyl-
vania, newspaper, which seriously 
reported a certain Prof. Cole in Wyo-
ming, with the aid of an “Electric Eye” 
had spotted no less than seven moons of 
Jupiter! “We recently had the pleasure of 
seeing this wonderful photograph of Jupiter, 
and seven moons in their different phases 
of full, half, quarter and new moons, were 
plainly and distinctly seen.” 

The fact that Barnard had discovered 
another moon was also a surprise to his 
own boss, Edward Holden, the director of 
Lick Observatory. Shortly before Amalthea 
was found, Holden said in a public lecture: 
“It may well be that there are no more than 
eight planets—that all the satellites have 
already been discovered.” It is not just the 
cranks who are revealed as laughably wrong 
in the annals of astronomy. 

CLIFFORD J. CUNNINGHAM’s latest book, The 
Collected Correspondence of Baron Franz von 

Zach Volume 2, was published by Star Lab Press 
in early 2007.

Who Discovered Jupiter’s Satellites?
Early spotting of the largest planet’s satellites was an exercise in controversy.

annals of astronomy

Edward Emerson Barnard was an American 
astronomer best known for his discovery of 
“Barnard’s star” in 1916. On 9 September 
1892, Barnard also “discovered” the fifth satel-
lite of Jupiter, Amalthea. Immediately after his 
announcement, a number of others announced 
they had seen Almathea before Barnard.
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societal impact

by Michael G. Gibbs

Science education. Science literacy. These 
are two areas of interest for those of us 
who belong to and support organiza-

tions such as the Astronomical Society of the 
Pacific. The ASP uses astronomy as the spark 
to create an interest in science education and 
improve science literacy. But what do others 
within our society think about the importance 
of science education and science literacy?

It seems that every few months another 
national report is issued regarding science 
education and the need to focus on America’s 
ability to be competitive in the future. The 
Educational Testing Service issued in June 
2006 Keeping Our Edge: Americans Speak on 
Education and Competitiveness, their sixth-
annual “Americans Speak” public-policy poll. 
And in September, the National Science 
Teachers Association summarized the poll’s 
findings in NSTA Reports. Primarily, the poll 
indicates that forty per cent of Americans 
believe science, technology, and mathematics 
are the most crucial components for the 
United States to have an edge in the future 
global economy. Further, mathematics, sci-
ence, and technology were the highest rated 
priority areas above writing and communica-
tion at seventeen per cent, creative thinking 
at thirteen per cent, and foreign language 
skills at nine per cent. Over ninety per cent of 
those polled feel the way to improve science 
skills is to provide more training for teachers. 

Along with this recent public opinion 
poll, the National Governors Association at 
their 2006 annual meeting urged student 
engagement in science careers and recog-
nized that science education and a well 
trained science workforce is key to our con-
tinued competitiveness in the global market-
place. Minnesota Governor Tim Pawlenty, 
chair of the Education, Early Childhood, and 
Workforce Committee stated: “The econom-
ic currency of the 21st century is science and 
technical knowledge. Encouraging our 
schools and businesses to champion science, 

engineering, and technology will better pre-
pare the next generation to stand apart as 
leaders in the global economy.”

Clearly, there is a need for increasing sci-
ence literacy and providing quality science, 
technology, engineering, and mathematics 
education. So what is the ASP doing to address 
these concerns? It is devoting time, energy, and 
resources to help more people understand, 
appreciate, and enjoy science by using astrono-
my—arguably one of the most interesting sci-
ences—to create that spark of interest. 

Building on all that astronomy has to 
offer, the ASP continues to work with the 
intermediate communicators—those who 
want to share the excitement of the Uni-
verse with others. And in this way its efforts 
are multiplied hundreds, even thousands, of 
times. As a member, benefactor, and friend 
of the ASP, you, too, are a part of this 
effort—your support helps the Society pro-
vide the services, training, and skills that 
enable formal and informal educators to 
create those sparks of interest among folks 
around the country.

