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FROM THE EDITOR

Forced to choose between apparently conflicting priorities, today's pri-
vate and public research universities struggle to guarantee undergrad-
uate educational quality. Careful course development can take forty
hours each week in and out of the lecture hall. At the same time, com-
petitive research demands countless more hours in the laboratory and
office. To university administration, requiring strong research and
teaching is an impractical gold standard when there are not enough
hours in the week for superlatives in both. But the moral defense of the
need for good undergraduate instruction is simple: today's students are
tomorrow's researchers.

Some professors rise to the gold standard, propelled by a love for
teaching or an obligation to teach, communicating information with
accuracy, and engaging students in the inherent beauty of a subject.
Others are less driven to teach. The resulting instruction, inaccurate,
impertinent, and insipid, can squelch a student's enthusiasm for a new
subject. The mixed lot of extremes confounds undergraduates, frustrat-
ing or encouraging academic pursuits irrespective of any rational guid-
ance.

A research institution nevertheless offers strong advantages to the
undergraduate, irrespective of classroom instruction. The creative envi-
ronment attracts an ambitious and intelligent group of classmates.
Laboratory facilities immerse students in the cultures of science and
engineering. Undergraduate research programs afford the incompara-
ble opportunity to investigate and discover. For students aspiring to
academia, learning is directed under the guidance of strong research
role models.

But undergraduate instruction lags behind these strengths
because existing incentives for good teaching are insufficient.
Curriculum steering committees and course evaluation forms have little
effect if teaching quality is only tangentially tied to tenure and pay
scale. And a pervasive attitude of educational responsibility is rare.

Quality teaching requires commitment from professors.
Administration at research universities must reform teaching incen-
tives and come to terms with the logistics of undergraduate education.
Teaching universities that devote themselves, often exclusively, to
undergraduate instruction, will have experienced guidance to offer.
Once established, a basic standard in undergraduate education at our
research institutions will better enable more students to channel their
creativity and secure our future of intellectual prosperity.
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Ram Srinivasan
Editor-in-Chief
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BY WENDY SELTZER

We are at a critical moment in this country’s
intellectual development. The Internet now
gives millions of Americans a new medium
through which to create and exchange infor-
mation and ideas, yet even as it reaches that
potential, old media interests press Congress
to restrict technological dissemination of infor-
mation because it hurts their old-fashioned
business models. Against these pressures, we
must reinforce openness and the public
domain.

The Internet has been called the most par-
ticipatory form of mass speech yet. It enables
its users to be both readers and publishers, in
forums as diverse as email lists, websites,
web logs, bulletin boards, and chats. Yet intel-
lectual property protectionism threatens to
“chill” that speech, to change the Internet
from a vibrant communications network to just
another form of few-to-many broadcast. This
legal climate threatens to stifle the scientific
innovation that fueled the network’s growth.

The threat comes from lobbyists, legisla-
tors, and lawyers advancing maximalist inter-
pretations of the various intellectual property
laws, most notably copyright. Copyright
derives originally from constitutional language
granting Congress the power “to promote the
Progress of Science and the useful Arts, by
securing for limited Times to Authors and
Inventors the exclusive Right to their respec-
tive Writings and Discoveries.” The Framers
acted on the belief that these limited monopo-
lies would serve as an incentive to creation
and publication, ultimately for public benefit
and progress.

That original balance between the public
and copyright holders proved resilient, even as
Congress added to the variety of works that
could be copyrighted and the scope of those
copyrights. Copyright holders were granted
rights including the exclusive right to copy, to
distribute, and to perform their works in pub-
lic. The public got access to published works,
fair use rights to make even unauthorized
excerpts, parodies, and personal copies, and
full use rights when copyright terms expired
and works entered the public domain.

This longstanding balance is being tested
by claims that because digital copying is
somehow different, the Internet requires a
radical reshaping of copyright law. Within the
last decade, Congress has extended copyright
terms to twenty years through the Sonny
Bono Copyright Term Extension Act. Congress
has also blocked access to, and full use of,
works barred by “technological protection
measures” with the Digital Millennium
Copyright Act’s anticircumvention provisions.
Instead of being a limited grant to further the
public interest, copyright is becoming an
instrument of censorial control.

