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Satellite Science and Technology

Efforts in any complicated undertaking are based on
so many sources that no one can call them his own.

I am neither a historian nor an
astronomer, and it would be presump-
tuous of me to comment at any length
either on the life and work of Edmund
Halley or on the illustrious men who
have delivered the Halley lecture. I
cannot help observing, however, the
range of interests encompassed in
Halley’s work, which embraced geo-
magnetism as well as astronomy; the
diligence with which he pursued it; and
his bringing, through the publication of
Newton’s Principia, something beyond
his own powers to the world of science.

The matters I consider here in con-
nection with satellite science and tech-
nology have an even wider range than
Halley’s work, because science is
broader than it was in Halley’s day.
And, what I discuss is not chiefly my
own work, but rather the work of
others.

Lest the title of my article be mis-
leading, let me explain that I discuss
almost exclusively one sort of satellite
among the many that have been

launched—that is, satellites intended to -

explore the possibilities of transoceanic
communication. And I further restrict
my discussion almost exclusively to two
experimental communication satellites:
Echo I and Telstar 1.

The author is executive director, Research-
Communications Principles and Communications
Systems Research Divisions of the Bell Telephone
Laboratories, Murray Hill, N.J. This article is
adapted from the Halley lecture which he de-
livered at Oxford University on 15 May 1963 and
is published with the permission of The Observa-
tory Magazine, Royal Greenwich Observatory,
Hailsham, Sussex, England.
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Yet, in dealing with these seemingly
specialized satellites, I have something
to say about the earth’s atmosphere,
both about its temperature and about
its density 1000 miles above the earth’s
surface; about the particles trapped in
the earth’s magnetic field; about celes-
tial mechanics; about an application
of radio astronomy; and about the syn-
chronization of clocks of the Royal
Greenwich Observatory at Herstmon-
ceux, FEast Sussex, and the United
States Naval Observatory at Washing-
ton, D.C. T also discuss some findings
in the field of experimental psychology,
and I touch on a remarkable political
effect of the Echo and Telstar experi-
ments.

Now all of this is only a small sam-
ple of the multitudinous scientific, tech-
nological, and social problems which
arose in connection with these commu-
nication satellites. Yet I believe that this
small sample will show that, if science
and technology are only a part of the
world of thought, they are a remark-
ably various and yet highly interrelated
part of that world.

In dealing with so broad and ram-
bling a subject as the science and tech-
nology involved in communication satel-
lites, some sort of organization is neces-
sary.

Since I do not know how else to
proceed, I propose to be guided by
chronology and to discuss matters in
the order in which they became clearly
apparent to those connected with the
Echo and Telstar programs.

SCIENCE

Background

Certainly, none of the technical prob-
lems would have arisen had there been
no overall communication satellite pro-
gram. For this we must give due credit
to Arthur C. Clarke (/), who in 1945
proposed the relaying and broadcasting
of electromagnetic communication sig-
nals by means of manned ‘“‘stationary”
satellites at an altitude of 22,300 miles.
Yet we see that there is a considerable
gap between satellite communication as
Clarke proposed it and as it has been
realized, for while many people have
seen television relayed across the ocean
by Telstar, the manned space stations
which Clarke proposed lie still in the
future.

I am sure that echoes of Clarke’s
words of 1945 had reached my ears
(though I had not read the words
themselves) when I first thought seri-
ously about satellite communication, in
1954. It seemed clear to me then, as
it does now, that the best justification
for developing communication satellites
would be the linking together of the
common-carrier communication systems
of various continents. This would, for
example, make the 46 million tele-
phones of Europe (I use today’s fig-
ures) more readily and more quickly
accessible to the 83 million telephones
of North America.

To broadcast directly to home re-
ceivers would necessitate putting heavy,
high-powered, complicated equipment
in a satellite, but my calculations
showed that equipment of very low
power could provide for the present
rapid growth of international telephone
and data transmission and, for the first
time, link together the television net-
works of various continents.

In 1954 T was worried about prob-
lems of the life and reliability of any
equipment launched into orbit, and I
was encouraged to find that it would
be possible to relay telephone and tele-
vision signals by means of a passive,
spherical, reflecting satellite. Indeed, for
some of my calculations the model was
a reflecting sphere 100 feet in diameter,
and that is the very diameter of the
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Fig. 1. Experimental 100-foot aluminized balloon.

