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Refractors vs. Reflectors: A Brief Optical Analysis

H

By Tom Ryan

ave you ever critically compared the images seen in
both refractors and reflectors? I have, and for years one
thing has puzzled me. A good, well made refractor of six-inch
to eight-inch aperture just blows the doors off any reflector
of equal size. In refractors, the stars are points, with Airy
disks and no diffraction spikes, and the sky is a deep, dark
black (see Figure lA); planetary views are crisp and almost
three dimensional. On the other hand. reflectors often transform star images into small sparkler displays projected onto
a distinctly blue background (see Figure IB). Why, why? Part
of the reason for the brighter background in reflectors is the
light scattered by diffraction from the secondary mirror and
its support vanes. The amount of light scattered by diffraction increases linearly with every inch of edge (two edges for
every vane - the vane's thickness matters not at all). Diffraction scatters light into lines which parallel the vanes and
intersect the stars. An unobstructed reflector, such as a Herschelian or a Schiefspiegler would get rid of those lines. But
where do the rest of those sparkles come from? And why is
the sky so much brighter in reflectors?
F-ratios can account for some of the background differences. Shorter f-ratios make extended objects (like the sky
background) appear brighter. I know, that's why you bought
an f/4.5 scope in the first place - to look at nebulae. But even
at the same f-ratio, backgrounds are still brighter in reflectors than refractors.
Many people, including Roland Christian of AstroPhysics, think that the superior baffling in refractors is responsible for the darker-appearing skies. The baffles are
what keep stray light, either coming in from outside (like the
moon 20 degrees away from what you're observing) or scattered inside the telescope (perhaps from dust on the optics),
from reaching the eyepiece. My own eight-inch f/4.5 reflector is not baffled. and the sky background looks like Detroit
Edison's version of heaven. I can tell when the scope is pointed near a bright star even when the star is not in the field,
just by the light it scatters into the eyepiece. For a comparison of baffling methods for a refractor and a Newtonian reflector, refer to figures 2 and 3.
However, there's another significant contributor to image degradation in reflectors: surface roughness. Fast polishing of an optical surface by a quick polishing agent like cerium oxide can leave the surface lumpy, sort of like a micro-

scopic orange peel.
These bumps are very hard to see when testing a short fratio surface, especially if the source and slit of the foucault
tester are more than 1/8" apart. It is also very difficult to get
the zones at varying radii of a paraboloid perfect when testing with a nonnull set up like this. Nevertheless, these zonal
errors and bumps contribute to image degradation.
I didn't realize how much they contributed until I
learned about the Strehl ratio in ATMJ #1. It is a measure of
how much light is lost to the central Airy disk peak (to reappear elsewhere), compared to a perfect image. It is only valid
for small amounts of aberration, but that's what we're talking about here. The Strehl ratio is given by the formula:
SR = 1- (2 σ / λ.)2
where π = 3.14159…, σ is the root-mean-square error
in the wavefront and λ is the wavelength of the light you're
using (with σ in units of wavelength. this ratio is just [1 - 4π2
σ2). For a perfect system the SR is 1; for a l/8-wave RMS error the SR is 0.38, i.e. almost two-thirds of the light is outside
the Airy disk!
Now, manufacturing errors in the surfaces of optics
(Continued on page 6)
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Send articles to the editor:
Douglas E. Goudie
2420 Alexander
Troy, Michigan 48083-2405
Internet: cl771@cleveland.freenet.edu
Bitnet: cl771%cleveland.freenet.edu@cunyvm
Disclaimer: The articles presented herein represent the
opinions of the their authors and are not necessarily the opinions
of the Warren Astronomical Society or tis editor. The WASP
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Business meeting on third Thursdays:
Macomb Community College
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Warren Michigan
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Mike O’Dowd
4734 Brockham Way
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The WASP is the official monthly publication of the Society. Each new issue of the WASP is made available at the Macomb
meeting on the third Thursday. Non-members will be charged
$1.00 for each new issue. Back issues, when available, are free.
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Articles for inclusion in the WASP are strongly encouraged
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the "Instructions for Authors" box on page 4 of Volume 23, Number 5.

The observatory is owned and operated by the Society.
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.

