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"The Human Condition" 
(front cover) and "Chance 
Meeting" (back cover) are 
moments that capture 
an event and hint at past or 
future action. The various 
aspects of time and its 
relationship to the concept 
of space are discussed in 
an article that begins 
on page 6. 
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The Scientists: 
Vanguard of 
a World 
Community? 
International communication 
has become increasingly 
vital to the free exchange of 
knowledge and ideas among 
scientists. 

by Harrison Brown 

Hanson Broc.n, a member of r.he faculty of 
the Cal forma lost 'ate of Techno!ogy, is foreign 
secretary of the Na*. ono Academy of Scences. 

Although we often pay lip service to the 
concept of a world community, one need 
not travel far to appreciate how deeply 
divided nations, races, and cultures really 
are. In virtually all parts of the world we 
see antagonisms between social groups, 
tribes. nations, and races that transcend 
logic and prevent constructive action. In 

a world in which division is the rule, the 
scientific community, which numbers 
fewer than 1 million persons, is one of 
several outstanding exceptions. 

Scientists, more than members of most 
groups, are generally able to communi- 
cate with each other without being over- 
whelmed by their cultural roots. As I 

travel about the world and talk with my 
colleagues, I find that from the point of 
view of communication it makes little dif- 
ference whether I am in Chicago, Lima, 
London, Paris, Moscow, Accra, Cairo, 
Bombay, or Tokyo. 

It isn't that scientists don't have their 
own prejudices. They do. It isn't that they 
aren't nationalistic or influenced by the 
cultures from which they emerged. They 
are. It isn't that they are unusually intelli- 
gent or clever - most of them aren't. Yet 
somehow, despite these barriers, their 
acceptance of a common scientific atti- 
tude has given them a kind of common 
culture that enables them to talk with and 
understand each other. In part, this re- 
sults from a deep- seated realization that 
arguments cannot be settled with rhet- 
oric. The laboratory is the final court of 

appeal. 

Perhaps the most obvious point to be 
made concerning the need for strong ties 
between the scientific community of any 
one nation and those of others is that a 

fact found in country X is valid the world 
over. The options of a nation are simple: 
it can learn a fact from the scientists of 
country X, its own scientists can discover 
that fact themselves, or its scientists can 
remain ignorant. Although a nation could 
in principle isolate itself scientifically 
from the rest of the world and conceiv- 
ably get along, this would be an extremely 
wasteful policy and would eventually be 

self -defeating. 
Even the United States, which has the 

strongest scientific community on earth 
and which produces about 40 per cent of 
the world's scientific literature. could not 
afford to isolate itself - for the rate of 
growth of science outside the United 
States far surpasses its own. Just as we 
went from the position at the end of 
World War II of being a larger producer of 

steel than the rest of the world put to- 
gether to one where the rest of the world 
now produces more than three times as 
much steel as we do, so our scientific 
production is destined eventually to be 

but a small proportion of that of the world 
as a whole. 

International communication among 
scientists takes place in many ways. Of 

primary importance are the thousands of 

scientific journals, the hundreds of ab- 
stract journals, and the diversity of corn - 

plex private and governmental scientific 
information systems. Each year, the sci- 
entific and technical work in the world is 

described in some 2 million articles that 

are publishes In about 35,000 scientif 
and technical journals and written in as 
many as 50 languages. This tremendous 
output is condensed in abstract form in 

some 300 journals. 
Of equal importance to the flow of 

printed and computerized information is 

the flow of scientists themselves. There 
is a large, random flow of scientists 
among Western European countries and 
between Western Europe and the United 
States. There are more formalized flows 
between Eastern European countries and 
the West. The movement of scientists to 

and from the less- developed countries is 

small because there is not much scien- 
tific activity in those areas. 

The flow of scientists to and from inter- 
national conferences and symposia rep- 
resents an important element of scientific 
communication. Congresses of such or- 
ganizations as the International Union of 
Pure and Applied Chemistry, the Interna- 
tional Union of Geodesy and Geophysics, 
and the International Union of Biochem- 
istry have become quite large. For better 
or worse, it is no longer unusual for more 
than 5,000 scientists to descend simul- 
taneously upon a city from virtually all parts 
of the world for the purpose of discussing 
recent developments in their field. No form 
of communication quite equals in effect 
tiveness that of face -to -face contact uri 
der circumstances in which conflicting 
views can be aired in both public and 
private. 

The primary organization for promot- 
ing and nurturing international scientific 
cooperation and communication is the 
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The flags of nations that signed the Antarctic Treaty are unfurled at the South Pole Station 
during the 10th anniversary of the signing. The treaty, signed December 1, 1959, 
guarantees the peaceful use of that continent for scientific purposes. 

1ternational Council of Scientific Unions 
(ICSU).This unique nongovernmental body 
has, despite severe financial limitations, 
performed yeoman service for world sci- 
ence. It is basically a federation of 16 

international scientific organizations, or 
"unions," representing as many branches 
of the basic and applied sciences, linked 
with about 60 "national" members. The 
unions have bound themselves together 
in this higher level of organization recog- 
nizing that they have many problems 
in common that must be dealt with in 
concert. 

Once an international program is de- 
cided upon, the cooperation of national 
scientific bodies is essential if the pro- 
gram is to be successful. Recognizing 
this, ICSU created the category of "na- 
tional membership" consisting of no 
more than one scientific organization per 
nation - usually that organization which 
can best represent the international inter- 
ests of the national scientific community. 
National members include, among others, 
the Royal Society of London, the Japan 
Science Council, and the academies of 
science of France, the United States, and 
the Soviet Union. 

The International Council of Scientific 
Unions goes to great lengths to maintain 

valjts nonpolitical status. It takes the view 
110Ihat scientists the world over should be 

able to participate in international scien- 
tific activities without being prejudiced by 

the political complexion of the countries 
in which they happen to live. Hence, ap- 
propriate organizations in East Germany, 
North Korea, and North Vietnam are 
members of ICSU, as are organizations 
in West Germany, South Korea, and 
South Vietnam. The Academia Sinica in 
Taiwan is a member of most of the unions 
as well as the ICSU, but the Academia 
Sinica in Peking has systematically with- 
drawn from all ICSU organizations to 
which the academy in Taipei has been 
admitted. The governing body of ICSU 
takes the view that scientists working in 
Taiwan as well as those working on the 
mainland should be able to participate in 
international cooperative scientific ven- 
tures and has made clear its standing in- 
vitation to the Academia Sinica in Peking 
to become a national member of ICSU 
once again. It is encouraging that re- 
cently, for the first time in years, scientists 
from the Chinese mainland have at- 
tended a scientific meeting in the West - 
one dealing with the future development 
of the marine sciences. 

One of ICSU's most important operat- 
ing principles is known as the Principle of 
Free Circulation of Scientists, which 
states in effect that no bona fide scientist 
should be prevented from engaging in an 
ICSU activity in a country because of his 
nationality. A congress or symposium will 
be scheduled in a country only if reason- 
able assurances are given that visas will 
be granted to scientists from all partici- 
pating countries, even those which the 
host country does not recognize. Thus 
we have the interesting situation of the 
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United States issuing visas to scientists 
from East Germany and the Soviet Union 
issuing visas to scientists from Israel. 

ICSU recognizes the sovereign right of 
a nation to refuse visas to individua s as 
long as it is not done on the basis of na- 
tionality. Of course, a nation would not 
be expected to issue a visa to a known 
espionage agent or a criminal. But if dis- 
crimination on the basis of nationality is 
suspected, the case is brought to the at- 
tention of the Committee on Free Circula- 
tion of Scientists, which is chaired by a 

Swedish scientist and has one represent- 
ative each from the Royal Society and 
from the French, Soviet, and U.S. acad- 
emies. The committee investigates the 
incident and issues a report to the mem- 
bership. Although the organization has 
no power in such situations, it does wield 
considerable influence. 

