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An iced-up antenna at the Oliver Observing Station.
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Sunday, June 3, 2:30-4:00pm Free tour of  the
Oliver Observing Station on Chews Ridge. Open to the
public, but reservations are required; phone 883-1000.

Tuesday, June 5, 2:00pm Observe the last transit
of  Venus in our lifetimes at the Hamming Astronomy
Center. Open to the public, but reservations are required;
phone 883-1000.

MIRA’s 40th Anniversary

MIRA’s founders pose after notarizing the articles of  incorporation in
the spring of  1972. They are (l. to r.) Craig Chester, Nelson Irvine,
Cynthia Irvine, Hazel Ross, Donna Burych, Sandra Weaver, Ann
Merville, Albert Merville, and Bruce Weaver. The two children are

Glen and Cristina Weaver.

This spring marks the fortieth anniversary of the
founding of  MIRA in Cleveland, Ohio.

Other milestones in the early history of MIRA are:
1972 (summer): MIRA secures the “permanent loan”

of the 36-inch mirror, effective June of 1974.
1972 (October): the Mervilles and the Weavers arrive in

California.
1973 (September): First publication of astronomical

results with the MIRA byline.
1974 (October): Research Corporation grant for

construction of telescope and instrumentation.
1977 (July): first light through the telescope; (August):

telescope moved to Cachagua; (October): telescope dedica-
tion ceremony.

1978 (September): first meeting of the Fiends of MIRA
in the home of  Ansel Adams.

1979 (December): First publication of astronomical
results based on research performed solely at MIRA.

1984 (June): Oliver Observing Station dedicated.
1988: First publication of results from MIRA telescope.

Electrical Work at the Oliver
Observing Station

The computer that allows MIRA to monitor weather
and battery conditions at OOS having failed (it froze!),
intensive ongoing work is being performed to restore and
extend the monitoring system, and to improve the opera-
tion of  our propane-fired generators. The work has been
led by MIRA board member Gary Love and volunteer
systems administrator Jim Neeland. When the work is
complete, the electrical power situation at OOS should be in
the best state ever.

Jim Neeland (left), Gary Love (center), and two electricians in the
utility room of  the Oliver Observing Station.
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Transit of  Venus: Scaling the Universe

by Wm. Bruce Weaver
In science, the simple questions are usually the hardest, but

most important, to answer.  In astronomy, that question is,
“How far away is it?”

The distance scale in astronomy is determined by a series
of bootstraps starting with the scale of the solar system and
ending with the size of the Universe.  Each step depends on
the accuracy of  the previous step.  A small change in the first
step will ripple across the whole scale and result in large
changes in the final one – the size of the Universe.  The first
astronomical step is to determine the scale of  the solar system
in known terrestrial units (feet, furlongs, meters, cubits, etc.).
Kepler’s amazing third law, published in 1619, relates the
relative sizes of the planets’ orbits to their periods1.  This is a
completely accurate determination, depending only on the
relatively easily measured orbital period of  each planet.  To
turn this relative scale into an absolute one, one only needs to
know the absolute size of  one orbit, usually the Earth’s.

But that’s the rub.  How do you determine the distance
between the Earth and the Sun, i.e., the size of  the Earth’s
orbit?  Starting in the time of the ancient Greeks, astronomers
have been trying to determine the distance from the Earth to
the Sun by various geometric techniques.  In the seventeenth
century, it was realized that measurements of  the transit of
Venus across the face of  the Sun would permit the determina-

tion of the distance between the Earth and the Sun by simple
trigonometry.  However, even though the orbits of  the planets
pretty much lie in a plane, there is enough difference in the tilts
that it is rare that a transit of  Mercury or Venus across the face
of the Sun can be seen from the Earth.

Sequences of transits occur in a pattern that repeats every
243 years, with transits occurring eight years apart followed by
a gap of 121.5 years, then a gap of eight years and then
another long gap of  105.5 years.  Because of  the long interval
between pairs of transits, there was great interest in the transits
of  1761 and 1769.  They were observed from all over the
world – no small feat in the1760s!  Observations were
attempted at locations ranging from Siberia to the Amazon,
from Madagascar to the Cape of Good Hope, and even
from Tahiti by Captain Cook.

