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Snare the Thrills
0! Exploring §
Outer Space e

All DYNASCOPES, including this
superb RV-6, 6-inch available

on easy terms! -
Now it's easy to join the thousands of serious
amateurs who have discovered the excitement
of exploring our mysterious universe. Your en-
joyment begins right from the start, yet the
challenges and rewards go on for years! And
it's a hobby that can be shared at modest cost.

Choose from a Full Range Of
DYNASCOPES® 4” Starting at $49.95

Picking a telescope to fit your needs and your
pocketbook is simple when you select a
DYNASCOPE — the same instruments used by
more than 150 schools, colleges and observ-
atories. Prices begin as low as $49.95, and
your satisfaction is guaranteed by a full-
refund warranty.

FASCINATING GUIDE
YOURS FREE!
Read these valuable facts be-
fore buying any telescope. Mail
coupon or postcard for your
complimentary copy of this
helpful guide.

Criterion Manufacturing Co.
331 Church St., Hartford, Conn. 06101
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Why Are You
At A Loss
For Words?

A noted publisher in Chicago reveals a
remarkable effective method for build-
ing a working knowledge of over 2,000
powerful, expressive words quickly and
easily.

People unable to express themselves
effectively often lose many business and
social opportunities. Others who use
words improperly, subject themselves
to ridicule and cause others to misun-
derstand what they mean.

We need good words, says the pub-
lisher, to understand more clearly what
we read and hear, to think with greater
clarity and logic and to express our-
selves more effectively when we speak
or write. A good command of words in-
stills confidence in our ability to speak
convincingly and impress others with
our knowledge and understanding.

To acquaint the readers of this pub-
lication with the easy-to-follow rules
for developing a large vocabulary, the
publishers have printed full details of
their interesting self-training method
in a new booklet, “Adventures in Vo-
cabulary,” which will be mailed free to
anyone who requests it. No obligation.
Send your name, address, and zip code
to: Vocabulary Studies, 835 Diversey
Parkway, Dept. 540-014, Chicago, Ill.
60614. A postcard will do.—(Adv.)
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INFRARED ASTRONOMY

Exploring
the Universe
in Infrared

A new technique enables
astronomers to obtain in
one night data that would

otherwise take 150 years.

by Ann Ewing

A new instrument that scientists are
now just beginning to use for measuring
infrared radiation from planets, par-
ticularly Mars and Venus, gives in one
night observations that would otherwise
take more than 150 years.

Scientists are normally cautious in
their appraisals of new instruments and
techniques, but they have used such
phrases as “extremely impressive,”
“spectacular” and “brilliant” to de-
scribe the early results obtained with
the multiplex interferometric Fourier
spectrometer—MIFS.

The instrument’s recordings of infra-
red radiation, when analyzed by a digi-
tal computer, can show chemicals pres-
ent in the atmospheres of other planets
when the concentration is as low as
one part in a billion (see p. 381).

Dr. Lewis D. Kaplan of the Jet Pro-
pulsion Laboratory, Pasadena, Calif.,
says that although he had realized the
MIFS was capable of detecting small
amounts of the constituents of planetary
atmospheres, the instrument was much
more sensitive than he had dreamed.

Attached to a 1,000-inch telescope,
(SN: 4/15) it could be used to detect
extraterrestrial life from earth’s sur-
face, since life on any planet, including
earth, affects the atmosphere. Such an
earth-based exploration would not be
“a rival to spacecraft methods, but
rather complements them and is a pre-
requisite for their greatest effective-
ness,” three scientists closely connected
with the development and application of
MIFS suggest in the April SCIENCE
JOURNAL.

The scientists are Drs. Pierre Connes,
director of research at the Center for
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Orion Nebula in red light . . .

Scientific Research, Bellevue, France;
Peter Fellgett of the University of Read-
ing, Reading, England, and James Ring
of the University of Hull, Hull, Eng-
land.

The effects life might have on a
planet will be outlined in a forthcom-
ing issue of IcCArRus by Drs. Dian R.
Hitchcock of Hamilton Standard Divi-
sion, United Aircraft Company, Wind-
sor Locks, Conn., and James Lovelock
of the University of Houston.

Infrared observation of astromonical
objects is difficult because the amount
of energy radiated in this region is gen-
erally small. Moreover, if the observa-
tions are made from earth’s surface, as
most of them are, some of the wave-
lengths are blocked by the seca of air
blanketing the planet.

