EARTH SATELLITES

Hope for
deep-dipping
satellites

Scientists seeking to study the atmosphere
by satellite at ever-decreasing heights are turning
to sheer mass and a corrective rocket motor

by Jonathan Eberhart

Researchers investigating earth’s at-
mosphere with satellites have no diffi-
culty probing heights above about 100
miles. Reaching lower than that, how-
ever, has always meant a forced choice
between longevity and minimum alti-
tude. There, the greater drag of the
atmosphere slows the probe down, in
turn letting it descend still lower until
speed and air density burn it up.

Of the approximately 70 unmanned
satellites that have been placed in
orbits with perigees of less than 100
miles, all but a few have lasted less
than a month and many under a week.

Almost 80 percent of the total
were research or reconnaissance satel-
lites launched by the U.S. Air Force.
The rest came from the Soviet Union,
most of them tests of the Fractional
Orbital Bombardment System that
could afford the low perigee since they
were not designed to complete more
than a part of one revolution. The few
remaining deep-dipping Soviet objects
were apparently brought low by mal-
functions.

Besides making possible reconnais-
sance photos having better resolution
than those taken from higher altitudes,
low-perigee satellites offer the chance
to study the atmosphere under repeat-
able conditions over comparatively
long periods of time, a difficult or
impossible feat with balloons, sounding
rockets and aircraft. The advantage
has remained limited, however, with
orbital lifetimes of only a few days
or weeks.

In hopes of getting the most out of
the technique, both the Air Force and
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Cannon Ball
(above) bulls its
way through,
while Explorer
(top right) uses
rockets and high
apogee (right)
for long life.

the National Aeronautics and Space
Administration are working on satel-
lites that can swing both low and long.
The Air Force project is known as
Cannon Ball 2, successor to a probe
that spent 39 days during the summer
of 1968 in an orbit that began with a
perigee of 92 miles, finally decaying
to less than 78 miles before burning
up. Cannon Ball 1, which was only 23
inches across but weighed some 600
pounds, thanks to a thick brass casing,
survived as long as it did by sheer
mass. With its relatively small frontal
area to minimize drag, the satellite—
probably the densest ever launched—
was able to bull its way through the
atmosphere, measuring the drag with
a three-axis accelerometer and trans-
mitting the data to earth. Knowledge
of atmospheric densities at these atti-
tudes is the Air Force’s chief interest
in such satellites, for greater accuracy
in predicting ballistic missile trajector-
ies, satellite orbits and splashdowns.
Cannon Ball 2, says its designer, Dr.
Kenneth S. W. Champion of the Air
Force Cambridge Research Laborator-
ies, will have only slightly greater den-
sity than its predecessor. Its orbit,
however, will extend much farther
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from the earth at its apogee than did
that of Cannon Ball 1—about 1,100
miles instead of 350. This will mean
that the satellite will spend shorter
periods of time down in the denser
reaches of the atmosphere that sur-
round its 87-mile perigee. The launch,
targeted for March, 1971, should, says
Dr. Champion, produce an orbital life-
time of at least six months.

NASA is taking a different ap-
proach. Design studies have just begun
on a pair of satellites that will spend
a full year in a low-perigee orbit, but
without the aid of high density to bull
them through the thicker air. Instead,
Atmosphere Explorers C and D will
carry small rocket motors to make
periodic adjustments in both apogee
and perigee.

Besides providing corrective nudges
when the orbit begins to droop, the
rockets will allow the orbit to be mod-
ified for scientific purposes. The pres-
ent plan is for each satellite to be
launched into an orbit with a high
point of about 2,500 miles and a
perigee of 93 miles; every 10 or 15
days, the motor will be used to bring
the perigee down to 75 miles for about
a day—I11 or 12 orbits’ worth—and
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‘-a\) 500,000 VOLTS
ELECTRO-STATIC
GENERATOR

KIT

541 . 50 POSTPAID

Easily assembled kit of parts for making a 36" high
500,000 volt electrostatic generator. All parts in-
cluded except wood base and motor. (Any % HP
motor will suffice.)

