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Th b, (30 )

Ancient philosophers imagined their world as made of earth, water, air, and fire. A fifth element,
known as quintessence or ether, was thought to be incorruptible, beyond Earth, and thus included the
Moon. That otherworldly vision isn’t unique. Ideas and myths of old about the origin of our Moon
often involved colorful stories in which the Moon was once on Earth — as the head of a goddess, perhaps
— or part of Earth.

Modern stories can be just as striking;) but are not mere figments of the imagination; they are tested
through physics and chemistry. Many are not (7”) settled — perhaps not (1) close to being settled — and
that’s what makes the subject of the Moon’s origin so interesting. It is a long-standing puzzle that seems
to become more difficult (*7) new information is learned about the pieces. Like implementing fusion on
Earth, an explanation for the origin of the Moon always () to be a decade away. A standard idea — a
giant impact on Earth by a body roughly the mass of Mars — is compelling, but getting that story to
explain all (4") we see has proven elusive.

This is forensic science: Planetary scientists at a crime scene — in this case, the aftermath of the
Moon’s formation — use the clues at hand to try to figure out what happened. Modern detectives often
have to rely on DNA evidence to establish who did what, using other evidence, such as blood splatters,
footprints, and broken glass, as diagnostics. Scientists are in a similar position on the scene long after
the events that took place; they examine chemical clues — especially isotopes, the natural analog of DNA
for planets — and use physical reasoning to figure out what happened.

Why should we care? For one thing, the Moon has had profound effects on the history of Earth and
quite likely on the evolution of life. And solving how we came to have our Moon may illuminate
another question: why Venus has none. More generally, the formation of the Moon is a key piece in the
puzzle of how our solar system evolved into the architecture we see. As scientists collect more
information about planets around other stars, it will be fascinating to learn the frequency with which they
have moons.

( “Making the Moon” by David J. Stevenson J ¥ ##)
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Thod, (30 )

Undirected research, for me, is a misnomer. What some call “undirected” is actually research driven
by an individual’s own excitement, curiosity and unique ideas, and it is not just random tinkering. The
research can be basic or applied, within a large program or outside of the mainstream. It is not directed
at some preordained final result, but is rather self-directed.

Undirected research carries enormous intellectual interest. We want to understand who we are, what
we are made of, what is the universe, what is it made of, and how did it start and evolve? A very
eloquent statement was made by Robert Wilson in his testimony to Congress in April 1969 to support the

building of Fermilab: “This new knowledge has all to do with honor and country but it has nothing to do

directly with defending our country except to help make it worth defending.”,

At the same time, undirected research has immense practical importance. While research in physics
is a good example, the same kind of argument can be made for other sciences. To me it is clear that
during the past century, every twenty years or so, something so spectacular is found that it makes major
changes to world society as a whole. Often the discovery is not anticipated in advance, even by the

experts working in the field. Sometimes it is not appreciated by experts or funders even right after it is

discovered. This has profound consequences for the support of undirected research by society and for

the importance of diversity of research directions.

Consider an example: the world-wide web.; Email and the TCP/IP protocol had been known for

some time. Various networks in the United States and abroad made it possible to exchange email world
wide. However the development that really sparked the internet was the development of the HTML
markup language. In 1989, while working at CERN, Tim Berners-Lee invented a network-based
implementation of the hypertext concept. The immediate purpose of his work was to enhance



communication between physicists working on experiments at CERN and their colleagues at their home
institutions.  This was not a direct result of a particle physics experiment, but was a direct result of the
instrumentation for the experiment. Cutting edge experiments also often generate new cutting edge

technology.
As we all know, the internet has made a revolution in the way we communicate with each other. The
physicists who designed LEP had no idea that their work would lead to Facebook, Twitter and Amazon. s
( “We Need Undirected Research” by Byron Roe J ¥ 41
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