There are almost always pressures 
placed upon ICSU to become political. 
For example, the UNESCO General Con- 
ference last fall passed a resolution in- 
dicating UNESCO's intention to sever all 
relationships, including financial, with all 
international nongovernmental bodies 
that have affiliates in South Africa and 
that cannot demonstrate to UNESCO's 
satisfaction that they do not cooperate 
with the South African government's 
apartheid policies. ICSU and its constit- 
uent unions have a very good recorc in 

. 
this respect, and it may be that they can 
free themselves of the implications of 
this resolution, which assumes guilt until 
innocence is proved. If not, ICSU and the 
unions stand to lose all financial support 
from UNESCO, which is considerable. 
And UNESCO may be obliged to break 
all connections with ICSU, whose con- 
tribution is essential to the UNESCO sci- 
entific program. 

The ICSU officers take the view that 
although they as individuals are opposed 
to apartheid, it is of great importance that 
the SoLth African scientific community 
maintain contact with colleagues in the 
outside world. Further, it seems clear that 
were ICSU to compromise on this issue, 
the floodgates would be opened for a 

never -ending flow of similar political 
problems ranging from Soviet discrimi- 
nation against Jews to Brazilian tortures 
of political prisoners to the use of defoli- 
ants in Vietnam. 

ICSU maintains a variety of commit- 
tees and commissions that perform es- 
sential services, coordinate international 
collaborative programs, and arrange for 
the sharing of tasks. For example, the 
Scientific Committee on Oceanic Re- 
search prepares plans for international 
oceanic research programs. The Scien- 
tific Committee on Antarctic Research is 
charged with the responsibility of further- 
ing coordination of scientific activity in 
Antarctica. The Committee on Space Re- 
search furthers the progress of all kinds 
of scientific investigations that are car- 
ried out with the use of rocket -propelled 
vehicles. The Scientific Committee on 
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"... arguments cannot be settled with 
rhetoric. The laboratory is the final 
court of appeal." 

Helium -filled balloon with retrieval line can be used to rescue stranded scientists in research project 
at Antarctica. 

Water Research has the task of studying 
the problem of international water re- 
sources in all its aspects and formulating 
collaborative research programs on the 
subject. The Special Committee on Prob- 
lems of the Environment is charged with 
the responsibility of formulating world- 
wide cooperative research programs 
dealing with man -made environmental 
changes. 

Some ICSU- sponsored programs have 
represented landmarks in international 
cooperation. The International Geophysi- 
cal Year engaged the efforts of thousands 
of geophysicists the world over and 
achieved results that could not have been 
obtained by any one national group. Sim- 
ilarly, the International Indian Ocean Ex- 

pedition, in which research ships from 
many countries made coordinated tra- 
verses of that body of water in a single 
year, gave a unique synoptic view of the 
local marine environment. It was during 
this exercise that, for the first time, Soviet 
scientists worked on American research 
ships and American scientists worked on 

Soviet research ships so that equipment 
could be intercalibrated. 

The successes of the earlier collabora- 
tive efforts led to the organization of the 
International Biological Program, a con- 
tinuing attempt to study biological pro- 
duction over all land areas of the earth 
as well as in fresh waters and the seas. 
The program also involves a study of the 

adaptability of human beings to changing 
environmental conditions. 

ICSU also undertakes joint projects 
with intergovernmental organizations. To- 
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gether with the World Meteorological Or- 
ganization of the United Nations, a Global 
Atmospheric Research Program is now 
being undertaken. This program consists 
of the design and testing of a series of 
theoretical models of various aspects of 
the behavior of the atmosphere coupled 
with a series of observational and experi- 
mental studies of the atmosphere to pro- 
vide data for the models and to help test 
their validity. This program may lead to 
longer range and more accurate weather 
forecasting, will yield economic benefits 
the world over, and help nations avert 
climatic disasters. 

Of necessity, ICSU is concerned about 
the handling of the growing avalanche of 
scientific information, which threatens to 
get out of hand. In 1966, it created the 
Committee on Data for Science and 
Technology, which promotes and en- 
courages the production and distribution 
of collections of critically selected data 
concerning the properties of substances 
of interest to science and technology. In 

partnership with UNESCO, a three -year 
study has been undertaken of the feasi- 
bility of developing a universal system of 
scientific and technological information. 
That study, now complete and published 
in four languages, will be the subject of 

an intergovernmental conference to be 

held in Paris in October. When the sys- 
tem is developed, the sharing of tasks 
recommended by the report should re- 

sult in considerable economic benefits. 
The benefits a nation derives from shar- 

ing global research tasks can be consid- 
erable. The United States, for example, 

pays only for its own program, and other 
countries pay only for their portions of 

the effort. International coordination often 
costs as little as 0.1 per cent of the total 
global cost of the program. In return, 
each nation receives the entire global 
product. In the case of the United States, 
this represents a saving of about 80 per 
cent of the total cost. 

Of course, not all international scien- 
tific cooperation takes place under the 
ICSU umbrella. Many intergovernmental 
organizations, notably those in the United 
Nations family, have scientific programs. 
A number of nations engage in bilateral 
intergovernmental collaborative efforts. 
For example, a number of years ago, the 
governments of the United States and 
Japan instituted a successful science - 
cooperation program. Similar bilateral 
programs are in the process of being de- 
veloped between the United States and 
France, Italy, Spain, Romania, and Brazil. 
Some international laboratories, such as 

the Center for Nuclear Research (CERN) 

in Geneva and the Center for Theoretical 
Physics in Trieste, have been created by 
intergovernmental action. 

At the nongovernmental level, a num- 
ber of academies of science engage in 

bilateral programs. The U.S. National 
Academy of Sciences, for example, has 

programs, most of them federally fi- 
nanced, with appropriate organizations 
in some 20 countries. The oldest of these 
is the Soviet -American Scientific Ex- 

change Program - negotiated directly be- 
tween the two academies and operated 
by them as a part of the intergovern- 
mental cultural exchange agreement. Un- 
der the terms of the agreement, about 20 

Soviet scientists undertake research in 

laboratories in the United States each 
year and an equal number of American 
scientists undertake research in the Soviet 
Union. 

Similar programs have been developed 
by the American academy with Yugo- 
slavia, Poland, Czechoslovakia, Romania, 
Bulgaria, and Hungary. In most Western 
nations, there is a steady, spontaneous 
flow of scientists between one country 
and another so that no formal agree- 
ments are necessary. With the socialist 
countries, however, the absence of formal 
agreements of this sort would mean that 
the flow of scientists back and forth 
would be considerably smaller than it is. 

Although we in the United States prefer 
not to handle exchanges in this way, we 
are willing to do so in the interest of 
maintaining at least a minimum level of 
personal communication. 

The most active bilateral activities of 

the National Academy of Sciences are 
with our colleagues in developing coun- 

"No form of communication quite equals 
in effectiveness that of face -to -face 
contact under circumstances in which 
conflicting views can be aired in both 
public and private." 