LIBRARY

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
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
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Subgroup Reports

Computer Chatter
By Larry F. Kalinowski
Last month's meeting of the Computer Group had
the good fortune to have some clear skies after
the meeting. As a result, the members present had
a chance to view the Moon, Saturn, M13, M15,
M27, M39 and M57 through Gary's eight-inch Meade. One
thing we tried with great success was an orange filter
while viewing Saturn. Contrast and sharpness increased
dramatically. The ring's shadow as seen on the planet's
surface became exceptionally distinctive. His observatory
continues to amaze me even thought his sky is limited in
both magnitude and location.
EDS has donated three computers to the Warren Astronomical Society. Two of them are XTs (8088s) and the
third is an AT (80286). The AT will be used as is by Jeff
Bondono and the other two are going to be upgraded by
Walter Wawrzynski and the Computer Group. If anyone
has any hardware from an old computer that they'd like to
donate to our upgrading cause, give Walter or me a call.
We're looking specifically for a 286 or 386 motherboard, a
hard drive bigger than 20 megabytes and video cards for
EGA or VGA operation. If you have an EGA or VGA monitor
(black and white or color) you'd like to write off your income tax, we'd appreciate it. One of the upgraded XTs will
be used in our observatory. The other will probably be a
backup system.
If you're interested in receiving comet reports directly
from David Chandler, the author of Deep Space, there is a
$10 fee for 15 reports. The present editor, Billie, his wife,
will put you on their subscription list for Comet Watch, a
two-page newsletter that usually has orbital elements, and
ephemeris, some background about the discoverer, the
discovery circumstances, a three-dimensional representation of the orbit around perihelion and a laser printed map
showing comet positions for a couple months (with intervals of three days or five days, depending on theorbital
parameters). The address is:
Comet Watch
P.O. Box 309
La Verne, CA 91750
The presentation of comet information is excellent.
The last three passages of MIR that were visible from
Detroit had a lot of people from the Warren Astronomical
Society trying to find it It was spotted on September 24
about 15 minutes before the predicted time. The 25th and
26th were disappointing because it couldn't be found. It
led us to believe the orbit had changed because of corrections created by the Russian cosmonaut(s) on board.
With the completion of the Messier Observer's Guide
approaching, I find myself with an accumulation of constellation charts for the computer, but they're not going to
waste. I'm starting another shareware program for the raw
beginner to astronomy. This one is for learning to identify
the constellations. Kim Dyer is responsible for its origination. He's come to me many times in the past, asking for
November 1993

any programs that would teach constellation identification.
The problem is the really good programs require an adept
computer operator to utilize them. The bad ones have so
little resolution that your eyes get strained looking at the
screen. I hope to solve both problems with my program.
The basis for operation is nearly the same as the Messier
Guide. The program explains how to find the constellations
and identify the main bright guide stars. Version 1.0 will
contain the Zodiacal constellations, other versions will
have more constellations and all will have tips on how to
find them and what to look for when searching the sky.
The Computer Group meetings will change over to my
house for the October 28 meeting. The meetings start at
8:00 p.m. You can reach me at 776-9720 for further information
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NASA SpaceLink

Mission Status Reports
Compton Gamma-Ray Observatory
to Get Orbit Boost
By Paula Cleggett-Haleim, Headquarters,
Washington, D.C. and Michael Finneran,
Goddard Space Flight Center, Greenbelt,
Maryland

