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A Low Frequency Gravity Wave Antenna
By Cap Hossfield

Note: This article was being passed out by its author at
Stellafane in July 1992.- Ed.

T

he General Theory of Relativity predicts that binary star
systems lose orbital energy by radiating gravity waves
thereby speeding up their orbital period. The binary neutron
star system PSR 1913+16 confirms that Einstein was correct,
but astronomers have yet to actually detect gravity waves, although they have searched for these elusive ripples in the curvature of spacetime for over twenty years.
Prof. Joseph Webber of the University of Maryland
made the first attempt to detect gravity waves. He used a large
aluminum bar for an antenna. Improved versions of Webber's
bar are still being used today in the continuing search.
Figure 1 shows how the bar antenna can be modified to
work on lower frequencies. Figure 1A shows the usual configuration, an aluminum bar weighing several tons. The gravity
waves are a tidal force — a form of mechanical energy — that
would ring the bar like a bell as they swept through its mechanical resonant frequency — usually greater than one kilo-Hertz.
According to theory, an impulsive signal at these frequencies is
generated by the coalescence of a binary neutron star during
the last second of its last day as its speeded up orbit sends it
into its final "death" spiral.
Figure 1B shows how some of the aluminum could be
removed from the bar to lower its frequency. Figure 1C shows
how the mechanical resonant frequency could be lowered further by cutting the bar in half and connecting the two halves
with a thin aluminum rod. All the ringing would now take place
in the thin rod and any Low-Q (Q = quality factor) material
could be used for the end masses. Figure 1D shows the masses
connected with piano wire but this device cannot ring because
the wire hangs limp. Figure 1E shows how the limpness can be
overcome and the piano wire antenna made to ring. The masses are now suspended as pendulums which are pulled together
slightly to put tension on the wire so it can ring. In this configuration the masses respond to the gravity wave, and they vibrate
at a frequency that is determined by the diameter and length of
the wire as it stretches lengthwise to sustain the vibrations.
Music wire has a high Q and ringing qualities as good or
better than an aluminum bar and can resonate in the same
way. I demonstrated a music wire antenna at Stellafane in
1991. The wire was 0.15 millimeter in diameter and three me-

ters long. With 320 kilogram masses it rang at about 0.5 Hertz.
I have now replaced the music wire with fused quartz which
has a higher Q and much better ringing quality and is readily
available as fiber optic communication cable. This has the very
great advantage that the optical fiber can also serve as an interferometer that will detect a faint signal on the antenna that
changes its length by less than one nanometer (10-9 meter).
There is the further big advantage that the interferometer senses the signal without drawing any power as was the case with
the moving-coil sensor on the music wire antenna. For this
reason, the masses can be reduced to 20 kilograms without
losing sensitivity. Figure 2 shows schematically how this is
done.
The pendulums are now suspended on low frequency
springs to avoid seismic noise, and the music wire is replaced
with a loop of optical fiber. The coherent beam of a HeliumNeon laser passes through a beam splitter which sends a passive reference beam to a photodiode and an active beam
through the fiber loop. After passing through the antenna, the
active beam is reflected off the back side of the beam splitter
onto the photodiode to be combined with the reference beam
to form an interference pattern or "fringe." If the beams are in
phase, they will reinforce each other and the photodiode will
see a bright fringe and its electrical output will be high. If they
are out of phase, the beams will interfere destructively and the
(Continued on page 6)
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STARGATE OBSERVATORY

The observatory is owned and operated by the Society in
conjunction with Rotary International. Located on the grounds of
Camp Rotary on 29 Mile Road, 1.8 miles east of Romeo Plank
Road, Stargate features a 12.5 inch f/17 club-built Cassegrainian
telescope under a steel dome. The observatory is open to all club
members in accordance to the "Stargate Observatory Rules:' Those
wishing to use the observatory must call the Observatory Chairperson (2nd Vice President) by 7:00 p.m. on the evening of the session.