200,000 VOLTS. Kit $26.50 postpaid. Fully
assembled $39.50 postpaid. 17% high. Diam. 7°.
Current 1.5 to 2.5 microamps. 907 rel. humid-
ity range.

Experiments in Electrostatics—a book with
experiments you can do . . . send 50¢. Low
priced physics equipment for schools and
science projects. Free catalogs—send 15¢ for
postage.

MORRIS and I.EE

Dept. SN170
1685 Elmwood Ave., Buffalo, N.Y. 14207

CHEMISTRY INSTRUCTORS AND STUDENTS

The Recht Chem-Formulator is valuable to
instructors for reference; is an excellent learn-
ing aid for students; and may be used to
make money for bookstores or school organi-
zations.

On one side of this chemistry wheel prop-
erties of elements are seen at a glance.

On the reverse side correct inorganic
formulas can be obtained by pairing A and
B (positive and negative) radicals and using
the valence key.

Priced from 75c a single copy down to
36c each for 25 or more. Postage prepaid
in the U.S.A. An instruction sheet is included
with each wheel.

RECHT CHEM-FORMULATOR CO.
P.O. Box 225 @ Boulder, Colorado 80302

IS THERE A CHEMIST

Only $4.00 Plus $1.00 p.p.
Will bring 49 “PLUS" indi-
vidual, assorted, items of
standard quality laboratory
apparatus: glassware, porce-
lain, rubber, plastic, ete.,
etc. Value? 2 to 3 times our
offer. None dangerous. No
junk. One surprise item.

Pyrex Advanced Student Assort. @ $10 plus $2 p.p.

HARRY ROSS Scientific & Lab. Projects

61-L Reade St. N.Y. 7, N.Y.

IN THE HOUSE???

CHEMICALS—RAW MATERIALS
Small Laboratory Quantities

Most Any ltem Can Be Supplied

In $1.00 Packages
Order Now Or Write For Information

Cash With Order—We Pay Postage

SPECTRO-CHEM INC.

1354 Ellison Louisville, Ky. 40204

AUTHORS WANTED BY
NEW YORK PUBLISHER

Your book can be published, promoted, distrib-
uvted by a reliable company on o subsidized
basis. Fiction, non-fiction, poetry, scholarly, sci-
entific and even controversial manuscripts wel-
comed. For Free Booklet write Vantage Press,
Dept. T8, 120 W. 31 St., New York 10001.
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Math “Bug” You?
——No Problem!

From Simple Numbers to Calculus

Now comes a new and com-
pletely different kind of self-
teaching math “‘course”—one
that yields truly amazing

results!

“The author assumes no pre-
vious acquaintance with mathe-
matics . . . He advances the
reader to some mathematical
notions of ‘college’ level . . .
The near-miracle is accom-
plished by patient, carefully-
phrased exposition and by build-
ing the discussion step-by-step
. . . The book is intended for
study without the aid of a
teacher.””—New Technical Books (of the New York
Public Library).

I1f you have despaired of ever “licking” mathe-
matics, if lack of mathematical knowhow is holding
you back, if you have tried other methods and found
they simply did nothing for you, then perhaps you
would wish to try the remarkable Colerus method. It
is guaranteed to satisfy your expectations, or full
purchase price refunded. Not a tutored math course
that stands you anywhere from $150 to $300, but a
self-instruction manua| that costs a mere $4.95—
if you decide to keep it. ORDER NOW!

MATHEMATICS FOR EVERYMAN
by Egmont Colerus

Order Now $4.95, plus 25¢ postage and handling
10-Day Money-Back Guarantee

EMERSON BOOKS, Inc., Dept. 460-S

251 West 19th Street, New York 10011

PROTECT and RESTORE
The BEAUTY and VALUE of
YOUR PRECIOUS COINS!

AT LAST here is a practical and
comprehensive gold mine of in-

nsseuiﬁ:': formation on how to solve coin
HANOBOOK deterioratin problems. Up-to-date

caances U and written in clear non-technical
language, it provides all you want
to know on preserving, cleaning
and restoring all types of coins.

Gives many proven methods and

inexpensive yet effective alternatives.
ALSO

pages and pages of charts, standards, general in-
formation, etc.
A lifetime of reference, satisfaction guaranteed.