Soviet scientists visit Detroit nuclear power 
plant with Glenn T. Seaborg (second from left) 
and Walter Cister, president of Power Reactor 
Development Company (right). 

tries. In recent years, it has become evi- 
dent that the building up of an indigenous 
research and development (or "problem - 
solving") capacity is an essential element 
of the process of economic and social 
development. During the past decade, 
the academy has developed programs 
with sister organizations in Peru, Chile, 
Argentina, Brazil, Colombia, Taiwan, the 
Philippines, Indonesia, Thailand, India, 
and Ghana, aimed at strengthening 
scientific -technological problem -solving 
competence in these countries. In a typi 
cal program, we have brought togetheW 
natural scientists, social scientists, and 

engineers from our two countries to dis- 
cuss the problems of development, with 
particular reference to the role of science 
and technology. Recommendations that 
have emerged from such discussions 
have had considerable impact upon gov- 
ernmental policies. We have helped our 
colleagues plan constructive reorganiYa- 
tions of governmental structure, helped 
create research councils and research 
institutes, jointly developed new edu- 
cational approaches, effected nutrition 
recommendations, and helped develop 
guidelines for industrial research. 

Recently, a new approach to inter- 
national scientific collaboration has 

emerged: that of the consortium of acad- 
emies and related organizations. In 1969, 

the academies of East Africa, the United 

States, United Kingdom, Netherlands, 
Sweden, West Germany, Switzerland, 
and Czechoslovakia joined forces to help 
create the International Center for the 

Study of Insect Physiology and Ecology 
in Nairobi. A similar group of academies 
is now planning the establishment of an 

International Science Foundation. Yet 

another group (including the academies 
of both the Soviet Union and the United 
States) is planning the creation of an in 

ternational institute for application of thtlri 
most sophisticated systems analysis to 

those problems which the industrially ad- 
vanced societies share. 

Finally, members of the scientific corn - 

munity try to help their colleagues over- 
seas when they are in serious trouble. 

www.americanradiohistory.com

www.americanradiohistory.com


 

During the days of Hitler, organizations 
in the United Kingdom and the United 
States helped relocate scientists who had 
fled Germany. In 1956, at the time of the 
Hungarian uprising, the National Acad- 
emy of Sciences helped relocate a num- 
ber of scientists who fled. More recently, 
when the Ongania regime in Argentina 
decimated the science faculty at the Uni- 
versity of Buenos Aires, our academy 
placed a number of Argentine graduate 
students in U.S. universities so that they 
could complete their research and stud- 
ies for their doctorates. 

Although the channels created for ex- 
pediting worldwide communication and 
fostering cooperation are primarily for sci- 
entific purposes, it is clear that the scien- 
tific community has played a substantial 
role in increasing understanding among 
people who live under different social, 
economic, and political systems. For ex- 
ample, many views concerning the United 
States that have been held by Soviet sci- 
entists have been changed drastically 
within a few months of their residence 
ere under the bilateral exchange pro - 
ram. There have been equally dramatic 

changes in attitude on the part of U.S. 
scientists visiting the USSR. In short, the 
evidence strongly indicates that exten- 
sive contact within the world scientific 
community is one of the more effective 
mechanisms for increasing international 
understanding in general. 

It seems clear that within the scientific 
community there is a deep- rooted aware- 
ness of a number of world problems that 
have scientific- technological roots. These 
include such critical difficulties as exces- 
sive population growth, hunger, explosive 
urbanization, disease, dwindling natural 
resources, environmental deterioration, 
and the mushrooming of strategic weap- 
ons systems. The concern of the scientific 
community for these problems has played 
no small part in achieving some measure 
of world understanding and action. 

It seems reasonable to suggest that to 
the extent that an objective of mankind 
is to help create a world community in 
which nations can live securely and in 
peace with each other and in which peo- 
ple are freed from mankind's traditional 
scourges, expanded international coop- 
eration among scientists should be vig- 
orously encouraged by the nations of the 
world. Again, it isn't that they are any 

wetter or smarter than other people. They 
illéren't. But they have managed to evolve 

a system for cooperation that seems to 
work. 

In a cooperative program between the Federal 
Republic of Germany and the United States, 
a satellite is launched into near -polar orbit to 
study the earth's radiation belt, the auroras, and 
solar particle events. 
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"Subjectively, our concept of space is 
intertwined with our concept of time. We 
could get no sensation of separation in 

space without a separation in time, too." 
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Man's Concept 
of Time 
by Isaac Asimov 

An eclipse of the sun is photographed during 
a time lapse of approximately one hour, 
here juxtaposed with a cricketer's swing - 
a matter of seconds. 

How long a time is a long time? And how 
short is a short time? Depending on cir- 
cumstances, the same period may seem 
long to one person and short to another. 
For, whereas the comprehension of space 
and spatial relationships involves the 
senses of sight and touch, the concept of 
time is much more subtle. 

Now it is day, then it is night; now one 
eats, then one is hungry again. The inner 
sense of duration - now and then - 
implies the passage of time. 

Learning to measure duration and get- 
ting a quantitative sense of time were 
more difficult for man than learning to 
measure distance and getting a quantita- 
tive sense of space. It was easy to pace 
off distance but not so easy to pace off 
duration. 

In order to come to some agreement, 
men had to use some external phenome- 
non that was periodic - that is, one that 
was judged to be repeating its actions 
over and over at fixed intervals of time. 
The earliest periodic phenomena used 
for this purpose were the motions of the 
heavenly bodies. Summer came at yearly 
intervals, the new moon at monthly inter- 
vals, and sunrise at daily intervals. 

It was not until the 17th century that 
a man -made periodic motion was found 
superior. The pendulum made possible 
the development of the modern clock, 
and, for the first time in history, man could 
measure time in minutes and seconds. 
The pendulum was followed by the vi- 
brating spring and finally, in the 20th cen- 
tury, by the vibrating atom. Modern time - 
telling devices can thus split the second 
into a million parts, and time can be 
measured with greater facility and pre- 
cision than space can. 

But are space and time truly indepen- 
dent? Subjectively, our concept of space 
is intertwined with our concept of time. We 
could get no sensation of separation in 
space without a separation in time, too. 

Isaac Asimov is the author of numerous books on 
science and science fiction. 

We have to turn our heads to look from 
one thing to another, and this movement 
would have no meaning unless we looked 
first at one thing and then another. If, in 
pacing off distances, we find that one is 
twice as many paces long as another, we 
also find that it takes us twice as long to 
measure the longer. Space and time melt 
together. In buying a house, for instance, 
one has to consider its distance from a 
school or from one's place of business. 
There is the nearly automatic thought 
that location will affect travel time. 

Of course, the melting isn't perfect. 
There are ways of measuring distance 
that are less direct than pacing off and 
not so immediately dependent on time. 
A long distance can be measured by 
triangulation, for instance, in about the 
same time as a short distance. Again, it 

may be possible to travel 100 miles by 
superhighway more quickly and easily 
than 10 miles through city traffic. 

Then, too, advances in transportation 
have altered the relationship of space 
and time for mankind generally. First the 
train, then the airplane, and then the jet 
have associated the sensation of a given 
distance with a radically smaller sensa- 
tion of duration. In colonial days, it was 
barely possible to breakfast in Pough- 
keepsie and lunch in New York City; now- 
adays, it is quite possible to breakfast in 
Paris and lunch in New York. 

Invariably, the reaction to this is that 
the world is getting smaller." The less- 

ening of time is interpreted as a lessen- 
ing of space. Truly, though, all this is 
subjective; and one can argue that a dis- 
tance as a physical separation of two 
points possesses some quality that is not 
affected by any change in the time it takes 
to go from the one to the other. 

But let us consider objective connec- 
tions between space and time. Real ob- 
jects in the universe can be located only 
if at least three measurements are taken. 
Suppose you have a glass cube with an 
air bubble in it sitting on a table and 
with its sides facing due north, south, 
east, and west. To locate that air bubble, 
you must measure how far it is above the 
tabletop, how far from the north side, and 
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Regularities of a person's eye movements are 
recorded as he views a photograph of 
Queen Nefertiti. The diagram indicates that 
the eyes, in scanning the features of the 
head, follow fairly regular pathways rather 
than crisscrossing the picture at random. 

how far from the east side. This gives the 
exact position of the bubble, since only 
one point in the cube can correspond to 

all three measurements. You can pick 
some other system, but it will always be 

necessary to make at least three mea- 

surements in order to pinpoint a particular 
spot. Hence, space is said to be three - 
dimensional. 