The Sonny Bono Act has prevented an
Internet publisher from adding Robert Frost's
poetry to his library and slowed historians in
documenting the Jazz Age. The Digital
Millennium Copyright Act’s anticircumvention
provisions have been invoked to bar indepen-
dent programmers from developing players for
DVD movies and to block scientific publication
of research on the weakness of digital water-
marks. The provisions were used to prosecute



the developer of an e-book reader that would
enable blind people or children to use the e-
book with a text-to-speech processor. These
laws slow the filling of Internet libraries and
archives and hinder the development of tech-
nology to read, play, or interact with new
media works.

The recently proposed Consumer
Broadband and Digital Television Promotion
Act pushes the excesses of protectionism even
further. It would mandate that every “digital
media device” incorporate anti-copying tech-
nologies, technologies that presume every
computer user to be a “digital pirate” rather
than a potential author and producer of his or
her own content. Under rules such as those,
developers could not build computers capable
of reading and writing to disk or tape without
first vetting their designs against these no-
copy dictates.

We quickly forget the lessons of the
Betamax case, Sony Corp. v. Universal City
Studios, in which movie studios sued Sony to
block manufacture and sale of the VCR, a
device they claimed would strangle their mar-
kets. Studios argued that they would have no
incentive to produce films once viewers could
tape and archive the movies broadcast into
their homes. The Supreme Court instead
upheld viewers’ fair use right to “time-shift”
broadcasts. The technology the studios fought
to shut down now accounts for nearly half
their revenues in the form of video sales and
rentals.

New technologies may threaten old busi-
ness models built around previous-generation
technologies, but technical innovations should
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not be discarded over old business models.
Few of us mourn the decline of the typewriter,
yet if their manufacturers had been able to
shut down production of word processors for
personal computers, we might still be replac-
ing ribbon cartridges and correction tape.
Publishing technologies change, but we all
lose if artificial limits on the technology stop
us from communicating about art or drawing
on a rich public domain to create art of our
own. We all lose if scientific research is stifled
by laws based in publishers’ paranoia.

We must preserve an environment in
which today’s students have room to found
the next Yahoo! or AOL, to write the new
great American novel or multimedia sympho-
ny. Creativity and technical innovation depend
critically on establishing a balance between
respect for copyright and respect for its limits.
By embracing open technologies and unen-
cumbered publications, the public can counter
this movement toward stifling copyright legis-
lation. By pushing their senators and repre-
sentatives, they can give the Internet the
vitality of the open public library, not the pal-
lor of one-way broadcast that leaves the pub-
lic as a mere consumer. Our consumer and
political action can reclaim the Internet public
space, the intellectual commons that begins
where copyright’s control ends.

Wendy Seltzer is an intellectual property litigator and a Fellow with the Berkman Center

for Internet & Society at Harvard Law School. She taught Internet Law at St. John's

University School of Law and is a founder of the Chilling Effects Clearinghouse,
(www.chillingeffects.org)

www.curj.caltech.edu 7



BY STEVEN E. KOONIN

“Scientists like being confused,” I heard early
in my research training. That didn’t really sink
in thirty years ago. But after publishing some
two hundred research papers, supervising
many graduate and undergraduate students,
and helping to define and implement research
programs in several institutions, I grew a deep
appreciation for that statement.

Developing scientists are taught science’
in several different guises as they move from
elementary school through graduate work. In
the early grades, unless they have exceptional
teachers, science is portrayed to them as a col-
lection of facts and a test of memory. Just
remember the names and their context and
you do well. No reason at all for confusion, and
no sense about how science really works.
(There is however a significant, on-going
debate about the relative merits of “fact-
based” versus “inquiry-based” science teach-
ing. As usual, the optimum is probably some
mix of these two limits.)

Somewhat later in a scientist’s career,
explanations move to the fore and parts of the
world and the facts that describe them become
connected causally and rationally. For example,
physics informs the earth sciences, and biology
informs the social sciences. But again, there's
not much confusion. If something is unclear,
just ask the class instructor or teaching assis-
tant, and it's usually cleared up. Indeed, the
answer is often right there in the textbook.

