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1kScience & Technology

Astronomers must move
observatories into space

Jim Everett reviews the technological frontiers facing astronomy
and astrophysics, from 1,000-meter radiowaves to the finest

gamma rays.

Lyndon LaRouche’s proposal to establish a large scientific
colony on Mars during the 2020s and 2030s conjures up the
prospect of large-scale astrophysical undertakings—such as
his suggestion of a “lens with an aperture on the scale of the

Mars orbit.” (Fusion, November-December 1986.) While

space scientists and astrophysicists have tended to trim their
imaginations to fit their threadbare budgets, the frontiers they
are facing even today point the way to more majestic under-
takings. Earth’s atmosphere is the principal frontier that is
now being conquered.

The Earth’s atmosphere, precisely because it is protective
of life, is a hindrance to understanding the universe that lies
beyond. The ozone layer shields ultraviolet radiation from
both the delicate chemistry of living organisms and the as-
tronomer’s probing telescope.

Our increasing ability to move both man and machine
above the atmosphere is the first sure step toward ushering in
the golden age of astronomy. Probably the greatest part of
astronomy—in terms of man-hours—will continue to be
practiced from the surface of Earth for some time to come.
The advent of computerized detection devices and innovative
arrays of mirrors has lengthened and sharpened the view of
ground-based telescopes enormously. But, from the ground,
we are near our theoretical limits in visible light; in both the
high and low-energy portions of the spectrum, the sky is a
nearly opaque screen (see Figure 1).

In the solar system, the advantages of observing from
space are obvious. The Vikings and the Voyagers have in-
creased our planetary knowledge far more than it had ad-
vanced in the previous two millennia. Simply being able to
see the planets and their moons clearly and at close range has
revolutionized planetary astronomy. This ability to place
telescopes in orbit is revolutionizing all branches of astron-
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omy. Of all the sciences, astronomy is least able to perform
experiments on its subject, relying instead on technological
improvements in observation to furnish fresh constraints and
problems for theory.

Consider infrared astronomy: This part of the electro-
magnetic spectrum is responsible for our sensation of heat.
All objects about us, including the air and even the telescopes
themselves, emit radiation in these wavelengths. How do
you look at the infrared emission of a star from the Earth? In
visible light, this would be like looking at the stars in the
daytime with a telescope that has been painted with phospho-
rescent paint! Using a few natural “windows” and some very
advanced technology, infrared astronomers have to a signif-
icant degree overcome their blindness. Imagine, though,
seeing in the infrared far above the warm Earth. The Infrared
Satellite did this for 10 months in 1983, producing the first
complete map of the sky in infrared radiation. Astronomers
are still poring over these maps, making new discoveries.

The x-ray barrier was broken in 1978 with the launch of
the Einstein X-Ray Observatory. For two-and-a-half years,
it mapped the high-energy universe. Perhaps its most exciting
discovery was the existence of a uniform x-ray background
radiation, which apparently is generated beyond our galaxy.
It is as if intergalactic space were illuminated by a 400-
million-degree plasma. Einstein shut down when it ran out
of the gas needed to keep it oriented in space. Two orbiting
gamma-ray telescopes were also launched in the 1970s, the
American SAS-2 and the European Space Agency’s COS-B.
These discovered some of the sources of gamma rays, the
most energetic of photons.

All of these pioneer space telescopes are now shut down,
some on schedule, some by malfunction. The last active solar
system mission is Voyager 2. The Uranus encounter of last

EIR April 17, 1987

© 1987 EIR News Service Inc. All Rights Reserved. Reproduction in whole or in part without permission strictly prohibited.


http://www.larouchepub.com/eiw/public/1987/eirv14n16-19870417/index.html

year and the hoped-for Neptune rendezvous in 1989 are sci-
entific bonuses; the Voyager craft were designed only to work
as far as Saturn. After 1989, the entire fleet of space explorers
designed in the 1970s will be dead.

The design for the next generation of space-based tele-
scopes is now complete. The Hubble Space Telescope, de-
signed for optical light, is ready for launch now, awaiting the
first available Space Shuttle sometime next year. The Gam-
ma-Ray Observatory is also nearly ready for launch. Other
missions still in the design stage include the Advanced X-
Ray Astrophysics Facility, the Extreme Ultraviolet Explorer,
the Space Infrared Telescope Facility, Quasat (for Quasar
Satellite, a radio telescope), and several smaller instruments
that will operate on Spacelab missions.

