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June 2017 Symposium of
the Society for Astronomical Sciences, and AAVSO
Spring Meeting
You are invited to participate in the
premier annual conference devoted to
small-telescope astronomical science.
This year’s gathering will be a joint
meeting, combining the SAS Symposium with the AAVSO Spring meeting.
There will be Workshops on topics of
interest to the small-telescope research community, Technical Papers
on research results and project plans,
our Sponsors will have new products
on display, and participants will be
treated to other special features.
The SAS Symposium brings together
amateur astronomers who are engaged in scientific research, professional astronomers, and students for
in-depth
discussions
of
smalltelescope research activities. It is an
excellent venue for highlighting results,
discussing targets of observational
campaigns, developing collaborations,
and bringing together the community
of practice to share expertise and experience. You do not need be an expert to benefit from participating in the
Symposium: both the SAS and the
AAVSO strive provide a mentoring
environment where all interested people will learn how you can contribute to
astronomical science.
Date & Location:
The 2017 SAS
Symposium + AAVSO Spring Meeting
will be held on Thursday-FridaySaturday, June 15-16-17, 2017 at the
Ontario Airport Hotel & Conference
Center, Ontario California.
AAVSO Council Meeting will be held
on Wednesday and Thursday, June
14-15 at the same venue.

Workshops: Two Educational Workshops will be held on Thursday (June
15). The morning session will be
NASA Needs You! How You Can
Help the NASA Kepler and TESS
Missions Discover Exoplanets, presented by Dr Jessie Christiansen. Dr
Christiansen is a staff scientist at the
NASA Exoplanet Science Institute in
the California Institute of Technology.
She searches for, studies, and catalogues extrasolar planets – planets
orbiting other stars. Her main research
focuses on using the thousands of
exoplanets found by the NASA Kepler
mission to determine how common
planets similar to the Earth might be
throughout the galaxy.
The afternoon session will be devoted
to Advanced Asteroid Lightcurve
Projects, presented by Brian Warner
and Bob Stephens. We’ll learn about
the importance and challenges of going beyond rotational-lightcurve measurements on asteroids: determining
phase curves, shape modelling, sidereal rotation rates, prograde-vs.retrograde rotation, and detection of
non-gravitational torques.

Technical Presentations: Friday and
Saturday (June 16-17) will be the
Technical Sessions, including both
presentations and poster papers.
These will span the wide range of topics of interest to the small-telescope
research community:
solar-system
objects, variable-stars, and binary
stars; instrumentation for photometry,
astrometry and spectroscopy; and
related subjects.
Sponsors: SAS Sponsors – developers, suppliers, and retailers of astronomical equipment – will be on hand
with displays of their featured products.
Special Features:
Our traditional
“Evening with the Pro’s” will be held on
Thursday evening. Our speakers will
be Dr. Lance Benner (radar observation of asteroids), and Dr. Joe Patterson (Cataclysmic Variable OV Boo).
Friday evening we will have a special
presentation and discussion about the
AAVSO-Net. The session will be led
by Richard Berry, and will include discussion of how this unique capability
can be exploited for variable-star research.
On Saturday morning, we will host the
AAVSO Membership meeting.
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On Saturday evening, we will have our
traditional closing Banquet, featuring a
special keynote speaker.
Nonastronomer guests are welcome at the
banquet, and we strive to have a keynote topic that will be interesting and
entertaining for all.

Registration:
On-line Registration is now “live”. You
can use the link on the SAS website
(www.SocAstroSci.org), or go directly
to the Registration page at

Schedule of Activities

www.socastrosci.org/StartRegistration.
php

To assist you in planning your travel,
here is the “big picture” of the agenda
for the joint meeting (SAS Symposium
and AAVSO Spring Meeting):

You can renew your SAS membership,
register for the Symposium, register for
the Workshops, and select your menu
for the Banquet.

AAVSO members note: For this joint
meeting, all AAVSO members receive
the “member rate” pricing when you
Register.

Hotel Reservations:

In addition to Registering for the Symposium,
you will need to make travel and lodging arrangements. Our group rate at
the Conference hotel is $95/night (plus
taxes at 13.95%). You can book at the
SAS rate at the website:
http://bookings.ihotelier.com/bookings.j
sp?groupID=1754297&hotelID=95765
The hotel has a free shuttle to and
from the Ontario CA airport.
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Presenters: Submission of
Papers

Reminders to
Membership ...

Presenters are reminded that your
paper to be included in the Proceedings is due on April 26, 2017. Papers
should be in MS Word (preferred) or
plain text, with figures embedded (preferred) or submitted as separate files.

Membership Renewal: Even if you
can’t attend the annual Symposium,
we value your support of the Society
for Astronomical Sciences, and your
interest in small-telescope science.

Please submit your paper by e-mail to
Bob
Buchheim
(editor),
at
Bob@RKBuchheim.org, with a cc to
program@SocAstroSci.org.
If you have trouble with the SAS format template, or need other special
consideration, contact Bob Buchheim.
Poster Papers are welcomed at the
Symposium, and do not need to be
pre-reviewed: just bring your poster to
the Symposium. Posters can be included in the Symposium Proceedings
book, if you provide a formatted version or abstract to
Bob@RKBuchheim.org by the Proceedings deadline of April 26.