Echo I balloon satellite which was
launched into orbit on 12 August 1960.

Thus, Clarke proposed one thing in
1945 and I had something rather differ-
ent in mind in 1954, which I published
in 1955 (2). Something very close to the
satellite I described was launched in
1960. Was this a direct result of my
1955 paper?

Oddly enough, the Echo balloon
satellite itself was the result of work
of a quite different character and pur-
pose. In January 1956, William J.
O’Sullivan of the Langley Research
Laboratory of the National Advisory
Committee for Aeronautics, now in-
corporated in the National Aeronautics
and Space Administration, proposed to
launch balloon satellites in order to
measure the density of the very tenuous
atmosphere at an altitude of around
1000 miles. His work led to the con-
struction of an experimental 100-foot
aluminized balloon, shown in Fig. 1.

After the launching of Sputnik late
in 1957 and of Explorer I early in 1958,
Rudolph Kompfner and I became very
much concerned about a practical com-
munication-satellite experiment. We saw
in O’Sullivan’s balloon the very object
I had thought of in 1954 as a com-
munication satellite. Our discussions
with NasA led to their Echo program
by early 1959. The plan was this. Nasa
would launch a 100-foot balloon satel-
lite, for measuring atmospheric density
and for communication. The Bell Tele-
phone Laboratories would construct an
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East Coast communication terminal at
Crawford Hill in New Jersey, and
NAsA’s Jet Propulsion Laboratory would
construct a communication terminal at
Goldstone, California. All of this was
done, and President Eisenhower’s
spoken message was sent coast-to-coast
by way of Echo on 12 August 1960.

Let me note briefly that the density
of the atmosphere was duly derived
from the orbital behavior of Echo I
(3). Figure 2 shows a plot of atmo-
spheric density versus altitude in kilo-
meters. R. W. Bryant, from whose
work this curve is taken, observes: “It
must be pointed out in considering
these density values that the atmosphere
cannot be considered static at high alti-
tudes. The diurnal effect can produce
changes in density of as much as a
factor of 30, and the effects associated
with solar activity can produce changes
of as much as a factor of 4 and possibly
much greater. The seasonal effect may
be as much as a factor of 1.5.”

The Echo Experiment

Let us return, however, to Echo I
as a communication experiment. One
important problem in carrying out such
an experiment was that of pointing the
transmitting and receiving antennas at
the satellite. This could easily be done
visually at night during clear weather
when the satellite was in sunlight, but
these qualifications are severe limita-

tions. The satellite could be tracked by
radar. But Newton’s laws of motion and
gravitation, which enabled Halley to
predict the return in 1757 of the comet
of 1682, which now bears his name,
would make it possible to predict from
data acquired at one time, exactly
where the antennas used in the com-
munication experiment should be
pointed at another time. Moreover, by
using modern electronic gear, the an-
tennas could be made to track the satel-
lite automatically on the basis of the
predicted position.

In project Echo, the existing Mini-
track network was the chief source of
orbital information as long as the 108-
megacycle beacon on the satellite re-
mained active. Optical data from the
Smithsonian Astrophysical Observatory
were also used. Radar data from the
West Coast communication terminal
of the Jet Propulsion Laboratory at
Goldstone, were available during 1960.

In tracking Echo, orbital elements
were computed by Nasa’s Goddard
Space Flight Center at Greenbelt,
Maryland. From these, elevation and
rate of change of elevation and also
azimuth and rate of change of azimuth
were computed for times 4 seconds
apart for each pass. To each such set
of four data the time was added, and
all the data for a pass were punched
on a standard teletypewriter tape. Such
tapes were transmitted to Holmdel
(New Jersey), Goldstone, and other
locations by commercial teletypewriter
circuits. At Holmdel, the received tape
was put into a digital-to-analog con-
verter. When the clock time coincided
with the time written on the tape, the
angles and rates of change were auto-
matically read out, converted to analog
form, and used to drive the trans-
mitting: and receiving antennas.