General meeting on first Thursdays:
Cranbrook Institute of Science
500 Lone Pine Road
Bloomfield Hills, Michigan
Business meeting on third Thursdays:
Macomb Community College
South Campus, Building B, Room 209
14500 Twelve Mile Road
Warren Michigan
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MEMBERSHIP AND DUES
Membership in the Society is open to all. Annual dues are:
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Individual
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Additional Family members
$ 5.00 per person
Senior Citizen
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Among the many benefits of membership are:
• Discount magazine subscriptions:
Astronomy
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Sky and Telescope
$20.00 (12 monthly issues)
• Free copy of each WASP newsletter.
• Free use of Stargate Observatory.
• Special interest subgroups. (See subgroup chairpersons.)
• Call list - don't miss unexpected events.
• Free membership in Astronomical League.
• Free copy of Reflector (Astronomical League newsletter).
• Free use of W.A.S. library. (See Librarian.)
• Rental telescopes. (See Observatory Chairperson.)

The Society maintains a library of astronomy-related books
and periodicals at the Macomb County Community College meeting
room. See the Librarian for rules or to check out a book.

SUBGROUPS

Special interest subgroups exist for those interested in specialized areas of astronomy. Contact the chairperson of each subgroup
for more information on that group.
Computers:
Larry Kalinowski
Cosmology:
Mike O'Dowd
Deep Sky:
Doug Bock
Lunar / Planetary:
Riyad Matti
Solar:
Ed Cressman
Telescope making:
Jim Houser

CALL LIST

The Call List is a list of people who wish to be alerted of
spectacular and unexpected astronomical events. Anyone who notices such an event calls the next person on the call list. That person in
turn calls the next person, etc. A call list member can restrict callings to certain available times. Any Society member is welcome to
join the call list.
To join the call list, please notify Marty Kunz at

Send membership applications and dues to:
Ed Cressman
30540 Pierce Road
Southfield, Michigan 48076
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Subgroup Reports

Computer Chatter
By Larry F. Kalinowski
Comet Swift-Tuttle is making a big splash in the news.
It seems that on its return to the Sun in 135 years, its
going to make a very close approach to the Earth. So
close that it's giving Brian Marsden grey hair. Of course, you
and I won't have to worry about it but our great-grand children
could be in a heap of trouble. Dr. Marsden feels we should start
measuring the orbit as close as we possible can to determine
how thin the Earth's life-line is. I'll tell you one thing: It'll be a
spectacular show if it's a near miss.
Has anybody seen the comet yet? The latest revision has
the estimated brightness increased by over a magnitude. A new
chart and ephemeris will be handed out at the next Warren
Astronomical Society meeting and at the next Computer Group
meeting.
Roger Civic has agreed to bring his newly acquired Macintosh IIci to the next Computer Group meeting. If anyone attending has any astronomical programs for the Mac, bring them
along to the next meeting. Roger says it's a System 7 unit with
eight megabytes of memory and an 80 megabyte hard drive. If
you've never seen a Mac in action, don't miss this meeting.
The fourth Thursday of the month in November is
Thanksgiving day. Since I'm not too fond of meetings on holidays, the Computer Group meeting will have to be held on
some other day. Any suggestions? I'm considering Wednesday,
November 25th. Call me at 776-9720 if you like that date.
Clear skies.