the

SAS

As an SAS member, you will receive a
bound copy of the Proceedings even if
you cannot come ot the Symposium.
Symposium Proceedings: Published
proceedings from all recent Symposia
are freely available in PDF format at
the PUBLICATIONS tab of the SAS website (www.SocAstroSci.org).
Symposium Videos: If you missed a
recent Symposium, you can still watch
many of the presentation videos on the
SAS website at the PUBLICATIONS tab.
Workshop Videos: Video recordings of
most of the Workshops from recent
years are available from SAS. If you
were registered for the Workshop, then
the recording is free. If you were not a
registered attendee, then the price is
$25 per workshop.
Contact Bob
Buchheim (Bob@RKBuchheim.org) for
the details.
Contact Information: If you haven’t
been receiving e-mail messages about
the Newsletter or the SAS Symposium,
perhaps it’s because you’ve changed
your e-mail address. You can update
your contact information on the
MEMBERSHIP INFORMATION tab of the
SAS website. SAS never sells or
shares your name or contact information without your explicit permission.
Keeping in Touch: The SAS Yahoo
group (“SocAstroSci”) is a good way to
keep in touch with the members and
participants.
Kudos or Criticisms? We are looking
forward to seeing you at SAS-2017! If
you have any questions or ideas for
the Symposium, or comments related
to the 2016 Symposium, please share
them with the Program Committee at
program@SocAstroSci.org.

Also of Interest
In addition to the SAS-2017 Symposium and AAVSO Spring Meeting, there
are two Conferences planned for the
southern California area that may be of
interest to the SAS community:
Remote Telescopes, Student Research, and Education will be held
June 19-22, 2017 in San Diego, CA.
The conference will focus on the use
of remotely-located, relatively small,
optical robotic telescopes to drive research by high school and undergraduate students, while also addressing
educational outcomes. The three domains of science, technical engineering, and education will be threaded in
a complimentary way throughout.
Many of the pioneers and luminaries
from the early era of robotic and remote telescopes will be attending this
conference to provide their historical
outlines and perspectives. Through a
variety of presentations, discussion
panels and forums, the challenges and
pathways for the future will be described and potential solutions outlined.
For more information, see the Conference website at www.rtsre.org.
Fifth International Conference on
Binary and Multiple Stars will be held
in Irvine, CA on August 4-6, 2017. All
types of binary and multiple stars will
be covered, including visual binaries,
eclipsing binaries, spectroscopic binaries, and gravitationally-bound multiple
star systems. As with past conferences, emphasis will be placed on
cooperative research by professional
and amateur astronomers. In addition,
the 2017 conference will explore the
role that binary stars play in student
research, especially by high school
and undergraduate students.
For more information, see the Conference website at www.cui.edu/binary5.

We will appreciate your input about the
technical sessions, the workshops, the
hotel, the banquet, the lunchtime discussions, and anything else that might
help us improve the future SAS Symposia.
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Symposium Sponsors
The Society for Astronomical Sciences thanks the following companies for their participation and financial support. Without them, our Symposium would not be possible. We encourage you to consider their fine products
for your astronomical needs.

Sky & Telescope Magazine
The Essential Magazine of Astronomy
http://www.skyandtelescope.com/

DC3 Dreams Software
Developers of ACP Observatory Control Software
http://www.dc3.com/

PlaneWave Instruments
Makers of the CDK line of telescopes
http://www.planewaveinstruments.com/
Woodland Hills Camera & Telescopes
Providing the best prices in astronomical
products for more than 50 years
http://www.telescopes.net/
Sierra Remote Observatories
Hosting telescopes for remote imaging
and data acquisition
http://www.sierra-remote.com/
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About that Solar Eclipse ...
In this Newsletter, we are treated to two wildly innovative
perspectives of things to think about, and things to look for
on August 17.
In the first article below, Albert DiCanzio describes several
interesting observational projects that take advantage of the
solar eclipse.
In the second article below, Wayne Green gives some
thought to replicating the Eddington observation of gravitational deflection of starlight.

North American Solar Eclipses 2017 &
2024:
Criteria of Determination for Metrics Conducive to Sponsorship of Discovery
by Albert DiCanzio
Abstract
This research focuses on harnessing the statistical capacity
of many available concurrent observers to advance scientific
knowledge. By analogy to some Galilean measurementexperiments in which he used less instrumentation than in
others, this researcher will address the question: How might
each individual observer, with a suitably chosen common
metric and widely available, reasonably affordable equipment, contribute to new knowledge from observing the solar
eclipse of 2017? Each observer would report data to an institutional sponsor who would analyze these data statistically
toward new knowledge about some question currently unsettled in astronomy or in the target field connected with the
question which the chosen metric is targeted to address. A
subordinate question will be discussed: As a tradeoff between “best question to answer” and “easiest question for
observers’ data to answer”, is there an event property and
related target question that, with high potential utility and low
cost, would be measurable by an observer positioned in the
path of totality with minimal or inexpensive equipment and
training? (And that, as a statistical sample point, might contribute to new knowledge?) In dialog with the audience, the
presenter will suggest some measurable research questions
which relate to gravitational lensing, solar flares, ground
shadow bands, and atmospheric metrics, correlated or not
with certain other dependent variables. The independent
variable is time in the intervention interval from eclipse contacts 1-4. Because criteria of metrics-determination would
include the existence of a data-collection-analysis method,
this presentation requires dialogue with a critical mass of
audience members who would participate in the consideration of the research objective and of candidate institutional
sponsors as a function of candidate target questions.

Although independently conceived and written, these two
articles turned out to have a coincidental synergy. While
Albert calls for measuring “differences of target position from
what gravitational lensing theory would predict” in order to
detect perturbation by hypothetical dark matter, Wayne presents a wealth of implementation detail aimed at measuring
gravitational deflection of starlight that might serve general
purposes including addressing the first among Albert’s research questions.

