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Professor Armstrong presented 
"Communications in the Space 
Age" as a Mountbatten Lecture 
at the University of Edinburgh, 
Scotland, in March of this year 

1/q;;).. 

IT IS A PARTICULAR pleasure for me 
to have this opportunity to visit 

this distinguished university. At the 
founding of my own institution, 
the University of Cincinnati, which 
takes pride in the fact that it is the 
oldest municipal university in the 
United States, the University of 
Edinburgh had already established 
a tradition of excellence over more 
than two centuries. 

The Mountbatten lecture bears a 
name that will retain a place of 
honor in the annals of naval histo
ry. Although my own direct in
volvement in naval operations was 
limited, my years as an aircraft car
rier based aviator were vital to my 
own career development. I was in
troduced to the operational world 
of men and machines, and to the 
details of the promise and limita
tions of both. The pursuit of those 
details resulted in the privilege of 
participation for two decades in 
the expansion of the boundaries of 
the flight of man. Those confining 
walls were probed and pushed, 
then finally pierced; and gravity no 
longer chained us to our planet. 

I chose, as my subject, Change in 
the Space Age. Space exploration is 
yet a teen-ager, and it is far too ear-
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Iy to predict its success as an adult 
with any accuracy. The change in 
its character from its infancy only 
14 years ago to the present is mani
festly obvious to everyone. As in a 
growing child, change takes place 
rapidly and in many ways. Certainly 
it has been true with this child. Its 
growth in size and strength, and 
the proliferation of its skills has 
been, by all accounts, spectacular. 
It would be impractical to discuss 
the complete range of Space Age 
change. I would like to explore 
one aspect that is of particular sig
nificance to present world affairs, 
perhaps even more important to 
our collective future. That aspect is 
communications, the transfer of 
information. Allegorically, it is the 
development of speech and hear
ing of this youthful Space Age dur
ing its first decade of life. 

Before reviewing that decade, 
however, I should like to change 
both time and place. China is a 
very popular subject currently; 
perhaps it is appropriate to begin 
our discussion there. 

President Nixon's journey to 
Peking notwithstanding, Marco 
Polo is generally credited with un
locking the mysteries of the Ori-



--.'':''''--

Continued from page twenty-five 

mural games. Now, with the As
troTurf we're able to get in games 
we could never play before." 

Intramurals are scheduled for 
the AstroTurf only in fall and 
spring. Sample explains that winter 
intramural sports are inside activi
ties because of "miserable January 
and February weather," and there 
are no intramurals in summer. Dur
ing good weather in the two off
seasons, however, students may 
use the facility for free play. They 
need only get a permit from Coach 
Sample or through the Campus 
Calendar. 

In summer, if it's not too hot, the 
AstroTurf is also available for U.c.'s 
physical fitness program for under
privileged youth in the Cincinnati 
area. Groups must take to grass 
fields, however, during really hot 
weather. Then, says Sample, the 
field is covered to protect it from 
the sun, "the only thing that can 
really hurt AstroTurf." 

Smith actually considers the fa
cility a long-term economy meas
ure. Its care requires fewer person
nel than did the natural turf be
cause the old field needed con
stant marking, mowing, cleaning 
and raking. "Now one man can do 
the work that four used to do with 
the same results," Smith explains. 
The artificial turf also saves money 
on football equipment because the 
togs don't need cleaning as often 
and they last longer. "We can't 
really measure yet what the econo
my has meant to our equipment," 
Smith says, "but we know it's a siz
able sum. We recognize that the 
use-time of our equipment is much 
greater on this turf than on the 
natural turf. As for amount of use 
of the stadium, there's no compari-
son." 

Sample also feels that the Astro
Turf has paid for itself in terms of 
its availablity to all. "Most schools 
the size of U.c. have many more 
facilities," he explains. "I ntramur
als at these schools have their own 
gyms, swimming pools and football 
fields. Here our facilities are shared 

by all and we often have problems 
in scheduling." For outdoor sports 
at least, the AstroTurf has helped 
alleviate the congestion. 