But suppose that, instead of an air bub- 
ble in a glass cube, you are considering 
a fly in an empty cubical room. You could 
try to locate the fly by giving three mea- 

surements; yet, if you look at the point in- 

dicated by those measurements, you 
might not find the fly there after all. It may, 

in flight, have changed its position since 
the measurements were made. Not only 
must the spatial distances be defined, 
then, but also the time, so that you can 

describe exactly both where the fly has 

been and when it was there. 
Three dimensions are sufficient only 

for a motionless, unchanging universe. 
As soon as any motion is introduced, the 

measurement of time is also required to 

locate any object. The universe, as we 

know it, is not three -dimensional at all but 

four- dimensional. 
And yet the four dimensions are not 

equivalent. We can take a cube and twist 
it so that what was east -west becomes 
north -south and vice versa. Or we can 

twist it so that east -west becomes up- 
down and vice versa. All three dimen- 
sions that seem to involve only space (the 

three spatial dimensions) are completely 
equivalent, depending on the orientation 
of the observer. However, time (the tem- 
poral dimension) is not equivalent to the 

others in this fashion. There would seem 
to be no way in which a cube can be 

twisted so that what was first in the up- 
down direction is placed in the yesterday - 
tomorrow direction and vice versa. 

Then, too, there is free progression in 

any direction in all three spatial dimen- 
sions. One can move right, then left, and 

return to the starting place; or forward, 
then backward; or up, then down. One 
can move quickly or slowly in any of 

these directions. 
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A peculiar and exasperating psycho- 
logical aspect of the relativity of time is 
not to be found in any iextbook of 
physics. We are all subject to it: For as 
we grow older, time goes faster. That 
is definite. Agreement is universal. 

We have all been young. We all 
remember that, as children, the length 
of time between Labor Day and 
Christmas was a vast temporal desert 
nearly four months long. Each day 
was long, each week an eternity. 

Now, at maturity, we peer in per- 
plexity at the passing time and mutter, 
"Where did it all go ?" Christmas 
follows about a week after Labor Day, 

and the years come and go just 
about the way the months used to a 

couple of decades ago. 
Its not really surprising. We 

measure time in our minds and con- 
sciousness, not in absolute terms 
but in connection with those experi- 
ences we have already had. To a 

10- year -old, a year is 10 per cent of a 

lifetime: to a 50- year -old, only 2 per 
cent of a lifetime. 

Again, the consciousness of passing 
time is largely a memory of novelties. 
In a period when nothing much hap- 
pens, nothing much is remembered and 
it runs together. To a 10- year -old, 

almost everything is new: each day is 
filled with exciting events that stand 
out in memory and intensify the feeling 
that a "long time has passed. To a 

50- year -old, very little is new: the peaks 
are lower and fewer, so the time melts 
together and runs unnoticed through 
our minds. 

The cure? Well, you can't make 
yourself younger, but you can force 
yourself to take more of an interest. 
Learn to enjoy the separate moments of 
life and to search for what excite- 
ment and novelty you can find or make. 
You may not live longer, but it will 
seem longer. And that's almost as good. 

I. A. 

In the temporal dimension, there seems 
no question of varying direction or speed 
at will. The whole universe seems to be 
moving along the temporal dimension in 
one direction and one direction only - 
from yesterday toward tomorrow - with- 
out any chance of reversing. What's more, 
the progression seems to be taking place 
at one constant, unalterable speed. 

Science fiction writers have dreamed 
of finding some device that would make 
travel along the temporal dimension as 
easily controlled as that along any of the 
three spatial dimensions. First to do so 
was H. G. Wells in his 1895 novel, The 
Time Machine. Many, including myself, 
have since written stories involving the 
use of time machines, but such a device 
is not now practical - and, as far as sci- 
ence knows, never will be. Time travel, in 
the sense of moving freely backward and 
forward along the temporal dimension at 
will, is virtually impossible. 

Still, if we can move only forward in 
time, it seems that it doesn't always have 
to be at a fixed, unalterable rate after all. 
In 1905, Albert Einstein advanced his spe- 
cial theory of relativity. This theory seemed 
bizarre at first, but physicists have 
checked it a number of times and in a 
number of ways. It has met all tests with- 
out exception and so triumphantly that no 
physicist now doubts its validity. 

Among other things, the special theory 
pointed out that the measurement of dis- 
tance depended upon the relative motion 
between the object being measured and 
the device doing the measuring. 

Imagine two spaceships, A and B, each 
360 feet long, passing each other in 
space in opposite directions and at equal 
velocity, with each able to measure the 
length of the other instantaneously as it 

passes. If they were to pass each other at 
the kinds of velocities we are used to here 
on earth, then each would be measured 
by the other as 360 feet long. 

Actually, the length would be a bit less 
than 360 feet, but such a tiny bit less as 
to be unnoticeable. The shortening would 
become more noticeable as the velocity 

grew greater. Suppose they passed at a 
velocity of 1,000 miles per second re- 
lative to each other. Ship A would then 
measure B's length as 359 feet, and B 
would measure A's length as 359 feet. 
This discrepancy in perceived length 
would grow more extreme as the velocity 
relative to each other continued to in- 
crease. If they passed each other at 
162,000 miles per second, each would 
measure the length of the other as 180 
feet, only half its actual length. And, at 
186,282 miles per second (the velocity of 
light in a vacuum), each would measure 
the length of the other as zero feet. 

At all velocities, A and B would each 
seem normal to itself with its full length of 
360 feet. The people aboard A would 
contend that they were motionless and 
normal and that it was B, flashing by at 
high speed, that was shortened. The peo- 
ple on board B would say the same thing 
in reverse. 

And both would be correct! 
Just as an American considers a Rus- 

sian to be speaking a foreign language, a 
Russian considers an American to be 
speaking a foreign language. The quality 
of foreignness depends on who is doing 
the judging. The quality of length de- 
pends on who is doing the measuring. 
And, according to the special theory of 
relativity, the same thing happens to time. 

Suppose that men on each ship have 
methods for testing the rate at which a 
clock on the other ship is going. As A and 
B flash by each other, it will seem to men 
on A that the clock on B has slowed 
down. Indeed, to the men on A, all mo- 
tion on B - even atomic vibrations - will 
appear to have slowed down by an equiv- 
alent amount. In other words, it will seem 
to men on A that the progress of time it- 
self has slowed on B, while it will seem 
to men on B that the progress of time has 
slowed on A. 

If they flash by each other at a relative 
velocity of 162,000 miles per second, 
each will measure the progress of time 
on the other to be just half -normal. If the 
relative speed is 186,282 miles per sec- 
ond, each will measure the progress of 

time on the other to be zero. To the men 
on A, it will seem that time is standing 
still on B and to the men on B that it is 
standing still on A. 

Can we still say that both are correct? 
In this case, perhaps not. To see why, 
let's go back to the dimension of length. 

Suppose we wondered whether one of 
the two ships might really have shortened 
its length during the flash by. One way to 
decide that would be to have one of the 
ships slow down, turn around, and catch 
up with the other. When they were side by 
side, the lengths could be compared and 
we could see if one were shorter than the 
other. 

Once side by side, however, the two 
ships would be at rest relative to each 
other and each would measure the other 
as normal in length. Neither would be 
shortened. 

Of course, one may have been shorter 
than the other while they were moving 
relative to each other. But that leaves no 
marks. There is no way of telling, by look- 
ing at a body at rest, that it was once 
shortened while it was moving. 

