A silicon chip the size of a
dime has added 4,000 kilome-
ters to the size of a planet

BY JONATHAN EBERHART

One of the most promising and versatile
new components on the front lines of
electronics research is the charge-coupled
device, or ccp. Though still in its infancy,
the tiny chip is already being developed
toward diverse applications ranging from
data-processing to spacecraft navigation,
to cannon shells that transmit pictures of
their targets before they hit. One of the
latest fields to join the list of beneficiaries
is astronomy, and the first cCD instrument
to get inside an observatory—an instru-
ment not even designed for the purpose—
has already proven its worth: The planet
Uranus, the device’s data have indicated,
is some 4,000 kilometers larger in diame-
ter than formerly believed.

The basic ccD concept is less than eight
years old, according to David F. Barbe
of the U.S. Naval Research Laboratory.
““The charge-coupled device,”” he says,
‘‘operates on the simple principle that
[electric] charge can be collected in po-
tential wells much like rain is collected
in buckets. If a two-dimensional array of
potential wells is formed, and if a scene
is imaged on the array, then charge will
collect in the wells in proportion to the
incident light intensity.”’ The pattern
formed by the differing charges is read out
by—to pursue the bucket analogy—
sequentially emptying the buckets in one
row through an ‘‘output port,”’’ then shift-
ing the remaining rows over one step so
that the next row is lined up with the port
and repeating the procedure, and so on
for all the rows.

As used in an observatory, the ccp is
the heart of a camera, taking the place
of a more conventional electronic imaging
device such as a vidicon. Last year, a cCD
camera was designed by James Janesick
of the Advanced Imaging Development
Group at Jet Propulsion Laboratory in
Pasadena and built primarily as a labora-
tory version to check out the system’s
performance. Though obviously only a
first step (the related electronics filled two
standard rack panels and had to be moved
in a half-ton truck), it so intrigued astron-
omer Bradford Smith of the University of
Arizona that he arranged for it to be tem-
porarily installed on the 61-inch telescope
at the university’s Mt. Lemmon Observa-
tory near Tucson.
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The ccp chip itself was one developed
by Texas Instruments, providing a 400-
by-400 array of light-gathering areas or
picture elements, known as “‘pixels’’ (the
waterbuckets), all on a silicon wafer no
larger than a dime and perhaps a tenth the
thickness of a human hair. When Smith
aimed the telescope at his chosen target,
the resulting image was only about 20
pixels wide, representing about 4 seconds
of arc, yet this fledgling effort has already
added to knowledge of the subject.

The subject was Uranus, seventh most
distant planet from the sun and tilted so
radically that its axis of rotation lies al-
most in the plane of the ecliptic. And
Uranus, judged by the ccp image, is about
4,000 kilometers larger in diameter than
it was formerly thought to be.

The discovery is directly attributable to
the ccp. The planet’s atmosphere, mostly
hydrogen and helium, contains about 1
percent of methane gas, which absorbs
light at several characteristic wave-
lengths, including 8,860 angstroms. A
conventional image of the planet made at
that wavelength appears darker at the
edges. This phenomenon is appropriately
known as ‘‘limb-darkening,’’ because the
sunlight reflected to earth from the limb
has passed through more ‘‘absorbers’’ (the
methane molecules) than has sunlight re-
flected from the center of the disk. A
limb-darkened image is thus a difficult one
from which to measure diameter, since it
is at its worst near the edge—right where
the measurements have to be made.

The ccp, however, says Smith, is ‘200
times more sensitive than its nearest com-
petitor’’ in the near-infrared portion of the
spectrum around 1 micron (10,000 ang-
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Uranus by CCD
(left) reveals clouds
of methane ice, in-
cluding concentra-
tion near pole (right
part of photo). Grid
(above) shows
photo’s orientation.

stroms). This meant that when Smith
photographed the planet through a filter
centered at 8860 angstroms, thus blocking
out the absorption band, it was possible
to see a slight brightening that represented
light reflected from thin, high-altitude
clouds of frozen methane crystals, since
the crystals lack the absorption band that
gaseous methane has.