Except for the Space Telescope and the Gamma-Ray
Observatory, none of these other missions have anything like
a firm launch date, causing a wave of pessimism to ripple
through the astrophysics community. As budgetary commit-
ments become harder to obtain, a difficulty arises in attracting
the best scientists to these projects. Even in the relatively
productive 1960s and 1970s, the time from conception to
launch of a major space probe was from 10 to 15 years. That
time is now even longer. Many of the scientists involved in
the earlier missions will nolonger be active during the 1990s
when many of the planned missions are very tentatively
scheduled for launch. How can young scientists be attracted,
in the peak of their creative years, to the full-time job of
planning and organizing a venture that will not make any
scientific returns for 15 or 20 years?

NASA has wisely balanced the parallel needs of pure
science with our task of learning how to live and work in
space. To astrophysicists, manned missions often seem an
expensive way to accomplish what an unmanned mission
could do better. They are increasingly expressing resentment
at the proportion of the NASA budget going to the Shuttle,
for instance. Given the relatively low cost of unmanned mis-
sions, especially with state-of-the-art technology, astrophys-
icists might be better advised to increase educational efforts
directed at Congress and the public in general. Few in the
general public realize why money should be spent to place
telescopes in orbit. Overall funding must be increased, rather
than have programs vital to national progress in competition
over a shrinking pie. The two programs are, after all, com-
plementary. The manned program will sustain automated
space telescopes by enabling them to be repaired.

To deepen and intensify the debate over space-based tele-
scopes, the problems of observing from Earth’s surface in
each part of the electromagnetic spectrum are summarized
below. All electromagnetic radiation obeys the same laws of
optics, although the extreme differences in wavelength, from

1,000 meters down to .00001 nanometers, require radically
different modes of detection.

The two limiting factors in any particular detector are
intensity detectability and time and spatial resolution. Inten-
sity is optimized by increasing the surface area of the tele-
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FIGURE 1
Visual capability of exo-atmospheric
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The atmosphere is transparent only for radio and visible wave-
lengths. Even for these wavelengths, there are great advantages
in moving the telescopes into space.

FIGURE 2
How two point sources appear through
any aperture

Most of the light from each point source is contained in the
small central area called the Airy disc, after George Airy who
first solved the wave equations in 1835. This disc will be sur-
rounded by concentric circles of interference patterns at a dis-
tances of (1.22 x \)/d, (2.233 x N)Ad, (3.238 X N, . . .
where \ is the wavelength of light being imaged, and d is the
diameter of the aperture. Successive circles are less and less
bright. Hence, if d is made increasingly large, the concentric
circles become smaller, converging on the central point. An in-
finitely large aperture allows a point source to be imaged as a
perfect point. Resolution is thus limited by the aperture of the
telescope.
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scope, which in principle has no fixed limit. Resolution is
determined by the interaction of light with the aperture of a
telescope. Light is diffracted when it passes through a lens or
is reflected by a mirror, spreading spherically outward. The
resolution of the resulting image will be limited by the inter-
ference patterns created by the multiple waves created in
different parts of the aperture. The result is that resolution is
limited by the size of a telescope’s aperture, whether lens,
mirror, or dish (see Figure 2). Although no limit exists in
principle for the aperture size, with shorter wavelengths the
technological barriers are severe, involving configuring a
large surface to within about 1/100th of a wavelength. What
are the current technological limitations to increasing inten-
sity and resolution in each of the major segments of the
electromagnetic spectrum?

Radio—1,000 meters to 1 millimeter

The radio portion of the spectrum is usually defined as
extending from 1 millimeter to the far end of the spectrum,
although the longest wavelengths are currently inaccessible
because they are reflected back into space by the Earth’s
ionosphere. Except for possibly the shortest wavelengths,
radio waves are usually of non-thermal origin, being gener-
ated either as synchrotron radiation in magnetic fields of stars
or the galaxy as a whole, or the result of certain atomic and
molecular transitions. These latter include the important ra-
dio emission of hydrogen gas at 21 centimeters wavelength
that makes possible the identification of the spiral arms of
our own galaxy (see Figures 3 and 4).

