Bridgewater Review
Volume 36 | Issue 1

Article 4

May-2017

Total Solar Eclipses: Why I Observe Them and
How You Can Too
Martina B. Arndt
Bridgewater State University, marndt@bridgew.edu

Recommended Citation
Arndt, Martina B. (2017). Total Solar Eclipses: Why I Observe Them and How You Can Too. Bridgewater Review, 36(1), 4-9.
Available at: http://vc.bridgew.edu/br_rev/vol36/iss1/4

This item is available as part of Virtual Commons, the open-access institutional repository of Bridgewater State University, Bridgewater, Massachusetts.

2015
NORWAY
GREENLAND

ARCTIC
OCEAN

ARCTIC
OCEAN
U. S. A.

SWEDEN

ICELAND

FINLAND
RUSSIA

UNITED
KINGDOM

CANADA

1997

POLAND
GERMANY

FRANCE

UKRAINE

2008

KAZAKHSTAN

ROMANIA

MONGOLIA

ITALY

ATL ANTIC
OCEAN

SPAIN

ALGERIA
MAURITANIA

ANTIGUA

MALI

NIGER
CHAD

EGYPT

ANGOLA

2009

THAILAND

MARSHALL
ISLANDS
INDONESIA

TANZANIA

ZAMBIA

NAMIBIA

ARGENTINA

INDIA

KENYA

2001
BOLIVIA

PACIFIC
OCEAN

JAPAN

ETHIOPIA
CONGO

BRAZIL

SAUDI ARABIA

SUDAN

NIGERIA

VENEZUELA

SOUTH
KOREA

AFGHANISTAN
IRAN
PAKISTAN

IRAQ

LIBYA

1998

CHINA

GREECE TURKEY

2006

2002

PAPUA
NEW GUINEA

2010

INDIAN
OCEAN

MADAGASCAR

SOUTH
AFRICA

FRENCH
POLYNESIA

AUSTRALIA

2012

NEW ZEALAND

Figure 1. Map of the Author’s Ten Research Expeditions to Observe Total Solar Eclipses: Svalbard, Norway (March 20, 2015); Australia (November
13, 2012); Tatakoto, French Polynesia (July 11, 2010); Enewetak, Marshall Islands (July 22, 2009); China (August 1, 2008); Libya (March 29,
2006); South Africa (December 4, 2002); Zambia (June 21, 2001); Antigua/Guadalupe (February 26, 1998); and Mongolia (March 9, 1997).

Total Solar Eclipses: Why I Observe
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Martina B. Arndt
don’t remember the first time I learned about solar
eclipses; it may have been in elementary school,
or more likely it was in the astronomy class I took
to meet a general education requirement in college.
I do, however, remember the first time I traveled to
observe a total solar eclipse. It was in Mongolia in
March, 1997. It snowed, so we didn’t see any of the
eclipse but it kick-started my interest in becoming an
eclipse researcher. Since that first trip, I have been part
of ten research expeditions around the globe to collect
data during total solar eclipses. They have brought me
above the Arctic Circle to Svalbard, Norway; to three

I
4

countries in Africa (Libya, Zambia,
and South Africa); to remote atolls in
French Polynesia and the Marshall
Islands; and to Australia, Mongolia,
and Antigua (Figure 1). I have yet to
see one in North America, but that
will change on August 21, 2017 when a
total solar eclipse will be visible across a
large portion of the United States. This
will be a great opportunity for anyone
interested in seeing one.

Solar Eclipses: How
They Happen and Why
They Matter
The Sun is a sphere of rotating plasma,
large enough that 109 Earths could
be lined up along its diameter. It is
93 million miles away, which means
sunlight takes nearly 8.5 minutes to
reach us. The round sphere we see
during sunrise and sunset marks a layer
Bridgewater Review

of the Sun called the photosphere,
which has an average temperature of
5,500 Kelvin (more than 9,000 degrees
Fahrenheit). Above the photosphere is
the chromosphere, and above that is the
corona, which is more than one million
Kelvin (hotter than one million degrees
Fahrenheit). The curious fact that the
plasma in the corona gets hotter further
away from the photosphere is known
as the coronal heating problem.

thousands of miles long, but only
100 miles wide. From any point in
the path of totality, the total eclipse
can last as f leetingly as a few seconds
but never more than seven and a
half minutes, limiting the amount
of data we can collect. Outside of the
path of totality, in the penumbra, the
Sun only appears partially covered,
resulting in a partial solar eclipse
(Figure 2).