1. Forenote To The Society For Astronomical Sciences
(SAS)
Here is introduced the script I produced as background for
an interactive session at the American Astronomical Society
(AAS) Spring 2016 Conference where I spoke on the subject
of the foregoing abstract. Feedback is invited from SAS
astronomers in evaluating the potential for extracting new
scientific knowledge from any of research questions proposed here (or any alternatives that may come to be adopted). I plan to identify contributors and implemented contributions to a discussion planned to follow this publication into
my acknowledgments when that future discussion is done.
Your president Robert Buchheim is already on this list, in
gratitude for his arranging some consideration by the SAS of
this paper. My AAS 2016 talk began with each arriving visitor or group approximately as follows:
Good afternoon, fellow AAS astronomers. Here you have
found not just a presentation; we have more like a workshop.
In return for your help in evaluating the potential for new
scientific knowledge from research questions I will propose,
you will be entered into my acknowledgments when this
presentation is published.
Would you like to hear a three minute summary of this workshop so that you can decide whether to stay and participate
with me in deciding how the statistical capacity of many users can be harnessed to the objective of deriving new scientific knowledge from observations during the North American
eclipses of 2017 and 2024?
2. Aim of the Dialogue
In this presentation, I invite discussion regarding the solar
eclipses of 2017 and 2024 whose path of totality will cross
territory with a relatively large number of potential observers
in North America. The overarching question is this:
Is there an event property and related target question that,
with high potential utility and low cost, would be measurable
by an observer positioned in the path of totality with minimal
or inexpensive equipment and training? (And that, as a statistical sample point, might contribute to new knowledge?)
After elaborating a bit on this question, and then presenting
various options, we can have an informal dialogue concerning the criteria of determination and a tradeoff between the
best and the easiest questions to answer, and the selection
of candidate institutional sponsors. With your permission,
5
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then, any of you who contribute ideas or relevant information
will be added to my acknowledgments.

that yielded the relationship of orbital period to orbital size,
and before Kepler had published his third law of planetary
motion.

3. Genesis of This Proposed Research
The idea for this project began in 1991 when, as an observer
of the solar eclipse from Cabo San Lucas, rather than only to
ogle the scene unfolding overhead, I allocated several out of
the 6 minutes of totality to take a photograph and to document the exact position, exposure time, and film speed on a
3x5 card. Doing that gave me a false feeling that I had data
which might be useful in the pursuit of knowledge about the
eclipse. As the feeling gave way to reality, I realized that as
an individual observer in one place, I would be unable to
generalize on the data. This frustration set me to thinking
that if I were ever to witness another eclipse of the sun on
North American soil, I would seek out a uniformity of action
with other observers, so that some useful knowledge could
be derived from it. What kind of knowledge? Most especially, knowledge that would falsify (or require modification of)
existing theory in astrophysics or cosmology, which are
starved for empirical evidence.
4. Citizen Cate: A Similar, Independently Conceived
Project
Then, independently of me, a variation of this idea, requiring
more instrumentation than I had in mind, was realized when
the National Optical Astronomy Observatory announced the
program it called “Citizen Cate”, the Continental America
Telescopic Eclipse Experiment. Its plan for the 2017 eclipse
is reportedly to utilize observers at 61 locations across the
continental USA along the path of totality from Oregon on
the U.S. Pacific coast to South Carolina on the Atlantic. Raw
data to be collected by the observers would be digital images of the totality phase centered on the Sun. Along with the
GPS-location of the site and exposure time, these images
would be sent to NSO cloud storage where a single time
series would be mathematically constructed. The end result
would be the goal of the project: a continuous 90 minute
movie of the solar corona during the 2017 total solar eclipse.
5. Measurements Conducted Or Suggested By Galileo
Some of Galileo's discoveries required little in the way of
instrumentation. A famous example arises from an event
that Galileo described to his student Viviani. At the age of
16, Galileo discovered the isochronism of the pendulum by
observing a cathedral lamp that, having been pulled aside to
light it, swung in a dampening arc. During the churchservice, Galileo used only his pulse to time its period, which
did not change measurably as the swing dampened to rest.
Future studies of gravity anomalies, using torsion pendula
and paraconical pendula during solar eclipses, will build on
Galileo’s laws of the pendulum, as well as his law of falling
bodies.
After discovering the first four satellites of Jupiter, Galileo
recorded the eclipse times of these moons, using a small
telescope, as they passed behind and later emerged from
the disk of the planet. To obtain accurate observed data,
such as the sizes of orbits, he equipped his telescope with
an astrometric grid. It was a relatively inexpensive solution
6

These two events and their metrics are shown above, along
with two more that involved such sophisticated instrumentation that Galileo had to content himself with suggesting experiments that would be carried out later by astronomers
with the requisite instrumentation. One of the objections to
the Copernican system, which modeled Earth revolving and
rotating with a dual motion, was that the orbit it would trace
out under that model would be visible in deviations from
what would otherwise be the proper motion of a distant star
over time, that is, visible in parallax. Galileo's instruments
were inadequate to discover parallax; he suggested that
later attempts be made at such discovery using future telescopes of higher magnification and resolving power. Indeed,
Bessel's detection of parallax in 61 Cygni, announced in
1838, came more than two centuries later.
Galileo had also put forth the idea that light may have a finite
speed, and suggested an experiment using light sent and
returned by two observers positioned on two Tuscan mountain peaks. The experiment was on the right track, but due
to the much faster speed of light than envisioned at the time,
could not be carried out if there were any delay of human
response in returning the first light beam. It waited until
1926 when Michelson performed the measurement using an
octagonal-mirrored stroboscope, equipment unavailable in
Galileo's time, between Mount Wilson and Mount San Antonio over a 22 mile path (each way) reportedly surveyed over
mountainous terrain to an accuracy less than an inch. Both
the equipment and metric technology of that precision were
unavailable to Galileo.
In this history, we see that scientific knowledge can be advanced sometimes with little instrumentation (as in the first
two cases listed below), and at other times not so (as in the
third and fourth cases). In the case of the American eclipses
of 2017 and 2024, I seek research questions fitting the former category.
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Discovery