The progress of radio astronomy has been more closely
linked to the development of the computer than other types

FIGURE 3

Mapping our spiral galaxy
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(a) U.S. Naval Observatory; (b) Yvonne Georgelin; (c) NRAO
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We live in a spiral galaxy somewhat like NGC 5985 shown in
(a). Until radio telescopes mapped the hydrogen gas concentra-
tions in our own galaxy (b), we had no way of detecting its spi-
ral arms. GC = galactic center; S =Sun. Triangles and squares
are hydrogen concentrations visible at radio wavelengths. Cir-
cles are those visible at optical wavelengths. Overall diameter
is 100,000 light-years. Shown in (c) is the Very Large Array in
the Plain of St. Augustine near Socorro, N.M., a radio tele-
scope operated by the National Radio Astronomy Observatory.
It arranges 27 identical dishes in a Y-shaped configuration.
Each arm is about 12 miles long.
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of astronomy. This is because of the difficulties in imaging
very long wavelengths with high resolution. A comparison
of the 200-inch Mt. Palomar optical telescope with the 300-
foot radio dish at Green Bank, West Virginia, illustrates the
point. In blue-green light, the optical telescope has a theoret-
ical resolution of .025 arc seconds, while the radio tele-
scope’s resolution is only 5 arc minutes when observing at
10 cm. The human eye, with a resolution of 1-2 arc minutes,
is much better than the 300-foot radio telescope. The early,
postwar radio telescopes could only paint the radio sky with
a very broad brush.

Since Michelson’s interferometer experiments at the turn
of the century, astronomers have known of the possibility of
using two or more separate apertures to increase the effective
aperture and therefore the resolution of a telescope. In the
1950s, the first radio telescope arrays were built. A number
of technological problems limited the success of these ef-
forts. First, the telescopes had to be directly linked so that
the electric pulses generated by the radio waves could be
brought together to form interference patterns. Second, the
resulting interference patterns could get extremely difficult
to interpret.

As computers became available, these problems began to
diminish. By the 1960s atechnique called very-long-baseline
interferometry (VLBI) was used to link telescopes over 100
km apart, allowing for a resolution of .05 arc seconds. In
1967, the technique was perfected by digitizing the data at
each telescope and storing it along with the “ticks” from
atomic clocks, then combining it later with the help of a
special computer called a correlator. The Canadians who first
developed this approach achieved a resolution of .02 arc
seconds observing 3C 273B, a distant quasar.

VLBI is limited because a few widely separated tele-
scopes cannot “fill in” the entire synthetic aperture. Three
radio dishes in a straight line will not produce a correct two-
dimensional image. The Very Large Array (VLA), in New
Mexico, successfully addresses this problem, producing ra-
dio maps with very little geometrical distortion and with a
resolution of 0.13 arc seconds at 2 centimeters, which is 10
times better than any Earth-based optical telescope, operating
with conventional imaging techniques. It does this by directly
connecting a Y-shaped array of 27 radio telescopes, each
with an aperture of 25 meters. The entire array has the per-
formance of a single collector 27 km in diameter. The optics
of the VLA are far in advance of its computing power. It is
in urgent need of supercomputing capability, especially in
the area of spectral analysis.

The next big step in radio astronomy will be the Very
Long Baseline Array (VLBA), due to be completed in the
mid-1990s, which will have ten 25-meter telescopes distrib-
uted from Hawaii to the Atlantic Coast. This system, espe-
cially when operated with a Canadian VLBA and with the
VLA, will combine high resolution with a good “brightness”
because of the density of the network. According to Mark
Gordon of the National Radio Astronomy Observatory, it
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FIGURE 4
Composite image of a supernova remnant
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This image of a supernova remnant, a shell of expanding gas
known as Cassiopeia A, is a composite of x-ray, visible light,
and radio images. The shell is discernible thanks to the x-ray
and radio contributions.

“will be able to make radio maps showing features only 200
millionths of an arc second across—the thickness of a nickel
seen at a distance of 2,000 miles!”

NASA and ESA are in the early stages of planning a
space-based radio observatory called Quasat, a single 10-15
m radio telescope in Earth orbit (see Figure 5). Quasat will
be linked with the VLBA and VLA on Earth for interfero-
metry—that is, two-dimensional imaging. Because Quasat
will be placed in a precessing elliptical orbit, the satellite’s
path will constantly be shifting within the same plane, thus
filling in the aperture and thereby increasing the field of view.
The typical mode of operation will be to observe some source
for a period of one orbit, then repeat the observation at a later
time in the precession cycle, all the while integrating the
results in a computer. Resolution is expected to be around
0.0001 arc seconds. Quasat will be able to work in the south-
em hemisphere also, where there is currently little radio
observing capability.

The Soviet Union has approved funding for Radio As-
tron, which will be similar in design to Quasat. The Soviets
are actively seeking Western technological cooperation. Many
Western scientists are eager to accept, since the projected
launch will be years ahead of Quasat, which has not yet been
approved for funding.

Infrared—1 millimeter to 700 nanometers
Infrared wavelengths are commonly measured in mi-

crons, 1/1,000th of a millimeter. Thus the infrared spectrum

stretches from 1,000 microns (1 mm) down to 0.7 microns.
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FIGURE 5

High-resolution radio interferometry from space

.

