-------------------------------------The Warren Astronomical Society is a local, nonprofit organization of amateur astronomers.
The Society holds meetings on the first and third Thursdays of each month. The two meeting
locations are listed below:
1st Thursday

Cranbrook Institute
of Science
500 Lone Pine Road
Bloomfield Hills, MI

3rd Thursday

Macomb County Community
College-South Campus
K Building
14500 Twelve Mile Road
Warren, MI

Membership is open to those interested in astronomy and its related fields.
Dues are as follows and include a year's subscription to Sky & Telescope:
Student ............ $11.00
Individual ......... $18.00

College ..............$13.00
Family ............... $23.00

Senior Citizen ....... $15.00

-------------------------------------Observatory Chairman: Frank McCullough

Lectures are given at Stargate Observatory each weekend. The lecture will be either Friday or
Saturday night, depending on the weather and the lecturer's personal schedule. If you cannot
lecture on your scheduled weekend, please call the Chairman as early as possible so that an
alternative may be arranged. Those wishing to use Stargate must call by 9:00 pm, on the evening of
the observing session. The lecturers for the coming month are:
February 29/March 1 ........ Dave Harrington
March 7/8 ........................ Paul & Judy Strong
March 14/15 .................... Frank McCullough

March 21/22 ..... John Root
March 28/29 ..... Don Misson

-------------------------------------This month's cover photograph was submitted by Dave Harrington, and shows
the moon during the penumbral lunar eclipse of September 27, 1977. This was
the lunar eclipse that immediately preceded the total solar eclipse of October
12, 1977. This photograph was taken at the prime focus of a 14”, f 5.6
reflector, using an exposure time of 1/30 of a second on high-contrast copy
film. The darkening due to the passage of the moon through the earth’s
penumbral shadow is evident.

OBSERVED AND PREDICTED SUNSPOT
NUMBERS FOR SOLAR CYCLE 21
PAUL S. STRONG
The current solar cycle (cycle 21) appears to have reached the second highest maximum sunspot
number which has been observed since the beginning of systematic sunspot counting. The relative sunspot
number, the Wolf number, is an index of the activity of the entire visible disk of the sun. Without reference to
preceding days, this number is determined each day. Each isolated cluster of sunspots is termed a sunspot
group which may consist of one or a large number of distinct spots. The relative sunspot number is defined as
R = K (10 g + s), where g is the number of sunspot groups and s is the total number of distinct spots. The scale
factor K (usually less than unity) depends on the seeing, personal characteristics of the observer (the division
of spots into groups and effects of fatigue), the instrument used and the method of observation.
Relative sunspot numbers are determined both by the Swiss Federal Observatory at Zurich and its two
branch stations in Arosa and Locarno and by the Solar Division of the American Association of Variable Star
Observers. The provisional daily Zurich relative sunspot numbers are indicated by the symbol Rz. All data in
the succeeding table and graphs are smoothed Zurich relative sunspot numbers.

Observations at the Swiss Federal Observatory have been directed by Dr. M. Waldmeier. After Dr.
Waldmeier's retirement in September 1979, the Zurich sunspot numbers are being issued by Dr. Antoine
Zelenka. Observations made by the Solar Division of the American Association of Variable Star Observers are
compiled by Mr. Casper Hossfield.
The smoothed Zurich relative sunspot numbers are defined as:

in which Rk is the mean value of R for a single month k and R 12 is the smoothed index for the month
represented by k = n.
The previous table gives observed smoothed sunspot numbers for cycle 21 up to the one calculated
from the latest observed data, marked by a vertical bar. They are based on final Zurich numbers through 1978
and provisional Zurich numbers thereafter. The numbers after the vertical bar are predictions. Shown in
parentheses are the corresponding absolute values of the 90% confidence interval, an indication of the
uncertainty above and below the predicted number.
The latest prediction of the maximum smoothed Zurich sunspot number for cycle 21 is 160 ± 24,
predicted to have occurred during November 1979. This consensus prediction, made by the National
Geophysical and Solar-Terrestrial Data Center staff and the staff of the NOAA Space Environmental Services
Center, was recently published along with the following two graphs of the current and past sunspot cycles in
"Solar-Geophysical Data", No. 423, Part 1.