In the Echo experiment this point-
ing was accurate to =0.2 degree under
favorable conditions. Such accuracy was
not sufficient for Telstar, because the
beam width of the Andover antenna is
only 0.2 degree. At the Telstar ground
terminal at Andover, Maine, a preci-
sion tracking antenna, operating on a
4000-megacycle signal radiated by the
satellite, supplies data from" which or-
bital elements are computed. It was
predicted—and the prediction has been
borne out—that data from as few as
two successive passes per day would
make it possible to predict pointing
angles with an accuracy of 0.02 degree
for the subsequent 24 hours.

Programs for computing orbital ele-

SCIENCE, VOL. 141



ments and tracking data have been
written for both the I.B.M. 7090 com-
puters at the Bell Laboratories’ Mur-
ray Hill and Whippany, New Jersey,
locations and for the two I.B.M. 1620
computers at Andover, Maine. The
I.B.M. 7090 makes an orbital determi-
nation in a few minutes; the I.B.M.
1620’s require about an hour and a
half to process the data recorded dur-
ing a pass, but they can handle data for
three satellites in orbit.

We have seen how O’Sullivan’s in-
terest in the density of the exosphere
was an important factor in the develop-
ment of satellite communication. We
see that the existence of electronic digi-
tal computers was essential in bridging
the gap between Newton’s laws and ob-
servations of the positions of Echo I
and Telstar I, so that orbital compu-
tations could be made in minutes in-
stead of months. As a communication
engineer I do, however, propose to say
something about electrical communica-
tion.

Noise

One of the great challenges of the
Echo experiment was the fact that the
100-foot balloon reflected into the re-
ceiving antenna only about a millionth
of a millionth of a millionth (107*°) of
the 10 kilowatts beamed at it by the
transmitting antenna. The very low
signal power received had to compete
with noise from various sources. When
I first considered satellite communica-
tion in 1954, by far the greatest source
of such noise was the microwave re-
ceiver itself. I assumed that the receiver
would introduce a noise equivalent to
the Johnson or thermal noise of a body
at a temperature of about 900 degrees
Kelvin.

Happily, by the time the Echo ex-
periment was carried out, matters had
changed drastically. As a result of his
studies in microwave spectroscopy after
World War II, Townes invented the
ammonia maser in 1954. This was fol-
lowed by the invention of the three-
level solid-state maser by Bloembergen,
and by the time Project Echo was car-
ried out, it was possible to use as an
amplifier a maser which introduced a
noise corresponding to the electromag-
netic radiation from a body at a tem-
perature of 8 degrees Kelvin, an im-
provement by a factor of 100 over the
receiver I had visualized in 1954.

What would be the advantage of
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Fig. 2. Plot of atmospheric density versus altitude in kilometers.

using such a receiver? This would de-
pend on how much noise reached the
receiver from the antenna. In 1954 this
would have been negligible in compari-
son with the 900-degree noise tempera-
ture of a microwave receiver; in the
Echo experiment it could be crucial in
comparison with the 8-degree noise
temperature of the maser.

The first requirement was. that the
antenna face, not the warm earth, but
the cool sky. Antennas with conven-

tional dish-shaped parabolic reflectors
“see” something of the environment to
the sides and behind as well as in the
direction in which they are pointed.
Fortunately, in 1941 Friis and Beck
(4) had described a “horn-reflector”
antenna which is insensitive to radiation
from the sides and back.

Let us suppose the antenna saw only
the sky; what noise would be received?
If the air were perfectly transparent,
only noise from space. But, because air

Fig. 3. Maser with small horn-reflector antenna.
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is not perfectly transparent, some
thermal radiation must be received
from it.

In 1947, Van Vleck gave formulas for
the absorption of microwaves by oxy-
gen and water vapor. Using these, to-
gether with constants which had been
determined experimentally and data
concerning the density and tempera-
ture of the atmosphere, D. C. Hogg was
able to compute the thermal noise
which should be received at various
angles from the zenith as a function of
receiver frequency.