The infrared spectrum is itself subdivided into five sections,
based primarily on the different conditions for detection (see
Figure 6).

Submillimeter—1,000 to 300 microns

The submillimeter band combines techniques from both
infrared and radio astronomy. Submillimeter radiation is
emitted by a number of molecules, such as carbon monoxide,
hydrogen cyanide, and sulfur dioxide. One of the major tasks
of submillimeter astronomy is to map the distribution of these
molecules, since they are a valuable tracer to large neutral
hydrogen clouds, which are themselves difficult to observe
directly.

The same molecules that emitted submillimeter radiation
deep in space are also present in the atmosphere, so the
atmosphere is a strong absorber. A few windows do exist,
however, that permit a certain percentage of the radiation to
reach the surface. Placing telescopes high on mountain tops,
above most atmospheric water vapor, greatly improves their
performance. A number of 10- to 15-meter telescopes are
under construction at the present time. The current leaders
are the Franco-German IRAM team, who are building three
15-meter telescopes in an array near Grenoble, France.

The surfaces of submillimeter telescopes must be more
precisely configured than in radio astronomy. To achieve a
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Artist’s conception of
Quasat, a radio telescope
proposed by NASA and
the European Space
Agency to be based in
Earth orbit and linked to
ground-based radio tele-
scopes. The image of a
distant object (lower
right) is made up of con-
tours of equal intensity of
radio emission.

sharp focus the surface should be around 1/20th of a wave-
length (0.01 mm). Like all infrared telescopes, the next great
leap in performance will be with space-based instruments,
primarily to get above the absorption layers of the atmo-
sphere.

Far infrared—300 to 40 microns

Far infrared radiation is very strongly absorbed by the
atmosphere; there are no windows at all in this region. In past
years the only observations were with balloon-bore instru-
ments and with the Kuiper Airborne Observatory, a NASA
operated 0.9 m telescope flown in a C141 transport. This
wavelength opened up dramatically in 1983 with the launch
of the IRAS satellite. Until the launching of IRAS, the cata-
logue of far infrared objects contained just 2,000 items. It
now has a third of a million. The 0.6 m telescope was shielded
from solar heating by 70 kg of liquid helium, which kept the
instrument at 16 K and the solid state detector at 2 K. The
low temperatures were required to keep the instrument itself
from emitting the radiation it was supposed to be gathering.

Middle infrared—40 to 4 microns

There are several atmospheric windows in the middle
infrared, but since matter at 273 K (0° C) emits thermal
radiation in this wavelength range, the sky and even the
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FIGURE 6
Infrared telescope assembly for SIRTF

are strong sources of middle infrared.

Computer technology provides a method of subtracting
out this background noise. Called “nodding,” the telescope
quickly shifts back and forth between the point source of light
being observed and an empty patch of sky. The computer
then subtracts the radiation detected in the “empty” frame
from the star frame. New advances now permit extended
images to be photographed directly, using CCD imaging with
abismuth-doped silicon chip with 1,024 pixels.

Near infrared—4 to 1.1 microns

Near infrared is not scattered by the atmosphere and there
are a number of observing windows. Since it is not scattered,
even daytime observation is possible and some of the largest
optical telescopes are routinely used in the daytime “off hours”
for near infrared work. The biggest technological challenge
is detection of the radiation. Currently the best detectors are
made of indium antimonide, which varies in electrical con-
ductivity when struck by near infrared, much as a light meter

GLOSSARY

Arc second. Angular measure of the heavens. Sixty seconds of
arc make one arc minute. Sixty arc minutes make one degree of
angular measure.

Nanometer. One-billionth of a meter.

CCD. Charge-coupled device. An electronic device used instead
of photographic film. The number of photons striking each square
(“pixel”) of a very fine grid is recorded. Used for very faint light sources.
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Engineer’s depiction of
the infrared telescope as-
sembly, the major part of
the Shuttle Infrared Tele-
scope Facility (SIRTF).
The telescope and detec-
tion instruments will be
cooled to near absolute-

& zero by superfluid he-
lium.

does with visible light. This detector must be chilled to
50° K. The brightest objects in the near infrared are the late-
type giants, such as Betelgeuse and Antares.

Photographic infrared—1.1 to 0.7 microns

This is the shortest infrared wavelength and it behaves in
every way like visible light. The human eye does not respond
to this wavelength, but photographic emulsions are recep-
tive. Charge-coupled device detectors are extremely efficient
in the photographic infrared.