, What about the dangers of As-
troTurf to players? "What intra
mural players don't realize," says 
Sample," is that you can get abra
sive burns when you fall and skid 
on AstroTurf. So we tell teams to 
wear long pants and sweatshirts. If 
you don't have proper clothing, 
you can get injuries that you 
wouldn't get on grass." Uniformed 
players, of course, can use arm and 
skin guards. 

Knee and ankle injuries have 
been neither more nor fewer on 
AstroTurf accord ing to Sample but 
"about the same." As for the prob
lem of AstroTu rf 's soaking up heat 
from the sun, a common lament of 
professional athletes, Sample says, 
"It doesn't bother our athletes 
much because it's not that hot in 
fall and spring in Cincinnati." 

AstroTurf carries a five-year 
guarantee, but can actually "be 
used indefinitely," according to 
Smith. "But if we do have to re
place it, we will never have to re
place the asphalt base, which is the 
most expensive part. We would 
have to replace the 'grass' and per
haps part of the cushion." 

One really exciting thing about 
AstroTurf in the stadium, says Sam
ple, is that its potential hasn't really 
been tapped. Use of the stadium is 
free to persons connected with the 
University when they go through 
proper channels. There is even talk 
of having a movie there, with stu
dents sitting on the turf and some 
think that dances might also be 
held there. The turf's uses are limit
ed only by the user's imagination 
so long as the users take care of the 
facility. 

So far all groups have taken good 
care of the turf, Sample relates, and 
there has been no vandalism of any 
kind. That's good to hear. But then, 
sports-minded U.c. students have 
never had it so good before. And 
neither has face-lifted Nippert 
Stadium. G:l 
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ent. Actually, other Europeans had 
visited the Far East earlier, includ
ing Polo's father and uncle. Marco 
accompanied them on their sec
ond voyage, the 24 year odyssey 
that has become so famous. When 
they returned to Venice, they held 
a great party to show the wonders 
and the wealth of the land they 
called Cathay. Much of the infor
mation they gathered was not 
immediately recorded, even then . 
As often happens, the press of 
normal affairs did not permit Mar
co Polo to take the time to chroni
cle his memoirs. Paradoxically, an 
unfortunate occurrence provided 
the opportunity. He was taken pris
oner in a sea battle between Ven
ice and rival Genoa. As a captive, 
he was given the gift of time, and 
from his cell, "The Book of Marco 
Polo" became a reality. 

The book became the inspiration 
for many explorers, including 
Christopher Columbus, who was 
particularly attracted to the part 
where the author mentioned 
"pearls, precious stones, brocades, 
ivory, or pepper, nuts, nutmeg, 
cloves and an abundance of other 
spices." 

Although only two centuries 
passed between the voyages of 
Marco Polo and Columbus, there 
was a significant improvement in 
information recording, at least in 
the temporal sense. Columbus 
kept a day-by-day diary and com
posed a letter of findings of his first 
voyage during his homeward pas
sage aboard the Nina. The letter 
was delivered to the sovereigns of 
the Spanish Court in March 1493, a 
mere six months after the discov
ery of the new world at the landfall 
on San Salvador. 

It is perhaps human nature to 
allow one's enthusiasm to over
power one's accuracy when put in 
the position of the scribe or the 
salesman. Columbus was no excep
tion. His letter included phrases 
like "rivers, many and great, and 
good streams, the most of which 
bear gold," "great mines of gold 
and of other metals," and" a Sai lor 

for a lace point received gold to 
the weight of two and a half Castel
lanos." 

His report, by the standards of 
the time, however, must be judged 
both prompt and accurate. The 
information, like that in the many 
reports of the explorers of the next 
century, certainly became a major 
factor in world affairs, even though 
in the military political decision 
rtIaking process it included a time 
constant or delay of months. 

This was the time when informa
tion accompanied the man. The 
flow of ideas was limited to the 
speed of the traveler. This limita
tion was to be destroyed in the 
19th century with a series of inven
tions: the semaphore in France, 
the telegraph in England and the 
United States, and the radio in Eng
land, France and Italy. Information 
could, now, for all practical pur
poses, flow as fast as man could 
think. Suddenly, the creative ones 
developed a thousand new meth
ods of conveying statistics, ideas, 
and influence. Man's world would 
never be the same. 