Hubble's Constant
The equations of the theory of general
relativity, as formulated 60 years ago, imply
that the universe is expanding. Fifty years ago
the work of Edwin Hubble, at the Mount
Wilson Observatory, and other astronomers
demonstrated this expansion. The rate of this
expansion is called Hubble's Constant, H0 and
it relates the distance (from Earth) of remote
objects to their velocities. Presuming a linear
rate of expansion, the Hubble Constant is
related to the age of the universe.
In view of the absolute functional nature
of Hubble's Constant, it is not surprising that
astronomers over the past two generations have

put a great deal of effort into trying to
determine its value. Smaller numerical values
of H0 imply more distant galaxies and a larger
and older universe. From Hubble's original
result of about 575 km sec-1 megaparsec-1, the
reported value has been repeatedly corrected
downward over the years; the recent and
widely accepted conclusion of Allen Sandage
and Gustav Tammann in 1974 was that it may
be as low as 50 ± 5 km sec-1 Mpc-1.
The question has now been exhaustively
analyzed by Gerard de Valcouleurs of the
University of Texas. In a series of recent
papers in Astrophysical Journal he has
calculated, with the help of new data and
certain important corrections which were

omitted or underestimated in earlier work, a
self-consistent and apparently much more
trustworthy distance scale, which gives a value
of Ho = 100 ± 10 km sec-1 Mpc-1.
This has the effect of shrinking the
perception of the universe by a factor of two in
size and of reducing its age to around 10
billion yr from the previously accepted value
of 20 billion. Neither of these consequences
seem to conflict seriously with other kinds of
estimates of the size and age of the universe,
although some astrophysical processes might
be more compatible with the longer timescales.
This subject is likely to remain controversial
for many years to come.

California Land Area Expanding

A Reprieve for Galileo

Measurements carried out independently by
research investigators of the U.S. Geological Survey
and NASA indicate that southern California has
entered a phase of rapid increase in its area of land
surface. Radio noise from distant quasars-powerful
celestial objects-helped pinpoint the change.
Dr. A. E. Niell, scientist at NASA's Jet
Propulsion Laboratory, Pasadena, Calif., and
member of the laboratory's Astronomical Radio
Interferometric Earth Surveying Project Team,
reported an increase in distance of 20.3 cm (8 in.) in
7 mo between the Pasadena laboratory and the
NASA Goldstone Deep Space Station, about 193
km (120 mi) to the northeast.
Niell described the team findings at a session of
the fall meeting of the American Geophysical Union
in San
Francisco. J. C. Savage of the Geological
Survey reported, in the same session, results that are
consistent with the project team's measurements.
The project team's method of measurements
involves recording radio noise from distant quasars
simultaneously at the two radio telescope locations.
By comparing the time of arriving signals, using
extremely precise clocks, changes in distance
between the telescopes from one survey to the next
can be measured to accuracies of 5 cm (2 in.) or
less. The techniques have been developed to the
point that such measurements can be used to detect
strains over large blocks of the earth's crust and may
have important application to the earthquake
prediction mission of the Geological Survey.
Between 1974 and 1978, Geological Survey
crews measuring some 250 lines of about 32 km (20
mi) each in length found that all the changes in
length recorded were consistent with a uniform
north-south contraction of Southern California. The
lines are measured to an accuracy of better than 1
cm (1/2 in.) using laser beams.