Pioneer Venus Orbiter
Enters Venus Atmosphere
October 9, 1992 — After orbiting Venus for more than fourteen years, the Pioneer Venus Orbiter spacecraft ceased operating
yesterday, October 8, 1992. The spacecraft passed through the
lowest part of its orbit, which repeats every 24 hours, at 3:22 p.m.
EDT. During this period, the radio signal could not be tracked
from Earth, because it was hidden behind Venus. No radio signal
could be detected from the spacecraft when it should have
emerged from behind the planet Although the spacecraft's remains will continue to orbit Venus for a short while, no further
data can be collected without the radio signal.
The predicted lowest altitude during passage through periapsis was 128 kilometers (79.5 miles). The predicted drag would
have slowed the spacecraft by 2.5 meters per second. Project officials believe the spacecraft was disabled by the heat of friction
with Venus' atmosphere, with spacecraft insulation and other fragile components melting or breaking off.
A news briefing will be held at NASA's Ames Research Center at 1:00p.m. EDT Friday to review the entry, summarize the
mission, and discuss the early scientific results from the data collected during the past month, while Pioneer Venus has been passing through the planet's high atmosphere.
Pioneer Venus Orbiter was launched on May 20, 1978,and
was placed in orbit around the planet on December 4, 1978. It
created the first maps of the surface of Venus using a radar altimeter, and has returned thousands of pictures of the planet's cloud
patterns. For the past month, its orbit has brought it down into
parts of the planet's atmosphere lower than it had ever reached
earlier. The scientific instruments have continued to return data
until yesterday's loss of the radio signal from the spacecraft.


Office Elections
The Warren Astronomical Society held its annual officer
election at the October 15, 1992 Macomb Community College
meeting as scheduled. Nominations for offices were closed and
member voting resulted in the following:
President - Robert Halsall
1st Vice President - Marty Kunz
2nd Vice President - Jeff Bondono
Secretary - Nancy Rowe
Treasurer - Mike O'Dowd
The term for new officers begins January 1, 1993.
Congratulations and good luck to all the new officers! And
thanks to all outgoing officers, too.
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NASA Spacelink

Jupiter's Magnetic Field
Shaped by Solar Wind
By Michael Braukus, Headquarters,
Washington, D.C. and Diane Ainsworth,
Jet Propulsion Laboratory, Pasadena, California
September 11, 1992 — Scientists studying data from Jupiter's
highly charged magnetic environment - acquired by the Ulysses
spacecraft encounter in February 1992 - reported in a series of
papers published today that the solar wind exerts a much
stronger influence on the planet's magnetic field than previously
thought.
The discovery was the result of Ulysses' unique trajectory,
which took the spacecraft to higher latitudes near the planet
than were reached by previous spacecraft, said JPL Ulysses
Project Scientist Dr. Edward J. Smith, principal author of one
of seven articles published today in Science magazine.
"In addition, Ulysses' outbound path took the spacecraft
through another previously unexplored region in the dusk sec-

A Night-Piece

by William Wordsworth
(1770 - 1850)
—The sky is overcast
With a continuous cloud of texture close,
Heavy and wan, all whitened by the Moon,
Which through that veil is indistinctly seen,
A dull, contracted circle, yielding light
So feebly spread, that not a shadow falls,
Checkering the ground - from rock, plant, tree or tower.
At length a pleasant instantaneous gleam
Startles the pensive traveler while he treads
His lonesome path, with unobserving eye
Bent earthwards; he looks up - the clouds are split
Asunder, — and above his head he sees
The clear Moon, and the glory of the heavens.
There, in a black-blue vault she sails along,
Followed by multitudes of stars, that, small
And sharp, and bright, along the dark abyss
Drive as she drives: how fast they wheel away,
Yet vanish not! - the wind is in the tree,
But they are silent; — still they roll along
Immeasurably distant; and the vault,
Built round by those white clouds, enormous clouds,
Still deepens its unfathomable depth.
At length the Vision closes; and the mind,
Not undisturbed by the delight it feels,
Which slowly settles into peaceful calm,
Is left to muse upon the solemn scene.