However, his values still had to be
verfied experimentally. By September
of 1959 this had been done, with a

maser with the small horn-reflector an-
tenna shown in Fig. 3. Figure 4 shows
the close agreement between the theo-
retical and the experimental values.
There are, however, other sources of
noise. Figure 5 shows two sources of
noise during rain. The lower curves
show thermal noise due to the rain,
and the upper curves represent the
scattering into the receiving antenna,
by the rain, of energy from a micro-
wave transmitter 20 miles away.
The maser was instrumental to the
success of Echo and later of Telstar.
The sensitivity of the maser made an
investigation of sky noise imperative.
For this, the horn-reflector antenna was
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called into use. And the results of the
investigation indicated that gains could
be made through the use of this type
of antenna. Thus, for the Echo experi-
ment a horn-reflector antenna with an
aperture of 400 square feet was con-
structed at Holmdel; this is shown in
Fig. 6. Figure 7 shows the 3600-square-
foot antenna constructed at Andover
for the Telstar experiment.

Boresighting

The construction of such large an-
tennas led to the problem of boresight-
ing—that is, of determining just where
the antenna beam is pointed for various
mechanical positions of the structure.
This is no easy problem for a large
antenna. The electromagnetic point
source which is used must lie outside
Fresnel zone; this means that it must
be at a distance greater than D?/),
where D is the diameter of the antenna
aperture and \ is the wavelength. Thus,
for an antenna 70 feet in diameter and
a wavelength of 1/6 foot (a frequency
of 6000 megacycles), the source used
in boresighting should be more than
3000 feet away. Airplanes and helicop-
ters come to mind, but they are ex-
pensive and cumbersome for boresight-
ing.

Happily, radio astronomy has pro-
vided us with the locations of a num-
ber of sufficiently distant radio sources,
which have been identified with opti-
cally observed celestial objects. Some
of the stronger sources are « Cassio-
peiae, @« Cygni, ¢ Tauri, and « Vir-
ginis. Each of these sources can pro-
vide a number of data points as it moves
across the sky. In particular, it is very
useful to include at least one whose
declination is approximately equal to
the observer’s, for it will then pass very
near the zenith and thus become a sen-
sitive indicator for azimuth boresight-
ing.

Early in 1962 the antenna at Holm-
del was boresighted by means of stellar
radio sources. The tracking equipment
was supplied with digital-computer data
which would cause it to point exactly
at a star and track it if the electrical
and mechanical axes of the antenna
were exactly aligned. A boresighting
correction was obtained by offsetting
the antenna in alternate senses by
amounts that would reduce the output
to a particular chosen value; the true
direction of the source was taken as
halfway between such offsets in azi-
muth and elevation. The root-mean-
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square scatter of the data was 0.01
degree in elevation and 0.025 degree in
. azimuth. The beam width at 2390 mega-
cycles is 1.4 degrees, so pointing errors
could be determined to within 1/60 or
less of the beam width.
The Andover antenna was bore-
sighted by the same method.

Contributions to Radio Astronomy

It seems only fair that we com-
munications engineers should try to re-
pay our debt to radio astronomy. At
present, A. A. Penzias is working to set
a meaningful upper limit to the abun-
dance in space of the OH radical, which
has a spectral line at 1677.34 mega-
cycles. The sensitivity of the Holmdel
receiver is such that results obtained
with it should be more accurate than
published results by two orders of mag-
nitude.

Navigation, geodesy, and chronome-
try were once near the heart of astron-
omy, and Telstar I has made its con-
tribution in this field. On 25 and 27
August 1962, William Markowitz and
C. A. Lidback of the U.S. Naval Ob-
servatory cooperated with J. M. Steele
of the National Physical Laboratory,
who suggested the experiment, in re-
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lating, to an unprecedented degree of
accuracy, the master clocks of the
Naval Observatory at Washington and
the Royal Greenwich Observatory at
Herstmonceux. This was done by trans-
mitting pulses from the ground sta-
tions at Andover, Maine, and at Goon-
hilly, Cornwall. The difference between
time of reception and time of transmis-
sion of the pulses was measured at each
station.

In addition, the Goonhilly station
measured the time of arrival of its
own pulses as transmitted by the An-
dover station. These data furnished
both the difference between the clocks,
as represented by the two pulsers, and
the travel time. The difference between
the Andover and Goonhilly clocks was
determined to 1 microsecond. This rep-
resents nearly a thousand-fold improve-
ment in accuracy of synchronization
over the result of previous radio trans-
missions. The clocks at Washington and
Herstmonceux had been related to the
Andover and Goonhilly clocks, respec-
tively, to within about 10 microseconds;
they can now be related to within 1
microsecond.