His heresy was pointed out to the Roman
Inquisition by a Dominican priest, and the
Inquisition ordered the heretic to abandon his
beliefs. When he did not, Pope Urban VIII
sentenced the dissenter to life imprisonment and
then commuted the terms to permanent house arrest.
The heretic still wrote, but the Congregation of the
Index forbade the printing of his books. His sight
failed, and the Pope denied his request to consult
doctors. When he died, an admirer wanted to erect a
tomb but was told that to do so would be frowned
upon by the Holy Office. He was buried in a simple
grave.
The heretic was Galileo Galilei, and now, some
350 years after the scientist fell from grace in the
eyes of the Catholic Church, Pope John Paul II has
issued what amounts to a reprieve.
In the 17th century Galileo had been
condemned for his views concerning the revolution
of the earth around the sun, which were at odds with
Church dogma on the incorruptibility of the
heavens. Pope John Paul II recently raised the
subject at a special session of the Vatican's
Pontifical Academy of Sciences, which was
celebrating the centenary of Albert Einstein's birth.
The Pope quoted the Pastoral Constitution
Gaudiurri et Spes No. 36/2 of the Second Vatican
Council that said, "We cannot but deplore certain
attitudes that have led many to conclude that faith
and science are mutually opposed."
These words, said the Pope, apply to "the
founder of modern physics" in particular. "I wish
that theologians, scholars, and historians might
examine more deeply the Galileo case and, in an
honest recognition of wrongs on whatever side they
occur, might make disappear the obstacles that this
affair sets up in many minds to a fruitful accord
between Church and world."-Science, Dec. 21,
1979.

SOLAR SYSTEM FORMATION MODELED
Could the Earth have formed in the middle of a giant protoplanet, something like
Jupiter? Is the solar system, with its relatively small, rocky planets close to the Sun and
large gaseous planets farther away from the sun, typical of planetary systems around other
stars? Many scientists think the answers to both questions may be yes. Recent computer
simulations strengthen this view, and include a major role for giant protoplanets. For
discovery of planets around other stars, and for charting the history of the solar system, the
finding of answers to these questions is essential.
A team of scientists at NASA’s Ames Research Center, Mountain View, CA, has shown
that giant protoplanets would have been orbitally stable in the early solar system. They also
have developed a formula for determining sizes and positions of planets in planetary systems
in general. They are now looking for likely arrangements of planets around other stars.
These results were presented on December 5th at the American Geophysical Union meeting,
San Francisco.
One of the most frequent explanations of solar system formation is that at some time very
early in the solar system’s history a number of giant gaseous protoplanets revolved around
the young and growing Sun. These giant protoplanets may have had the same mass as
Jupiter, but were larger in size and hence more diffuse. The Ames researchers suggest that
the rocky material in these giant protoplanets rapidly (in a few thousand years) fell to the
core of the protoplanets. The mass of such a core would be comparable to the mass of the
Earth.
The Pioneer Jupiter and Saturn spacecraft have produced evidence for the existence
today of such rocky cores in the giant gas planets-Jupiter and Saturn. As the Sun grew to its
present mass by in-fall material from the solar gas cloud, its gravitational field would have
become stronger. Eventually, it would be strong enough to strip away the atmospheres of the
giant protoplanets, leaving behind only their rocky cores. These remnant cores, it is argued,
are the terrestrial planets. If the Earth, Mars and Venus are in fact remnant rocky cores of
giant gaseous protoplanets like Jupiter, their protoplanets would have had to be stable for at
least a thousand years.
The NASA-Ames team has shown that two Jupiter-mass protoplanets orbiting the Sun in
the present-day orbits of Earth and Venus would, in fact, be stable for several thousand
years. If the masses of the protoplanets were increased substantially (four times Jupiter’s
mass), then the one in Venus’ orbit would have been ejected from the solar system in a few
decades.
For these findings the team used a computer code designed to calculate accurately the
orbital motions of a model planetary system. They also found that much more massive
protoplanets (Jupiters in size) could have existed in stable orbits in the region of the outer
gas giants, Uranus and Neptune.
A dramatic finding was that the orbits became unstable very suddenly. This meant
catastrophic ejection of a planet from the solar system, with the body suddenly sailing off on
a tangent trajectory. Earlier, Dr. P.E. Nacozy, University of Texas, had shown that an
instability catastrophe might exist. Therefore, the team looked for a simple way to tell
whether a particular type of planetary system would be orbitally stable. They ran numerical
experiments in a large computer, a CDC 7600, to model several types of possible planetary