The new technology came just a 
trifle late for the great explorers of 
the last century. Sir John Franklin, 
Doctor David Livingstone and oth
ers were denied the ability to 
promptly share their successes, 
their disappointments, and their 
encounters with danger. 

Even more unfortunate, tragic in 
some cases, was the quirk of chro
nology that put the availability of 
the radio just after the challenge of 
the poles. Peary and Nansen, 
Amundsen, Scott and Shackleton 
lowered the curtain on the age 
where information traveled with 
the speed of the traveler. 

We remember the words of 
Robert Scott found in his diary on 
the frozen antarctic ice: "I do not 
regret this journey, we took risks, 
we knew we took them, things 
have gone against us, therefore we 
have no cause for complaint." 
Doubtless true, and valiantly writ
ten; but with the radio they might 
have been: "Arrived pole behind 

Amundsen, meet us with supply 
party at station 4, February 22." 

This past decade will be charac
terized as one of those one or two 
decades per century remembered 
for its exploration. This time the 
objective was the challenge of 
gravity; the unshackling of that 
mysterious force that teases our 
intellect just beyond the range of 
our understanding. 

To those of us in the mainstream 
of the adventure, this new commu
nications era, where information 
could be transferred over vast dis
tances at the speed of thinking, was 
already accepted. We could not 
have accepted less. 

"Hello, Eagle, this is Houston. 
Stand by for DOl pad if you are 
ready to copy. We'll have LOS at 
101 :28 and AOS at 102:15. Over." 

"O.K., Houston. We're ready to 
copy." 

The vernacular of space flight 
had become as acceptable as it was 
undecipherable. 

No imaginative science-fiction 
writer of previous centuries had 
guessed that the lunar explorers 
would be able to communicate 
with their colleagues on earth. 
Certainly none foresaw those col
leagues sharing not only the words 
at the speed of thinking but simul
taneously the views seen by the 
eyes of the lunar explorers; nor 
that perhaps nearly a billion peo
ple would share those same views 
in the parlors of their homes and 
the lobbies of their hotels in coun
tries around the world. 

Exciting as it was, it was only an 
extension of the accepted princi
ple : transferring ideas at the speed 
of thought. 

Also accepted but probably 
unnoticed, another new phenom
enon was becoming increasingly 
prevalent during these flights. Per
haps it was even more startling. 

"Hello, Apollo Eleven, this is 
Houston. Could I have POO and 
Accept?" Who is this POO? Mr. 
Milne's friend of Christopher 
Robin? And accept? That should be 

continued on next page 
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Continued from page twenty-nine 
a foregone conclusion. 

Not so. This was an arrangement 
of the electronic brains such that 
they would not have to be encum
bered by the limitations of the 
speed of man's thought processes. 
A permission, so to speak, for the 
computers on Apollo and the 
computers back on Earth to have a 
little private conversation at their 
own speed, exchanging data by 
bypassing the painstaking and er
ror prone delays of the human lar
ynx, tongue, and brain. It was that 
opportunity for straight talk be
tween machines - millions of bits 
of information being transferred 
from the memory of one to the 
memory of the other, checked, 
double-checked and transmitted 
back to the first computer for its 
checks and double-checks. As in 
the contemporary pseudo-Adam 
Smith's book, The Money Game, 
the computers were transferring 
and processing information at a 
speed faster than human thoughts. 

Was this the vanguard of a new 
era of communication? An era 
of unprecedented information 
transfer? In 2001 : A Space Odyssey, 
the computer HAL assumes human 
characteristics, a super-intellect 
trapped by the growth of his new 
human shortcomings. Both humor
ous and serious concern has been 
expressed concerning the growth 
of power within the machines. A 
more serious problem might well 
be thedecline of the human's abil
ity to accept this geyser of informa
tion. Permit me an example. 

As part of the exhaustive selec
tion process for the astronaut pro
gram, we were exposed to one par
ticularly humiliating experience. 
We were seated, individually, at a 
console covered with an assort
ment of lights, indicators and con
trols. When the red light came on, 
the subject was to acknowledge by 
pressing a button. When the green 
light came on, he was to actuate a 
switch. When a voltmeter reached 
100 volts, he was to reset it. When a 
buzzer sounded, the subject was 
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required to step on a pedal with his 
foot, and so on. 