The measurements also gave a check
on the accuracy of the orbital data;
the ephemeris range was found to be
accurate to about 1 kilometer.

Radiation Measurement

I now turn to another topic of con-
siderable interest to science. Prior to
the launching of Telstar, in July 1962,
our knowledge of the spectrum of elec-
tron and proton radiation in the Van
Allen belt was meager, and we had
little knowledge of how this radiation
changed with time. Fortunately, a long
program concerned with radiation dam-
age to semiconductors and a small but
active interest in low-energy nuclear
physics had led to the development,
from semiconductors, of particle de-
tectors of great simplicity and accuracy.
Telstar I was equipped with such de-
tectors. Such detectors have been flown
in the Injun and TRAAC satellites and in
several Air Force satellites in the past
2 years, but little information is yet
available from these experiments.

The detectors are p-n junction de-
vices which, in effect, are small solid-
state ionization chambers (5). They
give output pulses proportional to the
energy deposited by an incident charged
particle in a disk-shaped active volume
a few millimeters in diameter and a
few tenths of a millimeter thick. This
kind- of device has been extensively
used in low-energy nuclear physics
experiments in the last several years
and provides high-energy resolution and
relatively high speed. In the Telstar
experiment the devices were not used
as high-resolution devices or at their
maximum speed; nevertheless, the ex-
perience gained from the nuclear-
physics experiments with these devices
was invaluable in designing the satel-
lite experiment.

Three dectectors measure protons in
energy regions between 2.8 and 25
Mev, between 26 and 34 Mev, and
above 50 Mev. The peak flux of the
highest-energy protons in the inner Van
Allen belt is very close to the figure
given by Van Allen in 1959 .(6), and
the flux of lower-energy protons rises
steeply, as had been observed at low
altitudes by Naugle and Fichtel (7).
Quite comprehensive maps of these
particles have been made over the
range of Telstar’s orbit. Protons are
responsible for a major part of the
radiation damage on the Telstar solar
power plant; the damage would be
much more serious were it not for the
relatively thick sapphire shielding of
the solar cells.

A fourth particle detector made from
a semiconductor is used in studying
the distribution of electrons in the
trapped radiation belts. In this case
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Fig. 6. Horn-reflector antenna with an aperture of 400 square feet, at Holmdel,

New Jersey.

particle pulses are introduced into four
pulse-height channels below 1 Mev.
Because of the nature of the processes
of electron energy loss, the detector
is also sentitive to electrons of higher
energy.

Data on magnetically trapped par-
ticles are most naturally presented in
coordinates reflecting the basic prop-
erties of the earth’s magnetic field.
Figure 8 shows a collection of points
obtained on the electron detector for
a 5-day period during July, approxi-
mately 2 weeks after Telstar’s launch.
The data are shown in a magnetic
dipole space onto which the irregular
magnetic field of the earth has been
mapped. The satellite’s orbits are clear-

ly visible in the strings of points in
some regions. This collection of points
has been sorted by computer according
to the electron counting rate and has
given the contours of constant omni-
directional flux shown in Fig. 9. Pro-
vided the electron energy spectrum is
appropriate to fission-fragment beta
decay, contour 1 corresponds to a
flux of a little less than 10° electrons
per square centimeter per second. The
contours are spaced toward lower
fluxes at intervals of (10)! in magnitude.

Initially, the electron flux measured
by Telstar I was about 10 times as
great as had been expected, and the
electron energy was considerably great-
er than had been expected. This is

Fig. 7. The 3600-square-foot antenna constructed at Andover, Maine, for the Telstar
experiment.
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generally attributed to the high-altitude
detonation of a nuclear device in the
megaton yield range in the Pacific the
day before Telstar was launched.

The wunexpectedly high radiation
measured by Telstar, and measured at
lower altitudes by the Injun satellite,
caused considerable scientific excite-
ment. On 27 October, NasA launched
the Explorer XV radiation-measuring
satellite. Despite the fact that the de-
spin mechanism failed, this satellite has
provided valuable data on the Van
Allen belt and has added to our knowl-
edge of the way the belt changes with
time.