tor, where we had never been before," Smith said.
Three separate findings during the Jupiter encounter supported this conclusion, Smith said. The first evidence was derived from Ulysses' flight through the high latitude region of the
magnetic field - called the magnetosphere - in which the planetary magnetic field lines led out into interplanetary space rather
than returning to Jupiter across the equator.
"Five of the experiments sensed this transition simultaneously, once at a distance of only seven planetary radii (500,000
miles) and a second time at a distance of 15 radii (1.1 million
miles)," Smith said.
The second major surprise occurred as the spacecraft was
traveling outbound. Measurements showed that the magnetic
field was not rotating with the planet but was being swept downstream toward the magnetic tail of the magnetosphere, Smith
said.
"This property was seen well inside the magnetosphere at
large distances from the boundary with the solar wind," Smith
said. "It is, nevertheless, attributed by scientists to a dragging
effect of the solar wind on the magnetosphere."
The third piece of the puzzle leading the Ulysses teams to
this conclusion was the identification of a thick layer just inside
the boundary of the magnetosphere in which solar wind particles and Jovian particles appear to be intermingling, and the
magnetic field is not rotating with the planet
"Scientists interpreted these observations to imply that magnetic field lines are being peeled away from the magnetosphere
by the solar wind," Smith said.
Jupiter's magnetic field, the largest in the solar system, forms
a windsock — the magnetosphere — that is blown by the solar
wind. The magnetosphere is known to vary in size and configuration over time depending on the amount of force exerted on
it by the solar wind. Millions of highly charged particles swirl
and bounce around within this magnetic bubble and many of
them eventually escape into interplanetary space.
Smith published his findings along with Dr. Edgar Page,
European Space Agency (ESA) science coordinator, and ESA
Project Manager Dr. Klaus-Peter Wenzel. Other results of
Ulysses' milestone flight past Jupiter were reported in subsequent articles.
"Jupiter is like a cosmic-ray source spewing these things out
into interplanetary space all the time," said co-author Page. "The
energy probably comes from the planet's rapid rotation every
10 hours." Smith said scientists have made similar observations
of the effects of the solar wind on Earth's magnetosphere.
"At Earth, magnetic fields at high latitudes lead out into
space, magnetic fields on the flanks of the magnetosphere are
pulled tailward and a boundary layer exists adjacent to the solar
wind flowing around the magnetosphere," he said.
"For many years, theorists have believed that the solar wind
was exerting much less influence on the giant, strongly magnetized Jupiter than on the smaller magnetosphere of Earth,"
Smith said. "The latest results do not mean that Jupiter is like
the Earth in all aspects, but theorists aware of the new Ulysses
results are now revising their ideas."
Ulysses is a joint NASA-ESA mission to study the poles of
the Sun and will begin its primary mission in June 1994.
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Report Details Causes of
Tethered Satellite Malfunctions
By Mark Hess, Headquarters, Washington,
D.C. and Jerry Berg, Marshall Space Flight
Center, Huntsville, Alabama
November 6, 1992 — The report of NASA's Tethered Satellite System Investigative Board was released today, presenting
the panel's findings on problems which prevented full deployment of the satellite during Space Shuttle mission STS46.
The 47-page report examined five problems that occurred
during the deployment effort and identified causes for four of
them. It made recommendations for actions to be taken to prevent similar occurrences in the future.
The board said the two snags during deployment and retrieval — when first releasing the satellite from the deployer and
when the satellite was at 735 feet — were due to slack which
developed in the tether at a point where it moves between one
pulley and another - somewhat similar to movie film misfeeding
in a projector.
"The crew found a way to procedurally get around this slack
problem," said Board Chairman Darrell Branscome. "In both
cases the jamming was overcome. By itself, this problem would
not have prevented us from fully deploying the satellite."
NASA previously had reported on August 28 that the cause
of the unplanned stops at 587 and 840 feet was a mechanical
obstruction — a protruding bolt — which prevented part of the
tether reel mechanism from moving across its full range of travel.
"We contacted the bolt when the satellite was out at 587
feet," said Branscome. "What we learned from our ground simulations was that in spite of the bolt obstruction, it was possible
to pull additional tether off the reel, out to 840 feet."
According to the report, the bolt was part of a hardware
change made late in the review process and should have been
caught in the systems engineering review.
"The board made some excellent recommendations in the
report on how to deal with things like late changes to the hardware," said Pearson. "We are going to look carefully at their
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recommendations and apply the lessons learned from this flight
to future missions."
No plausible scenario has been validated by post-flight
demonstration regarding difficulty in retracting one of two umbilicals between the tethered satellite and deployer.
Based on its findings, the board recommended several specific hardware assessments and modifications which should be
made to other elements of the tethered system if NASA decides to refly it.
The board was formed on August 12 by Jeremiah Pearson,
NASA Associate Administrator for Space Flight. The six member board included representatives from various NASA centers
and the Italian Space Agency.