The ASP does this in a variety of ways. 
The NASA “Night Sky Network,” managed by 
the ASP, is one example of supporting ama-
teur astronomy clubs that engage in educa-
tion and public outreach. Again this year, the 
“Network” is present in all fifty states, reach-
ing hundreds of informal educators who then 
in turn reach thousands of individuals across 
the country. “Astronomy From the Ground 
Up,” funded by the National Science Founda-
tion, is aimed at improving the astronomy 
education skills of staffers in small science 
centers, museums, and nature centers. Pro-
viding the professional development for these 
educators affects the thousands of individuals 
with whom they come into contact each year. 
The ASP’s education department provides 
professional development workshops for both 
formal and informal educators such as with 
the California Science Teachers Association, 
SUCCESS After-School Providers, the Asso-
ciation of Science-Technology Centers 
(ASTC), and the National School Board 

Association. Through these and other nation-
al conferences, the ASP is able to reach thou-
sands of individuals each year who directly 
interact with students of all ages.

The ASP also provides opportunities to 
gather the EPO and education community 
together through a variety of national con-
ferences. This year the ASP will hold “Cos-
mos in the Classroom 2007” (see p. 12), the 
next in a series of hands-on symposia 
directed by Andrew Fraknoi that examine 
the unique opportunities and challenges 
facing astronomy education and that feature 
new techniques, approaches, curricula, and 
materials for introductory astronomy and 
space science. This September, the ASP will 
hold in Chicago, Illinois, its 119th national 
meeting, co-hosted with Adler Planetarium: 
the meeting will focus on engaging the 
astronomy and space science education and 
public outreach community to increase the 
public’s overall understanding and apprecia-
tion for science. These national conferences 
are being supported by members, benefac-
tors, and friends, and companies such as 
Ball Aerospace, Lockheed Martin, Meade, 
California Space Grant Consortium, Cali-
fornia Space Grant Foundation, the Jet Pro-
pulsion Laboratory’s Spitzer Science Center, 
and the Navigator Program and Center for 
Astronomy Education EPO Program. 

The ASP’s initiatives, programs, and con-
ferences have been nationally recognized by 
organizations such as NASA, the NSF, the 
National Academy of Sciences, the Indepen-
dent Charities of America, and the National 
Partnership for Quality After School Learn-
ing. They and other organizations under-
stand the ASP’s societal impact. But in order 
to sustain that impact, the ASP needs the 
continued support and partnership of our 
members, benefactors and friends. Working 
together, we can make a difference. 

MICHAEL G. GIBBS is the Chief Advancement 
Officer for the Astronomical Society of the Pacific. 

He can be contacted via e-mail at  
mgibbs@astrosociety.org.

In the National Interest
Citizens agree that better science and mathematics education is critical to the nation.
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by David Bruning

Iendeavor to employ the best teaching 
practices in my astronomy course. In 
other words, I steal the best ideas from 

my colleagues and use them in my class-
room. One that I am particularly fond of 
comes from a physics colleague of mine, 
Don Elliott, who used to teach physics at a 
Midwestern four-year college. He asked an 
open-ended question on his final exam, just 
to see what students would come up with. 
In particular, he asked them to name one 
thing they learned during the semester that 
astounded them.

In my incarnation of this idea, students 
receive full credit for their answer if they 
reply reasonably. Answers need not be rigor-
ously correct but I do take points off if the 
student is obviously confused. For example, 
“redshift of stars expanding away from us is 
used to demonstrate expanding universe” 
didn’t receive full credit because the student 
confused galaxy redshift with star motions. 

To avoid having students merely regurgi-
tate something from the last section of the 
course (planets: “I was astounded to learn 
that Jupiter is the largest planet.”), I require 
students to dredge something from their 
memories about stars, galaxies, or cosmolo-
gy. The final exam is otherwise not compre-
hensive so this should be an honest response. 

Before I reveal the top five responses, 
take a moment and think about how your 
students would respond.