Satellite Communication

The radiation measured by Telstar
I was unexpectedly high. So was the
public excitement engendered by the
first and by subsequent real-time trans-
atlantic television programs which Tel-
star I made possible. A United States
Information Agency poll showed that in
the week after the transatlantic tele-
vision ceremonies of 23 July 1962,
82 percent of the people of Great
Britain were able to identify the Tel-
star satellite by name, 79 percent knew
it was a United States achievement, and
59 percent saw the television program
beamed from the United States. In a
message broadcast to the people of the
Commonwealth, Christmas day, 1962,
Queen Elizabeth referred to Telstar as
“the invisible focus of a million eyes,”
and used this new star to draw man’s
attention to the star the Wise Men of
old followed, and to its message.

Telstar was an engineering experi-
ment which took us a step forward in
understanding and capability. The in-
terest excited by Telstar made people
want to know when satellites would
become a regularly functioning part
of the world’s communcation network,
what sort of satellites would be used,
and how a satellite communcation sys-
tem would be brought into being.

When work was started toward de-
veloping an experimental active com-
munication satellite in the research
department of the Bell Telephone Lab-
oratories late in 1959, we had great
enthusiasm for a proposed 24-hour
synchronous satellite which would hang
stationary above a spot on the equator
at an altitude of 22,300 miles. We real-
ized, however, that the time delay in
transmission might seriously impair the
usefulness of such a satellite for teleph-
ony.
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While long-distance or trunk tele-
phone circuits use separate paths in
the two directions, the circuits from
switching offices to subscribers send
signals both ways over the same pair
of wires. Devices called hybrid coils
are used to attain some degree of in-
dependence of transmission in the two
directions. Nonetheless, all of the
world’s 140 million telephones reflect
a small percentage of energy directed
toward them. When the person on the
phone hears this reflected speech de-
layed by 0.1 second or more he finds
it unpleasant and upsetting. Thus, echo
suppressors are inserted at the ends of
trunk circuits longer than 1500 miles.
These devices turn off the outward
path when a signal is present on the
inward path. Provision is made for
breaking in by talking very loudly.

Echo suppressors are tolerable for
handling echo delays encountered in
continental telephony and even in trans-
oceanic telephony by way of submarine
cable. Would they be tolerable for an .
echo delayed 0.6 second, as would be
the case in talking by way of a syn-
chronous satellite?

This is no easy matter to decide, for
the answer could depend on the people
involved, on the nature of the conver-
sation, and perhaps on the design of
the echo suppressor. Psychologists have
been studying this problem at the
Bell Laboratories for over 2 years. As
in the case of most experiments, an-
swering one question raises another.
However, we hope to have some con-
vincing numerical data within a few
months. At present I can only say that,
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at the points of Fig. 8 (see text).

under realistic conditions, a delay of 0.6
second, even when the best echo sup-
pressors available are used, proves un-
acceptable in a substantial percentage of
conversations.

This result seemingly flies in. the
face of the fact that laboratory work-
ers often feel, after casual trails, that
a circuit with echo suppressors which
has a delay of 0.6 second is quite
satisfactory. It is here that we see the
difference between experimental science
as we know it in our time and the
sort of casual experience which was
man’s sole and inadequate guide in
earlier ages.

Legislation

In citing this example of human
response to a communication system I
have strayed from physics, but I have
not departed from the realm of science
and technology. Satellite communica-
tion itself has stirred other realms. I
think I scarcely need describe the some-
what heady, or perhaps I should say
dizzy, feeling I had during a period
when the President of the United States
and members of Congress proposed and
discussed legislation engendered by the
existence of a communication satellite,
a satellite whose very existence depend-
ed in part on earlier work of mine. Per-
haps the dizziness was caused by the
stupendous gulf, physical and other-
wise, which separated me from the
political scene: I followed events in the
newspapers, but I had no direct part
in them.

On 31 August 1962 President Ken-
nedy signed a Communications Satel-
lite Act which, after long hearings and
much debate and amendment, had
passed both houses of Congress. This
act sets the pattern for United States
participation in any international civil-
ian satellite communication system. The
exclusive right is granted to a new

_corporation created by law for this

single purpose.