The test started very slowly. Oc
casionallya light would illuminate, 
and it was easy to return the proper 
response. Then the commands 
began to come more quickly. Soon 
it was difficult to maintain the 
pace. Then they came even faster, 
and errors began to accumulate. 
Then even faster, and correct re
sponses became rare. At some 
speed, the subject completely gave 
up and did not even try; it was the 
breaking point. 

There was a finite limit to human 
acceptance of information rate. 
This "infernal machine" of psycho
logical testing had demonstrated 
the fact with depressing clarity. 
We'll return to this peculiar char
acteristic later. 

When Arthur Clarke first envi
sioned the use of an artificial satel
lite as a communications relay sta
tion nearly a decade before Sput
nik, it could hardly have been sus
pected that it would become, not 
only a reality, but an integral 
member of our communications 
system within just a few short years. 

The physical realities of the 
problem made the satellite solu
tion inevitable. Radio waves travel
ing in straight lines are completely 
acceptable in the Flatland of Edwin 
Abbott or the geography of the Flat 
Earth Society. 

Transmitting from one city to 
another on a spherical planet, 
however, requires the use of ca
bles, which have very limited ca
pacity, or the use of very tall towers 
to permit the radio transmission of 
signals over a reasonable distance. 
Reasonable is a matter of degree, 
however, since direct tower trans
mission from Edinburgh to London 
would require a tower 75,000 feet 
high. The obvious solution has 
been the use of series of towers of 
limited height carrying relay sta
tions. This concept, however, is 
extremely expensive and impossi
ble for a method of carrying signals 
across oceans. Microwave relay 
towers less than a thousand feet 

high at spacings of about 50 miles 
have become common in coun
tries having the resources available 
for such an investment. 

Clearly, the communications 
industry had a need for the engi
neering feasibility of a very tall 
tower. When the possibility of an 
artificial satellite of earth became a 
reality in 1957 with the launching 
of "Sputnik 1," the communica
tions impact was not overlooked in 
that industry or in the military, al
though it remained unrecognized 
by many, even those who were 
most affected by the delay and 
expense of information transfer, 
such as teachers, businessmen, and 
the practitioners of world affairs 
manipulations. 

The simplest of the satellite tech
niques used the satellite as an or
biting mirror. Signals originating at 
one point on earth can be trans
mitted up into the sky and reflect
ed back to a different location on 
the earth's surface. The idea was 
first tried with Echo, a satellite that 
was simply a giant silver balloon. 
The reflected signal was, however, 
weaker than the echo from the 
roof of Hadrian's rotunda at the 
Pantheon. 

The next improvement would be 
most logical. Equip the satellite 
with a radio receiver and transmit
ter. Signals sent up from earth 
would be received and retransmit
ted, beaming down a much strong
er signal. Now the stations on the 
ground could be much smaller and 
less expensive. The first such satel
lite was called Telstar. 

Now, for the first time, a tower 
did exist in the sky. It was so high 
that it could look down on both 
Europe and North America when it 
was properly located above the 
North Atlantic. 

Unfortunately, it seldom was. It 
had the unnatural habit of rising in 
the west, drifting slowly across the 
heavens, and setting in the east. It 
didn't seem to have a proper place 
in God's Universe. Although its 
position could be predicted with 
the accuracy of the eclipses and 



Halley's comet, its usefulness was 
certainly limited. The ground sta
tion would require a movable an
tenna that would continually point 
at the moving satellite when it was 
in view. 

If such an idea were to be com
pletely useful, clearly more than 
one such "flying tower" should be 
required. In fact, a whole series 
would be needed, arranged in 
such a way that one of the group 
would always be near the location 
where the relay was required. Pre
cisely such a system was operated 
by the Soviet Union with their "Or
bita" series. 