systems. Surprisingly, they found that the stability of planetary systems depends mainly on
the ratio of orbit sizes (the ration of their distances from the large parent body, the Sun).
Stability is not affected by how close or how distant individual planets are from each other.
The Ames team is now attempting to develop a set of mass and orbit-ratio categories to
describe planetary systems revolving around other stars than the Sun. No other planetary
systems have yet been found, but sophisticated new methods of search are in planning
stages.
Calculations, like those by the NASA-Ames team will help scientists to locate planetary
systems around other stars than the Sun, and to determine whether such systems occur
frequently, or whether the solar system is a rare phenomenon.
From NASA News, December 3, 1979
SPACE SUPERBUBBLE 2,000 LIGHT YEARS ACROSS
A superhot, superbubble of gas, apparently confined to a gigantic, glowing ring or shell
some 6,000 light years away from Earth and some 1,200 light years in diameter, has been
discovered, centered in the prominent summer constellation Cygnus. The discovery was
made from satellite data by Dr. Webster Cash, Laboratory for Atmospheric and space Physics
at the University of Colorado, Boulder, and his co-investigator, Dr. Philip Charles, Space
Science Laboratory, University of California, Berkley. They used X-ray data from NASA's
earth-orbiting High Energy Astronomy Observatory-1.
Dr. Cash reported the sphere contains enough superheated gas at 2 million degrees
Celsius (3.5 million degrees Fahrenheit), to create 10,000 new stars like our Sun. Its energy
output is equal to 10 times the amount of the entire energy emitted by our Sun since its
formation some 5 billion years ago. There are very few astrophysical processes in the galaxy
which are capable of supplying this much energy. The most powerful explosion known to
astronomers is that of a supernova, an exploding star, but a supernova releases only about
3% of the energy needed to make the superbubble.
What puzzles scientists is finding an answer to how this huge amount of energy got
locked up in this gigantic halo in the first place. Dr. Cash thinks there may have been a
series of explosions of supernovas in that region over the past three million years, perhaps
anywhere from 30 to 100 which, in sequence, together created the superheated superbubble.
Here's how it may have happened according to Dr. Cash: a huge cool gas cloud,
measuring 800 by 3,000 light years, known as the Great Rift in the constellation of Cygnus
can be seen obscuring the Milky Way in Cygnus on a dark night. This dark cloud has enough
material to make five million stars and lies right next to the observed superbubble. In fact, it
obscures the central part of the bubble as seen from Earth.
About three million years ago a supernova exploded and impacted the gas cloud with part
of the star blowing into interstellar space. As the force of the explosion moved through the
cloud, the compression caused the gas to coalesce about 100,000 years later, forming a
group of perhaps 1,000 stars of which number about 10 would become supernovas.
Supernova stars have a lifetime of only about one million years.
These 10 stars would explode, in turn, pushing the gas cloud farther and causing more
stars to form along its edge as the compression on the cloud continued. At the same time,
the force of the explosion away from the cloud caused a sweeping effect on the interstellar
space making a shell or bubble of superheated hydrogen material that became the immense,
superheated, superbubble we see in X-ray data today.

Dr. Cash said these chains of star formation are a major mechanism for making new
stars. “The Sun may well have been formed at the edge of a similar bubble,” he said. The
reason the huge halo was never spotted before is because, Dr. Cash says, “it flows so
energetically that it cools through emission of X-rays instead of more normal emissions that
can be seen in the optical or infrared regions of the spectrum.” The hotter a substance is the
shorter its radiation wave length.
Although parts of it had been seen before in brief X-ray glimpses, no one knew what was
being observed. (One part, for example, was thought to be a supernova remnant, while
another part was believed to be hot gas escaping from the galaxy. Because of its large size,
the bubble or halo, was not seen in its entirety –until it could be picked up in the X-ray
sweep provided first by the High Energy Astronomy Observatory launched in August 1977.
The spacecraft burned up as it reentered the Earth’s atmosphere last March after
accomplishing its mission. The observatory was built by TRW Systems, Redondo Beach, CA.
The High Energy Observatory Project management is under the direction of NASA's Marshall
Space Flight Center, Huntsville, Ala.
From NASA News, January 1980

We are saddened to report that Tim Skonieczny’s father passed away unexpectedly last weekend. Tim and
his family certainly have the deepest sympathies of all the members.