Traditionally, the communication
common carriers have had freedom to
use directly, as a part of their very
diverse communication facilities, any
part of the science and technology
which has come to them from so
many sources. Thus, their facilities have
come to include wire, cable, coaxial
cable, submarine cable, short-wave
radio, ultrahigh-frequency radio, tropo-
spheric scatter, and microwave radio
relay systems.

The Communications Satellite Act
and the entirely new corporation which
it has created represent a bold venture
into completely uncharted waters. Its
activities are confined to one particular
aspect of common-carrier communica-
tion—supplying circuits by means of
satellites. The stock is to be owned
partly by the general public and partly
by communication common carriers.
The board of directors is to have mem-
bers representing the noncommunica-
tion investors, who presumably want
to make money; the common carriers,
who urgently need more transoceanic
circuits, whether these be supplied by
cables or by satellites; and members
appointed by the President, who has
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strongly asserted that satellite com-
munication should serve the needs of
the inhabitants of the least developed
areas of the globe. For this new and
unique corporation to act successfully in
establishing the necessary research and
development resources for reaching its
various goals in a tricky and scarcely
tried field of technology will require
unprecedented pluck and ingenuity.

Conclusion

I began by proclaiming myself no
historian, and I am certainly no
prophet. In closing, let me return to
the things I have observed over the
few years of my life that have been
devoted in part to communication satel-
lites.

I think that the relations I have
pointed out between the work on Echo
I and Telstar I and work in the fields
of upper-atmosphere physics, celestial
mechanics, electronic computers, mo-
lecular spectroscopy and masers, radio
astronomy, and experimental psychol-
ogy aptly illustrate the fact that the
science and technology involved in any
complicated undertaking come from
SO many sources that no one can call
them his own. Science and technology
belong to no enterprise and to no
nation; they are part of the heritage
and the work of men throughout the
world. Governments and other institu-
tions may support, license, forbid, and
enforce conformity, but they can neith-
er legislate the laws of nature out of
existence nor prevent men outside of
their area of control from discovering
and using them.

But the powers that governments ex-
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ercise can have drastic effects, both on
the lives and work of scientists and
engineers and on the degree of benefit
that society reaps from science and
technology. And these powers are as
often exercised foolishly and ignorantly
as with informed wisdom.

C. P. Snow has spoken of two worlds
in modern society—the world of polite
learning and the world of science and
technology. I myself find a more real
distinction between two other worlds.
These two worlds can exist even in the
thought and action of one individual,
though perhaps they more often- mani-
fest themselves separately: one in an
engineer; the other in a statesman or a
religious leader.

One of these worlds has two as-
pects: it is the world of natural law
and of the understanding and applica-
tion of natural law which are expressed
in our science and technology. Some
things are possible; some are beyond
possibility. At a given time we can in
part distinguish between the possible
and the impossible. Of those things
which are possible, some we can this
very day achieve by an effort com-
mensurate with their value. Some we
can have, but at far too dear a price.
Some, though possible in principle, are
beyond our present grasp, however hard
we may strive.

This world of our understanding of
nature and the power that it gives us
varies not only with time but among
individuals and institutions. What one
can do is beyond the grasp of another.
Yet, whatever ephemeral and elusive
qualities this world of science and
technology may appear to have, it is
exceedingly powerful, though extremely
obdurate. The possibilities of great

things are within our grasp, and men
and institutions exist by means of
which these great things can be ac-
complished.

The other world is, let us say, a
personal world, the world of our as-
pirations—of our needs, desires, dis-
likes, and hates. It is the world of
what we would like to accomplish and
of how we would prefer to achieve it.
The obdurate world of science and
technology can sometimes help us to
distinguish wishful thinking from what
is possible, of fantasy from what will
work. It can sometimes enable us to
foretell otherwise unexpected and un-
pleasant consequences of capricious be-
havior.

Projects and people succeed in the
degree that their aspirations are wise
and realistic. I believe that our knowl-
edge of the powerful but obdurate
world of science and technology can
add wisdom and realism to our world
of personal and nattional conduct. But
I believe that too, too often men and
nations expect the laws of nature, the
state of technology, and the abilities of
people and of institutions to conform
to their aspirations, instead of making
their aspirations conform to the ob-
durate world of science and technology.
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