Deluxe Hard Cover $ 95
Cloth Bound
An lnex;ensi:eunGiﬂ' ot only 3 ppd.
EMBASSY SALES, Dept. S
Box 67, East Elmhurst, N.Y. 11369

+ Big Need For it + ¢ 1t

avoTEMS MEN

...Learn at Home ‘:*
in Spare Time

HI N

Tm— i
Every company, large & small, needs a Systems Man. As a Systems
Man, you'll work with management . .. help them make vital deci-
sions ... maoke a prestige salary...and enjoy your work, tool
You'll supervise CHARTING, PROCEDURE PLANNING, FORMS
- DESIGN, OFFICE LAYOUT, COMPUTER PRO-
GRAMMING, DATA PROCESSING, etc. Big de-
mand —see high salary positions in “‘help
wanted" sections of your newspaper. You need
no previous experience or special training...
| easy home-study plan guides you toward suc-
cess, prestige, good salary in exciting, respected
field. High school education required. Send for
" Free Booklet, “OPPORTUNITIES IN SYSTEMS."

NORTH AMERICAN INSTITUTE OF SYSTEMS & PROCEDURES
4401 BIRCH ST., DEPT 3791, NEWPORT, CALIF. 92660

Technical Excellence in Electronics
On our small friendly campus the emphasis is
on Living as well as Learning. Extra-curricu-
lar social activities, student clubs, a student-
operated radio station, student government,
new dormitory, a full sports program help
provide a world of your own in which to pre-
pare for the world of tomorrow. Diploma in
Electronic Technology and Associate Degree
in Electronic Engineering Technology. B.S.
obtainable. GI approved.

VALPARAISO TECHNICAL INSTITUTE
Yellowstone Rd., Valparaiso, Ind. 46383
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then kick it back up again. Without
the motor, estimates project manager
David Grimes at Goddard Space
Flight Center, the 2,500-by-93-mile
orbit would last scarcely two months.

The specific scientific instruments
that will be included on the satellites
have not yet been chosen—the first of
the pair will not be launched until 1973
—but they will be far more extensive
than just an accelerometer. Plans call
for experiments to measure the atmo-
sphere’s neutral particle and ion com-
position, thermal electrons, photoelec-
trons, airglow and other properties.

One possible problem that con-
cerns program officials is the effect of
the satellite’s orbit-adjusting rocket
motor on the instruments. The Air
Force’s Dr. Champion points out that
the ionized exhaust of a rocket in such
close proximity could, for example,
upset readings from a mass spectrom-
eter for days.

Frank Gaetano of the space agen-
cy’s Physics and Astronomy Programs
Office agrees that the effects of the
motor cannot be ignored; they will be
part of the next phase of work on the
two Atmosphere Explorers. But it will
probably be impossible to tell for cer-
tain, in advance, whether insulating,
isolating or ignoring the motor is the
answer. “In that sense,” Gaetano says,
“the first satellite will truly be an Ex-
plorer for the second.”

There is some indication that the
effects may not be too severe. In 1967,
a satellite called tMP-E was placed in
lunar orbit to study conditions in the
moon’s vicinity. It carried an experi-
ment, says Gaetano, specifically in-
tended to see whether the probe’s retro-
rocket motor was contaminating other
areas of the vehicle. The result was
favorable, although the experiment
measured only degradation due to sur-
face deposits, not always a sensitive
enough index for scientific instruments.

If the rocket motor does turn out
to be a serious problem, there remains
Dr. Champion’s Cannon Ball ap-
proach. He belicves that, with enough
density and a sufficiently elongated
orbit, a full year’s lifetime could be
obtained even without periodic nudg-
ing. For elaborate scientific instrumen-
tation, however, a spherical satellite
such as the Cannon Ball would prob-
ably require a sophisticated stabiliza-
tion system to keep the experiments
properly aligned. The NasA low-perigee
Explorers, on the other hand, are
cylindrical, which enables them to be
stabilized simply by spinning them on
one axis, while the instruments are held
steady by mounting them on a plat-
form spinning in the opposite direc-
tion. o
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