The result was a limb-brightened image
instead of a limb-darkened one, since the
edge of the disk has a greater concentra-
tion of these icy reflectors as well as of
the gaseous absorbers. The brightening
was extremely weak, says Smith, ‘‘like
cigarette smoke illuminated against a dark
background,”’ but to the sensitive eye of
the ccp it was nonetheless there, building
up toward the limb until the limb itself—
the key to measuring the planet’s diame-
ter—was clearly visible.

From that image (further refined by
computer processing), Smith has calcu-
lated that Uranus has a radius of 27,900
kilometers +500. The formerly best
images, he says, were taken by the bal-
loon-borne camera of the Stratoscope II
program in 1972, but they were limb-
darkened—and yielded a calculated radius
of only 25,900 kilometers. So clear is the
limb-brightened image that Smith was
further able to measure the planet’s
oblateness: Its polar and equatorial
radii are within 1 percent of each other.

The future of ccp astronomy Iooks
bright indeed. The camera Smith used has
recently been fitted to the 200-inch Hale
telescope on Palomar Mountain (the size
of its bulky electronics package has al-
ready been cut in half), and a greatly
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refined 800-by-800-pixel version will be
sent into space as part of the 1981 Jupiter
Orbiter-and-Probe mission. A simpler
kind is being developed to help spacecraft
more accurately track selected *‘reference
stars’’ for navigation; this is because the
discreet imaging areas of a ccD also make
it free of the geometric distortions that
cause positional errors in the electron
beams of conventional vidicons. Some
astronomers are urging that a CCD camera
be developed for use on the earth-orbiting
Space Telescope.

But there are other advantages to a cCD
besides sensitivity and positional accu-
racy, according to Frederick Landauer,
supervisor of the JpL Advanced Imaging
Development Group. At visible wave-
lengths, for example, a cCD may be two
or three times more sensitive than com-
peting vidicons, but more to the point is
the fact that it offers a 20-to-25-fold ad-
vantage in reduced ‘‘noise.’’ Multiplied
together, these factors give a far greater
edge in ‘‘noise equivalent exposure,’’ and
the lead, Landauer says, is growing.

An additional tempting thought is that
CCD cameras may not always be confined
to expensive spacecraft and major obser-
vatories. Smith and Landauer agree that
the only tricky part in the whole camera
is the ccp chip itself. If the chips become
available in the future as off-the-shelf
items, the related electronics could be
built in almost any competent shop accus-
tomed to working in such areas. A world
of astronomers is waiting. ad

A new collection of brain-
challenging puzzles to exercise your
mind and help you to reason logi-
cally by E. R. Emmett. Each puzzle
provides fun and entertainment
while it stimul and challeng
you. A fresh sense of achievement
comes with each puzzle you solve
as you develop your imagination,
insight and logic. Some are easy,
some hard and others ‘‘impossi-
ble.”” No specialized knowledge of
math required.

Arranged in order of dil%culty with solutions and
complete explanations given. Tllustrated
Order Now only $7.95 plus 60¢ handling.
10-day Money-Back Guarantee
EMERSON BOOKS, Inc., Dept. 773C

Buchanan, N.Y. 1051

.
&
N
o
~
-
O
g

BUYING YOUR HOUSE:

A Complete Guide to
Inspections and
valuation
by Joseph Davis & Claxton Walker

“Practical experience and profes-
sional expertise in the building in-
dustry are combined in this comg_ll':-
hensive guide to home buying. The
p! focus is on the physical inspection and evaluation
of the house. . . . Line drawings of architectural styles and
diagrams of major equipment (furnaces, air conditioners),
tter , and locks enhance the text. Especially use-
ul are the discussions on the pros and cons of various heat-
iraﬁsystems, electronic air filters, 3olar energy, etc. Includes
additional reading, extensive glossary, and index. Recom-
mended.”—Library Journal—[llustrated

Rush only $8.95 plus 60¢ handling on 10-day money back guarantee

EMERSON BOOKS, INC. Dept. 774C
Buchanan, New York 10511

THERE IS NO OTHER TELESCOPE LIKE IT!