Does the same thing hold true for time? 
Not quite. When the two ships come to- 
gether again, the rate at which time is 
progressing is the same on both; and 
both ships will agree to that, for now each 
is at rest relative to the other. However, 
any past difference in rate -of -time pas- 
sage does leave a mark. 

Suppose the two ships had started 
their flight with a clock marking exactly 
the same time on board each. If the time 
rate on B were actually slower than that 
on A at any time, the clock on B would 
now be behind the clock on A. The situa- 
tion would be reversed if A had been ex- 
periencing the slower time rate. The men 
on A have observed time to be moving 
more slowly than normal on B. Therefore, 
when B Dulls up to A, the men on A ex- 
pect the clock on B to be behind the clock 
on A. But the men on B have observed 
time to be moving more slowly than 
normal on A; and it is the clock on A that 
they expect to be behind. 
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Which is it? Is neither clock behind? 
Do they record the same time? In that 
case, when did the one catch up with the 
other? If B was observed by A to be run- 
ning on slow time, it would have had to 
catch up in order for the clocks to be 
equal; it would have had to race ahead to 
make up for lost time. And that seems im- 
possible. There is nothing in relativity that 
would allow any clock, under any circum- 
stances, to move at a time rate faster than 
normal. B could never catch up to A. But 
the men on B would argue, by precisely 
se same reasoning, that the clock on A 
could never catch up to the clock on B. 

Actually, the special theory of relativity 
is inadequate to deal with this "clock par- 
adox." It applies only to an object moving 
at a constant velocity -that is, at the same 
speed and in the same direction forever. 
This means that A and B, having flashed 
by each other, must continue to separate 
forever if the special theory of relativity is 
to be invoked. They can never come to- 
gether again to match clocks; so there is 
no paradox. In 1916, however, Einstein 
broadened his concept to include objects 
that accelerate - that is, change their 
speed or direction of travel, or both. To 
do this, he introduced his general theory 
of relativity. 

As long as two ships are moving at 
constant velocity with respect to each 
other, there is no way of choosing one 
over the other as the one whose measure- 
ments are more valid. As soon as one 
ship begins to slow down, turn about, and 
catch up, it is accelerating. The situation 
with regard to the two ships is no longer 
identical, for one is moving at constant 
velocity and one is not. 

The general theory of relativity shows it 
is the ship that undergoes acceleration 
which experiences a real change in the 
rate of time. The ship that accelerates will 
Nand with its clock behind when the two 
hips approach and compare. 

But was it B that accelerated? The men 
on B could argue they were at rest and 
that it was A that accelerated in such a 

way as to effect a meeting. After all, each 

The enigma of temporal existence is suggested 
by this now -fossilized snail. 

ship seems motionless to the men on 
board, regardless of how matters seem to 
an outside observer. 

One argument against this is that B had 
to use its rocket engines (or some other 
source of energy) to slow up relative to A, 
change its course, and approach A. No 
matter how the men on B might argue that 
they were at rest and that it was A that ac- 
celerated, the fact would remain - and 
the men on B would have to agree - that 
it was B that used its rocket engines and 
not A. 

An even stronger argument rests on 
the fact that, when B used its engines to 
accelerate, it did so not only with respect 
to A but with respect to the sun, the 
planets, and all the stars and galaxies in 
the universe. This involves an enormous 
asymmetry. One can see that B had to 
observe not only A accelerating, relative 
to B, but the entire universe accelerating, 
relative to B, in a corresponding fashion. 
A, on the other hand, observed only B ac- 
celerating; the rest of the universe re- 
mained in place. 

The slowing of time is real, then, and it 
holds for the object that is undergoing 
accelerated motion relative to the uni- 
verse generally. 

In fact, under the general theory of 
relativity, motion through time becomes 
so intimately related to motion through 
space that it is impossible to consider 
space and time separately. Instead, one 
has to speak of "space- time." And the 
equations of general relativity include all 
four dimensions, although time is treated 
with some mathematical difference. 

Imagine a space traveler heading for a 
distant star and accelerating to a high 
speed in order to get there as soon as 
possible. If he reaches a speed of 162,000 
miles a second heading away from us, 
and if we can measure the rate at which 
time is passing on his ship, it will seem to 
us that time is going by at half -speed for 
him. The space traveler will feel time to 
be progressing at its usual rate; but, if he 

.. time travel is possible. By moving 
through space fast enough, one can 
move forward through time as well. But 
only forward ..." 

could view earth (which is receding from 
him at 162,000 miles a second) and mea- 
sure its time rate, it would seem to him 
that everything on earth was moving at 
half- speed. 

It is, however, the space traveler who 
has accelerated with respect to the rest of 
the universe to reach his velocity with re- 
spect to earth. Earth did not have to ac- 
celerate with respect to the rest of the 
universe to reach its velocity with respect 
to the space traveler. It is, therefore, the 
space traveler who is really experiencing 
a slowdown in the rate of his progression 
along the temporal dimension. 

Suppose a space traveler is moving at 
a velocity of 186,200 miles per second. 
For every hour that passes for him, 30 
hours pass on earth. If he travels for a 
year in this fashion (having spent no time 
in acceleration) and then turns around 
and comes back at this speed (having 
spent no time in the turnaround), he will 
find that, while he has seemed to himself 
to have traveled two years, the men on 
earth would claim he had been absent for 
60 years. Hence, if the space traveler had 
left at the age of 30, leaving behind a twin 
brother also aged 30, he would be 32 
when he returned; but his stay -at -home 
twin brother would be 90 - which is why 
the "clock paradox" is sometimes called 
the "twin paradox." 

Of course, it takes quite a long while to 
accelerate to a high speed and a long 
while to make a turn and head back again, 
so conditions aren't quite as clearcut as 
just described. 

Still, suppose a space traveler could 
somehow travel at 186,282 miles per sec- 
ond - exactly the speed of light. Time 
would slow down to zero for him. It would 
seem to him, no matter how far he went, 
that no time at all had elapsed. Then, 
when he returned to earth (assuming 
again it would take him no time to reverse 
his direction), he might be surprised to 
find that men on earth were under the im- 
pression he had been away for a hundred 
years, a thousand, a million - depending 
on how far he had gone at the speed of 
I ig ht. 

So time travel is possible. By moving 
through space fast enough, one can 
move forward through time as well. But 
only forward; it is strictly one -way time 
travel. Once our space traveler has moved 
30 - or a million - years into the future, 
he can never move back again. 

But what, one might ask, if he actually 
went faster than the velocity of light? 
Wouldn't the time rate become less than 
zero? Or, in other words, wouldn't it be- 
come negative? And wouldn't he then 
move backward in time? 

Alas, no. Scientists remain confident in 

the fundamental rule of the theory of rela- 
tivity: that any object that moves more 
slowly than the velocity of light in a vac- 
uum can never, under any circumstances, 
accelerate to the point where it is moving 
faster than the velocity of light in a vac- 
uum. No one can ever go back in time by 
any method that as yet seems to fit in with 
the structure of the universe. And time it- 
self can do no more than stand still. 
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All -Star 
Announcers 

An interview with Tony Kubek 
and Frank Gifford 

by Norman H. Solon 

During the latter days of the 1970 National 
League East pennant race, the New York 
Mets' shortstop, Bud Harrelson, raced 
back for a short fly ball while outfielder 
Cleon Jones dashed in, seemingly on a 

collision course. In the television booth, 
announcer Tony Kubek, a former all -star 
shortstop with the New York Yankees and 
now the announcer providing back- 
ground color on NBC's "Game of the 
Week," leaned over the shoulder of Curt 
Gowdy, who was doing the play -by -play, 
and shouted, "Look out, Buddy, look 
out!" An instant later, as Harrelson pulled 
up short and let Jones make the catch, 
Kubek turned to his broadcasting partner 
with a sheepish grin, realizing that he had 
violated a prime rule of sportscasting: 
Never interrupt an announcer at the mike. 