The answers I have received through the 
years have been illuminating. Students who 
do not seem to master the analytical think-
ing aspects or even simple knowledge-based 
parts of the course sometimes come up with 
thoughtful, academically mature responses. 
Some answers reflect a misconception that 
has been reconciled, and some reflect an 
appreciation for this wonder-filled Universe.

The top five answers are:

infinite space;

scale of the Solar System and the Universe;

possible existence of multiverses;

expansion of the Universe; and

Olbers’s paradox.

I would have guessed that black holes would 
have been number one or two; it does make 
the top ten along with dark matter.

The answers that I did not expect include:

how one can find the distances to stars knowing only 
their brightness;

how one can tell the temperature, size, composition, 
etc., of objects one has never visited; and 

how stars fuse hydrogen and helium to make new  
elements.

These were frequent enough that they 
seemed to be more than just one student’s 
frantic memory search trying to score points 
on the exam.

Some personal (and sometimes thought 
by students to be embarrassing) revelations:

“I used to think all stars ended as supernovae”;

“I thought the Sun was at the center of the Universe”;

“I thought no other planets could have water on them”;

“That the space between galaxies isn’t filled with 
stars”; and

“Colors of stars; I thought red stars should be hottest.”

Some answers are more philosophical and 
some students have reproduced (nearly ver-
batim) a quote I have projected at the begin-
ning of a class that they found meaningful.

I am amazed that word has not gotten 
across campus that I regularly ask this ques-
tion. And at one point, I pondered whether 
I should use the question irregularly (sort 
of like the operant conditioning of dogs 
using bells) to avoid students salivating 
when I hand out the final exam. 

But I realized I didn’t care if students 
knew it would be on the exam. The ques-
tion originally was designed to give stu-
dents a few “free” points for the exam, and I 
do like to read what they remember most 
vividly. Sure, some students are clearly try-
ing to blow smoke, but the uniform grade 
for all prevents me from having to decide 
who is trying to sound astonished and who 
really is. 

One thing I find astonishing: many stu-
dents leave this question unanswered. It 
isn’t for a lack of time—every student leaves 
the exam with at least thirty minutes left in 
the exam period. And I can’t believe they 
do not understand the question when I 
freely answer questions about the exam 
while it is being taken. The students who 
do not answer are not necessarily those 
who do poorly on the exam; many of their 
scores are satisfactory (although not out-
standing). I have not yet determined the 
student dynamic at play here (please enter-
tain me with your best ideas). 

Given our university’s rather weak teach-
ing evaluation forms (“Was the instructor 
punctual for class?”), I find the responses to 
this question to be a better gauge of whether 
students really learned something about the 
Universe in which we live. After all, who 
cannot find something truly amazing about 
the Universe if we but look.

The responses also provide an informal 
assessment for my teaching. As I have 
added more in-class activities, I have 
dropped galaxy classification from my one-
semester course. But the responses from 
students tell me that they find the different 
shapes of galaxies to be surprising, so I have 
left a discussion of galaxy shapes and the 
reason for the shapes in the course.

Try this in your class. I will bet you will 
be astonished by the responses. 

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

Wisconsin-Parkside. He finds his students each 
semester simply amazing.

Astounding!
A simple question can reveal what students really take from your class.

education matters



12	 Mercury	 spring  2007

A popular series of meetings is drawing praise 
for nurturing the growth of astronomy and 
space science education in the United States.

by Andrew Fraknoi

C o s m o s  i n  t h e 

C l a s s r o o m
C o n f e r e n c e s

THE 
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dock), those courses are nevertheless a very 
significant interface between the astronomi-
cal community and the educated voting pub-
lic. After all, this means that every four years 
we expose a million college students to the 
story of the planets, stars, and galaxies with 
which they share the Universe. 

For many non-science students, an 
astronomy course may be their one contact 
with the physical sciences during their 
entire college careers. We owe them an 
experience that they will remember with 
pleasure—not necessarily because it was 
easy, but because it gave them a real sense 
of our understanding of the Universe and 
our connections with it, as well insights into 
the nature and process of science.