ATTENTION . . WARREN ASTRONOMICAL SOCIETY MEMBERS
1980 GROUP PHOTO
Hopefully you won't miss this opportunity to appear in a group photo with your fellow club members. The
group photo will be taken during the, break at the next general meeting on March 20, so plan to be there. You
will find this a nice memento to have, so plan to get one. 8 x 10 black-and- white prints will go on sale at the
April meeting. All money received will go to the W.A.S. treasury.

BEEN INSULTED LATELY?
This could be the final showing of the slide show that made its debut at the 1979 Christmas banquet,
especially if the audience gets its hands on it. This slide show is:
The Amateur Astronomer
as seen by …
In spite of popular demand, we have decided to show it anyway. This is the show that answers the
burning question: Who is the amateur astronomer, and why does he appear so weird to the general public? It
will be shown at the next general meeting at Macomb College on March 20.
Come and watch your friends be humiliated and degraded before your very eyes.

WARREN ASTRONOMICAL SOCIETY
OBSERVING PROJECTS
FEBRUARY, MARCH, APRIL 1980
In preparation for Michigan Astronomy Day, National Astronomy Day, and the Great Lakes
Regional Convention, the Warren Astronomical Society is initiating four observing projects.
Each of these projects has a well defined, and achievable, goal. If you are interested in
participating in one or more of these projects, please sign your name under the appropriate
heading.
OBSERVING PROJECT

GOAL

1.

Planetary

For the next 10 weeks, observe,
plot and photograph the
positions of the planets in and
near Leo.

4.

Solar

During the next two lunations,
observe, draw and photograph
the lunar features for all of its
phases.

2.

Lunar

Over the next 10 weeks,
observe, draw and photograph a
number of constellations and
deep-sky objects.

3.

Stellar

Observe, draw and photograph
sunspot activity (counts and
movement) over the next 10
weeks.

At the conclusion of these projects, a display will be made, and a report to the W. A. S.
general membership will be given.

Abrams Planetarium
Science Road
Michigan State University
East Lansing, MI 48823
(517) 355-4673

Through March 16: "The Universe Game", a funny, freewheeling response to many of the most frequently asked
questions (and misconceptions) about astronomy. The show is
put together in the form of a collection of vignettes
interspersed with a series of short running gags.
Friday and Saturday ........................ 8:00 p.m. and 10:00 p.m.
Sunday ....................................................................... 4:00p.m.
Adults ............................................................................ $1.50
Children over 5 ................................................................ $ .50

McMath Planetarium
Cranbrook Institute of Science
500 Lone Pine Road
Bloomfield Hills, MI 48013
645-3225

The type of death awaiting a star depends on its mass. A black
hole is one of three ways that a star can die. This program will
explore the life-cycle of stars, from birth to death, as seen
through "clues" appearing in the winter sky. The Black Hole
segment is narrated by Leonard Nimoy.
Wednesday ................................................................. 4:00 p.m.
Saturday ......... Continuous showings between 1&4, & 7:30 p.m.
Sunday ............ Continuous showings between 1:00 pm, & 4:00
Planetarium is included with museum admission:
Adults .............................................................................. $2.5O
Children over 5 and students .......................................... $1.50
Telescope demonstrations follow the Saturday night
performance. Maple syrup festival will be in progress.

Wyandotte Planetarium
Roosevelt High School
540 Eureka Ave.
Wyandotte, MI 48192
284-3100

February 27-June 11: “The Last Question”
Isaac Asimov's timeless story of mankind's limited future. The
theme is entropy-what happens when the universe runs out of
energy. In each of the five sections of the story, human
intelligence asks a progressively more sophisticated computer
if entropy can be reversed. The computer finally provides the
stunning answer to “The Last Question”. “The Last
Question” is one of the most popular planetarium shows ever.
Wednesday ................................................................. 7:30 p.m.
Other Showings by special arrangement.
Adults ............................................................................. $1.00
Students over 5 and senior citizens .................................. $ .50