Visible light—700 to 300 nm

The atmosphere is transparent to visible light, but visible
light telescopes on Earth still cannot reach the theoretical
limits of resolution and light capture. The 200-inch Palomar
telescope has a theoretical resolution of 0.02 arc seconds, but
in practice the very best attainable resolution is only 0.2 arc
seconds and for long exposures not better than 1.0 arc sec-
onds. By comparison, the theoretical resolution of a 6-inch
amateur telescope is 1.0 arc seconds. The degradation in
resolution is caused by atmospheric turbulence. This turbu-
lence is worse in the lower atmosphere, so the newest tele-
scopes are being constructed on remote mountain tops, such
as Mauna Kea in Hawaii.

Light capture has increased almost two orders of magni-
tude in the last decade, due to advances in detector technol-
ogy. At the time the 200-inch was built, photographic emul-
sion had an efficiency of 1/300, capturing 1 photon of every
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FIGURE 7

Peering ‘far out into space and far back in time’

Scheduled for launch on the Shuttle in 1988, the Hubble Space
Telescope will be able to see stars and galaxies 50 times dim-
mer than those visible from Earth, with only a 2 .4-meter mir-
ror.

300. That has now been improved to 1/30. By contrast, CCD
detectors have an efficiency of 3/4. A 13-inch amateur reflec-
tor, if coupled to a CCD, would have greater effective light-
gathering power than the 200-inch when it was used with the
old photographic emulsions!

Now that nearly all the light-gathering power of modern
telescopes is being utilized, the push is on for larger aperture
inssruments, using multiple mirrors or adaptive optics (see
below) or both. The University of Texas is planning a
7.6 m (300-inch) reflector and the University of California is
working on a 10-meter reflector made up of 36 smaller hex-
agonal segments. Another approach is to make a number of
separate telescopes share the same focus. The Multiple Mir-
ror Telescope at Mt. Hopkins, Arizona uses this principle.
Its six 1.8 m mirrors give an effective aperture of 4.5 m,
which makes it the world’s third-largest telescope. The de-
signers of the Multiple Mirror are working on a larger ver-
sion, the National New Technology Telescope, one with
eight mirrors of 5 m, creating in effect a 14 m telescope.

While there is no theoretical limit to light-gathering pow-
er, the problem of increased resolution is more difficult. For
Earth-based telescopes the answer is to use a combination of
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computer processing of images created by CCDs or some
other electronic detector, and adaptive optics. Computer pro-
cessing is now being used extensively. Images are stored
digitally, either by digitizing a photograph with a densitom-
eter or by imaging with a CCD, which is inherently digital.
Current CCDs have 64,000 pixels. Each pixel counts incom-
ing photons. The detector is frequently read and the number
associated with each pixel is saved. At a later time, the image
can be created and manipulated in any number of ways. One
of the most popular ways is to assign false colors to different
intensities and then display the color image on a color video
monitor.

The adaptive optics approach to increased resolution is
still in its infancy. The basic idea is to continuously monitor
the variations in direction of incoming radiation and then
either physically adjust the optical surfaces to keep the image
close to the theoretical limit and/or use computer processing
to correct for distortions. The physical approach will be used
on the European Southern Observatory’s New Technology
Telescope. The NTT telescope, due for completion in 1988,
will continuously monitor the image quality and correct the
mirror surface with 75 actuators that apply pressure to the
undersurface of the mirror. The multiple mirror designs use
a similar technology.

The only direct way to allow a telescope to perform at its
theoretical limits of resolution is to move it into space. The
2.4 m Hubble Space Telescope (HST) will have a resolution
of 0.06 arc seconds, more than an order of magnitude better
than any ground-based telescope. While only the 15th largest
telescope, it will nonetheless be able to see dimmer objects
than any other, because its images will not be fogged by
airglow. The HST will be able to see stars and galaxies 50
times dimmer than those visible from Earth (see Figure 7).

Future space-based telescopes will be actually built in
space. Twenty- to thirty-meter mirrors are already being talked
about, to be built in segments and assembled in space or to
be built entirely in space. One proposal is to blow a large
bubble of viscous liquid, attach it to some support and let it
set with solar heat or ultraviolet radiation. The bubble would
be aluminized and cut in half to make two mirrors. The
bubble might also be left whole and filled with a low pressure
gas to form a lens. It might have an aperture of 100 meters
and a focal length of 100 million meters.