Yet it can often happen that the intro-
ductory astronomy class is not as successful 
an experience—for either students or 
instructors—as we would like it to be. The 
challenges of teaching such a course are 
many and varied: 

how (or whether) to cover all of 
astronomy in one semester; 

how to convert students from passive 
listeners to active learners; 

how to deal with the widely varying 
mathematics and science backgrounds 
(and attitudes toward learning) of 
non-science majors these days; 

how to evaluate student performance 
meaningfully (or train graduate stu-
dents to do so); 

how to approach ideas that challenge 
some students’ beliefs, such as evolu-
tion and the big bang; 

how to offer a valid laboratory experi-
ence without requiring students to 
come back to a campus building at 
night; and

(depending on where the course is 
taught) the vexing issues of too many 
students, too little assistance, inade-
quate funding, and lack of proper 
equipment.

While a few graduate programs in the sci-
ences now offer formal instruction for grad-
uate students on how to be good teachers, 
most college astronomy instructors learned 
to teach “on the job.” In a way, astronomers 
learned to be teachers the same way kids 
were taught to swim in the old days—gradu-
ate students were thrown into a pool of 
lukewarm students, and those that survived 
were called swimm…er…professors. 

And once an instructor is installed in his 
or her position, particularly in the communi-
ty colleges and other teaching-oriented insti-
tutions, there are few opportunities to receive 
renewal and further mentoring on the job. 

Enter the ASP
Between 1980 and 1994, the Astronomical 
Society of the Pacific held a series of 
national workshops on teaching astronomy 

Our best estimates are that roughly 250,000 college 
students take an introductory astronomy course in the 
United States each year. While this is only a fraction of 
those who watch television shows about UFOs or mov-
ies like Spiderman 2 (with its ridiculous home-made 
fusion machine cobbled together on an abandoned 

An introductory astronomy class at Foothill College, where the author teaches. Photo by A. Fraknoi.

“For many non- 

science students,  

an astronomy 

course may be their 

one contact with 

the physical sciences 

during their entire 

college careers.”

Astronomy Education Review is an electronic jour-
nal for those engaged in astronomy and space-
science education. It is located at aer.noao.edu.
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in grades 3-12 as part of its annual meeting 
(led by Dennis Schatz and me). Hundreds 
of teachers participated and developed new 
skills for conveying both astronomy and 
science in general. Seeing this service for 
their colleagues in the lower grades, college 
instructors regularly asked the Society to do 

something along the same lines for them. 
They rightfully said that, while the funding 
agencies were focusing on K-12 education, 
there was a great need for assisting those 
who teach astronomy at the college level, 
especially those whose degree might be in a 
related science, whose graduate work 

involved only research, or whose spark for 
teaching may have been rubbed out by too 
many football players sleeping in the back 
row lecture after lecture.

In 1996, after a year of planning, we 
began with a short regional workshop dur-
ing the ASP’s Annual Meeting in Santa 

Cosmos in the Classroom 2004

Participants at Cosmos in the Classroom 2004 enjoy a tour of 
the Boston Museum of Science. 

Matt Bobrowski of the Space Telescope Science Institute leads a work-
shop at Cosmos in the Classroom 2004. All photos courtesy of the ASP.

Participants at Cosmos in the Classroom 2004 enjoy a break on the cam-
pus of Tufts University. In the center is Philip Sadler of the Harvard-
Smithsonian Center for Astrophysics. 

Former ASP President Katy Garmany and ASP Secretary 
Mary Kay Hemenway enjoy a session at Cosmos in the Class-
room 2004 near Boston. 
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Clara, California. Almost 100 college 
instructors came for the meeting (which we 
called Cosmos in the Classroom) and voiced 
enthusiastic support for doing more. By 
1998, we were ready for a more national 
conference and held it in Albuquerque, 
New Mexico, with about 150 instructors 
attending. An even larger group gathered in 
2000 in Pasadena, California, and in 2004 at 
Tufts University, near Boston, nearly 200 
instructors spent three intense days discuss-
ing the opportunities and challenges of the 
introductory astronomy course.