Confusion begins with the research career,
as one moves from the realm of “is” to the
ambiguous areas of “maybe” or “could be” or
“perhaps.” Here you don't know the answer,
and probably no one else does either! You
might not have a clue about how to start

to find it. You might not even know how to ask
the question properly. Scientists must learn to
manage confusion or even seek it out. If we
weren't confused, we'd know the answer and
we wouldn't be doing research.

Of course, the “being confused” line is
really about how to think your way through a
novel situation. For example:

e What do I know and what don’t I know?

e How firmly are these facts or non-facts estab-
lished?

e Which explanations are consistent with what I
know?

e Which are most plausible?

e What information would narrow down the
range of solutions?

e How do I get that information?

Asking questions like these is natural to a
research scientist, but not necessarily to a
developing scientist. The transition from
repeating facts and applying existing methods
to generating new knowledge can be rough.
Some students never do make it. But the
capacity for discovery is what defines a
research scientist.

Problem sets or laboratory exercises that
pose mock unknowns and retrace famous
routes of discovery go some way toward teach-
ing the process (as distinct from the art) of
research. But these tasks are acrobatic rou-
tines with a safety net. There is always the
security of knowing that an answer exists and
that there is a way to find it, unless of course,
the professor is particularly malicious or inept!

No, the best way to learn to be produc-
tively confused is by apprenticeship: a one-on-

I use the word “science” in its broadest sense to include mathematics, engineering, and the natural and social sciences.



one relationship in which the student first
observes, and then is guided by, an experi-
enced researcher confronting a problem.
Among the many skills to observe, practice,
and learn are:

e How to ask the right question—not so sim-
ple as to be useless, not so tough as to be
unanswerable.

e How to form, test, reject, and refine
hypotheses.

e How to persevere through tedium or set-
backs, and how to savor flashes of insight.

e How and when to interact with others.

e How to be self-critical, to keep asking your-
self and others what's wrong with the
results rather than blindly exalting in
what’s right.

e How to get your message across in papers
and presentations.

Research apprenticeship is the bedrock of
both graduate education and postdocing, as
well as for the training of a few fortunate
undergraduates such as those writing in these
pages. Beyond the specific research accom-
plished, the apprenticeship gives the develop-
ing researcher some benchmarks for cultivat-
ing their own research style. Apprenticeship is
by its nature, time consuming, personal, and
customized. These qualities and their implica-
tions for the structure and financing of our
research institutions are not well understood
or appreciated by the many who haven’t had
the experience themselves.

The problem-solving skills of the research
scientist are also useful in other realms more
ambiguous than the comfortably factual scien-
tific. Social, political, personnel, and economic
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problems are not solved solely by the usual
rational methods, because the human dimen-
sion adds at least one extra layer of confusion.
Scientists don't have a corner on rationality or
problem solving. Rather, thinking through
complex situations is natural to us. I continue
to be surprised by the extent to which ratio-
nality isn't second nature for many nonscien-
tists.

Each of the articles in this journal docu-
ments its author’s beginning steps, from the
certainty of their training to the uncertainty of
their research. I hope they will always enjoy
and benefit from being confused.

Steven E. Koonin is Professor of Theoretical Physics and Provost at the California
Institute of Technology. His research interests include theoretical nuclear and many-body
physics, computational physics, and global change.
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LOIHI

AND THE HAWAIIAN H

BY SARAH COOKE

BEYOND THE TOURIST CENTERS OF OAHU, MAUI, AND THE BIG ISLAND,
the entire Hawaiian-Emperor island chain tells a seventy-million-year-old tale of
creation and destruction. The Hawaiian vacation paradises are just a few of the
islands at the southernmost end of a chain stretching 5600 kilometers all the
way from Alaska to the mid-Pacific Ocean. Following the chain from one end to
the other is like tracing the story of volcanic development millions of years back
into time (see Figure 1). At the northernmost end of the chain are the
old Emperor Seamounts. As a result of erosion and sinking ocean floors, the
seamounts fail to break the ocean’s surface. A little further south lie small pin-
nacles, atolls, and sunken coral rings like Midway. Finally, at the southern end
of the chain lie the familiar Hawaiian Islands. The southernmost Big Island rises
30,000 feet above the sea floor, making it 2000 feet taller than Mt. Everest. The
progression of the Hawaiian-Emperor chain provides snapshots of the hundred-
million-year evolution of a volcanic island. Northern islands reflect the eventual
fate of the others, and someday the Big Island itself will be no more than a
seamount. At the southern end, the youngest volcano grows underwater, offer-
ing clues about volcano formation.