Ultraviolet—320 to 10 nm

Although 400 nm is the cutoff point where the eye no
longer perceives the blue end of the spectrum, the real starting
point for satellite ultraviolet astronomy is 320 nm, where the
ozone layer begins to absorb strongly. For this reason UV
astronomy is mainly space-based. The 0.8-meter Copernicus
UV telescope was launched in 1972 and operated for nine
years. It was joined by the International Ultraviolet Explorer
(IUE) in 1978. Although smaller in aperture than the Coper-
nicus, the IUE incorporated more efficient detectors, allow-
ing it to see fainter objects
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FIGURE 8
The heart of the Advanced X-Ray Astrophysics Facility

State-of-the-art UV detectors use microchannel plates.
Thousands of 1 mm glass tubes are arranged in a parallel
array. An incoming UV photon enters one of the tubes,
knocking loose an electron. This electron travels only a short
distance before hitting the channel wall, releasing a few more
electrons. A voltage difference guides the growing electron
shower down toward a phosphorescent screen, where they
cause the screen to glow at a small point. The screen is then
photographed from behind. A newer version digitizes the
output directly by attaching a resistive anode below the chan-
nels. The overall gain in output is on the order of 100,000
electrons for each UV photon.

The majority of UV sources are thermal, such as the
photospheres of extremely hot stars (10,000-100,000° K).
The corona and chromosphere of the Sun, and presumably of
most other stars, are strong UV emitters, being at a temper-
ature over 1,000,000° K. UV telescopes are most often used
not for imaging, but for spectral studies, since carbon and
nitrogen in particular are best observed in UV. Some of the
most interesting work is in detecting heavy elements in novas
and supemovas.

The Space Telescope, because it has a precision mirror
that can work at wavelengths down to 115 nm, will provide
the next technological advance in UV detection. For the
extreme ultraviolet (EUV), the United States has designed
the EUV Explorer, and Britain also has an extreme ultraviolet
telescope that will be launched with a German x-ray tele-
scope.

X-ray—10 to .01 nm

The well-known penetrating property of x-rays rules out
all the telescope shapes used in longer wavelength astrono-
my. The typical x-ray wavelength is of the same order of
magnitude as the atoms that make up a focusing surface, so
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Incoming x-rays are re-
ceived and reflected at a
grazing incidence by six
nested pairs of cylindri-
cal mirrors, and brought
to focus at a distance of
10 meters.

most x-rays will just pass through or interact with the mirror
surface. On the other hand, even though they are penetrating,
x-rays do not penetrate very far into the atmosphere, so x-ray
astronomy must be space-based.

The earliest x-ray telescopes did not attempt to focus
x-rays. They were simply proportional counters, similar to
Geiger counters. Incoming x-rays pass into a gas-filled cham-
ber, ionizing some of the gas atoms. Two grids with a high-
voltage differential would then guide the liberated electrons
toward one of the grids. Because of the high energies in-
volved, 30 initial electrons might generate 300,000 free elec-
trons by the time they reached the second grid. The induced
current at the detector grid would then be measured for both
strength and impact position. A collimating grid placed over
the front of the proportional counter limits the field of view
to about one degree; beyond this crude masking, there is no
way to resolve an x-ray source with this type of detector.

A new type of reflecting telescope was designed by an
American team led by Riccardo Giacconi. Using a geometry
first developed by a German, Hans Wolter, this telescope
works by focusing x-rays using a grazing incidence angle.
The overall shape is basically cylindrical, with the upper and
lower portions of the walls shaped slightly differently. An
incoming x-ray hits a reflector of parabolic shape at a very
shallow angle and is then reflected down to a hyperbolic
surface that further reflects the x-ray down to a focal point.
By nesting several of these cylinders, enough x-rays can be
gathered at the focus to create an image. Even so, the effi-
ciency is only a few percent (see Figure 8).

The Einstein Observatory, which used this design, had
several interchangeable detectors at the focus. Two were
spectrometers and two were imagers. The Imaging Propor-
tional Counter had a wide one degree field of view with a
resolution of 1 arc minute. Objects of interest that required
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greater resolution were examined with the High Resolution
Imager (HRI), which had only a 25-arc-minute field of view
and a resolution of 2 arc seconds, comparable to visible light
telescopes. The HRI combined two microchannel plates,
which generated 10 million electrons per x-ray, with two fine
grids.

The next x-ray satellite is being built by the Germans and
will have a threefold increase in sensitivity over the Einstein.
NASA plans to launch the Advanced X-Ray Astrophysics
Facility (AXAF) by the mid-1990s, which will be five times
more powerful than the German instrument.

