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There are many reasons why we
study the Sun, but foremost
amongst these is almost certainly
scientific curiosity and the thrill of
discovery. As scientists we are
captivated and fascinated by the
Uni ver se we I i ve
curious as to how it works. The
Sun is just one of many examples
of complex and dynamic objects
for study. For those of us who do
study the Sun there are three big
guestions we seek answers to:
How is the 11-year cycle of activity
produced? How are solar eruptions
produced and triggered? and, How
is the solar corona heated and
solar wind accelerated? Almost
without exception, even the
smaller questions we seek to
answer are related to one or more
of these three big questions.

Scientific curiosity about the Sun
also extends to the Sun as a star
and to other basic questions in
physics and astrophysics. The Sun
is the star by which all other stars
are measured. It is the only star

close enough to reveal details
about its structure and dynamics.
By measuring the age of the Earth
and meteorites we set the age of
the Sun which is used to calibrate
stellar evolution models. By
measuring the oblateness and
internal rotation of the Sun we

help to constrain theories of
gravitation that predict the

advance of the perihelion of
Mer cur yods or bit

. understood. These practical
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Why We Study the Sun

neutrinos from the Sun we help to
constrain theories of elementary
particle physics. And the list goes on.

Scientific curiosity is not, however,
the only reason to study the Sun.

There are three big
questions we seek answers
lo:

e How s the 11-year
cycle of activity
produced?

e How are solar eruptions
produced and triggered?

e How is the solar corona
heated and solar wind
accelerated?

Solar activity and solar variability
have real social and economic
impacts on humankind. Solar activity
can disrupt communications,
interrupt electric power distribution,
incapacitate or destroy satellites, and
injure humans in space. Solar
variability affects terrestrial climate
in ways that are still not fully
and
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socially significant problems are
added incentives for studying the
Sun.

As an undergraduate and first year
graduate student my primary
interest was in stellar structure
and evolution. That was at a time
when the existence of black holes
was an open question and the final
stages of the evolution of massive
stars were highly uncertain. Until |
was introduced to solar physics at
the University of Colorado, | had
thought of the Sun as a rather
mundane and uninteresting star.
Thi s coul dnodt h a
from the truth. For thirty years
now | have jumped (OK, rolled)
out of bed every morning eager to
make new discoveries about this
most fascinating object and,
incredibly, | can get paid to do it!

Those new to solar and
heliospheric physics should have
no problem finding interesting and
rewarding problems to tackle.
Those of us who have been at it
for decades have uncovered more
than we started with.

David Hathaway

NASA/Marshall
SS 51 @AR I IGKI g1
ducational website at:
http://solarscience.msfc.nasa.gov
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MISSION STATEMENT

The Coronal Courant is a newsletter for students. The target
audience will be both students within the solar community as well
as students with no access to solar physics education. We hope to
serve the more advanced undergraduates and graduate level
students who have started to build specific interests and expertise,
as well as students from high school level on up through early
undergraduate years where students may not have declared their
interests yet.

The purpose of this newsletter is to provide scientific and technical
articles, descriptions of the scientific experience, news and
announcements pertaining to students, career information, listing
of student activities (student talks, papers, summer projects, and
theses), mission and satellite descriptions, data analysis and
modeling techniques, a picture gallery, web link directories, fun
stuff, and whatever else people want to submit. In other words,
we offer a little of this, a little of that, and something for
everyone!!!

Both faculty and students are invited to submit to the newsletter.

Legal Mumbo-Jumbo: Copyrights and Disclaimers
© Copyright Fall 2009. All rights reserved.

Authors own all the copyrights to their own works. With the
exception of distribution of this newsletter, no part of this publication
may be reproduced or transmitted in any form without the express
prior written permission of the authors.

Hypertext links are only good for so long and are not guaranteed at
all.

No e-mails collected for subscription purposes will be used for
anything else.

The authors represent their own opinions and insights and they are
not necessarily speaking for the newsletter, the SPD, or the AAS,
but they do speak for the sun ;).
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The Making of a Scientist - Part /
Loren W. Acton, Research Professor of Physics
B. S. , MS U, 059, Engi neer
Ph. D. |, U. C o FGrophysits6 5 | Ast
Henry David Thoreau in AWaldt 10 W

| have lived some thirty years on this planet, and /

have yet to hear the first syllable of valuable or
even earnest aavice from my seniors. They have
told me nothing, and probably cannot tell me
anything to the purpose. Here is life, an experiment
to a great extent untried by me, but it does not

availl me that they have tried it. If | have any

experience which | think valuable, | am sure to
reflect that this my Mentors said nothing about.

Taking this insight to heart, this essay is not intended as

advice or career guidance. Rather, | offer a friendly, personal
story about an ol d guy whastorfi 1de
that | hope you may find interesting.

OFF TO MONTANA STATE

During the summer of 1955 | worked for the U.S. Army Corps of Engineers on an airbase
construction project outside Anchorage, AK. Having already decided to attend Montana
State College (MSC in those days), | dropped in to visit my oldest brother Winston in
Vancouver, WA on the way to Bozeman. Win graduated from MSC in EE in 1950 under
the GI bill and made his career with the Bonneville Power Administration. During that
short visit we had what turned out to be the most significant conversation of my
professional life.

Our chat started with a totally predictable conversation between oldest and youngest

brothers: AWhat do you intend to study?o
matriculate to MSC in Mechanical Engineering, Win thought a moment before responding
with a surprising question, AWhy dondét you

As a beginning freshman without definite plans and career goals, my taking the hardest

Upo
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course of study in my general area of interest would keep open

the most options as | advanced in my academic studies. _
| found that | enjoyed

MSCi and thereby hangs this tale. | found that | enjoyed

| earning fithe way things work

and math. The subjects were not that hard after all, and the perspectives of physics

department was a good academic home for an undergraduate.
e : . and math.