HAWAII'S UNIQUE VOLCANOES
A unique type of volcanism formed
Hawaiian-Emperor islands. Molten ro
Earth's mantle, or hot, middle layer
omponent in volcano formation
antle is the Earth’s crust, w

t material fro
asthenosphere ris
lithosphere into mac
chambers until a vent
tapping the magma rese
more volcanoes. Undernea
these “hot spots” where ho
from the asthenosphere. Alt
remains stationary, a spreading
the overlying Pacific Plate north
of 9 centimeters per year. Volcano
over the hot spot, but they eventua
away from the supply of magma and
inactive. Then, a new vent forms as a
for the magma, creating a new volcano c
the hot spot. This process drives the cycle
island chain volcanism.

The newest volcanoes from this cycle are

located on the Big Island, including Mauna
Loa, Kohala, and Hualalai (see Figure 3). The
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quake swarms accompany eruptions on
auea and Mauna Loa, so the swarms left lit-
> doubt that Loihi was active. In 1981, this
ealization motivated sample recovery missions
hat began dredging, or indiscriminately scoop-
ing up, hundreds of kilograms of rock from
Loihi. The rocks were unquestionably volcanic
in nature, but they were not very fresh. In 1996,
another swarm of 4000 earthquakes over a
three-week period prompted more sample col-
lections. Observers described the audible
“bangs, pops, and grinding noi
ing the swarm, characteri

tions. Rocks collec
ly after these earth
if they had formed
same time as the s

CLUES TO VOLCAN!
The samples collecte
coveries about the ea
Hawaiian volcanoes a
Hawaiian hot spot. J
Geological Survey foun
basalt rocks were defini
canic activity, although t
and alteration products
come from recent eruptio
glass around their exterio
magma erupting underwa
instantly. Moore's analysis
the samples were surprisingl
Alkalic lavas have large amount
als like potassium or sodium relative
The main body of a Hawaiian volcano, called
the shield, consists of tholeiite, a rock with high
silica content. Only small caps on the tops of
old volcanoes were known to contain alkalic
rock. Most of the rocks collected from Loihi
were tholeiites, but it was still surprising to
find that Loihi had erupted some alkalic lavas
as well, more like an aging volcano than a very
young one. The records of alkalic lava suggest-
ed that Loihi had erupted lavas of different
composition over time.

These unexpected results prompted a more
systematic and controlled study. Instead of
dredging for samples, researchers picked rocks
out of strata with the mechanical arm of a sub-
mersible vehicle, precisely noting their location
within the volcano. Michael O. Garcia of the
University of Hawaii recovered and analyzed a
new suite of samples over a thousand-meter
range. Below 1450 mbsl, he found that the first
products to erupt from Loihi were alkalic.
Above 1450 mbsl, most samples were tholei-
itic, characteristic of typical volcanic eruptions.
Transitional samples occurred over a 100 to
200 meter interval around 1450 mbsl, indicat-

a time when the Loihi's lavas underwent a



tholeiitic rocks, i

recently been erupting exclusively tholeiitic
material (see Figure 4). Old volcanoes usually
undergo the opposite transition from initial
tholeiitic lavas to later alkalic ones, and an
early alkalic phase like Loihi's was a new phe-
nomenon.

An older theory proposed that Hawaiian vol-
canoes had only two growth stages. In the first
shield-building phase, a volcano generated most
of its volume by producing large amounts of
tholeiitic lava. Kilauea, Mauna L.oa, and Loihi are
currently in this phase. In the second phase,
after the volcano moved away from the hot spot
and stopped most of its activity, a small volume
of alkalic lavas might erupt and form a cap on
top. The volcanoes Hualalai on the Big Island
and Haleakala on Maui have erupted lavas of
this composition within the last 250 years.
Rock samples from Loihi showed a new ini-
tial phase, where the volcano produces small
amounts of alkalic lava, accounting for 4
percent of the volcanic volume. Scientists
knew that volcanoes only produced lavas
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produced

they passed over the hot spot, but this
new discovery refined the idea. When a vol-
cano is directly over the center of the hot spot,
it produces large quantities of tholeiitic lava,
and volcanoes that are on the sides of it, either
approaching or moving away, produce alkalic
lava. The two alkalic phases are not identical
and are the result of different mechanisms.