The emphasis in these workshops has 
been on new techniques, new materials, 
and new ideas for capturing the interest and 
involvement of non-science majors and giv-
ing them a taste of real science. Many pre-
senters have focused on ways to get out of 
pure lecture mode, and to get groups of stu-
dents to work and think together actively in 
the classroom.

A Hands-on Approach
As these meetings have become more 
sophisticated and drawn bigger audiences, 
we have tried to continue to practice what 
we preach. If we are helping faculty mem-

bers to go beyond traditional lectures and 
to find new ways of teaching, we should do 
so without lecturing ourselves. So the key 
part of the Cosmos conferences has been a 
variety of small-group, hands-on work-
shops: each lasts about an hour, where 
about 25 to 30 participants try out a new 
approach or a new curriculum under the 
guidance of a mentor instructor.

The meetings do include a few plenary 
lectures and panels, but all the contributed 
papers are given as posters—presented in 
written format both on a display board at 
the meeting and as a hand-out to take 
home. The handouts from the meeting are 
also collected and published, so that 
instructors who are not able to attend can 
make use of them. This means that the 
majority of the time at the meeting is avail-
able for hands-on sessions and for getting 
to know other instructors who share one’s 
teaching situation or interests.

The meetings also include time to get to 
know colleagues more informally. There is a 
room set aside for the handouts, and many 
instructors bring a syllabus for a new kind 
of course, new teaching ideas, labs, demon-
strations, and resource guides that can be 

grabbed and studied at leisure after the 
conference. Also, smaller, special-interest 
groups have a chance to meet, discussing 
such subjects as conducting astronomy-
education research, the life of a part-time 
instructor who teaches at several colleges, 
running a student observatory, etc.

Effects Beyond the Meeting
The Cosmos in the Classroom meetings have 
had continuing influence in a number of 
directions. Since the Cosmos conferences 
were held only every two to four years, the 
American Astronomical Society (AAS) 
Education Office decided to sponsor a 
“Continuing Dialogue” about teaching 
Astronomy 101 at each of its meetings. 
These gatherings, usually on the day before 
the formal AAS research meeting begins, 
have drawn from 50 to over 100 partici-
pants and generally focus on one or two key 
issues for instructors. 

Also, the small group of astronomy fac-
ulty who are actively engaged in education-
al research (as well as teaching) met in 
Pasadena, California, and have set up an 
informal email listserv and further discus-
sions at both AAS and ASP meetings. The 
work of this group and the continuing 
expansion of educational research in our 
field was a key factor in the start and suc-
cess of Astronomy Education Review, the 
on-line journal whose contents is profiled 
in each issue of Mercury.

On the same time scale we are discuss-
ing, Tim Slater, Jeff Adams, and, later, Ed 
Prather established the CAPER Team, a 
group dedicated to astronomy education 
research, first at Montana State University 
and now at the University of Arizona in 

“Many presenters 

have focused on 

ways to get out of 

pure lecture mode, 

and to get groups  

of students to  

work and think 

together actively in 

the classroom.”

In addition to its Cosmos in the Classroom meetings, the ASP also conducts annual meetings. Here, 
former ASP President Dennis Schatz, Bill Nye, and the author are captured at the ASP’s 2000 annual 
meeting in Pasadena, California. Photo courtesy of the ASP.
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Tucson. In addition to offering a formal 
degree program emphasizing astronomy 
education research (with a strong focus on 
the introductory course), the CAPER Team 
is also engaged in giving a series of inten-
sive workshops around the country to 
improve the teaching of Astronomy 101. 
They have shared much of their work at the 
last few Cosmos meetings and are publish-
ing workbooks, articles, and activities based 
on their presentations. They are also work-
ing with the JPL Navigator Center for 
Astronomy Education to facilitate ongoing 
dialogue about better teaching of Astrono-

my 101 at the website astronomy101.jpl.
nasa.gov/index.cfm.

The Next Cosmos in August
Cosmos in the Classroom 2007 will take 
place from 3 to 5 August on the beautiful 
campus of Pomona College in Southern 
California. Inexpensive dormitories and 
hotel rooms have been arranged, and a full 
three days of workshops, talks, small-group 
meetings, and poster sessions are being set 
up as this article goes to press.