October 4, 1993 - NASA's Compton Gamma-Ray Observatory will receive a scheduled boost to a higher orbit
beginning today to prevent the spacecraft from reentering
the Earth's atmosphere.
The observatory will be nudged to the higher orbit in
two phases using computer commands sent to onboard
rocket thrusters from NASA's Goddard Space Flight Center, Greenbelt, Maryland, which manages the spacecraft.
"The reboost is necessary to compensate for orbit
decay, which is the result of solar activity slowly pushing
the satellite toward Earth over a period of time," said Goddard's Tom LaVigna, the former Deputy Project Manager
for the observatory who has retained management responsibility for the reboost. "This was a known occurrence
and was taken into consideration in the design of the observatory."
The first phase of the reboost is scheduled for October 4 to 17;the second from November 22 to December 3,
LaVigna said. The first phase will lift the two-year-old satellite to 280 miles (450 kilometers) at its apogee or highest point in orbit. The second phase will circularize the
orbit by boosting the spacecraft's perigee, or lowest point,
to the same elevation.
As of late September, the spacecraft was 217 miles
(345 kilometers) above the Earth in an orbit that follows
the equator. Below 180 miles (290 kilometers), the satellite could lose the stability required for reboost, LaVigna
said. If the observatory was not reboosted, he said, it
would reach that altitude in late April of 1994.
The October-November reboost will follow an attempt that began June 15 but was terminated the same
day because of a problem with one of the thrusters on the
satellite. NASA officials discovered that the B2 attitude
control thruster was performing well below the other
thrusters on the "B" side of the observatory, making it difficult to properly control the spacecraft. While the B2
thruster performance remains low, it has been taken into
account for the reboost.
"Extensive analysis and simulations have been performed to develop the plan for reboost," LaVigna said.
The observatory has eight attitude control thrusters
and four larger orbit adjust thrusters, with half of each
split between the "A" and "B" sides of the spacecraft. The B
-side attitude control and orbit adjust thrusters will be
used for both phases of the reboost. During the previous
reboost attempt. only the attitude control thrusters were
planned for use.
Science operations on the observatory will be suspended only during the actual reboost operations.
4

The Compton Gamma-Ray Observatory is managed
by Goddard for the Office of Space Science at NASA Headquarters in Washington, D.C. The 17-ton observatory was
launched April 5, 1991,on the Space Shuttle Atlantis and is
the heaviest civilian spacecraft deployed by a shuttle.
The $550-million observatory, a collaboration between the United States, Germany and The Netherlands,
has a mission goal of two to six years and carries four science-gathering instruments. The satellite exceeded its
minimum life in April this year.
The observatory was sent aloft to study the gammaray universe. Gamma rays are the highest energy radiations in the electromagnetic spectrum, created by some of
the most violent events in the Universe, such as the explosion of stars. Gamma rays can be studied effectively only
from space because the Earth's atmosphere prevents them
from reaching the ground.

Galileo

September 30, 1993- A high-resolution picture of
asteroid Ida was successfully played back and was publicly released September 22. The telemetry data rate has
been reduced from40 to 10bits per second owing to increasing distance, but the higher rate will return for a few
months in 1994, when more Ida data will be played back.
Galileo will go into orbit around Jupiter and relay data
from a probe in its atmosphere on December 7, 1995.
Spacecraft condition is excellent, except that the high-gain
antenna is still only partly deployed; the mission team is
planning to use the low-gain antenna for the Jupiter mission. Galileo was launched October 18, 1989, flew by Venus in 1990 and Earth in 1990 and 1992 for gravity assists, and flew by asteroid Gaspra in October 1991and Ida
last month.
October 4, 1993 - The Galileo spacecraft is beginning
a five-day trajectory correction maneuver to aim it directly for Jupiter for the first time in the flight. The maneuver
will entail a total of about 10,000 pulses from the lateral
thrusters to change the velocity by 38.6 meters per second
(about 86 miles per hour), partly increasing the speed and
partly changing the direction.
The maneuver is being performed in five portions,
one each day today through Friday, October 8. The daily
sessions are commanded from the Deep Space Network
station near Canberra, Australia, and are scheduled to take
place over the stations at Goldstone, California and at Canberra.
Galileo is almost 479 million kilometers (297 million
miles) from the Sun, and its speed in orbit is
16.5kilometers per second (nearly 37,000 mph). The
spacecraft has gone about 55 million kilometers since its
encounter with asteroid Ida; there are still 663 million to
go to reach Jupiter. The spacecraft and Earth are more
than 616 million kilometers (383 million miles) apart.
The spacecraft is in dual-spin mode, in which part of
the craft spins at 3.15 rpm and part is fixed in relation to
space; it is transmitting coded telemetry at 10bits per second over the low-gain antenna Galileo's health and performance are excellent.
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Magellan

September 30, 1993 - The spacecraft is now in a
gravity mapping orbit around Venus with altitudes of
197 to 541 kilometers (122 to 336 miles). This orbit was
achieved by aerobraking, an experimental operation carried out between May and August Magellan's condition is
very good, and precision tracking is providing desired
data on the planet's gravitational field. Magellan was
launched May 4, 1989. It radar-mapped more than 98
percent of Venus's surface from September 1990to September 1992,and surveyed parts of the gravitational
field for the next eight months.