Metric

Pendulum laws

Amplitude; Cycle Time

Jovian satellite eclipse time

Event time

Geokinesis as later seen in
Bessel's parallactic measurement

Proper motion tracing
closed loop; trace time

Michelson's measurement
of light speed

Time elapsed and strobe
frequency

tronomers the value of E associated with the metric for the
ultimately selected research question. Here I am only asking
for comments from professional astronomers (or graduate
students in astronomy) visiting this presentation regarding
seven candidate research questions that I suggest here,
which are below numbered RQ X, where X is the question
number.

Possible measurables are suggested by such events as solar flares, ground shadow waves, and atmospheric metrics,
correlated or not with certain dependent variables; e.g., timeshifted aurorae. Let's elaborate a bit on each of these.

6. Solar Eclipse Paths 2017 And 2024

8. View From St. Joseph on 21 Aug 2017 At 18:07:47 Ut

On 17 Aug 2017, a total eclipse will enter North America
from Pacific coastal waters at Oregon, with a path of totality
proceeding southwest through Carbondale, Illinois and exiting to the Atlantic Ocean north of Charleston, S.C. Carbondale is located at 37°44′N 89°13′W. This eclipse offers the
longest duration of totality with 2 minutes 41.6 seconds just
to the south in Makanda Township.
[http://www.greatamericaneclipse.com/]

Having constructed a view by the sky-mapping software
“Stellarium” for coordinates of St Joseph, Missouri, latitude
+39.7421 degrees, longitude -94.8526 degrees (where a
duration of 2m 38.3 sec totality is expected at altitude 61.9
and azimuth 172 degrees at 18:06:27.8 through 18:09:06.2
UT on 21 August 2017, with 7 hours offset for local time) I
noticed in that view naked-eye visible objects including Algieba and the planet Mars within about half a degree of the
sun. Others not human-visible may be picked up by camera
with a fairly long exposure time within this interval.

On 8 Apr 2024, another total eclipse will enter North America
crossing central Mexico and then the United States from
Texas, through Carbondale, to Maine, then New Brunswick,
with longest totality of 4 min, 28.2 sec
[http://eclipse.gsfc.nasa.gov].
7. Tradeoff of Knowledge vs. Statistical Capacity
There is a tradeoff between BETWEEN:
“best question to answer” AND “easiest question for observers’ data to answer”.
Let E = ease of measurement as calculated by the geomean
(training minutes, steps, equipment cost)
Let U = utility of potential discovery calculated as the summation over the dollar market value of applications expected
from the discovery (Σ app * mkt $ val)
Then, I suggest that we can form the product of E*U and
choose the maximum of these product values over the domain, E. I intend later to discuss with expert amateur as-

To determine the separation between two celestial objects,
let's say, during totality in 2012, Algieba at the 11 o'clock
position, and Mars at the 2 o'clock position, it is only neces-
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sary to calculate the usual trigonometric function of the right
ascension and declination of each object. Given that result,
one can operate on it using a normalization function of time
and the observer's terrestrial coordinates. The positions can
be determined from still photos taken during the eclipse.
In the field of stars proximate to the sun's limb, one would
not expect the positions of these objects to be shifted from
their pre-eclipse or post-eclipse positions any more or less
than gravitational lensing might predict, and likewise for their
angular distance from the sun. Therefore, a difference from
prediction would be of interest.
E.g., assuming that dark matter exists, might future eclipse
photographs from which the bending angle can be accurately re-estimated suggest differences in the distribution of dark
matter between the measurements during the eclipse and at
other times? The precision required to notice these differences is high; we would be looking for a deviation (between
pre-eclipse or post-eclipse positions and positions during
totality) in the interval from about 1.55 to 1.75 arcsec depending on the distance of a light ray from the sun [Will, 8].
An assumption that a large number of photographs may reduce error terms that are due to camera construction and
optics, even when inexpensive camera equipment is used,
seems worth testing. This consideration suggests my first
candidate research question:
(RQ1): What are the placement and precision required to
detect differences of target position from what gravitational
lensing theory would predict? Assuming that dark matter
exists, what hypotheses might such distances, measured
from eclipse photos, suggest about differences in distribution
of hypothesized dark matter between the two eclipses seven
years apart?

9. Shadow Bands
In 1991 I experienced shadow bands, just before the eclipse
at Cabo San Lucas, as a scintillation caused by seemingly
parallel bands of alternating light and dark striations, fast
traversing the ground in the direction of the progressing
eclipse immediately before and after totality. If the thin slotlike solar crescent is illuminating the Earth's atmosphere at
these times, then their motion might be attributed to atmospheric winds [Codona, 483]; and if this explanation, which is
consistent with a prevailing theory [Jones], is correct, then I
would expect high wind velocities in the troposphere that
track the speed of the shadow bands across the ground. I
see this condition as making measurements by anemometer
during the eclipses useful in confirming or falsifying this explanation of the shadow bands.
In 2008, Stuart Eves offered an alternative explanation that
shadow bands might be manifestations of infrasound generated by the shadow of the moon travelling at supersonic
speed, which in turn produces a low frequency shockwave
that humans cannot hear [Anon., BBC]. If the moving shadow of the moon causes shadow bands by creating a shockwave in front of the shadow, then per Russell, Dugan, and
Stewart, this wave moves across the ground toward the observer at the rate of nearly 2100 miles per hour, on average
[Russell, Vol. 1, 221].
Barrie Jones stated "The [accepted] theory works; there's no
need to seek an alternative". But Stuart Eves argued: "None
8