FIGURE 4. Composition of rocks sampled from Loihi. Samples
from the base of the volcano are mostly alkalic, indicating that
Loihi's earliest lava was rich in the alkali metals. Samples from
the upper parts of the volcano are mostly or exclusively tholeiites,
indicating that Loihi's current lava is rich in silica. Alkalic and
tholeiitic rocks are found in similar proportions at the transition
around 1450 meters below sea level (mbsl).

www.curj.caltech.edu 13
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HOT PLUME UPWELLING

FIGURE 5. Plate motion over a hot spot. The mantle plume
warms a cylindrical column of the asthenosphere, creating a hot
spot under the tectonic plate. The hot spot is warm on the
edges and hottest in the center. The warm edges primarily gen-
erate small quantities of volatile, alkalic melt, while the hot cen-
ter generates large quantities of siliceous melt. This melted
material collects in the magma chamber and erupts onto the
seafloor, forming a volcano. When the plate moves away from
the hot spot, there is no magma left beneath the volcano, and its
activity ceases.

DEVELOPMENT OF A VOLCANO

To explain the early alkalic phase, geologists
adjusted their theory of volcano development.
When fresh Pacific Ocean crust approaches
the hot spot, a Hawaiian volcano is born. As
the volcano moves away from the hot spot, its
lavas undergo chemical changes. Partial melt-
ing of the Earth's mantle as it passes over a
hot spot produces changes in the composi-
tion and volume of magma (see Figure 5).

Think of the hot spot as a cylindrical area
in the asthenosphere that is hotter in the
center than at the edges. As fresh portions of
lithosphere pass over the hot spot’s outer
zone, the upper mantle heats up a little and
starts to melt. At these low temperatures,
only small amounts of rocks rich in carbon-
ates, sodium, and other volatile compounds
melt. This melt rises to the ocean floor and
erupts as alkalic lava, corresponding to the
rocks recovered from Loihi's base.

As the crust continues to migrate, the
volcano moves over the center of the hot
spot. Here, the mantle is hot enough to pro-
duce large volumes of melt. The same
volatile-rich rocks melt as before, but a
greater volume of silica-rich rocks also melts.
On the whole, the melt is largely siliceous in
composition, rather than alkalic. This
siliceous melt produces tholeiitic rocks like
those erupting from the adult volcanoes Loihi
and Mauna Loa.

As the volcano continues to develop, it
migrates away from the center of the hot
spot. It continues to erupt tholeiitic lava in
decreasing amounts until the volcano is no
longer connected to the hot spot and the sup-
ply of lava ends. The volcano lies dormant as
it drifts away from the hot spot and begins to
erode at the top. When the seemingly extinct
volcano has moved far away from the hot
spot, it may once again erupt, but this time
giving a small volume of alkalic lava. This
alkalic lava is not from the hot spot, because
the volcano is too far away. Geologists
believe that latent heat in the crust left over
from the hot spot causes the residual,
volatile-rich magma in the chamber to melt.
Although these late-phase lavas are alkalic,
they are not from the same source as the pre-
shield alkalics. The late-phase alkalic lava
comes from the bottom of the crust or very
top of the mantle in the residual magma
chamber, whereas the earlier lavas originate
from hot plumes in the deeper asthenos-
phere. The timing, location, and composition
of the lava are intertwined.

“As the volcano_ continues to develop, it migrates away from
17
the center of the hOtSpOt




unexpected

volcanoes form. For the

how a young volcano passes throu

ical adolescence, and we saw the unexpe
composition of the young magma chamber’s
lava. As Loihi moves over the hot spot, scien-
tists will continue examining it through seismic
monitoring and sample recoveries. Comparing
Loihi with its older cousins, we see that Loihi
is poised to become the next Hawaiian island,
perhaps forming a new vacation paradise mil-
lions of years from now. [#l
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