The gases that are most likely to be
indicative of biological processes are
those that are clearly not in equilib-
rium with the environment. Since this
implies compounds of high reactivity,
the most promising gases for life-detec-
tion purposes are likely to be present
in very small amounts.

Because of the increase in resolu-
tion obtained using MIFS, the chances
of detecting such trace gases is greatly
increased, making the outlook bright
for eventually finding obviously life-
related compounds by earth-based ob-
servations.

Stars that are very bright in infrared
wavelengths, but very faint in ordinary
visual and photographic light have re-
cently been discovered using a new type
of telescope that jiggles 20 times a
second. Two of these objects have been
found to have surface temperatures less
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and in infrared radiation.

than 1,200 degrees C. They are, never-
theless, true stars, producing their radia-
tion internally at temperatures of 25
million degrees.

Even more recent is the discovery of
what appears to be a new stellar plane-
tary system in the process of forming.
Dr. Frank J. Low and graduate student
Bruce J. Smith detected the “pre-plane-
tary” system using the infrared tele-
scope designed for long-range observa-
tional work by Dr. Harold Johnson,
research professor at the University of
Arizona’s Lunar and Planetary Labora-
tory.

The spectrum of light from a star or
planet contains vital information on
how the light is generated and what has
happened to it on its travels through
space until it is intercepted on earth.
This applies not only to visible light,
but to infrared and ultraviolet radiation
as well as radio waves and, indeed, the
entire range of electromagnetic radia-
tion.

In the visible region of the spectrum,
a spectograph disperses the radiation
under observation, each wavelength
being focused onto a separate portion
of the photographic plate and thus
under observation during the entire ex-
posure.

In the infrared region, however, this
cannot be done since photographic
plates are not sensitive to such relatively
long wavelengths.

A conventional infrared spectrometer,
therefore, selects elements of the spec-
trum one at a time by means of an exit
slit, focusing the elements successively
on a detector, with consequent loss in
sensitivity because any one wavelength

is observed for such a short time.

Dr. Fellgett found a way to overcome
this disadvantage, using a method
known in communications engineering
as “multiplexing.”

This method, as used in trunk tele-
phone circuits for example, takes a set
of separate signals and marks each on¢
by modulating it with a recognizable
pattern. The signals are then added to-
gether and sent down a single telephone
channel.

The modulation patterns enable the
different signals to be separated at the
receiving end.

A multiplex spectrometer can be
made with a chopping disk that imprints
a recognizable modulation pattern on
each spectral element. All the wave-
lengths coming through the entrance slit
can then be allowed to reach the detec-
tor at the same time.

A further refinement is the inter-
ferometric multiplex spectrometer, since
it allows the light to enter through a
large hole instead of a narrow slit. The
light beam is split by reflecting mirrors
into two beams that can be individually
controlled and then combined in such a
way that they interfere.

Dr. Fellgett reports that Dr. Janine
Connes of the Meudon Observatory
near Paris, with her husband Pierre, re-
fined his experimental technique so that
it could be used to study astronomical
objects with an extremely high standard
of accuracy and reproducibility.

The French team did this by applying
the mathematical technique called a
Fourier transformation to the spectrum
obtained when the two beams are com-
bined in an interfering way. The
Fourier operation is sufficiently complex
so that a computer is necessary to de-
code the information contained in the
interferometric spectrum.

Not only can it be done, but it is
now being applied to scanning the
planets, with a sensitivity for Mars and
Venus about 100 times that previously
available.

The MIFS is only one of several new
devices sensitive to infrared radiation
now being widely used, along with opti-
cal and radio telescopes, to explore the
structure and composition of the uni-
verse at wavelengths previously in-
accessible.

To exploit this kind of instrumenta-
tion, the astronomers would like to see
a 1,000-inch telescope built by interna-
tional cooperation, calling it a ‘“very
good bargain” at approximately $15
million, which is about one-tenth the
cost of soft-landing a 30-pound instru-
ment package on Mars.

The 1,000-inch telescope would be
constructed of building blocks of 120-
inch instruments, mounted circularly
to feed a single focus. The first one
built could be used separately until
the next was completed.
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You Make Layouts Faster
You cut most layout work in half with
these New time saving forms. Scales
printed on edges of your layout save
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