At this point, let's take a moment 
to step back in time. During the 
Reformation, about the time that 
James VI established the domi
nance of the Presbyterian church 
in Scotland, the mathematician, 
Johannes Kepler, was leaving Aus
tria to avoid compulsory conver
sion to Catholicism. His search for 
a new position led him to the fa
mous Danish astronomer, Tycho 
Brahe. The opportunity to work 
with Brahe's massive accumulation 
of astronomical measurements led 
to his development of the famous 
laws of planetary motion. It's rea
sonably clear that Kepler accurate
ly described the laws governing 
how objects moved in orbit with
out knowing why they did so. It 
remained for the brilliant work of 
Sir Isaac Newton to reveal the logic 
of the mysterious motions. In any 
case, the Third of Kepler's Laws 
stated that the square of the period 
of an orbit was proportional to the 
cube of its mean radius. I n the case 
of any satellite, natural or artificial, 
the farther away from earth it or
bited, the longer it would take to 
complete each circuit. A satellite 
close to the earth completed a rev
olution in about an hour and a half, 
while the moon, 225,000 miles 
away, required nearly a month. In 
between, there was a place of spe
cial significance, particularly to the 
communications enthusiast. 

That place is where the period of 
the orbit is twenty-fo,ur hours, 

matching the period of rotation of 
the earth. The distance is 22,300 
miles above the surface. If such a 
synchronous orbit is in the plane of 
the equator, the satellite will ap
pear to remain motionless above 
the observer, a position that has 
become known as "geostationary." 

Stations on the ground no longer 
need movable antennas; after 

• once being properly aligned, the 
antenna may be locked in place. 
Now we have a true tower, or 
"switchboard in the sky." Such a 
position due to its great height, 
overlooks nearly half of the earth's 
surface; and three such positions 
equispaced form a system that can, 
with the exception of the poles, 
connect every point on earth to 
every other. 

This choice location was first 
reached by the U.S. unmanned 
spacecraft, "Syncom," in 1963. 
Since then, it has become the 
home for all the satellites used by 
Comsat (Communications Satellite 
Corporation) and its partners in 
I ntelsat (I nternational Telecom
munications Satellite Consortium). 

Each new satellite can be de
pended upon to contain more 
capacity than the last. The hypo
thetical Talkasat I has the ability to 
carry a dozen telephone conversa
tions; Talkasat II will inevitably car
ry a hundred. If Telesat III carries 
four color TV channels, Telesat IV 
will carry ten. There is no indica
tion that this characteristic will not 
continue to be true. Intelsat 4, 
launched a few months ago, in 
time to relay every public detail of 
President Nixon's visit to the Peo
ple's Republic of China, has the 
ability to process twenty channels 
of color television or five-thousand 
telephone circuits. 

One need not cloak oneself in 
the mantle of the seer to predict 
that we will soon have the ability to 
transfer any amount of information 
from any point to any other at any 
time. And as we have seen in the 
Apollo "POO and Accept," that 
information need not be restricted 
to transmission at the speed at 

which man thinks. 
It might be well to consider how 

the human will use this fountain of 
knowledge. 

Certainly, the character of mili
tary operation is a strong function 
of communication availability. 
Throughout the millenia that 
communications traveled with the 
speed of man, the conduct of the 
battle was determined by the 
commander on the scene. Alexan
der, Attila, Anthony, and Drake, all 
commanded from the scene of the 
action. 

As communications advanced, 
command retreated. When infor
mation was transferred at the 
speed of man's thought, com
manders could have an apprecia
tion for the state of their forces 
proportional to the amount and 
quality of the information being 
provided from diverse and remote 
sources. 

By World War II, major battle
field strategy was already starting 
to be formulated far from the field, 
in the War Rooms of Ministry cata
combs. Instant communications 
from the trenches to control center 
were becoming not only a rule but 
a necessity. 

Command in the field was al
most imperceptibly on the wane. 

As automated sensing and re
porting equipment becomes more 
sophisticated and more prolific, 
the growth of that tendency can be 
predicted with certainty. Observa
tion of the American involvement 
in Southeast Asia indicates that 
remote command may already be a 
reality. 

