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Planetarium Director Andrew Lindsey and MIRA Astronomer Dr. Bruce
Weaver ponder the motion of  the Foucault pendulum at the new

Hartnell College Planetarium
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&AQ This feature is inspired by the questions we
have received over the years from interested
readers. If you have a question about an
astronomical topic, please send it to us.

Bruce Neben asks, “ In a NASA eclipse video, why is
the shadow of the Moon on the Earth an oval, not round
as one might expect?”

Bruce Weaver replies,

The oval shape occurs because the Earth, Sun, and
Moon are not exactly lined up during the eclipse path.  In
particular, the shadow is striking a sphere at an angle at all
times and is least oval at the center point of the eclipse.
Imagine shining a flashlight at a globe.  When the beam
strikes the globe near the limb, the spot will be an oval;
when the light is directed at the sub-flashight point the shape
will be the least oval.  If the light is directed at the center of
the globe, the spot will be circular; that is, the surface of the
globe falls away symmetrically from all the edges of the
light beam. Note that the place where the shadow of a solar
eclipse is circular is not necessarily at the equator, rather
when the line though the center of the Sun and the Moon
also passes through the center of the Earth.  That depends
on where the Moon is in its orbit and the day of the year,
which defines the tilt of  the earth’s equator to the ecliptic. If
you watch the video to the end, you’ll see, as the shadow
progresses across the U.S., it becomes more circular as it
approches the midpoint of the eclipse path. Great question!

Mid-summer is our membership renewal time. Hope-
fully, you have received your return envelope and the eclipse
glasses for this year’s total solar eclipse. If  not, just use the
coupon on the back of this Newsletter or use the PayPal
choice on our webpage.

All aspects of  MIRA’s education and research programs
are supported in total or in part by the Friends of MIRA.
Foundations and major donors are significant contributors
for special programs, such as the high-resolution spec-

Please Renew Your Membership

   Sunday, 9 July, 2:30-4:00pm. Tour of  the Oliver
Observing Station.

   Sunday, 6 August, 2:30-4:00pm. Tour of  the Oliver
Observing Station.

   Tours are free and open to the public. Reservations are required,
however. Phone 883-1000.

  Saturday, 12 August, 6-11pm. Friends’ Night at the
Oliver Observing Station. Limited to members of  the
Friends of  MIRA. Reservations are required as space is
limited; phone 883-1000.

trograph or the student intern program, but the everyday
meat and potatoes of power, water, and classroom visits
are entirely funded by the gifts of  the Friends. Even the
special projects need the infrastructure support that is
provided by the Friends.

All the astronomers, staff, and volunteers contribute
time and money to the unique MIRA adventure. Please join
us with your support.

Becky Snow, MIRA research technician, takes a break this spring
from tracking down comet debris trails for Dr. Russ Walker, to help
give the 36-inch telescope, the instruments, and the observing floor a
thorough cleanup from last fall’s dust and ash from the Soberanes Fire.
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Eclipse Matters

The average August fractional cloud cover at the time of totality on the west coast.  The darkest areas have the smallest chance
of clouds—between 0 and 15 percent.

The climate maps are clear: along the entire path of totality over the United States, the eastern part of Oregon and parts of
Idaho have the best chances to be cloud-free.  Of  course this is no secret.  But don’t forget, you pick a totality observing site by
climate, but what you get for those precious few seconds is weather.  Current weather reports may prompt you to chose to relocate
hours before totality.  U.S. Route 26 west from Madras, Oregon, stays inside the path of  totality—mostly quite close to the totality
center line—almost to the Idaho border.  Good luck!

The MIRA Osher Lifelong Learning Institute (OLLI) class on the forthcoming total solar eclipse practices wearing their solar
eclipse glasses.  All the Friends of  MIRA should have received a pair this month.  They are for use during partial phases of  the
eclipse; even if the disk of the Sun is mostly covered, the remaining uneclipsed sliver can still damage the parts of the retina on which
its image falls. Of  course, if  you’re in the path of  totality, you want to take them off  during totality but be sure to put them back on
promptly after the Sun emerges from behind the Moon.  There is no mistaking when that happens: evening turns to day in about a
second.
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The Foucault Pendulum Reconsidered
by Dr. Wm. Bruce Weaver

Sometimes I have what a colleague calls “a blinding
flash of  the obvious.”  This occurred after I gave an invited
talk recently at the new Hartnell College Planetarium.  After
a couple of other speakers and a very nice presentation
showed off  some of  the features of  the facility, we were
invited to visit the Foucault pendulum in the lobby.  I’m sure
most of the Newsletter readers have seen at least one ex-
ample of this pendulum, standard fare at planetaria world-
wide.  Two that I remember from my youth were the ones
at the California Academy of Sciences and Hayden Plan-
etarium in New York City.