During totality, the sky goes dark,
and sometimes stars can be seen
in the sky – a surreal experience
during daylight hours.
The corona is also the region through
which charged particles f low away
from the Sun via the solar wind. Solar
plasma is constantly moving, and in
addition to a steady stream of plasma
moving away from the Sun, there are
times when large numbers of charged
particles are released into the solar
wind via solar f lares or coronal mass
ejections. When they reach Earth,
these particles interact with its magnetic
fields and atmosphere, often producing
the Aurora Borealis and Aurora
Australis (northern and southern lights).
When particularly high densities of
charged particles reach Earth, we
experience strong geomagnetic storms
during which satellites and even power
grids can be at risk.
Once every year or two, the Moon is
perfectly positioned to totally block
the main body of the Sun. At this time,
we can study the dynamics (and beauty)
of the chromosphere and corona.
During an eclipse, the only way to
see the Sun completely covered by
the Moon is to be in the umbra along
the path of totality, which can be

Eclipse Research and
Contributions to Science
The narrow path of totality dictates
where researchers can go to collect
data, which explains why eclipse
expeditions have taken me around
the world. Dr Shadia Habbal, my
friend, colleague, and mentor at the
Institute for Astronomy in Hawai’i, is
the lead researcher for the expeditions
in which I have participated. For each
eclipse, Dr Habbal assembles a diverse
team of research scientists, graduate
students and technicians skilled at
imaging, electronics and programming.
Undergraduates have also participated
and, for the 2008 eclipse in China, I
was able to bring along a high school
teacher. These expeditions are truly
collaborative efforts; while each
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Figure 2. Diagram showing the geometry of a total solar eclipse with the umbra and penumbra
marked (Image by Sagredo, available at Wikimedia Commons).
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Figure 3. Eclipse team in Zambia for the June
21, 2001 eclipse. The author is in the front row
wearing a Bridgewater State College Physics
Department T-shirt. Dr Habbal is in the front,
second from the right (Author’s photo).

team member has a specific role,
everyone works together to make
sure the experiments are successful.
Funding for my participation has come
from a variety of sources, including
the National Science Foundation,
Bridgewater State University through
CART (now CARS) and Academic
Affairs, Sigma Xi Scientific Research
Society, as well as personal monies.
During every eclipse expedition, I
reunite with old colleagues, establish
relationships with new ones, and
marvel at how people from all over
the world are able to come together
as a team, often starting as strangers
united by a common goal and leaving
with new friendships and professional
collaborations. I am very fortunate
to be able to do this enriching and
important work (Figure 3).
Figure 4 is an image of the total solar
eclipse taken by several team members
in Svalbard, Norway, in 2015. In this
image, the moon is faintly lit by Earth
glow. A solar prominence is visible,
several Earths in size, above the upper
left limb of the Moon. Emanating from
behind the Moon, the solar corona
radiates far beyond the photosphere.
The coronal structures are regions
of higher density plasma guided by
the Sun’s own magnetic fields. Every
eclipse is different because the corona
is affected by solar activity, which
changes over time.
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Eclipses are beautiful to behold. As
the moon covers the Sun, the ambient
light dims and the air gets cooler.
During totality, the sky goes dark, and
sometimes stars can be seen in the sky
– a surreal experience during daylight
hours. Faint details of the corona
stretch far away from the solar surface
and, after totality, the sky brightens
and the air gradually warms up again.
I am always amazed at scientists’
ability to calculate when and where
to see eclipses. I can only imagine
what people thought when the Sun
disappeared before they were able to
predict when the Earth, Moon and Sun
would align so perfectly.
Aside from their beauty, eclipses help us
advance science. During the August 18,
1868 eclipse, French astronomer Pierre

Jules César Janssen used a spectroscope
to observe solar prominences and
discovered a new chemical element that
was eventually named Helium, a nod
to the Greek God of the Sun, Helios.
During the eclipse on May 29, 1919,
Englishman Sir Arthur Eddington
confirmed Albert Einstein’s theory of
general relativity by observing light
from stars behind the eclipsed Sun that
was being redirected due to the Sun’s
gravitational field.
We gather important data from the
chromosphere and the corona during
eclipses to help us better understand
how the solar wind and corona work.
Eclipses provide ideal conditions to
observe these regions because the bright
photosphere is blocked by the Moon.
Dr Habbal’s research focus is on very

Figure 4. Total solar eclipse on March 20, 2015 seen in Svalbard, Norway. This image is a
composite of several exposures and has been processed to highlight the coronal features (Photograph
by Miroslav Druckmüller, Shadia Habbal, Peter Aniol, and Pavel Štarha. Used here with permission).
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Figure 5. Some of the experiments in a tent during the November 13, 2012 eclipse in Australia (Author’s photo).

specific wavelengths of light in the
corona, some which are visible to the
human eye (green and red) and some
that are not (infrared). In order to select
these particular kinds of light, we use

filters tuned to specific wavelengths
atop high-caliber lenses that focus
eclipse images onto digital imaging
systems. More than a dozen of these
set-ups are operating at the same time.