of the [existing] theories seem to take account of the fact that
shadow bands change direction" between the pre-eclipse
and post-eclipse directions. Eves also mentioned the unusual behavior of birds and other animals that can be attributed to their ability to hear infrasound. In 1991 I did witness
sea animals jumping out of the water as the eclipse approached.
Accordingly, besides the anemometer measurements of
wind speed at ground level, a pendulum in motion but isolated from wind might be used to detect disruptive behavior of
the pendulum bob. In addition, many small inexpensive
cameras or cell phones are capable of taking and storing
movies for a minute or two. A movie of the shadow bands
may be useful for determining the speed of motion of the
bands, by slowing them down by a known factor. In this
connection, Codona mentioned the importance of using “...
short exposures to freeze the motion of the bands. The
bands typically move 1 to 2 feet per second in light wind, so
to hold blurring to 10 percent of a typical band's spacing,
exposure times must be 1/125 second or less. Use shorter
exposures if the wind is blowing harder.” [Codona, 486].
There are other simple observations that have been suggested by researchers; e.g., “The easiest observation is to
note merely whether [and I would add “when”] shadow
bands are present. Also, where are you? What are the
weather conditions? Is there any wind? Are trees, buildings,
or bodies of water nearby? Note everything and report it.”
[Codona, 484]. Codona does not say to whom it is best reported; that is one target of the present research.
Probably one of the easiest measurements an untrained
observer can make is that of temperature, air pressure, and
humidity recorded before totality, during totality, and at 30sec ivals after totality. In 1991, I recall feeling a temperature
drop that I would estimate at about ten degrees Fahrenheit
during totality, but I did not take an instrument to measure
this change. Presently, there are many inexpensive digital
instruments that will measure not only temperature but also
pressure and humidity at a given location and time.
(RQ2): Might a sample of measured wind speed, measured
band speed (determined from inspection of videorecordings
of the bands made by observers just before and after totality), and pendulum bob stability help resolve the Eves-Jones
debate on shadow bands?
Conspicuously related to my next research issue was the
further mention by Stuart Eves that “long period Foucault
pendulums - designed to demonstrate the rotation of the
Earth - have been known to swing wildly during eclipses”. If
this is true, it is not explained by atmospheric winds, while
according to Eves “the disruption to pendulums may be
caused by infrasound pulses causing the ground to vibrate,
disrupting the pendulum's rhythm”. Whether due to vibration or other phenomena of nature, shifts in the period and/or
oscillation-plane of pendula have been observed by researchers looking for gravity anomalies.
10. Gravity Anomalies
Here and in the following sections on coronal heating and
electric sun hypotheses, I present grounds for formulating
research questions and constructing metrics to address
some additional theoretical controversies which may possi-

Society for Astronomical Sciences Newsletter April 2017
bly be able to be informed by solar-eclipse observational
data. We might categorize them as “Controversial Theory To
Be Considered for 2024.” I am attracted to these questions
precisely because they involve controversial challenges to
the current paradigms in astrophysics. Why? Because my
familiarity with the attacks on the arguments and person of
Galileo before, during, and after his defense of the Copernican hypothesis, which in the end proved true, have sensitized me to the value of carefully evaluating alternative paradigms -- not just dismissing them out of hand.
Since Galileo discovered laws obeyed by any near-Earth
object in free fall in a vacuum, and by a pendulum in oscillation, there is a long history of observations of gravity-related
phenomena determined through use of all these laws. They
have been used by mechanisms which researchers placed
into service during solar eclipses, especially around totality.
At least 19 such experiments using the Foucault, paraconical, and torsion pendulum, have been conducted during solar eclipses from 1954 to 2006 [Allais, 72, Table 1] and others more recently. Many of these have observed changes in
period, tilt, and plane of oscillation during a solar eclipse.
Through his experiments using the inclined plane, Galileo
formulated the basic law that relates speed and distance of
fall to time. In a vacuum, the distance through which an object falls is proportional to the square of the time duration of
fall and, equivalently, its instantaneous speed of fall is proportional to time. The latter equivalence implies the existence of a constant of proportionality that today goes by the
name “acceleration due to gravity” or “g” for short. From
many experiments at different locations on Earth, we know
that this “constant” varies a bit with the latitude and the terrain, but are there other variable components of g?
In 1954, and again in 1959, Maurice Allais reported observations of strange and unexplained movement during solar
eclipses. During the total solar eclipse of 1954, for example,
he observed a decrease in the Foucault Effect as seen in the
azimuth of the pendulum’s plane of oscillation with Earth’s
rotation. This effect was observed independently by other
researchers in 1961 and 1999 [Munera, 191 ff.]. The phenomenon is now called the Allais effect.
Similarly, in 1970, Erwin Saxl and Mildred Allen observed the
sudden change in motion of a torsion pendulum; this phenomenon is called the Saxl effect. Dr. Saxl invented the torsion pendulum, patented in 1967, and his patent filing (#
3,357,253) indicated that he did so to find gravitational
anomalies including variations in the aforementioned constant g, the acceleration due to gravity [Saxl]. The Saxl Effect is briefly described by him as variations of the oscillation
period of the pendulum correlated with the progress of the
eclipse [Saxl, 9]. In his discussion of results, he writes:
“Since the maximum variation of the acceleration of gravity
produced by changes in the positions of the sun and moon is
-3
2
2
0.16x10 cm/sec or 1.6 μm/sec (Heiskanen and Vening
Meinesz, 1958) which gives a relative change in g of 1.6 x
-7
10 and since the maximum relative change of our observa-4
tions is of the order of 2 x 10 , the data presented here
greatly exceed quantitatively what can be interpreted in
terms of Newtonican (sic) mechanics [Saxl, 11]. (I think he
meant to write “Newtonian” and I do NOT think the statement
points to a destructive paradigm change in the Kuhnian
sense but at most to a refinement in the currently understood
laws of mechanics, which may be in order if there shall come
to exist significant and sufficient confirmations of the Saxl