THE NEW EDMUND 474", f/4
NEWTONIAN WIDE FIELD
REFLECTOR TELESCOPE

Clear, bright, spectacular wide angle views of
stars, moon, comets . .. easy to use ... portable!

IN SECONDS YOU'RE SCANNING THE ASTOUNDING UNIVERSE, able to
see and study the breath-taking cosmos as perhaps you never have before
awesome vastness, unbelievable orderliness, stark silent beauty. All the
fascinating heavenly mysteries are yours to enter and explore 1yh

reflector telescope makes it easy for everyone to span a thousand light-years to
space-age enjoyment of the heavens and outdoors. No complicated set up! Just
insert the eyepiece, focus, and its big 3'2° field of view gives you more stars ina
single view than any other type of telescope. Bright, crisp, finely resolved images
to capture your interest and imagination. It's probably the easiest to use telescope
ever ... over yourshoulder, inyour lap, on a tripod. Or just rotate the spherical base

IS new

on its own mount for use on a table, car hood. Take it anywhere (only 17", 10 Ib.)
Top quality optical system: 4%", {/4 parabolic primary mirror (Vs wave, 17" F.L);
prealigned 's wave diagonal on a coated optical window seals optics from moisture
and dust; 28mm Kellner eyepiece (gives 15X, higher without other eyepiece or
Barlow). Fastfocusing (25’ to infinity). Bright Scharfanian red (doesn'timpair night
vision); adj. carrying strap. A “'first’' scope "'must

::::T;s::oo:::rc?::'lcope like it. NO. 20010 s149 g'?d
COMPLETE AND MAIL COUPON NOW

r---——_------——_——
EDMUND SCIENTIFIC CO. 300 Edscorp Bidg., Barrington, N. J. 08007 '

4 Send me

——unique Edmund Telescope(s) l

Patent
Pending

GIANT:;'“ 73

164 PG. CATALOG

O SEND FREE 164 PG. CATALOG"Q"

‘ ‘ ) #2001Q @$14995ea$ I

=3 ) Service & Handling Charge  § 1.00
I Charge my 0 American Exp Enclosedis O Check O MO l

4500 UNUSUAL BARGAINS BankAmericard 0 Master Chg For TOTAL of §
FOR HOBBYISTS Interbank No. ——__ Signature I
SCHOOLS, INDUSTRY Card No Name |
Expiration Date — (Please Print)
EDMUN?O‘?(ELENTIFIB(E“CO. | 30-DAY MONEY-BACK GUAR.  Address I
U tascorp . ANTEE. You must be satis- I
Barrington N.J. 08007 fied or return any purchase ity

America’s Greatest in 30 days for full refund. State Zip
Science o Optics o Hobby Center l—- J
(609) 547-3488

HELPING TO DEVELOP AMERICA'S TECHNOLOGY FOR OVER 30 YEARS.

MARCH 12, 1977

For the
international dimension

read the current issue of

impact of science on society
on

THE FRONTIERS OF SCIENCE

45 New astronomy
Jean-Claude Pecker

«5 The physico-chemical origins of
life
Jules Duchesne

«5 The quark’s model and confine-
ment
Yuri V. Novozhilov

«5 Explorations in mathematics
Charles Muses

«5 Learning processes in man, ma-
chine and society
Mircea Malita

«5 What is biometerology?
E. Stanton Maxey

«5 Prevention and control of geo-
physical cataclysms
John Tomblin

«§ Managing our water resources
Adriaan Volker

oo

Quarterly. Published by Unesco.
Annual subscription: $10.

Send order to:
Unipub, Box 433,
Murray Hill Station,
New York, N.Y. 10016

173