"One of the problems I have in the 
booth, as an ex- athlete, is that I get so 
involved in the game that I start trying to 
help the infielders," Kubek explained. 
"Since I have this feeling for players who 
have gone the same route as myself, I 

sometimes see the game a little differ- 
ently from an announcer who is not a 

former athlete." 
At around the age of 35, when most men 

have not begun to reach the prime of their 
careers, professional athletes face retire- 
ment. A few of them, such as the former 
New York Yankees' third baseman, Dr. 

Bobby Brown, and Supreme Court Jus- 
tice Byron (Whizzer) White, a former 
halfback with the Pittsburgh Steelers, be- 
gin the careers for which they had studied. 
Others, capitalizing on their names, go 
into franchise businesses. While many 
remain in sports as coaches, managers, 
and local radio and TV announcers, most 
gravitate into sales where their reputa- 
tions as star athletes give them a natural 
advantage. Recently, an increasing num- 
ber of former athletes - such as Frank 

Norman H. Solon is on the RCA Public Affairs staff. 

Gifford, Kyle Rote, and Pat Summerall of 
the New York football Giants, Don Mere- 
dith of the Dallas Cowboys, and Sandy 
Koufax of the Los Angeles Dodgers - 
have exchanged their uniforms for the 
microphones of network television. 

The transition from athlete to an- 
nouncer is not always simple or success- 
ful. None of the major networks has a 

formal training program to turn all -star 
players into all -star broadcasters. In all 
cases, it has been primarily up to the 
athlete to prepare himself for his new ca- 
reer, either through formal education or 
on- the -job training. ABC's Gifford, for ex- 
ample, took several speech courses in 

college and spoke to many high -school 
and service -organization audiences dur- 
ing his playing days. Kubek recites 
poetry, reading aloud for 15 to 20 minutes 
a day during the off -season to improve 
his diction. Tom Seaver, the ace of the 
New York Mets' pitching staff, takes jour- 
nalism courses at the University of South- 
ern California to prepare himself for a 

future career in sports announcing. 
Many big -name candidates for network 

sportscasting positions never make it. 

Curt Gowdy of NBC, a recent Peabody 
Award winner for sportscasting, explains 
that "the day has gone when Joe Muscles 
could jump into the television medium as 

an instant and guaranteed success. The 
trouble with most former players is that 
they tend to talk too much. And many 
won't take direction. They won't admit to 
themselves that there is a genuine learn- 
ing process that goes with becoming a 

successful sports announcer." 
However, the role of the former athlete 

as a network announcer has been firmly 

established. As one of them recently put 
it, "It is not just a coincidence that sports 
have become successful on TV since the 

advent of the athlete- announcer. Audi- 
ences have become so sophisticated, so 

aware of the intricacies of every sport 
through TV, that they want more than ball 
one, outside, or first down and 10 to go. 
They want to hear about the inside of 

sports, and this can best be told by an 

ex- athlete." 

Many of the pressures felt by athletes 
on the playing field are present in the 
broadcasting booth - but not in the same 
manner. NBC's Kyle Rote explains: 
"There's a definite tension that grabs you 
as you sit before the microphone just 
before a kick -off. The tension is similar 
to what a player feels in that minute or 
two before he goes into action. The dif- 
ference is that it's easy for an athlete to 
find himself trapped into thinking of the 
game as a life- and -death proposition. It's 
not, of course; it's entertainment. The 
life- and -death aspects of professional 
sports motivated me as a player but not 
as a sportscaster." 

On the other hand, Kubek believes the 
difference is that sportscasting is more of 
a team effort. "Baseball, although a team 
sport, is basically a game of individual 
performances. When you strike out or 
miss a ground ball, thousands of people 
see you and it's all your fault. In sports - 
casting, you've got your producers, your 
directors. If you should falter, or a mem- 
ber of your team should falter, you can 
back each other up. Because of this, I 

play to that little red light on the camera 
and to my partner next to me more than 

I do to the millions of unseen people in 

the audience." 
The move from dugout or bench to the 

broadcasting booth is more than simply 
exchanging a uniform for a blazer with a 

network crest. Here are some of the ways 
two former athletes look at their new 
careers. 
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Sportscasters have been accused of 
simply being press agents for the sport 
or team that they are covering and, as a 

result, lacking any real depth in their 
presentations. Is this true? 

Kubek: Well, this is getting into local 
play -by -play announcing, not network 
radio and TV. Local announcers do owe 
something to the ball club they travel with 
day after day. Obviously, when they are 
getting paid by the Yankees, Mets, or 
some other club, many announcers are 
going to promote that team and are going 
to be protective and maybe overprotec- 
tive. It's different on the networks. Up in 

the booth, on the "Game of the Week," 
we represent baseball and NBC. We can 
view the game more objectively and can 

say and do things on the air that the local 
sportscaster would not be allowed to do. 

Gifford: I guess a lot of people would say 

that, mostly newspaper people, because 
there is a built -in jealousy between news- 
papermen and broadcasters. I think that 
some of the attacks are probably fair, but 
so many are not. It has been said that 
sportscasters are advised what to say by 
networks or teams, and that just is not true. 
In 10 years, I have never been told what 
to say or what not to say. Speaking as a 

former player, I do not believe in knock- 
ing athletes unnecessarily. I try to look 
at the game in a more positive way than 
do some announcers. For example, when 
Gayle Sayers, of the Chicago Bears, 
makes a fine run against the New York 
Giants, I would rather look at it as a fine 
effort on the part of Sayers than dwell on 

the defensive quarterback who might 
have missed the tackle. There are always 
two sides to a play. 

Do other sportscasters resent the new 
athlete- announcer? 

Gifford: I think it would be unrealistic to 

think that there is no resentment. Most 
professional announcers came from the 
"minor leagues" of broadcasting and 

spent 15 or 20 years working their way up 

to the networks. Now, all of a sudden, 
they see a halfback hang up his cleats 
and walk right into the booth without 
serving an apprenticeship. Yet, I think we 

have very little of this type of resentment 
in football announcing. 
Kubek: I think that announcers who show 
this resentment to an ex- ballplayer are 
very insecure people. I can sense their 
feeling. They say, Who does he think he 

is? He's got a real job with NBC. What 

experience does he have? Why should he 
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be there? Why aren't I there ?" I like to 

throw back at them, "Listen, my father 
was a professional ballplayer and so 

were my three uncles. They gave me the 

benefit of a generation of baseball knowl- 
edge. I also became a big -league ball- 
player, and I feel that if anybody is 

qualified to talk about baseball, I am." 

As a former professional athlete, do 
you find it hard to be objective about 
your old team and teammates? 

Kubek: I still have my own personal prej- 
udice in favor of the Yankees. I was in the 
organization for 13 years, and I think I 

pull inwardly for the club. I probably 
shouldn't, but it's a natural tendency. And 
I think fans appreciate a little bit of loy- 
alty. On the other hand, when we do a 

Yankee game, I sometimes find that I 

overcompensate and don't talk enough 
about my old team. 
Gifford: Last season, while broadcasting 
a preseason Jets -Giants game on CBS, I 

remember saying, "I'm Frank Gifford 
here, along with Pat Summerall, and 
we're both trying to be neutral." I meant 
it. Most people who watch football know 
that I was associated with the Giants; yet, 
I don't think I overdo it. I don't stand up 

and cheer every time a Giant breaks out 
into the clear. But I do like to see the 

Giants do well. 