Effect over time. I might as well confess here that I am a
believer in the progress of science by building on the results
of earlier innovators and not in a view of progress as one
paradigm “destroying” another.)
A recent published observation during the 1997 solar eclipse
by Wang et al. [Yang] “suggested a possible gravitational
shielding effect, which generated debate. Later in 2002,
Yang and Wang published detailed data analysis, which
suggested that the phenomenon still remains unexplained.”
[Anon., Path]
Can the Allais Effect be shown by astronomers without sophisticated equipment to be due to “experimental error”, as
has been claimed by some? [Anon. Oberlein] If not, then
what does it imply for the accuracy of the laws of the pendulum, and can that accuracy be determined by research questions and metrics appropriate to the current project?
For those who may be interested in this challenging study,
the best description, known to me, of experimental equipment and procedures for investigating gravity anomalies is
contained in Saxl and Allen, supplemented by Munera (See
bib.)
11. Coronal Heating Theory Hypothesis
On our planet, we are unaccustomed to an atmosphere that
is orders of magnitude hotter than the surface of our planet.
By contrast, the sun’s surface, its photosphere, may be on
the order of 10,000 degrees F. Yet the solar atmosphere,
NASA claims, is on the order of 300 times hotter – in the
millions of degrees. What heats the atmosphere to such extreme temperatures? NASA has reported [Anon., NASA]
that Jim Klimchuk, a solar scientist at the Goddard Space
Flight Center, has hypothesized that the new evidence supports a theory that the sun's corona is heated by tiny explosions called nanoflares. These are impulsive heating bursts
that individually reach temperatures of some 10 million Kelvins or 18 million degrees Fahrenheit – even greater than
the average temperature of the corona – and provide heat to
the atmosphere. The research evidence presented by the
panel spotted this super hot solar material, called plasma,
representative of a nanoflare. "The explosions are called
nanoflares because they have one-billionth the energy of a
regular flare," said Klimchuk. "Despite being tiny by solar
standards, each packs the wallop of a 10 megaton hydrogen
bomb. Millions of them are going off every second across the
sun, and collectively they heat the corona."
What experiments are the source of this interpretation? The
article refers to a sounding rocket mission: “EUNIS flew on a
15-minute flight in Dec 2013 equipped with … a spectrograph. The spectrograph unambiguously spotted this extremely hot material in active regions that visibly appeared to
be quiet. … sounding rockets in 2012 and 2013 … imaged
soft X-rays from the corona. These results, too, confirmed
the presence of … hot plasma on the sun.”
How can amateurs by observing a total eclipse provide data
that would either confirm or require modification of NASA’s
interpretation? The article has given us a likely source: at
the April 28, 2015, at the Triennial Earth-Sun Summit, or
TESS, meeting in Indianapolis, … “Stephen Bradshaw, a
solar astrophysicist at Rice University in Houston, Texas,
was the last speaker. … Bradshaw used a sophisticated
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computational model to demonstrate why spotting signatures
of the nanoflares has been so difficult and how the new evidence will help researchers go forward to improve theories
on the details of coronal heating – one day allowing heliophysics researchers to at last solve the coronal heating mystery.”
I have early this month sent a missive to professor Bradshaw
requesting his opinion on whether a large sample of amateurs, coupled with a suitable sponsoring organization, may
be able to provide a data-gathering function to assist in confirming that nanoflares may be a significant causal factor in
coronal heating. I await his response and intend to keep
SAS informed on this development, particularly as to whether a research question and associated metric that would
confirm or require modifications in the nanoflare hypothesis
could be formulated for amateur observers.

12. Electric Sun Hypothesis
This hypothesis I cover last (but not least) as controversial
theory to be considered for 2024. It is potentially the greatest opportunity for those amateur astronomers, who are
used to doing experimental science to aid the progress of
astronomy and cosmology. However, the statement of research question is out of scope for this article. Instead, I
describe briefly the controversy which is forming around this
astronomical-sized topic.