Mars Observer

September 27, 1993- Attempts to activate an independent radio system onboard the Mars Observer spacecraft and search for the weak, one-watt signal have been
unsuccessful, but telecommunications engineers at the
Goldstone Deep Space Network tracking facility in Goldstone, California, are continuing the search this week.
The Jodrell Bank radio astronomy facility in England participated in a six-hour search for the Mars Observer signal on Thursday, September 23, because the
facility's antennas are capable of picking up a signal so
weak that it can be masked by background noise from
space.
NASA is continuing that search this week, on September 27 through September 29, using a 70-meter antenna that has been reconfigured to detect the lowwattage beacon. The search occurs daily between 10a.m.
and 5 p.m. Pacific Daylight Time.
The Mars Observer Balloon Relay transmitter is an
independent radio system supplied by the French Centre
National d'Etudes Spatiales (CNES). The system was specifically designed to gather data as the Observer passed
close to Russian instrument packages landed on the Martian surface during a 1995 mission, and relay that data to
a Russian orbiter overhead.
If the beacon were to be detected, it could not be
used in place of the spacecraft's high-gain or low-gain
antennas to restore commanding of Mars Observer. Attempts to turn the beacon on were done only to locate
the spacecraft in space and verify that it is still operating.

The Ulysses spacecraft was built by the European Space Agency and launched October 6,1990.
Orbital data
Data taken at 00:00:00 UTC on 4th October.
Distance from Earth 751,439,637 km.
Velocity relative to the Earth l38,016 km/hr,
Velocity relative to the Sun 45,071 km/hr.
Ecliptic latitude 33.5 deg/south
Heliographic latitude 40.6 deg/south

Voyager 1 and 2

September 30, 1993 - The two Voyager spacecraft are
continuing their interstellar mission, having recently detected
possible evidence of the heliopause, the boundary between the
solar magnetosphere and interstellar space. Voyager
1,launched September 5, 1977, is currently 8 billion kilometers
(5 billion miles) from the Sun after flying by Jupiter and Saturn
in 1979 and 1980. Voyager2, launched August 20, 1977, flew
by Jupiter (1979), Saturn (1981), Uranus (1986) and Neptune
(1989), and is now almost 6.2 billion kilometers (3.9 billion
miles) from the Sun.


TOPEX / Poseidon

September 30, 1993 - The satellite is healthy, and
all scientific instruments are performing normally, The
mission is mapping global sea level changes, reflecting
seasonal warming and cooling and winds. TOPEX / Poseidon was launched August 10,1992.

Ulysses

September 30, 1993 - The spacecraft is in a highly
inclined solar orbit, now more than 40 degrees south
relative to the Sun's equator, following a gravity assist
flyby at Jupiter in February 1992. The spacecraft will
make solar polar passages (about 80 degrees south and
north) in 1994and 1995. Spacecraft condition and performance are excellent, with Ulysses gathering data on
the heliosphere - the realm dominated by the solar wind.
November 1993
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(Continued from page 1)

contribute differing amounts of wavefront errors to the
focusing of the light, depending upon the index of refraction change at the surface. A polishing error that is one
wavelength high on the surface of a glass lens (index of
refraction N = 1.517; for air N = 1.000) changes the wavefront by an amount equal to [σ x (NI N2)]= [1x (1.517 1.000)] ≈ 1/2 wave.
On the other hand, at a reflecting surface, a one wave
surface error becomes [1 x (1- (-1))] = 2 waves, or four
times worse. Since the RMS wavefront error is squared in
the formula for the Strehl ratio, figuring errors on a reflector degrade the star images by a factor 16 times greater
than the same errors on a refractor. The optical designer
James G. Baker has said that reflecting surfaces scatter 15
times more light than refracting surfaces, and now we see
why!
The overall effect can be illustrated by two examples.
Roland Christen made a Houghten-Cassegrain that just
didn't perform like his refractors. When asked why he
thought the images weren't good, when ray tracing suggested that they should be nearly perfect, he replied "too
many surfaces." This scope had four refracting surfaces,
just as in his refractors, but added two additional reflecting
surfaces.