In what ways have your relationships 
with players and coaches changed 
since you stopped playing? 

Gifford: Unless you are really involved 
in the game as a player or as a coach, 
you can't have the type of relationship 
you had when you were a player. There is 

something about the game that makes 
pro football a kind of close little fraternity. 
Even when you play, if you get hurt and 
miss three or four games, you get a vague 
feeling of isolation. And when you retire 
- well, to the active players you're just 
not the same. You maintain your friend- 
ships, but they're different. However, 
these associations do help a great deal 
in broadcasting. I have much more rap- 

port with the player I'm interviewing sim- 
ply because I played the same game. He 

knows I understand what he is talking 
about and is not leery or concerned about 
me making him look foolish. 
Kubek: I think these relationships have 

actually gotten better since I hung up my 

uniform. Ballplayers realize that, when a 

network crew is in town, it's there to pro- 
mote baseball and the players. As an 

active player, you don't get much of a 

chance to socialize with the opposition, 
although a lot of them are your personal 

friends. Now I can eat out with Carl 

Yastrzemski when we are up in Boston, 
talk to Henry Aaron more often, see Willie 
Mays a little bit more. They no longer are 

my opponents, so to speak. They're sim- 
ply friends of mine. 

Because television can show the action 
of the game itself, sportscasters and re- 

porters often tend to concentrate in- 

stead on personal and offbeat features. 
Do athletes object to talking about their 
private lives? Where is the borderline? 

Kubek: I don't think there is a border- 
line. Today's players have become very 

aware of what is going on - not only in 

their own little baseball realm but in other 
areas as well. I can ask ballplayers these 

days almost anything within the bounds 
of good taste because I've played with 

them; we've been through the same thing. 
If a professional announcer tried to ask 

him certain personal questions, a ball- 
player might become very defensive. 
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Gifford: I think there is an ever -growing 
tendency on the part of all reporters to 
look for offbeat angles. But, too often, 
they use this as an excuse to project 
themselves - their way of thinking, their 
way of life - into their broadcasts or 
articles. They forget, for example, that the 
reason they conduct an interview is so the 
public can see and /or hear a newsworthy 
individual, not to provide a forum for their 
own egos. 

It would seem easy to bring your per- 
sonal likes and dislikes into a discus- 
sion. Are you completely neutral in 
each interview? 

Gifford: No. I think it would be unreal- 
istic to say that I am. What one tries to do 
is tell himself, "I am doing the interview 
because whoever I'm interviewing is 

making news and is somebody my audi- 
ence wants to listen to and wants to see." 
There are a lot of guys in this field who 
push their own thoughts in everything 
they do. That is their way of doing it, and 
I don't think it is the right way or the 
fair way. 
Kubek: Let me answer that question with 
an example. After the first part of a two - 
part abridgment of Jim Bouton's book, 
Ball Four, appeared in Look magazine, I 

went to Bouton and told him I would like 
to have him on my program. I said to him, 
"Before you say yes or no, I am going to 
tell you exactly what viewpoint I'm going 
to express. I think that your book was no 

good for baseball, the people in it, or, in 

fact, yourself. If you still want to go along 
with me, come on." He agreed. During 
the interview, he said that he wrote the 
book as a humorous social commentary 
on the lives of baseball players - with 
some sociological value. I contended that 
he wrote it simply for money. For one 
thing, he tried to shoot down the Mickey 
Mantle image. He wrote about Mickey's 
elbow on the bar, indicating that, if he 
had spent less time in the bar and more 
time taking care of himself, he would 
have played longer and been a better 
player. If it was a social commentary, he 

would have tried to explain why Mickey 
kept his elbow on the bar. He might have 
explained that Mickey's father and two 
uncles all died young and that Mickey 
has a very fatalistic attitude toward life. 
However, even after that interview, I still 
have a strong friendship with Jim. 
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Now that you are a sportscaster, do you 
miss being a professional athlete? 

Kubek: No, not really. Most players reach 
their mid -thirties and start thinking, 
"Should I give it one more year, two more 
years? Should I quit now ?" In my case, 
the doctors came to me when I was 29 

years old and said, "You get out of base- 
ball or you will be injured severely. If you 

get hit in the head or knocked around too 
much, you will be paralyzed for life." So 

I really had no choice. Actually, the most 

difficult part of getting out of professional 
sports is knowing when to make the de- 
cision to get out. 
Gifford: Yes, I do miss it. I played football 
for 20 years and enjoyed every moment. 
But I have to be a little realistic about it. 

Once you're over 30, it's hard to go out 

there. I would have liked to have played 
more, and I could have played more. But 

I couldn't have played well. 

After being a player, can you revert to 
being just a spectator? 

Gifford: Yes, I love the sport, and I've 
got the best seat in the house. Sports 
announcing is not just a job to me. I put 
in a lot of hours of preparation and work, 
but I enjoy that, too. 
Kubek: I can enjoy each game simply 
because I don't travel with the same ball 
club every day. Each week, we cover the 
top game - the one that might decide a 

pennant race and that will feature a lot 
of "superstars." For that reason, I never 
get bored and I can look at each game 
as a fan. 

Do you feel competition from today's 
players who aspire to a broadcasting 
career? 

Gifford: Sure I feel it, but I'm not trying 
to discourage anyone or crowd anybody 
out of the field. On the contrary, I think 
I have tried to encourage a lot of my 
friends to make a career out of sports - 
casting because it is a great way of life. 
Pat Summerall's first broadcasting as- 
signment was a result of my recommen- 
dation to the CBS Radio Network. I rec- 
ommended Don Meredith to ABC, and 
we are now colleagues on "NFL Monday 
Night Football." Maybe I'm creating corn - 
petition for myself, but I think it's a terrific 
way to live. It does seem that many sports- 
casters come from the New York teams. 
But it's simply because the broadcasting 
industry is centered in New York, and 
these players have long been associated 
with TV people - sponsors, packagers, 

producers. If you were a player in St. 

Louis, you might be more likely to wind 
up selling beer. In Los Angeles, for ex- 
ample, Roosevelt Greier and several other 
Rams players have gone into TV acting. 
Kubek: I think competition is good. I 

know very well that Sandy Koufax and 
Mickey Mantle, both good friends of 
mine, have to be thinking of shooting for 
my job. I know Tom Seaver has been 
going to school to study broadcasting. 
I think this is great. 

What were some of your most trying, 
amusing, or embarrassing moments in 
the broadcasting booth? 

Kubek: Most funny things happen dur- 
ing an interview. My first interview was 
with my ex- teammate, Yogi Berra. Before 
air time I said to him, "Yogi, here are the 
questions I'm going to ask you. You know 
I'm going to be nervous. Give me long 
answers." When we went on the air, I 

asked Yogi the first question, and his 
reply was, "Would you please go on to 
the next one, Tony ?" Dead silence for I 

don't know how many seconds. Before 
that interview began, the stage manager 
gave me the countdown: 10, 9, 8. When 
he got to about 3 - three seconds left - 
he commented, "Don't get nervous, but 
25 million people are watching you. Go!" 
Gifford: There are a lot of funny things 
that happen when you get in front of a 

mike. I can remember hosting the show 
after the 1968 Super Bowl game between 
the Green Bay Packers and the Oakland 
Raiders. I was talking to players and, all 
of a sudden, there was our producer, 
standing there with a guy I know as well 
as my own brother, except I simply didn't 
remember his name. At the time, I was 
talking to the Packers' right guard, Fuzzy 
Thurston, and the director was signaling 
me to bring on the next player. I kept on 
talking to Fuzzy, looking at him and think- 
ing, "Good God, his name is going to 
come in a minute." Fuzzy just kept rat- 
tling on and on. Finally, the director 
whispered into my ear, "Come on, let's 
get some more players on." Again, I just 
kept talking. Finally, Forrest Gregg, whom 
I've known for years, caught on to what 
was happening and, off camera, mouthed 
his name. With relief, I shoved Fuzzy off 
camera and said, "Here's Forrest Gregg." 