Every astronomer has their favorite “clouded out” story,
but probably the most famous occurred to the eminent French
astronomer
Guillaume-Joseph-
Hyacinthe-Jean-
Baptiste le Gentil de
la Galaisiere during
his attempt to
observe the transits
of  the 1760s. I will
refer to him as the Le
Gentil for brevity.

By the mid-
1700’s a fairly good
relative scale of the
solar system had been
established but the
absolute scale was still

Venus, the planet closest in size and distance to the Earth, silhouetted
against the disc of the Sun during the 2004 transit.

Le Gentil
1The square of the orbital period of a planet is directly
proportional to the cube of the semi-major axis of its orbit.

The geometry of  a transit of  Venus across the face of  the Sun as
viewed from the Earth. Timing of the transit gives the length of the

path and, hence, the angle from the Earth. By knowing the separation
between the observation points on the Earth and the relative distances
between the three objects, only simple trigonometry is needed to determine

the actual distance between the Earth and the Sun.
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quite weak. That is, it was known that Mars was about one and
half times farther away from the Sun than the Earth, but the
distance from the Sun to the Earth had not yet been deter-
mined in miles. If  Venus was carefully observed from parts of
the Earth as it transited across the disc of the sun, triangulation
would permit assigning of  mileage to the Earth-Venus-Sun
distances.

Since there is such a lengthy gap between pairs, it was
considered essential to take advantage of the transits in 1761
and 1769. Astronomers were dispatched to distant parts of the
world to observe the event from as wide a variety of  angles as
the size of  the earth would permit. Le Gentil had been
dispatched from Brest on March 26, 1760 with the hope of
observing the first transit from the French colony of
Pondicherry in southeast India. Although a fellow passenger
had committed suicide and the British fleet had chased the ship
around the Cape of Good Hope, Le Gentil arrived at the Isle
de France (modern Mauritius) in July 1760, almost a year
before the event.

Unfortunately, the British were laying siege to Pondicherry
at that time. Le Gentil contemplated observing the transit from
Batavia instead, but decided to join the troops being sent to
relieve Pondicherry. He embarked on March 11, 1761, still in
plenty of  time to observe the June 6 transit. Bad weather
slowed the journey so the ship did not arrive off the Malabar
coast until late May. By then, Pondicherry had fallen to the
British, so in all haste, Le Gentil’s ship retraced its route back to
the Isle de France. Thus it was on the high seas that he ob-
served the transit, but he was unable to take the desired
measurements from the pitching deck.

Le Gentil decided to remain in the area for a year or two
to record some geography and natural history. As this en-
deavor stretched into several years, he decided to stay until the
second transit in 1769. He worked on various research projects
during this time in the Phillipines, Madagascar and other islands.

Although Le Gentil wanted to observe the second transit
from Manila, Paris advised him to return to Pondicherry to
view the event. This time, he arrived 14 months before the
transit, allowing him enough time to construct an excellent
observatory on the ruins of  the city’s fort. On the eve of  the
transit, the weather was perfect and Le Gentil made observa-
tions of  Jupiter’s satellites during the night. At seven the next
morning, however, at the time of transit, the sun was hidden
behind the clouds! Within a half hour, the sky was clear again.
After 10 years, he had missed both transits.

“This is the fate that often touches astronomers,” Le Gentil

said resignedly, “it appears I have traversed such a large span
of  oceans, exiled myself  from my country to be an observer
of a fatal cloud which passed in front of the sun at the precise
moment of  my observation, to remove the fruit of  my hard
work and pains.”

And Manila? Oh, it had been clear in Manila.
He finally arrived in Paris eleven years later in October

1771, only to find that he had been declared legally dead. His
wife had remarried, and all his relatives had enthusiastically
plundered his estate.  Lengthy litigation and the intervention of
the king were ultimately required before things were normal-
ized. He got back his seat in the French Academy, remarried,
and lived apparently happily for another 21 years2.

The next pair of transits, in 1874 and 1882, added to the
data collected in the previous century and the great American
astronomer Simon Newcomb was able to combine all the
observations and determine the distance between the Earth
and the Sun with an error of less than 0.2 percent.  The
ultimate accuracy was limited by the black drop effect (see the
figure) that made it impossible to time the transit with great
precision.  The timing of  the transit provides the information
need to determine exactly on which part of  the disk of  the sun
the transit is occurring.