Tuthill’s Astro Video
Instructional Tapes

First in a series of detailed astronomical instruc-
tional video tapes by this noted advanced ama-
teur astronomer with 28 years of experience.
These are detailed, easily understood video tapes
which tell you how to get the most out of your
scope so that the hobby gives you less hassle and
more fun. The perfect gift for your resident astron-
omer. Designed for your home VCR, they show
the beginner, as well as the more advanced ama-
teur, how to quickly become an expert in the use
of Schmidt-Cassegrain Scopes. Some of the sub-
jects covered are: short cuts in set up, how to un-
derstand and use setting circles, how to quickly
and accurately align with either pole, straight talk
about eyepieces and hints on advanced astropho-
tography. The sequence on optical collimation
alone is worth the price. Two tapes now avail-
able: #1 Basic SCT operation — $49., #2 Ad-
vanced SCT astrophotography — $49. Get both
for only $80 and Save $18. Both tapes FREE with
each SCT scope we sell!
These video tapes may also be rented
for as low as $19 each.

Send a large (9" x 12" 3 0z.) MANILA Self-Addressed Stamped En-
velope for our complete information Kit including “Tuthill's Twenty-Two
Telescope Tips” and the “Special Tuthill Maintenance Instructions for
scopes and information on the NEW STAR TRAP POWER MODULE
#1 for other scopes.”

TOLL-FREE 1-800-223-1063

Telephone: (201) 232-1786

11 Tanglewood Lane, Box 1086 El,
Mountainside, NJ 07092

ROGER W. TUTHILL, INC.

The principal x-ray objects of investigation are the coro-
nas around stars, interacting binary stars (most notably the
suspected “black hole” candidates), and intergalactic clouds
of gas.

Gamma rays—.01 to 0.000000001nm

All of the constraints of x-ray astronomy also hold for
gamma-ray astronomy, only more so. No type of focusing
telescope has been conceived of at present. The COS-B tele-
scope, launched in 1975 by the Europeans, had a resolution
of only two degrees, four times the apparent diameter of the
full Moon.

Gamma-ray detectors do not directly detect gamma rays;
rather, they depend on our understanding of the interaction
of gamma rays with matter and, in that respect, are closer to
the instruments used in particle physics experiments. The
COS-B detector was a series of spark chambers, interleaved
with layers of tungsten. Gamma rays with a wavelength shorter
than .001 nm have an energy greater than the mass of an
electron-positron pair. If a gamma ray in this energy range
passes close to the nucleus of a heavy element, such as tung-
sten, it will generate pair formation. The spark chambers
record their passing through the instrument and a scintillation
detector at the bottom stops them and records their total
energies. The path of the original gamma ray can be inferred
by averaging the paths of the positron and the electron through

TIRED OF TENNIS?
HAS GOLF GROWN BORING?

Why not look into the modern hobby—amateur astronomy?
This is something that will take you into the future. Don’t be
left behind. This hobby is exciting, easy to learn and one of
the few things the whole family can enjoy together.

A modest investment will provide years of enjoyment. We
specialize in helping the beginner avoid mistakes. If you call
us on our TOLL FREE (1-800-223-1063) you will talk to
astronomers who love astronomy and not to clerks who just
want to sell you something. Our 28 years experience making
telescopes and grinding mirrors makes us unique in this field.

We would love to introduce you to the wonders of the
universe. Have your secretary send us a large self-addressed
stamped-envelope (8" X 11") for all our FREE literature.

DON'T WAIT—DO IT NOW WHILE YOU THINK ABOUT IT

ROGER W. TUTHILL, INC. ® BX 1086EI
MOUNTAINSIDE, NJ 07092
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the spark chambers, and thus the position of the gamma-ray
source can be roughly calculated.

Not only is resolution poor, but the intensity is also a
problem. A bright source such as the Crab Nebula will be
detected at a rate of 2 or 3 photons an hour, while a weak
source might generate only one photon-capture a day.

Thus far, the only known way to radically increase the
“aperture” of a gamma-ray telescope is to use the entire
atmosphere of the Earth as a detector. Incoming gamma rays
produce flashes of light at particular wavelengths and optical
telecopes can be used to collect and count these events. Since
the telescope is only being used as a light bucket, the surfaces

do not have to be very precise. In India, in fact, a group at
the Tata Institute is using army surplus search light reflectors
in a large array for this type of high-energy gamma-ray de-
tection. The highest energy gamma-ray ever detected using
this technique had a wavelength of only 0.000000001 nm!

The dedication of national resources to pushing back the
frontiers of knowledge makes our nation worth defending. In
that sense, conquest of the astrophysical frontiers is more
fundamental than national defense itself. The people of the
United States continue to cherish that frontier impulse, even
while their representatives in Congress seem to have sup-
pressed it within themselves.

MEADE 2080/LX3 w/MCSO $1699 MEADE 2080/GEM and 2120/GEM

#712 Dew shield (8") and accessory tray ($140 list) add $89 52195

MEADE 2120/LX3 w/MCSO $2590
Accessory shelf for field tripod ($40 list)

#710 dew shield (10") Essential! ($140 list) .