For me, the most difficult course, grade -wise, was physical

education. Skill at sports is not one of my inherent assets. 4

Summer jobs were critically i mportant, bot
student in science could earn about enough to attend MSC for nine months if
supplemented by scholarships. In the summer of 1956 | returned to the Yukon in central

things wor kpc’)e

Physics picnic, circa 1957. Left to right, Arthur. J. M. Johnson, department
head, and professors Georgeanne Caughlin, Hack Arroe, and Roy Wiedand.

Lady on the right unknown.

Alaska as a soils tester on another airbase construction job. The summer of 1957 was

spent mapping neutron fluxes in the Experimental Test Reactor Critical Facility at the

nuclear test facility near Arco, ID. This experience convinced me that | wanted a career a
bit Acloser to natureodo than reactor physic
graduates at that time.

Before my junior year | married a lovely young woman, Evelyn, who was a Bozeman
native. Income from her work put me through my last two years at MSC. Was this a good

|l took my brotherés advice, r l earning ot |

Een o,

fr
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choice or what? (Fifty-two years later we both remain convinced it was the right move.)
Prof. John Hearst, head of the Math Department and one of my professors, did not
approve. | got my only C in math that term for not turning in enough homework, even
though | aced the final - - - a small price to pay for a good lifetime partner!

As graduation approached, the prjlss
filled my field of view. | had applied for an NSF fellowship for
graduate studies without success. One day | noticed on the physics
| wanted a career a Pulletin board a 3?<5 ca_lrd annou_ncing a new gradua_tte fellowship
_ . offered by the University Committee for Atmospheric Research,
bit ocl ofRiedat$2000 per year by the Alfred P. Sloan Foundation. In
nat ur e 6 1958 that was BIG MONEY for a graduate fellowship, and the topic
was closer to nature. Of course, | knew practically nothing about
the jargon of atmospheric or sun -earth physics, certainly not enough

to write a good application for this fellowship. This is where the
4 Physics Department really came through for me.

One of the physics professors, Prof. Kurt Rothschild, agreed to teach an undergraduate
seminar on atmospheric/ionospheric physics. As | recall, three of us worked together
intensively for a quarter. Even though the library resources at MSC were limited, | learned
enough to write an application that won the UCAR fellowship. After a visit | decided to
attend the University of Colorado in Boulder, which had a small but active program in astro
-geophysics. It was a good decision. Once again a chance occurrence, seeing the small
announcement about the UCAR fellowship, set the course for future science and
adventure.

Next Issue:
Once again a chance
University of Colorado, occurrence [|¢ s
and another unexpected the course for future
turn of events. :
science and
adventure.

4
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Tackling the Quandary: Elucidating the Relationship Between
Coronal Waves and Coronal Mass Ejections

Dr. Gemma Attrill, Post-doctoral Researcher
Solar and Stellar X-Ray Group (SSXG)
Harvard-Smithsonian Center for Astrophysics

Abstract:

An aspect of the Solar and Stellar X-Ray Groupébés (SSXGbés) work concerns| sol
ejections (CMEs). This article discusses some of the recent research on the low-atmospheric signatures of
CMEs conducted by Dr Gemma Attrill and Dr Meredith Wills-Davey, as well as work undertaken in conjunction
with Solar REU 0609 s iBarkeley) and Jahes Rdbertkoa (Uaiversitfy of Mich@an).

Introduction:
Explosions from the Sun

Coronal mass ejections (CMEs) are gigantic ejections of plasma (typically 10* °" 4§ and embedded magnetic
flux (10°°"Mx) that originate from the | ower solar atmdsphe
range of velocities from <100 to >3000 km s' ) into the interplanetary medium. CMEs are most generally
observed by space-borne coronagraphs (essentially artificial eclipses), since the bright surface light from the
photosphere must be blocked to observe the faint and tenuous corona. The morphology of CMEs varies, but
they can be described as a bubble-shaped ejection of coronal material (see Figure 1).

Figure 1: A coronal mass ejection (CME) captured by the Solar Maximum Mission white-light coronagraph. The black disk is the
coronagraph occulting disk.

CMEs were first discovered in 1973 with a coronagraph on-board the Orbiting Solar Observatory OSO-7, and
further observations were made by Skylab that same year. The frequency of CMEs is related to the solar
cycle (which has a period of roughly 11 years), and they range from one every few days at solar minimum to
about three per day at solar maximum. Many details of the CME initiation process are still not well understood,
but most theoretical models generally assume that CMEs are initiated as a result of magnetic energy release
due to instability or loss of equilibrium.

CMEs and Space Weather

AfSpace weathero is a term us egenetated nthgnetic fieidband high-energyf |f e c t
particles on the heliospheric environment. While the most constant source of space weather is the solar wind,
CMEs make a significant, if intermittent, contribution. Earth-directed CMEs in particular have the potential to
greatly impact the near-Earth space environment. CME-driven shocks can accelerate charged particles to
high energies, and when a CME interacts with the [Eart
possibility to produce intense geomagnetic storms. These geomagnetic disturbances create beautiful aurora,
but they can also disrupt and destroy satellite communications (e.g. instrumentation in orbiting satellites can
be degraded and damaged by high-energy particle impacts; they cause major disruptions in radio traffic; and,
by inducing electric currents along power lines, they have the ability to materially damage power stations,
which may result in long-term blackouts). Predicting when and how such solar storms occur is clearly a
priority in our modern technologically dependent world.