Modern estimates of the Earth-Sun distance depend on
radar observations of  the planets or the behavior of  space
probes.  The current estimate is thought to be accurate to
about 100 feet!  So the step-by-step determination of  the
distances to the stars, galaxies, and the rest of the Universe at
least start with a very, very accurate measurement.  The next

2For a more complete account of  Le Gentil’s adventure, see
Essays of  the History of  Astronomy by Helen Sawyer Hogg:
http://www.staff.science.uu.nl/~gent0113/astrobib/
outofoldbooks.htm

The black drop or teardrop effect appears as a dark bridge between the
edge of  the Sun and the silhouette of  Venus. This is thought to be an

effect of  the Earth’s atmosphere and/or the optics in telescopes.

(continued on p. 7)
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The Spring Sky
by Rod Norden

Spring of 2012 is shaping up to be the most exciting in
all my years in California.  We’ve got the very rare transit of
Venus visible on a June afternoon, and an annular eclipse of
the Sun whose center line passes very close to Reno, Nevada
on a late Sunday afternoon in May.  Venus, Mars and Saturn
add their beauty to the spring 2012 evening sky as well.
Additionally, spring is the season of  the galactic clusters in
Virgo, Leo, and Coma Berenices. Let’s not forget that the
zodiacal light is best seen in the evening sky rising vertically in
the west after sunset.

Dr. Bruce Weaver gives an excellent glimpse into the
history and purpose of  observing Transits of  Venus else-
where in this issue.  MIRA has an observing program
planned on the afternoon of 5 June at the Hamming
Astronomy Center, and many other groups of astronomers
are planning events locally as well.  As long as you have a
clear sky in the direction of  the Sun, observing the transit is
relatively easy.  Venus is large enough to be easily visible with
any magnification, having a disk diameter just resolvable
with the naked eye.  One can very safely use the eyepiece
projection method, or ONLY WITH PROPER FILTERS,
one can view it with optical aid.

Venus is large enough to be easily visible safely by
projecting the image of the Sun through a small telescope
on a white card which is held perpendicular to the eyepiece
and several inches back.  Shading the white reflective surface
card from the Sun (by slightly bending the edge of the card)
will help improve the contrast of  the Sun’s disk.  You can
watch the small black spot (the planet Venus) move slowly
away from the limb of the Sun.

Proper solar viewing filters which cover the entire
objective (or uncovered portion) are available from Orion
Telescopes in Watsonville (831-763-7000), or from many
other sources.  These filters keep the vast majority of  the
Sun’s energy out of  the optical path and permit safe viewing
through the optics.  Low magnification will produce the
most satisfying image since one will be viewing through a
long optical path through the atmosphere in the late after-
noon.  I personally used 30x on an 80mm refractor for
observing Venus’ transit in 2004.  At that time, the Sun rose
with Venus already in transit as seen from Virginia Beach on
the east coast, and we watched Venus move off  of  the Sun.
The black drop effect illustrated in Bruce’s article was easily
noticed by making it difficult to determine the exact mo-
ment when Venus began to touch the edge of  the Sun’s disk

on its way off the Sun.  Here in California, we’ll see the
opposite version in which it will be difficult to determine
the moment when Venus’ disk is completely in front of  the
Sun as it moves between us and the Sun.

Fortunately, most of  this discussion on observing the
Sun applies to the other major event this spring, the annular
eclipse of  20 May.  We are very fortunate that the center line
of this eclipse (along which the outlines of moon and sun
form exact concentric rings) passes just north of  Reno, NV,
down to Cedar City, UT, Page, AZ, and on to the pan-
handle of  Texas.  The chance of  late afternoon clouds is
greatest near the mountain ranges in California.  Therefore,
the clearest skies are predicted to be the northern end of the
Sacramento Valley and even better from southeastern
Nevada through northwestern New Mexico.  An excellent
Google map of the eclipse path is available on the Internet
as is information on probability of  clear skies at various
sites.

While the annular eclipse does not come close to
matching the beauty of a total solar eclipse, it is still very
exciting to see the Moon pass completely in front of the
Sun.  You can watch the irregular edge of  the moon cover
sunspots.  In addition, if  you can position yourself  along the
center line, you will be rewarded with the memorable sight
of the Sun appearing to be a perfect bright ring for a brief
time.  I really enjoyed the annular eclipse back in May 1994
in St. Louis, MO.