The crowd swells as the swinging weight approaches
the next domino-sized block, finally knocking it over with a
satisfying thunk.  Since there are no replays of this event, the
crowd disperses after a quick estimation of how long they
would have to wait for the next climactic event.  The
purpose of the pendulum is a demonstration of the
rotation of the Earth.

From the Greeks onward, educated people knew that
the Earth was round, but whether it spun on its axis was
more difficult to prove and is coupled with whether you
adopt a geocentric or heliocentric universe.  Aristarchus of
Samos—the same fellow who made a very accurate mea-
surement of the diameter of the Earth—proposed a
heliocentric universe from which he deduced that the Earth
was spinning on its axis.  But Greek astronomers, like
Copernicus many centuries later, were dogmatic in their
belief  that the orbits of  the planets were circular.  Circular
planetary orbits, with circular epicycles, better fit the obser-

vations which, after all, is the ultimate test of a scientific
theory.  So the Earth returned
to the center of the Universe
for the next 1800 years.

But, back in Salinas last
month, as I rounded the corner
and spied the brand new
pendulum swinging back and
forth, all I could see is a
demonstration of one of the
most mysterious and funda-
mental characteristics of the
Universe: inertia.

What immediately struck
me was not how the Earth was
rotating under the pendulum,
but how the pendulum didn’t

care1 about the presence of the Earth except in that it gave
weight to the pendulum.

In order to accept the theory that the Foucault pendu-
lum demonstrates that the Earth rotates, you have to assume

The Foucault pendulum is used as a demonstration of  the rotation of  the Earth.
Since it swings back and forth in space, independent of the Earth, the Earth rotates
under it.

It is easiest to understand at the Earth’s pole.  The pendulum swings back and
forth in space and the Earth rotates under it, completing a 360 degree turn in a day.
If the pendulum is at the equator, the Earth does not spin under it and the pendulum
continues to swing back & forth in the same plane; appearing to the observer, who is
standing on the Earth, not to alter its course.  At a latitude in between the pole and
the equator, the apparent full rotation of the swing of the pendulum takes more than
a day, depending on the latitude.  For the folks who remember their trigonometry, the
rate of apparent rotation of the swing of the pendulum is proportional to the sine
of the latitude.

1. My daughter, who is a biologist, always strives to correct
me when I ascribe sentience to inanimate objects. It is a habit
found in astronomy/physics culture and, since I think it is kind
of cute (and we don’t get to deal with anything that actually
thinks), I’m not going to change my ways.
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The Most Famous Pendulum

that the pendulum swings in a path that is fixed in space—in
a coordinate system that is fixed in the Universe2. Somehow
the Universe, or, at least, all the mass in the Universe, is
communicating the universal coordinate system to the hunk
of shiny metal swinging back and forth in a room in Salinas,
California.

Actually, we’re so used to this communication that we
don’t think about it.  A ball, rolling across a flat floor goes
in a straight line for the same reason.  And when we spun
around as kids until we felt dizzy, or worse, it was because
the fluid in our ears was getting the same message from
distant mass in the Universe—a cosmological measurement.

Even more mind-boggling is the implication of  how
the information is transmitted: instead of  the one- divided-
by-distance-squared reduction of the strength of light or
gravity, one current hypothesis is that the power of  inertia is
just one-over-distance.  This means that the most distant
objects will contribute the most, like the outer layers of an
onion have the most volume or mass of the onion.  And,
since the edges of the Universe, the most distant parts, are
also the parts closest to the start of the Universe—when the
Universe was very small—inertia is somehow tied to the
creation of the universe.  Which, I suppose, makes a certain
amount of sense.

Wow!  Why didn’t I notice that before?  The truth is
that there are still lots of amazing mysteries in plain sight.
Just ask Mr. Olbers.

The new Hartnell College Planetarium, under the direction of  Andrew Lindsey, is
used for astronomy classes and has public showings.  This year there is a children’s
show every Friday at 5:30pm and an evening show at 7:00pm.  During the
summer they also have matinees on Tuesdays at 2pm and screenings of  the
Cosmos series on Mondays at 6pm.  Details are also available at the Planetarium
website: https://www.hartnell.edu/planetarium.

The Yellow Brick Road Benefit Shop needs volunteers.
Yellow Brick Road has frequently given grants to MIRA in
support of our summer intern program, but are now
seeking help in their Carmel shop. If  you’re interested in
helping as they raise money to support Monterey County
non-profits, call 626-8480 or visit
www.yellowbrickroadbenefitshop.org.