Thanks to the generosity of the Spitzer 
Science Center, the NASA Center for 
Astronomy Education, the Planck Mission, 
California Space Grant, and the American 
Astronomical Society, scholarships will be 
available to instructors (and future instruc-
tors) who cannot find institutional funding 
to attend. We hope that this will enable 
part-time instructors, those from urban and 
rural colleges with limited funding, and 
graduate students planning a teaching 

career to participate in the meeting.
In many ways, the over 2,000 people 

who teach the basic courses in astronomy 
in our country have been the forgotten peo-
ple of the astronomical community. Many 
do their work in complete isolation, being 
the only one on their campus who teaches 
astronomy. It is our hope that the Cosmos 
conferences will not only bring recognition 
to the important task these instructors are 
engaged in, but will also allow them to 
develop a sense of community and dialogue 
that can continue long after the meetings 
themselves are done. 

ANDREW FRAKNOI teaches introductory 
astronomy to about 800 students a year at 

Foothill College near San Francisco, California, 
and is co-editor of Astronomy Education 

Review. He chaired the organizing committee 
and acted as moderator for all of the Cosmos 

in the Classroom conferences so far, and is busy 
organizing the planning for the one this August.

Cosmos in the Classroom on the web

To find out more about the current Cosmos in the Classroom conference 
or obtain the proceedings for an earlier meeting, go to the website: 

www.astrosociety.org/events/cosmos.html

“In many ways, the 

over 2,000 people 

who teach the  

basic courses in 

astronomy in our 

country have been 

the forgotten people 

of the astronomical 

community.”

Tim Slater (left) and Ed Prather of the CAPER 
Team at the University of Arizona have led 
workshops at previous Cosmos in the Classroom 
conferences and also do a series of teaching work- 
shops around the country. Photo by A. Fraknoi.
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I was six years old when I discovered I had the power 
of Zeus. By merely dragging my feet across a wool rug 
in my house, I could unleash lightning bolts—well, 
some tiny sparks, at least—on my mortal parents.
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It did not take me long to find out that light-
ning, those real Zeusian bolts of electricity 
from the sky, came about in essentially the 
same way.
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As you walk across a rug, you strip 
electrons—tiny, discrete units of nega-
tive electrical charge—from it, and that 
extra charge on you makes you slightly 
negatively charged. When your hand 
nears a doorknob (or someone’s ear-
lobe), Nature says, “Away extra 
charge!” and a spark jumps between 
finger and knob. Do you not believe 
that you, too, can make mini-lightning? 
Drag your feet tonight and give your 
honey a charge.

When Nature works on larger 
scales like those of big, fluffy clouds in 
the atmospheres of Earth or mighty 
Jupiter, the sparks are even bigger, and 
the energy is enormous. In a typical 
terrestrial lightning bolt, striking down 
from a cloud or springing up from the 
ground to a cloud, the energy is great-
er for a fraction of a second than that 
produced by all the electrical power 
generating plants in the United States. 
That more than one hundred bolts 
every second are striking Earth some-
where makes one realize (again) how 
powerful Nature can be.

That’s Shocking, Mr. Franklin!
Humans have tried to understand light-
ning since, well, since we’ve been 
around. Our remote ancestors all saw 
lightning as the product of or punish-
ment from gods. The Greeks had their 
god Zeus, flinging lightning bolts down 
on ne’er-do-well humans, Germanic 
peoples imagined a smithy god named 
Thor striking his anvil and showering 
us with sparks, and Native Americans 
considered lightning glints from the 
brilliant feathers of a giant bird.

For a time in the middle ages, peo-
ple even thought ringing church bells 
could dissipate lightning-producing 
storms. Some bells bore the inscription 
Fulgura frango (“I break up the light-
ning”). After about a hundred bell ring-
ers were killed by lightning strikes over 
three decades, however, this notion 
was reconsidered.