Planets

Mercury rises ahead of  the Sun for most of  the
period, and reappears in the evening sky in the second half
of June.  The greatest elongation ahead of the rising Sun
occurs on 18 April and the greatest elongation after of the
setting Sun occurs on 30 June, but in neither case is the
planet far from the Sun.

Venus is drifting slowly toward the Sun in the evening
sky.  It reaches maximum brilliance on 30 April and will
pass in front of the Sun on 5 June during its inferior
conjunction, which is extremely rare.

Earth reaches the Summer Solstice on 20 June at
4:09pm PDT.

Mars is high in the southern evening sky in Leo
throughout the period, having reached opposition in March.
Mars is nearly at aphelion at this time, so its disk is nearly as
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steps in determining the distances are not nearly as reliable as
the current average Earth-Sun distance, 149,597,870,660 meters.

With the measurement of the crucially important Sun-
Earth distance relegated to more modern technologies, the
scientific value of  this year’s June transit of  Venus is fairly small
but it is a good reminder of the great efforts civilization has
been willing to spend on finding our place in the Universe.
Astronomers still go to the ends of the Earth to make obser-
vations.  The European Southern Observatory is in the
Atacama Desert in northern Chile.  Some parts of that desert,
the driest in the world, have never recorded a drop of rain.
Also in that area is the  Atacama Large Millimeter/submillime-
ter Array (ALMA) which, at an elevation of over 17,000 feet,
provides workers only half of the oxygen available at sea level.
An observatory at the South Pole permits 24-hour observa-
tions of the Sun, providing data on the many periods of
vibrations of  our star.  Winter conditions on Chews Ridge are
not very hospitable either!

A Note on Safety

It is never safe to look at the Sun directly, either with a
telescope or with the naked eye, without using a special
filter designed specifically for that purpose. These filters not
only make the Sun dim enough to view safely, but also
block ultraviolet and infrared radiation that can damage the
eye permanently. These filters are available from astronomi-
cal supply houses such as Orion Telescopes in Watsonville
(831-763-7000) or http://www.telescope.com.

The details of  this year’s transit of  Venus. In the Monterey area, the
transit starts at 3:06 in the afternoon of  the 5th of  June as the

silhouette of  Venus first touches the edge of  the Sun. Our view will end
at sunset while the transit is still underway.

continued from p. 5

small as it can be at opposition.  From now on, Mars
moves closer to the Earth with its disk diameter almost
doubling by July 2018.

Jupiter reaches conjunction with the Sun on 13 May
and is very low in the western evening sky in early April and
is very low in the eastern morning sky in late June.

Saturn is in opposition on 15 April and is well seen in
Virgo through the period.  We are looking down on the
north side of the rings which are tilted about 15 degrees to
our line of sight.

Uranus rises increasingly before the Sun in the early
morning eastern sky in Pisces.

Neptune is in Aquarius near its border with Capricorn
and rises well before the Sun during the period.

Pluto reaches opposition on 29 June still in a very
crowded portion of  the Milky Way near M25 in Sagittarius.
I’m going to wait a few years until it reaches a less crowded
area of  the sky.

Meteor Showers

The Lyrid meteor shower reaches maximum in the early
morning hours of 22 April and should be well seen in a
dark sky since they occur just after New Moon.  Unfortu-
nately, the Eta Aquarids will peak on 5 May just ahead of
the Full Moon so only the brightest members of the shower
will be visible.

Comets

Comet C/2009 P1 (Garradd) should fade from 7th to
9th magnitude during the spring as it moves from near the
bowl of  the Big Dipper to the border of  Cancer and Leo.
Due to geometry as it passed closest to the earth in early
March, the comet developed a pair of tails visible on
opposite sides of the nucleus and coma.  One tail is the dust
tail which follows the comet in its orbit, and the other is the
ion tail which points directly away from the Sun.  As you
will remember, this comet has provided observers many
months of  good viewing.

Please be aware that overall comet magnitudes are
averaged over the area of the coma and nucleus of the
comet, so a comet appears as a fainter smudge on the sky
than its magnitude indicates.  Use as much aperture as
possible on these fuzzy objects.

Eclipses

An annular solar eclipse will occur on Sunday afternoon,
20 May, and will be visible in our area.  It is well discussed
earlier in this article.

Transit of  Venus
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