Looking for Volunteers

2. We’re not going to touch relativity here as we’ll assert it is a
local perturbation, in space and time, in the coordinate system.
However, Einstein maintained that the effect of intertia was
fundamental to his development of  his theory of  general relativity.

Vincenzo Viviani (1622 – 1717) was the only contempo-
rary of Galileo to write of his life.  Viviani was a student of
Galileo in the last three years of  Galileo’s life when he was

under house arrest at his villa at Arcetri
near Florence in Tuscany.  Galileo was
the first to discover the law of the
simple pendulum: the period of the
pendulum’s swing depends only on its
length.1

Viviani’s biography of  Galileo
included the story that Galileo’s research
on the physics of pendulums was

inspired by observing the swinging of  a chandelier at the 11th

century Roman Catholic Cathedral of Pisa.  Some scholars
believe that this is not true but it is a nice
story anyway.

Viviani, who became the court
mathematician for the Grand Duke
Ferdinando II de’ Medici, continued to do
physics experiments in the vein of his
mentor—for example an excellent
measurement of the speed of sound.
There are hints that he noticed the rotation
of  pendulums but, if  so, there is no
evidence that he stumbled on the Foucault
pendulum 190 years early.  Viviani’s
remains were interred with those of
Galileo when Galileo was reburied in the
monument inside the church of the Santa
Croce in Florence after 95 years in a grave
on unconsecrated land outside the church.

Galileo also conceived the idea of a
pendulum clock and used simple pendu-
lums as clocks.  Imagine trying to invent
modern physics without a good way to
measure time!  The construction of his
design of a pendulum clock, left to his
son, was never completed.  It fell to the
astronomer Christiaan Huygens to build
the first pendulum clock, 14 years after
Galileo’s death.  The idea quickly spread
and pendulum clocks were the most
accurate timekeeping technology for
almost 300 years—until the invention of
the quartz clock in the 20th century.

A replica of the
chandelier said to
have inspired
Galileo, hanging in
the original spot in
the Cattedral di
Santa Maria
Asunta. (Photo:
Bruce Weaver)

1. Actually, not quite. There us a very subtle increase in the
period as the amplitude of the swing increases.
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The Summer Sky
by Dr. Arthur Babcock

As I write these pages in June, hotels and campgrounds
in Oregon are said to be booked solid for the eclipse on
21 August. I hope that all Newsletter readers who want to
experience totality have made their plans.

Despite my claim in the last issue of the Newsletter that
“the difference between a Sun that is 99% eclipsed and a
Sun that is 100% eclipsed is everything,” a partially-eclipsed
Sun is still worth checking out, so I will say a little about
what residents of the Monterey area may expect.

First, some details. The partial eclipse will be seen in
Monterey on the morning of  Monday, 21 August. It will
begin, when the disc of the Moon will just contact the edge
of  the Sun’s disc, at 9:01am; the eclipse maximum occurs at
10:15am, when 77% of  the Sun’s disc will be covered; and
the eclipse will end at 11:37am. During the maximum and

Progress on Mechelle, the MIRA Echelle
Spectrograph

Dr. Wm. Bruce Weaver, assisted by MIRA interns, has
begun to assemble the MIRA high-resolution spectrograph.
Mechelle is the most expensive and complex instrument
attempted at MIRA, so, after ten years of  designing,
fundraising, and building parts and optics, we’re elated to
be starting the assembly and alignment.

MIRA intern José Cardoso, a student in the MAOS program at
Monterey High School, works on the assembly of the echelle
spectrograph.

Eclipse Glasses for Sale
We have had requests for eclipse glasses, and have

ordered some more. Anyone interested in observing the
total solar eclipse of 21 August may purchase (two pairs
for $5) safe eclipse glasses from MIRA. Call 883-1000.

A 77% eclipsed Sun, the maximum eclipse to be seen from the
Monterey area at 10:15am on 21 August 2107.

Watch the eclipse safely with MIRA eclipse glasses.
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near-maximum portions of the eclipse, enough sunlight
will be lost that the ambient light level will appear notice-
ably diminished. This can be a somewhat odd sensation; I
remember sitting on my deck in Carmel Valley a number
of  years ago, not thinking at all about eclipses, when I
noticed that the sky was darker than it ought to be. After a
moment, I remembered that we were undergoing a partial
eclipse, and was surprised that it was so noticeable.

How does one safely observe a partially-eclipsed Sun?
There are two safe methods. The first is to construct a
pinhole camera, which can be nothing more than two
pieces of cardboard. Make a small hole in one of them
and use the hole to project an image of the Sun onto the
other piece of cardboard. If you have never done this
before, Google “eclipse pinhole camera,” and you will find
many explanations and examples. The second safe method
is to use “eclipse glasses,” such
as the ones recently sent to all
Friends of MIRA with their
membership-renewal letters.
Readers needing extra glasses
can purchase them from
MIRA. These are specifically
designed to permit safe
observation of  the Sun; do not
attempt to devise a substi-
tute.