Al Woods, maker of the best imaging reflector I have ever
seen, talked about making the mirrors in his tri-schiefspiegler,
All of the mirrors are very long focus spheres and can easily be

Planetarium Program
Wednesday, November 17,1993
7:00 - 9:00 p.m.

"Eclipse of the Moon in Michigan"
by Frank McCullough

tested to smooth nulls, except for the primary. This required
partial parabolization, according to his ray trace calculations.
Butpartial parabolization is difficult to measure accurately using
Foucault zonal testing and he soon replaced his partially parabolized primary with a spherical one, saying the images were better.
So which is better, a refractor or a reflector? If both are
well-made, well-baffled and unobstructed, then neither one is
better. But in the real world - where toast falls butter side down
and we compromise on the jobs we have because, well, a compromise is better than nothing - for perfect images you choose a
refractor or you spend a LOT of time making your mirrors perfect
At the 1992 Astrofest, I was looking through the AstroPhysics refractors, as usual, and admiring the perfect images.
Using one of the new six-inch models, I examined the area
around the double-double star in Lyra. The doubles themselves
were clearly separated. Airy disks surrounded all the stars, the
sky was as black as soot and faint points of light rose out of the
darkness, clear and sharp as pinpoints. I was sure that those
points would be invisible in my eight-inch reflector. I memorized the star pattern and then wandered over to an idle 17-inch
reflector, mentally calculating how many years of saving would
be required before one of those refractors was mine. I swung
the 17-inch over to the double-double and reexamined the star
field. The sky was blue and the stars were sparklers, but I could
drive a truck between the doubles and the stars formerly on the
edge of perception now blazed out brightly, surrounded by even
fainter stars. What's more, I could afford the 17-inch now. So,
in the real world.... '*


Note: This article is reprinted by permission from Reflections
(December 1992), the newsletter of the University Lowbrow
Astronomers. Line drawings are from Telescope Optics Evaluation and Design by Rutten and van Venrooij, published by Willmann-Bell. Thanks to Tom Ryan, author; Stuart Cohen, University Lowbrows President; and to our own Mike O'Dowd for
contacting Reflections and securing reprint permission.

Information sheets will be available for the upcoming total eclipse of the Moon on November 28 and
29. The next total eclipse will not be seen in Michigan until 1998 and again in the year 2000. You will
be shown how a lunar eclipse happens and why it
can be one of nature's most beautiful celestial
shows!
$5.00 ($4.00 for WAS members)
Vollbrecht Planetarium, Adler Elementary School,
19100 Filmore Road, Southfield, Michigan
(313) 746-8700
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At the Telescope

Autumn Objects
By Marty Kunz

M31 The Andromeda galaxy is an easy object to locate in a
finder scope.
M32, M110 These two companions to M31 can be found by
scanning closely to the core of M31 in a widefield eyepiece.
M15 A bright globular cluster just off the star Enif. It is near
a dim star and can be seen in a finder.
M76 A challenging planetary.
M74 One of the most difficult Messier objects.
Zeta Aquarii 4.4 and 4.6 magnitude double in the center of
the "Y" asterism with a 2-second separation.
Alpha Piscium 4.3 and 5.2 magnitude double with a 2.1second separation. Can you find the brightest star in
Pisces?
Lambda Cassiopeia 5.5 and 5.8 magnitude double with a
O.5-second separation. Can anyone split this one? 
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Warren Astronomical Society Calendar 1993
Sunday Afternoons
Thursday
Thursday
Thursday

October 28
November 4
November 18
November 19-20

Thursday

November 19

Thursday

Dec 16
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8:00 p.m.
7:30 p.m.
7:30 p.m.
8:30 p.m.

7:00 p.m.

Solar Group meeting at Ed Cressman's house when the
weather is clear.
Computer Group meeting at Larry Kalinowski's house.
General meeting at Cranbrook Institute of Science.
Business meeting at Macomb Community College.
Open House at the 24-inch observatory of MSU, E. Lansing. For further information, contact Kim Dyer.
Thanksgiving. Call Larry Kalinowski to determine when
(and if) the Computer Group will meet.
Holiday Awards Banquet at the Warren Chateau. Begins with Social Hour. No Macomb Community College
meeting.
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