Sunspots
By Ed Cressman
Only three of the 60 stars with 16 lightyears of Earth are
more luminous than the Sun. Of the 56 less luminous than
the Sun, most are so faint — even though they are so close —
they cannot be seen without the aid of a large telescope.
Did you know…
...the mass of the Sun is 330,000 times the mass of Earth?
...there are more stars cooler than the Sun than hotter. 

Spectacular Total Lunar Eclipse
Rising Over Lake St. Clair
•

Metropolitan Beach Metro Park
December 9,1992
•
Arrive about 4:30 p.m.
Maximum Umbral Eclipse about 7:21p.m.
Conclude about 8:00 p.m.
•
Warm-up facilities available
including hot beverages and doughnuts
in the concessions stand
•
Electrical service available
•
Dress warmly
Bring your binoculars and any size telescope
Large telescopes will be available for those without
•
Knowledgeable club members will be present
to help interpret the event
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Gravity Waves...
(Continued from page 1)

electrical signal will be low. If the antenna is not receiving a
signal, there will be no vibration and the phase relationship
will remain constant. The brightness of the fringe may be high
or low or anywhere in between but the output of the photodiode will be a steady DC signal which cannot pass through the
filter and the recorder will register zero. If the antenna receives a signal that vibrates the antenna enough to stretch the
loop of fiber thereby changing the path length of the active
beam by one wavelength (633 nanometers), the brightness will
vary through its maximum range and produce a maximum
signal at the resonant frequency. The signal will be a sine wave
that will pass through the filter and be recorded. On the other
hand, a much fainter signal that changes the path length by
much less than a wavelength will nevertheless produce a variation in brightness that will produce a low-level sine-wave signal
that can be amplified, filtered and recorded.
The sensitivity of the interferometer can be greatly increased by looping the fiber back and forth several times between the pendulums. The strands will stretch in parallel
which increases the frequency but multiplies the sensitivity.
The strands can also be looped over the pulleys in such a way
that they stretch in series which lowers the frequency. A combination of series and parallel reaches intermediate frequencies. Fine tuning is done by varying the tension. A five turn
loop increases the path length tenfold so a signal that vibrates
the antenna 63 nanometers will now produce a maximum
signal and a one nanometer signal will produce a recordable
signal.
One nanometer seems like good sensitivity, but to say
that it doesn't have a chance is a vast understatement of its
actual inability to detect the coalescent gravity waves that others have searched for. If the pendulums are spaced three meters apart, one nanometer represents a 3 x 10-10 change in the
length of the antenna. By contrast, the $200 million LIGO
antenna is designed to detect 10-23 changes in length and
provide sufficient sensitivity to detect three coalescences of
binary neutron stars per year. It will detect them from hundreds of galaxies out to a distance of 650 million light years.
Obviously, an amateur who builds an antenna thirteen orders
of magnitude less sensitive cannot look for an impulsive signal
from external galaxies. That. is why I have built a lowfrequency antenna to look for something else. It is a gamble
that there is a binary neutron star in a nearby region of our
own galaxy and that I
can tune to its orbital
period years before it
coalesces. The steady
signal would be identifiable as a gravity wave
signal without confirmation from another station as is necessary for
the impulsive signal
LIGO will receive. It is
a gamble that I am almost certain to lose, but
that is not as important
as the pleasure and satisfaction I have found in
designing and building
6

my low-frequency instrument. By building an antenna that
will search for a steady low-frequency signal, I can search for
something where no one else has looked before. I will undoubtedly discover that there is nothing there, but the only
way to be sure is to look for it.