Whatever method you
choose, I advise you to acquire
the materials well in advance of
the date.

Finally, you may choose a
pinhole camera manufactured by nature: walk under a tree
that lets dappled sunlight through to a bright surface such
as a sidewalk; at maximum eclipse, you will see dozens, or
perhaps hundreds, of bright little crescent-shaped images
of the partially-eclipsed Sun!

Planets

Mercury will not be visible at the start of  the quarter,
but will be an evening object throughout July and the first
half of August. In early September, it begins its best
morning apparition of the year for northern-hemisphere
viewers. In the early pre-dawn sky on 18 September, the
waning Moon will appear near three bright planets (Mer-
cury, Venus, and Mars) and one bright star (Regulus). Each
of  these objects will be occulted by the Moon, as observed
from somewhere on Earth, but not, I believe, from our
area.

A very basic pinhole camera. In a pinch, a sink
strainer or even a Ritz cracker may be used!

Venus will be visible in the morning sky throughout the
quarter. A close conjunction with the star Regulus occurs on
19 September.

Mars is too close to the Sun to be seen for most of the
period. After mid-September it can be seen in the morning
sky.

Jupiter is low in the western evening sky for much of
the quarter. By late September it will be lost in the glare of
the Sun.

Saturn is well-placed (though fairly far south) during
the early half of the period. By September it will be low in
the southwestern sky and set before midnight.

Uranus rises near midnight at the start of  the quarter.
By September it will rise in mid-evening.

Neptune rises in late
evening at the start of the
quarter. In early September it
is at opposition and visible all
night.

Meteor Showers

We’re in luck for the
Perseid meteor shower this
year, at least until the Moon
rises. The peak is predicted
for 12 August, the date that
has been selected for Friends’
Night at the Oliver Observ-
ing Station. A waning gib-
bous Moon will rise just after
11pm, but that still leaves a

few hours in which to spot meteors. At any rate, Perseids
may be seen for several days before and after the peak.

Comets

There do not appear to be any bright comets expected
during the quarter. Seiichi Yoshida’s Home Page is a good
source of  information on comets.

Eclipses

There are no other eclipses visible from the Central
Coast this quarter.
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Staff

*  *  *
The Monterey Institute for Research in Astronomy owns and operates

the Oliver Observing Station under permit from the U.S. Dept. of
Agriculture-Forest Service.

*  *  *
The Monterey Institute for Research in Astronomy owns and operates

the Richard W. Hamming Astronomy Center and the Ralph Knox Shops
through an arrangement with the U.S. Dept. of  Education.

Friends of Membership
I would like to become a Friend of MIRA and receive the quarterly
MIRA Newsletter.
Enclosed is my membership donation of $_______________
In addition, I am making a special contribution of ________

$2500 Associates Circle                   $100 Sponsor
$1000 Associate                              $50 Family
$500 Patron                                    $35 Member
$250 Sustaining                               $15 Student
MIRA welcomes cor porate and business members. Contributions

are tax deductible as allowed by law.

Name_________________________________________

Address_______________________________________

City, State, Zip___________________________________

Phone/e-mail____________________________________

Visit our Web site and Field Trips to the Stars:
www.mira.org

E-mail us at mira@mira.org

RETURN SERVICE
REQUESTED

200 Eighth Street
Marina, CA  93933

Monterey Institute for Research in Astronomy

(831) 883-1000
(fax) (831) 883-1031
www.mira.org

Gordon Jones, Chair, Board of Directors
Dr. Wm. Bruce Weaver, Astronomer & Director

 Anne O. Monroe, Administrator
Dr. Arthur Babcock, Astronomer

Dr. Dean Bailey, Volunteer Researcher
Dr. Craig Chester, Astronomer & President

Clarissa Conn, Volunteer
Dr. James Eagle, Docent
Brian Jacobson, Docent

Gary Love, Physicist
Chris Reed, OOS Caretaker

Dr. Whitney Shane, Astronomer and Charles
Hitchcock Adams Fellow

Rebecca Snow, Research Technician
Joanna Sorci, Librarian

Dr. Russell Walker, Astronomer
Peg Winston, Volunteer
Warren Yogi, VolunteerWelcome to our new Friends

Nils Andersen
Marianne Davis
Liwei Gao
Mark Garfield
Marc Goldman
Frank Hennessy and
    Jorie Clark

Dr. James Neiman
Helen Nunberg
Cathy Seyferth
Lawrence Shubert
Peter Symons
Carol Williams
Daniel Zulaica