Benjamin Franklin, as we all remem-
ber from grade school, was the first 
person to rightly test the hypothesis 
that lightning is due to electricity. I say 
“rightly,” for in his original experiment, 
Franklin planned to stand in a storm 
with a metal rod thrust into the sky. 
Any ambient electric charge due to 
lightning, he thought, should enter the 
rod and leap by a spark to a wire 
nearby. In 1752, France’s Thomas Fran-

cois D’Alibard used such an experi-
mental set-up and saw a spark. Luckily, 
he survived the dangerous experiment. 
The next year a Swedish physicist 
named Georg Richmann was not so 
fortunate, as lightning struck and killed 
him.

Franklin’s revised experiment was 
elegant. In 1752 he flew a kite in a rag-
ing, Pennsylvania thunderstorm. Electric 
charge traveled from the swirling, light-
ning-filled sky down the damp string to 

a small key dangling at the end. And 
sparks jumped from the key to a small 
silk ribbon Franklin had wrapped 
around his hand. The electric charge 
leaking out of the clouds made its way 
to him, and flowed safely across his 
body and into the ground. Just like that 
charge that covers you when you 
scruff your feet on the rug.

Following Franklin’s and others’ dis-
coveries, people began to place light-
ning rods on buildings, a practice that 

This 1762 portrait of Benjamin Franklin was painted by Mason Chamberlin and captures the public face of 
statesman and scientist Franklin, the man who “studied and mastered electricity.” Used with permission of 
The Benjamin Franklin Tercentenary.
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continues to this day. The thought 
behind such a rod is sound: place a 
metal rod high on a building, and light-
ning will deposit electrical charge in 
the rod. That charge will then be con-
ducted down and into the ground 
because the rod is wired to ground.

The connection between lightning 
and electricity made, we now under-
stand quite a lot more about the man-
ner in which lightning bolts come 
about—on our and other worlds.

Illuminating Lightning
Inside a storm cloud, there is enor-
mous activity: air carrying moisture is 
rising and falling, and tiny ice crystals 
have opportunity to collide and rub 
together. It is believed that the smaller 
particles lose electrons to the larger 
particles, which sink to the bottom of 
the cloud. This produces, in general, a 
storm cloud that has a negatively 
charged bottom (on Earth, this is the 
side right over our heads) and a posi-

tively charged top. When the difference 
in charge between the cloud’s top and 
bottom becomes too large for the 
cloud to support, a giant spark—a 
“streak of lightning”—can leap 
between top and bottom.

Lightning can also leap to the 
ground because that cloud, moving 
over Earth’s ground as it does, induces 
an electrical charge in the ground. 
What is interesting about this is that 
lightning bolts also jump from the 

In 1752, Benjamin Franklin tested his hypothesis that lightning is simply a grand manifestation of electricity. 
Working with his son, Franklin flew a kite in a raging, Pennsylvania thunderstorm and, according to Charles 
Thomlinson in a 19th century account entitled The Thunderstorm, “when the string was thoroughly wet, [an] 
abundance of electricity was…” collected. Illustration courtesy of the National Weather Service and NOAA.

The circled spots of light in this image probably 
represent lightning in the atmosphere of Jupiter. 
Captured in November 1996 by the Galileo space-
craft, this image is centered on a small region 
in the great planet’s northern latitudes, which 
are represented by the marked, horizontal lines. 
Compared with the sizes of atmospheric electrical 
discharges on Earth, those in the image suggest 
Jovian lightning packets more than 500 hundred 
kilometers across. Image courtesy of NASA.