Total solar eclipses are seldom
available to us in the United
States: the last two visible from
New England took place on
October 2, 1959 (which was
visible in Boston) and July 20,
1963 (which was visible in Maine).
May 2017

Because the Earth is constantly rotating,
the experiments are attached to mounts
that counteract this movement. The
mounts, in turn, are attached to tripods,
and these systems are housed in tents
with panels that can be removed during
the eclipse itself. The imaging systems
are run by computers programmed to
optimize data collection (Figure 5).
All of this equipment requires power,
and we sometimes have to provide our
own generators. The climate in the
tents must be optimized for equipment
to function correctly. Depending on
local conditions, we have sometimes
had to bring air conditioners to prevent
overheating, and other times warmers,
so cold batteries don’t fail. This
equipment is delicate, vital, and often
expensive. As a result, we carry all of it
7

Figure 6. Map of the August 21, 2017 eclipse showing the path of totality and where to see the partially eclipsed Sun.
(Map by Michael Zeiler. Used here with permission).

on airplanes rather than shipping it—
which explains why we call ourselves
the Solar Wind Sherpas. The work is
challenging, demanding, and exciting.
Sometimes data collection is thwarted
by weather, but other times we succeed

in collecting data that helps us better
understand the conditions and processes
taking place on the corona. Several peerreviewed publications and presentations
have resulted from these expeditions,
and the experiments keep evolving.

From any point in the path of
totality, the total eclipse can last
as fleetingly as a few seconds
but never more than seven and
a half minutes, limiting the
amount of data we can collect.
8

The Great American
Eclipse of 2017
For those who have never seen a
solar eclipse, there will be a good
opportunity to do so this year. On
August 21, 2017, a total solar eclipse
will be visible across a great swath of
the United States (Figure 6). The Solar
Wind Sherpas will be dispersed into
four observing teams along the path of
totality; I will be heading the team in
Alliance, Nebraska. Observers in New
England will be in the penumbra, so
they will see a partial eclipse for nearly
2.5 hours. The Moon will start to block
the Sun around 1:30 p.m. EDT, and
will stop eclipsing it near 4:00 p.m.
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How to Safely View an Eclipse: Figure 7a. Eclipse Glasses (Wikimedia Commons); Figure 7b. Pinhole Projection Box (courtesy John I. Carney and
the Shelbyville [Tenn.] Times-Gazette), and Figure 7c. the Author’s Finger Overlap Technique, demonstrated during an eclipse in Libya, 29 March 2009
(Author’s photo).

EDT. Over this time, the height of
the Sun above the horizon will range
between 40 and 60 degrees, so viewers
should position themselves away from
tall buildings and trees that might block
the view. At the midpoint of the eclipse,
the Sun will be about 65% covered.
Because a significant portion of the
Sun will still be visible during the
partial eclipse, observers could damage
their eyes if they look directly at the
eclipsing Sun. Here are my preferred
ways to observe the Sun when it is
partially eclipsed:
Eclipse glasses: You can buy a pair
of eclipse glasses for $1-2, though the
price goes down if you purchase them
in bulk (Figure 7a). Leave them off
when you are not looking at the Sun,
but once you have them on, you can
look at the Sun directly. Treat these
glasses with care because they are only
effective if the Mylar you look through
is not scratched.
Pinhole projector: It is easy to project
an image of a bright object (such as
a partially eclipsed Sun) onto a safe
viewing surface by making a pinhole
projector. There are many ways to
make pinhole projectors. Pinhole
projection can be done through tin foil
at one end of a box (Figure 7b), via a
pattern of pinholes in a piece of paper,
or through a surface that already has
holes in it, like a colander. You can even
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These expeditions are truly
collaborative efforts; while
each team member has a specific
role, everyone works together
to make sure the experiments
are successful.
overlap your fingers to make a pinhole
projector (Figure 7c). Leafy trees turn
out to be natural pinhole projectors
because overlapping leaves let shafts of
light through to the ground, littering it
with images of partial solar eclipses.
Total solar eclipses are seldom available
to us in the United States: the last two
visible from New England took place
on October 2, 1959 (which was visible
in Boston) and July 20, 1963 (which
was visible in Maine). The next total
solar eclipse in the region will be on
April 8, 2024, when observers can
travel to Vermont to be in the path of
totality. Until then, head outside and
hope for clear skies on August 21, 2017
to see this beautiful and special celestial
phenomenon. Even if you cannot
travel to the path of totality, it is worth
observing the partial eclipse. For more
about eclipses, including where to buy

eclipse glasses, the history of eclipses,
and activities to do with children,
here are two of many excellent
sources dedicated to the 2017 eclipse:
www.greatamericaneclipse.com and
eclipse2017.nasa.gov.

Martina Arndt is Professor in the
Physics Department.
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