G

ravity waves are cutting edge astronomy and theoreticians have done their very best to predict what can be
expected, but their predictions are based on precious little
hard data. Astronomy has been full of surprises that escaped
theoreticians working on the unknown frontiers of science.
Riccardo Giocconi was looking for the predicted x-rays from
the Moon, but he found galactic x-rays and x-ray astronomy
was born - which opened our eyes to a whole new aspect of
the universe. Karl Jansky was measuring familiar atmospheric
noise in 1932 when he discovered cosmic noise. Luck and
serendipity played a pan as did being in the right place at the
right time, but these discoveries happened because someone
looked for something in a new way where others had not
looked before. Jansky searched the right frequencies with
simple experimental equipment in a way that had not been
done before. I was an amateur radio operator in Jansky's
time. We built our own equipment in those days and I know
that some of us could have built Jansky's antenna, but nobody
had predicted cosmic noise, so none of us bothered to look
for it. It was the same with x-rays, but there was one amateur,
Grote Reber, who appreciated the significance of Jansky's
discovery and built the first radio telescope. Seduced by the
conventional wisdom of that time, he built a waveguide and
receiver for a higher frequency where he knew the cosmic
noise would be stronger. It wasn't, so he made a smaller waveguide and pushed the receiver to the limit of those days. Still
no signal! If it won't work, trying harder won't help, so he
turned back on the primrose path of black body radiation
and rolled a huge sheet of galvanized iron into a low frequency waveguide and with a receiver tuned to Jansky's frequency
he discovered the completely unexpected synchrotron radiation sources and a whole new way of looking at the universe.
With his homemade radio telescope he made the first map
of these strange new phenomena.
If history teaches us anything, it is that theoreticians
didn't do too well in making prophesies of what to expect in
the then unfamiliar regions of the electromagnetic spectrum.
Who knows what they
have overlooked in something so new and less well
understood as gravity
waves in the curvature of
spacetime.
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Suggested reading:
Whe eler, John A .

A Journey into Gravity
and Spacetime. Scientific
American Library Series,
W. H. Freeman and
Company, New York,
1990.
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At the Telescope

Open Star Cluster
Sometimes called galactic clusters because they are found
in the concentrated plane of stars around the Milky Way's
equator, the individual stars in open clusters are usually widely separated and easily resolved through telescopes. Generally, open clusters contain from several dozen to several hundred stars in a space of less than 10 parsecs in diameter. A
few open clusters contain more than 1000 stars - notably M67. These stars are not so clumped together as globular clusters, showing a loose or "open" appearance — hence their
name. Open clusters are often associated with interstellar
matter.
There are more than 1000 known open star clusters.
Some of the best known clusters include the Pleiades and
Hyades in Taurus, the double cluster in Perseus and the Praesepe ("Beehive") in Cancer.
Use these star charts to find some open clusters. At right
is a detailed chart showing enough stars to "star-hop" to the
clusters. Inset is a low-scale chart showing the general region
of sky.
Happy viewing
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Warren Astronomical Society Calendar 1992
Sunday Afternoons
Saturday
November 21

8

5:30 p.m.

Thursday

December 3
December 4-5

7:30 p.m.
8:30 p.m.

Saturday

December 9

4:30 p.m.

Thursday

December 17

7:00 p.m.

Thursday

December 23

8:00 p.m.

Solar Group at Ed Cressman's house when the weather is clear.
Star Party at the Hawthorn Hollow Observing Site. Call Jeff Bondono at 731-4706 for details.
General meeting at Cranbrook Institute of Science.
Open House at the 24-inch observatory of Michigan State University
(East Lansing). For further information contact Kim Dyer.
Lunar Eclipse viewing at Metropolitan Beach Metro Park. Bring telescopes, etc. .
Holiday Banquet at the Warren Chateau. Begins with Social Hour.
No Macomb Community College meeting. Reservations are due by
December 3,1992.
Tentative Computer Group meeting. Call Larry to be sure.
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