This 1997 image collected by the Galileo space-
craft offers views of a convective storm (left panel), 
which is similar in appearance to those on Earth, 
and its associated lightning (right panels) in Jupi-
ter’s atmosphere. The left image shows the dayside 
view. The right images show the area highlighted 
(box) in the dayside view as it appeared roughly 
two hours later during the night. Multiple lightning 
strikes are visible in the night side images.  Images 
courtesy of NASA.
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In September 2004, the Cassini spacecraft captured this 
view of a bright storm that appeared in the southern hemi-
sphere of Saturn. Storms of this type are good candidates 
for the production of lightning. Small dark ovals to the left 
and right of this storm mark the sites of other storms in this 
turbulent westward-flowing region of the atmosphere. The 
icy moon Enceladus is visible near the bottom of the image, 
which is courtesy of NASA/JPL/Space Science Institute.
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ground into the cloud—mortals fling-
ing bolts up at the gods? No, Nature 
just works to equalize charge differ-
ences.

Never put yourself at risk, but do 
watch lightning storms and observe 
the many ways that charge—those lit-
tle electrical bits called electrons—
moves: from the clouds to the ground, 
from the ground to the clouds, from 
one cloud to another, etc.

Strike the Anvil
Light travels about a million times fast-
er than sound, so the flash of a light-
ning bolt is always followed by rolling 
or crashing thunder. Ancient Scandina-
vians would have told you that thunder 
is the clattering of Thor’s hammer 
against his anvil, but a scientist will tell 
you that it’s the sound of an explosion.

As the electrical charge in a light-
ning bolt flashes at about 80 km/sec, it 
heats the air to roughly 20,000 Celsius 
degrees in a fraction of a second. 
Equivalent to an explosion, the energy 
of this dramatic heating streams away 
from the blast—lying along the length 
of the lightning bolt—as sound waves. 
We hear thunder. And our dog cringes.

Beware the Flash
It is beautiful to observe, but lightning 
is deadly. Every year in the United 
States, around 100 people are killed by 
lightning, and those living in the south-
ern states are in some of the world’s 
highest lightning areas. Florida, with its 
mix of sunlight and moist air, tops the 
nation’s list of most annual lightning 
strikes and deaths—North Carolina 
and Texas are not far behind.

Lightning is one of Nature’s marvel-
ous spectacles, yet like so many other 
things we are fortunate to experience, 
lightning can also be very dangerous—
from causing wildfires in dry areas to 
inflicting harm on humans and other 
animals to providing an electrical chas-
er to cold chemical reactions in a 
Jovian planet’s atmosphere. We under-
stand it in general terms and can even 
relate it to the mischievous pleasure of 
a child dragging his feet and collecting 
charge. Finding the power of Zeus at 
the tips of his fingers. 

JAMES C. WHITE II, the Editor of Mercury, is 
also the Vice Provost and a physics professor 

at Gettysburg College in Pennsylvania. He can 
be reached at editor@astrosociety.org.

Beware the Heavenly Sparks

 There are simple things to do to stay safe if a thunderstorm 
approaches (remember, if you hear thunder, there’s lightning close 

by you), and I will share them by addressing some common notions:

Stand under a tree
BAD! Trees are taller than humans, and the path a lightning bolt takes  

is the shortest one to remove the charge differences between ground and 
cloud, so standing under a tree is a way to improve your chances of being hit. 

Stand under an umbrella
BAD! Recall the Swede Richmann? Holding a metal rod, or any kind  

of pole into the air during a storm makes you an even better lightning 
rod—a simple device that channels the electrical charge into the ground.

Go into a building
GOOD! Avoid open spaces (like parks and lakes) and find a safe spot  

in a building, hopefully one with a lightning rod or some other means of 
directing any lightning into the ground.

Stay in your automobile
GOOD! The metal cage of your car or truck offers good protection  

during a storm, channeling any lightning’s electrical charge into the ground, 
but do not touch metal parts in the vehicle’s interior.

Finish the round of golf first
BAD! Remember the lightning-rod idea? Also recall what happened  
to the priest playing his perfect round in the movie Caddy Shack.  

Finish the golf round after the storm passes, and just say to friends,  
“Hey, Tiger doesn’t take chances in bad weather either.”

Lightning never strikes the same place twice
BAD! Lightning doesn’t keep a list of where it’s hit, as it is Nature’s  

means of getting rid of differences in electrical charge. Trees, buildings,  
even people can be (and have been) hit multiple times.

— J. C. W.
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