It makes the utmost in good 
sense to conduct the decision mak
ing process in the area where you 
have the most information, the 
most experienced people and the 
relatively calm atmosphere of a 
location remote to the battle
ground. As in the Apollo Mission 
Control Center in Houston, the 
difficult decisions in the War Room 
must have every available advan
tage possible. 

continued on next page 
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Continued from page thirty-one 
However, as one who has con

ducted the intricate processes of 
space flight from both the regi
mented discipline of that Control 
Center and the remoteness of the 
Sea of Tranquility, I can also appre
ciate the dissenting view of the 
field commander, who knows he 
bears the responsibility for his men 
and his actions, yet feels the au-. 
thority steadily slipping away from 
him. In his eyes, this remote com
mand must be a source of irritation 
and frustration, and he questions, 
even doubts, that icy logic in an
other part of the world can replace 
the experience and intuition of the 
war horse at the scene of the ac
tion. 

Perhaps even more striking is the 
change in the public involvement 
in military action. Satellite commu
nication is capable of bring!ng the 
combat zone into the home by way 
of television . The public does not 
get all of the reality of war with its 
waiting, its enormous logistic proc
esses and its endless strategies and 
counter strategies. The public does 
get an array of carefully selected 
fractions of the journalistic distilla
tion process : the battle scene, the 
wounded, the unusual feature 
story. Though like Columbus's 
report to Queen Isabella, any dis
tortion that might exist is most like
Iya change of emphasis rather than 
fact, the difference is more a mat
ter of reducing the delay time than 
improving the substance. 

Yet the incisive journalist will 
quickly recognize that he can ex
pect a conditioned response to the 
flow of verbiage and sights from 
the combat zone. The transfer 
function is clearly dependent on 
the selection of the distillation 
fraction, but also on the quantity of 
that information. At some informa
tion rate the audience, like the 
subject operating the infernal 
machine in the Apollo psychologi
cal testing procedure, gives up and 
is completely unable to absorb any 
of the facts being presented. 

The ability for the human to 
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comprehend a finite information 
rate certainly would not be limited 
to military reportorial activity. It is 
likely equally true of any type of 
information flow, though the lill)it 
might be expected to be a function 
of emotional content, individual 
interest, and any number of other 
factors. 

Tomorrow will bring an ever
increasing bombardment of dis
tilled thoughts, interpretations and 
visual scenes. The quantity statistics 
are impressive even today. Studies 
indicate that the average seven
teen-year-old in the United States 
has accumulated more than 20,000 
hours of television viewing, nearly 
twice as many hours as he has 
spent in the classroom. 

The memory cells of those young 
brains have stored a myriad of de
tail as a result of that exposure. 
Observation of closed-circuit tele
vision educational classes indicates 
a high degree of attentiveness (or 
hypnosis) even when the program 
material or lecturer is dull. The re
tention is not proportional to the 
attention. Yet whatever the short
comings, all sources forecast con
tinued growth. 

We can predict with some assur
ance that educational, cultural, and 
entertainment programming will 
be much more widely available in 
the future than it was in the past. 
Complete libraries of books, films, 
and tapes may become available to 
the home receiver on request. Sat
ellite service will replace the postal 
service in many business transac
tions. The sky will be filled with 
cascading torrents of the stuff of 
the electromagnetic spectrum. 

We cannot see that spectrum. 
Unlike its visual counterpart that is 
revealed for us to enjoy in the un
expected rainbow, the colors of 
the s-band and the megahertz 
remain forever hidden from our 
view. Still they are ours to use. 
"This thing of darkness, I acknowl
edge mine," said Shakespeare's 
Prospero. "Likewise ours," we 
echo and hope we'll use it well. 

To use it well. Certainly the tech-

nological community has done its 
share. Some may say, too much. A 
great deal remains to be done in 
the understanding, interpretation, 
and presentation of information. 
There is a challenge not primarily 
to science, but to the arts, the 
humanities and the professions. 

The challenge is not merely the 
accumulation of knowledge; 
knowledge is not wisdom. Wisdom 
requires understanding and the 
key to understanding is communi
cation . Communication is the 
common denominator necessary 
to reason, to logic, to explanation, 
to interpretation. It behooves us all 
to learn to know and use it well. 

Our future depends on it. G:l 
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