#36 dual-axis drive corrector control box (5150 llsl) $99
#38 declination motor & clutch ($150 list) $99
LUMICON Giant EASY-GUIDER/Rich-Field viewer for
1/4-1h0 operation (state camera) $395

Schmidt-Cassegrain Optics on German Equatorial Mount

~ 2080/GEM, 8" 110 wlequatoria mount ($2150 list) ... $995
Multi-coated silvered optics, boost transmission 18% add $149
8” "10 Te|eS°°Pe 2120/GEM, 10" {110 w/equatorial mount and with
$1699 multi-coated sllvered optics ($4400 list) . $2195
Dew shield & accessory tray, 8" $72 10" $144
2080/LX3 #785 motor and quartz drive correc. system ($310 list) $219
#3000 computer control system ($1900 list) add $999
W/MCSO

($3320 list)
16"’ 1/4.5 NEWTONIAN $1995

W

. T

NEW! Quartz Drive Meade 2080/LX3
The Meade 2080/LX3 with built-in quartz electronic drive
system is positively the highest performance 8" Schmidt-
Cassegrain telescope system available today. The 10" 110

Meade 2120/LX3 collects 56% more light for better viewing. STILL
4> MEADE 2045 witable tripod $695 A‘K‘T“-sg;‘i

NEW! Meade 2045/LX3 w/quartz drive ($1550 list) . $885

Compact

IN STOCK!

Meade DS-16A with Accessorles
The DS Series of 10" and 16" reflecting telescopes
are ideal for deep-sky viewing and photography.
DS-10A, 10" 1/4.5 with motor drive ($1600 list) $995
—Gathers 56% more light than an 8" telescope
DS-16A, 16" 1/4.5 with motor drive ($3140 list) $1995
Sealmaster ball bearings, highly recommended add $229
—Gathers 400% more light than 8" telescope
Both the DS-10A and DS-16A telescopes include an
equatorial mount, #680 2" focuser, motor drive, set-
ting circles and 25mm 1% "' eyepieces. The DS-16A
is shipped freight collect.
6X30mm finderscope with brackets ($56 list) $42
8X50mm finderscope with brackets ($130 list) $96

4" f10
Telescope

Meade Model 2045 — Advanced engineering and superb
optical performance in a beautiful ultraportable system.

COME EXPLORE THE UNIVERSE!

These Meade Telescopes are complete and ready for
viewing. They include telescope with all coated
optics for high transmission, mount, tripod or pier with
legs, finderscope, low and high power eyepieces, and
complete instructions. Call or write LUMICON for full
technical information. MCSO means Multi-Coated
Silvered Optics, boosts transmission 18%.

The ‘‘Dumbbell Nebula'* Messler 27 in the constellation of
Vulpecula. M-27 is a planetary nebula, the remains of a dying
star. It is overhead in the summer sky and is easily seen with
an 8" Telescope. The faint outer “ears” are best seen using
a LUMICON UHC Fliter to remove light pollution. Photo by
David Healy using a LUMICON Giant EASY-GUIDER and
LUMICON hypersensitized 2415 film. 30 minute exposure 14"
telescope at /6.

Thc Messler Album book lists all 110 Messier objects, the most
ir ing clusters, ies & nebulae in the sky $15.95
SKY Atlas 2000.0 deluxe color map of the sky in 25 large
charts showing the location of thousands of objects $37.95

FILTERS STOP LIGHT POLLUTION
LUMICON UHC Fliter for nebulae. Standard 1" $79
Prem 1% ", $99; Std 48mm, $159.50; Prem 48mm, $199.50
LUMICON Deep-Sky Fliter, 1%" Premium .. ... $79
48mm Prem Deep-Sky $119.50, $99.95 w/Easy-Guider
Adapter for viewing w/1%" eyepiece .......... $20

PHOTOGRAPHY ACCESSORIES
LUMICON Newtonian Easy-Guider, 1% " or 2" $169
LUMICON Cassegrain EASY-GUIDER for Meade
2045, 2080/LX3 and 2080/GEM (state camera) $225
llluminated reticle eyepiece & battery pack $89.50

All foreign orders add 6% ($8 minimum)
California residents add 6% tax
Prices subject to change w/o notice
Set Meade and LUMICON Catalogues $4

LUMICON, 2111 Research Dr., #5E
Livermore, CA 94550

Call (415) 447-9570 for information & orders
Store Hours: M-F 9am - Spm; Sat 11am - 3pm
All telescopes shipped F.O.B. Livermore
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