emitted in the conversion of hydrogen to helium but also by
electric currents, including those in the sun’s own ejected
plasma and solar wind, that cycle back into the sun. These
are known as Birkeland currents.
The way that I choose to introduce this hypothesis is to use
the metaphor of a 9-volt battery powering a system or device
external to the battery. The flow system consists of two elements: the battery itself and an external device or subsystem, for example, a portable radio. Current flows in a loop,
exiting the positive terminal (or cathode) to the device, which
it powers, then re-entering the battery at the negative terminal (the anode). If instead we represent the Sun by this battery and the external space by the solar wind interacting with
planetary magnetosystems and galactic plasma currents, we
have a somewhat analogous situation: first, plasma outflow
from the sun, carried by the solar wind out to multiples of the
solar system’s radius, second, combining with galactic Birkeland currents said to freely flow in our arm of our galaxy,
third returning to the sun carried by both gravitational and
electrodynamic forces, then the whole process recycling
indefinitely.This is by no means a perfect analogy. For example, in the metaphorical example of the portable radio,
nothing is added to the current coming out of the battery,
whereas in the electric-sun hypothesis, the current is augmented each cycle by currents in the galactic arm.
A summary of related basic ideas is given at http://electriccosmos.org/sun.htm, where it is stated that the hypothesis is
speculative and has been attacked by critics. Such attacks
on an innovative hypothesis by defenders of the current paradigm in any science usually capture my attention.
How can observers at centerline provide data bearing on this
controversy? As it belongs to the category “Controversial
Theory To Be Considered for 2024”, I prescind from the
question until more is known about the demands of the research and the capabilities of the interested observers. I
mention it now in order to indicate that I expect to have more
on this issue forthcoming between 2017 and 2024.

Future Direction

Recently, I entered planetary orbital radii (more accurately,
the semimajor axis of each planet’s orbit as given by Russell, Dugan, and Stewart [Russell, Vol. 1 Appendix] into an
Excel spreadsheet and forced it to calculate and graph orbital speed versus orbital radius by converting Kepler’s 3rd
Law to a Copernican approximation (ignoring Kepler’s 1st
Law in simulation of their independence) by setting mean
radius vector = semimajor axis.
On seeing the plot and fitting curve, I was immediately struck
by an implication embodied in this graph of velocity appearing to vanish asymptotically with distance. Kepler’s laws and
universal gravitation are, on a cosmic scale, local effects, as
it were. That little exercise led me to pay more attention to
the electric sun hypothesis.
The “electric sun” hypothesis is related to published theory
that views the sun as powered not merely by the radiation
10

When the tradeoff described in section 7 above has been
performed, I will have reduced the candidate research questions presented here to a single question. And from that
single question a metric can be formulated.
Then when the research question of the study and the associated metric will be known, the following implementationresearch question will become:
Based on the research objective (what is to be measured
and what question it is expected to address), what are the
likely candidate institutional sponsors? In other words, let's
identify a sponsor S such that:
S = f(R, M) where R = research question, M= metric
Conclusion
Life may present us occasionally with opportunities to extend
the capacity of our work toward a positive future that will
survive us. But only occasionally. Two great solar eclipses
are visible in our country next year and eight years from
now. Let us not lose the opportunity to learn from them
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whatever we can about survival on this planet and about our
search for the next planetary home.

Anon. Path.
[https://en.wikipedia.org/wiki/Solar_eclipse#Path]

Thanking you for your attention and your feedback, I
acknowledge, in closing, the following individuals whom I
consulted prior to and during this conference.

Anon., “Sound 'cause of shadow spectacle'”. BBC News.
May 21, 2008. Retrieved from
http://news.bbc.co.uk/2/hi/science/nature/7347180.stm
Codona, Johanan L. Sky and Telescope, May 1991
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Gravitational Deflection of Starlight
by Wayne Green
Boulder Astronomy and Space Society
This article considers the planning and observational issues
related to attempts to reproduce the famous experiment of
measuring the deflection of starlight by gravity, as predicted
by Einstein’s theory of general relativity. The next eclipse of
interest to US observers is the 21 August, 2017 eclipse. The
apparent angular diameter of the Moon will be ≈ 1960 arcsec
(32.7 arc-min) and the Sun will be ≈ 1897 arcseconds (31.6
arc-min) in diameter.

Russell, Henry Norris et al., Astronomy (Ginn & Co., 1945)
Saxl, Erwin and Allen, Mildred, Observations with a Massive
Torsion Pendulum: Gravity Measurements During Eclipse
(Beltsville, MD: Integrity Research Institute, 1996)
Will, Clifford, https://arxiv.org/pdf/1409.7812.pdf
Yang X.-S., Wang Q.-S., “Gravity Anomaly During the Mohe
Total Solar Eclipse and New Constraint on Gravitational
Shielding Parameter”, Astrophysics and Space Science
(2002), Vol. 282, 245-253

Observing stars during the total eclipse of the Sun will be
affected by conditions that include aerosols in the atmosphere, seeing, thermal changes to air column during eclipse,
solar activity and the brightness of the solar corona; plus
optical considerations including focal length and resolution,
and sensor type (DSLR vs. CCD vs. film). Secondary conditions include the local refraction of light and mechanical issues like the alignment of the CCD with the optical axis and
flexure of the system. The telescope/camera combination
will likely suffer from optical distortions that must be carefully cataloged. Observers must account for wind and other local weather conditions. CCD imaging cadence may
be an issue as well.
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Two periods of observations are needed: one of the field
either before or after the eclipse to record the un-deflected
apparent location of the stars, and the other period during
the eclipse itself. Since it is likely that you will set up your
system separately for these two observation sets, it is important to be confident that they are comparable. One way
to do this might be to take a calibration image of a target –
open clusters are great. Tear down and reassemble the
equipment and reproduce the experiment. Compare the
results. GAIA astrometry is fresh (less than 1 year out). The
PanSTARRs 3π survey is now online and available. These
will provide good “truth” astrometry of the stars’ initial positions.
Careful planning is required. Figure 1 was made by obtaining the position of the center of the Sun (JPL object 10,
not the barycenter with a JPL object 0), for the precise longitude, latitude and altitude of an observer. The apparent diameter is hard to determine for a gas ball; JPL uses two
values: Radius (photosphere) = 6.963E5 km, Solar Radius
(IAU) = 6.955E5 km. The IAU/JPL definitions include 1 AU=
-1
149597870.700 km, c= 299792.458 km s . You can make
your own precise predictions using the JPL Horizons database:

for the large FOVs available, path of totality is tiny compared
to diameter of the earth.
The gravitational deflection is about 1.8 arc-sec for an object
just skimming the solar limb. Ideally (or simplistically), you’d
like for your observing system to provide a pixel/plate scale
of about 1/2 of that to meet Nyquist criteria (i.e. plate scale ≈
0.9 arc-sec/pixel). This may not be practical: such a highresolution system is likely to have a small field-of-view
(smaller than the angular diameter of the Sun/Moon). Remember too, short optics tend to have pretty severe optical
distortions (something I’m fighting with a project now). If
memory serves film has a ’pixel’ (grain) size on the order of
1 to few microns, and the QE of film is in the fews of percent,
vs approx 60% or better for CCD/CMOS sensors. Bayer
masks on DSLRs or color-CCDs will cause their own centroid measurement issues.

Equipment Considerations
First compute the “pixel factor”, the fraction of arcseconds
per micron (µm) at the focal plane. This uses the focal
length (fl) of your scope in microns:

http://ssd.jpl.nasa.gov/horizons.cgi
Fill in the form:
Key fields:
2

- Apparent RA & DEC,

4

- Apparent AZ & EL,

13 - Target angular diameter,
20 - Observer range & range-rate.
There is a second table on the main settings page where
you may choose sexigesimal or decimal degrees for the positions, range in AU or km (use km), and a few other details.
Example Field, approximately 45 arcminutes on a side. for
coordinates:
Lat.:

43.5117 N

Long.: 110.4785 W
for data from JPL Horizons database. (DSS Plate Position
10:03:57.8 +11:52:11.8). The solar position for a location
near Casper WY for the time of the eclipse, showing JPL’s
apparent RA/DEC and the approximate azimuth/elevation
for the event.
Figure 1 uses a DSS star field image overlaid with a cartoon
of the Sun. Magnitudes are from the UCAC4 V-Band values.
Times are UT, referring the NASA/Google URL, puts mid
eclipse around 17h43mUT.
Google Maps (™) can provide a decent estimate of the coordinates, including altitude. Obtain the mid- eclipse times
with:
https://eclipse.gsfc.nasa.gov/SEgoogle/SEgoogle2001/SE20
17Aug21Tgoogle.html
The sun is far enough away, that parallax will not make that
much of a difference...
arcsec = earth D/AU17.6 = (12,756/149,597,870.700
12

pixelfacto r 

206264.8
fl[ m]

Multiply that by the “pixel size” in microns of your camera to
get arcsec/px.
platescale = pixel factor × pixel size[µm]
Multiply the platescale by the count of pixels to get the FOV,
say for a camera with 1,024 by 1,024 pixels:

FOV  1024 2  1024 2  platescale
There are several things to consider with equipment. The
longer the focal length the greater the platescale The longer the focal length, the more disperse the corona’s image,
and the higher the flux from any star in the field. These two
factors make for a better the chance of determining the centroid of any star that is imaged.
I suspect shooting with a red filter may help. If I’ve had
enough coffee this AM, the later the eclipse the more the
Sun’s disk shifts to the left in the image, making that top star
a good candidate.
Example Finder Chart
The Figure below shows an example field (nominal 30arcseconds), for 21 Aug 2017 eclipse. Brightest Johnson V
magnitudes shown (UCAC4). Image prepared with ds9.
Ruler distances (in red) are in arc-minutes.
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Deflection Table
The complexities of general relativity can be side-stepped
with a decent approximation. Here α is the deflection in
arcseconds.
For predictions, this equation taken from “Fundamentals of
Astronomy”, Carlos Barbieri (Taylor & Francis, pub. 2007 pg
126-127) and the chart in figure 2 is good enough for planning.

4GM

Rc 2
The values for constants can be obtained from the tables in
sections A and B.

Variable Value

Units

GM

GM = 1.3271244004193938e11

[km^3/s^2]

MSun

M= ~ 1.988544e30

[kg]

RSun

6.955e5

[km]

c

299792.458

[km s-1]

L (range) 1.5131851440E+08

Table: JPL Constants and Values

[km]
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Python Code for Deflection Graph
1

import numpy

import matplotlib . pyplot as plt import matplotlib . dates as
mpdate import matplotlib . ticker as mpticker
solarradii = 6.955e5
6
c

GM = 1.3271244004193938e11
= 299792.458

arcfactor = (206264.8 / 60.0 )
sunrange = 1.5131851440E+08
11 x = numpy. arange( solarradii ,3*solarradii , solarradii/100)
y = 4.0 *GM

/ (c**2) / x

x = (x / sunrange) * 3600
# km into apparent arcminutes
y = y * 206264.8
# radians into arcseconds
fig = plt . figure ( figsize=(8,8))
16 ax = fig . add_subplot(111)
t i t l e = r ’Solar Deflection ’ fig . suptitle ( t i t l e )
plt . xlabel ( r ’Distance in arc minutes from
− limb’ )

Figure 2: The deflection, in units of arc seconds, for a separation from the limb, given in arc minutes.

21 plt . ylabel ( r ’Deflection in arc seconds’ )

Conclusion

plt . grid ()

An experiment of this time requires careful attention to detail,
practice and experience. Good predictions and good data
are required to obtain and reduce observations. Good luck!

pt = ax. plot (x,y)
plt .show()

14
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A. Solar Table for a Wyoming Location

6
B. Lunar Table for a Wyoming Location
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B. Lunar Table for a Wyoming Location
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