I can assure you I had a panicky feeling 
for a while. 

Do you pattern yourself after any favor- 
ite announcer? 

Kubek: I don't think you can consciously 
pattern yourself after anyone without cre- 
ating a phony or dishonest image, one 
the television audience can always see 

through. 
Gifford: No, I don't think one announcer 
can pattern himself after another any 
more than one ballplayer can model him- 
self after another athlete. During my play- 
ing days, there were many athletes I 

admired, but I never tried to take any- 
thing away from them as players. I tried 
to do it my way. I guess, in effect, that's 
what I try to do now. 

Now that the football weekend extends 
into Monday night, many people are 
worried about overexposure. Are we 
going overboard in televising profes- 
sional football? 

Gifford: I don't know. It's something the 
football commissioner's office and net- 
work officials are watching very closely* 
Television is a very intimate instrument 
of communication. You're in somebody's 
living room, and, if you are upsetting 
them, they can simply turn you off. Of 

course, the claims of some newspaper 
people, predicting the death of football 
due to television overexposure, are ridic- 
ulous. These writers are drawing some 
kind of kooky parallel with boxing. Yet 
pro football, with its TV commitments, 
has never been more popular. Although 
football has been around a long time, our 
society really met it only in the late 1950s. 
It is the perfect spectator sport for the 
type of world we live in. It's a violent 
sport. It's fun, it's exciting, it's something 
with which we can become emotionally 
involved. 
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"Well, let's see. Today we familiarized o.. 

with the multipurpose, computer -based 
instructional systems, including curriculum materials 
and programming as well as systems hardware." 

This 

Electronic 

Age... 

"What's that, Roger? The doorbell, the roast, 
the phone. the dishwasher. or overload ?" 

MEMBERS NEW YORK STOCK EXCHANGE 

"This is going to set oceanography back 50 years." 
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Taking pictures without film... 
thin -screen TV sets that can 
be hung on walls ...a photo 
album that could hold several 
million pictures: These are 
some of the changes that 
electronics may bring about 
in the art of photography. 

by W. Frederic Wilson 

Laser beams may offer new image -producing 
techniques and are being investigated in many 
research laboratories. 
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"Phototronics ... is likely to change 
photography as we know it today almost 
beyond recognition." 

Imagine a photo album that could hold 
several million pictures or a TV set shal- 
low enough to be hung on a wall like a 

painting. Or, instead of the camera you 
now use for still photography, suppose 
you had one that could shoot reusable 
"film" and store pictures for either print- 
ing or projection later. 

Considering the rapid development of 
science in the 20th century, it was per- 
haps inevitable that electronics would in- 
fluence the art of photography. Photo - 
tronics, the new technology arising from 
this combination, is likely to change pho- 
tography as we know it today almost be- 
yond recognition. 

Some changes will be based on already 
existing technology; others now seem 
highly speculative. A major factor - one 
that makes current research especially 
urgent - is that photography is, essen- 
tially, a destructive medium. It is destruc- 
tive of silver, paper, and chemicals. The 
finished print can never be remade on the 
same piece of paper, and the recovery of 
silver is difficult. Moreover, the chemicals 
used in processing are usually poured 
down the drain, causing both waste and 
environmental pollution. 

The silver shortage is serious. Several 
years ago, this problem precipitated a 
crisis that caused the U.S. Treasury virtu- 
ally to eliminate the silver content of coins 
and withdraw the silver certificate from 
circulation. These measures were tempo- 
rarily effective, but the causes of the 
crisis remain. 

Silver is used in many industrial prod- 
ucts; and, for many of these products, 
substitute materials are not available. Re- 
cent estimates indicate that industry in 
non -Communist countries uses about 350 
million troy ounces of silver a year, while 
annual mine production amounts to about 
235 million troy ounces. That leaves an 
annual deficit of about 115 million troy 
ounces. And the photographic industry 
alone consumes between one -quarter 
and one -third of the total silver used. 

Even though photography predates the 
Civil War, intensive research and devel- 
opment of new equipment have not been 
able to solve some of its original prob- 
lems. Take the limitations of film, for ex- 

W. Frederic Wilson is a free -lance writer 
specializing in photography. 

ample. Since photographic film is light - 
sensitive, the camera must be light- tight; 
this requires careful engineering and 
construction - and all too many repairs 
after construction. But is it necessary for 
film to be light- sensitive? Or, for that mat- 
ter, to use film for the photographic medi- 
um at all? Videotape is a means of 
recording pictures that does not have 
the restrictions of light sensitivity. 

A picture cannot be taken properly un- 
less the film speed is known and the lens 
aperture and shutter speed are adjusted 
to the light conditions for correct expo- 
sure. All these settings are made either 
manually or automatically (by using a 

mechanical computing system inside the 
camera). With a television camera, how- 
ever, such settings are made electroni- 
cally, resulting in faster operation and 
greater reliability. A similar technique 
eventually may be used in conventional 
photography. 

But taking the picture is only the begin- 
ning. The film must be processed to be 
useful. Conventional processing in a 

darkroom involves working with separate 
chemical solutions. And, if one is not 
satisfied with the final print, the picture - 
with its silver content - may go into the 
wastebasket. 

Through the application of new tech- 
niques, phototronics may provide one 
solution to the problem of how to con- 
serve some of our natural resources. In- 
deed, electronics has already led to one 
economical way of producing a picture: 
television. There is a distinct advantage 
in not having to throw away the millions of 
pictures shown on a TV screen. 

Take pictures without film? Impos- 
sible? Suppose someone had told a dia- 
mond cutter at the turn of the century that 
one day his jewelers' rouge would be- 
come a widely used means of recording a 

variety of seemingly unrelated phenom- 
ena: sound, pictures, and digital informa- 
tion for computers. He probably would 
have been unable to imagine these pos- 
sibilities. And, yet, jewelers' rouge -a 
form of iron oxide - is used today in 
manufacturing the reddish -brown coating 
on tape used for all these purposes. Its 
magnetic properties make it an excellent 
medium for electronic recording. 

The videotape recorder, for example, 
uses this medium to record pictures from 
a TV camera. Through a lens similar to 
the one used on a conventional camera, 
an image is formed on the face of the TV 
camera tube, which then converts the 
picture into electrical impulses. With 
some electronic processing, these im- 
pulses can then be recorded on video- 
tape, which is electromagnetically sensi- 
tive rather than light- sensitive. The tape 

(Below) A thin, transparent layer of liquid -crystal 
molecules is sandwiched between two flat 
pieces of glass that have transparent, conductive 
coatings. Under the influence of an electric 
field, the molecules rotate so as to scatter light, 
changing the device from transparent to 
opaque. Liquid -crystal research currently under 
way at the RCA Laboratories in Princeton 
someday may lead to thin TV screens that can 
be hung upon the wall. 
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(Right) The unaided eye can barely discern 
the man in the background; however, the low- 
light-level TV camera intensifies the image, 
which can be seen on the screen in the 
foreground. 
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is reusable, since it can be erased by 
exposure to a magnetic field. It can be 
played back immediately and as many 
times as desired on a TV screen without 
degrading the image -a technique that 
has made possible the action replays on 
televised sports events. It is also possible 
to record sound on the same tape. For 
these reasons, videotape is replacing 
motion -picture film in many areas of op- 
eration. At present, it is gradually working 
its way into the consumer market; and, 
when its price comes down to the cost of 
movie film, then movies may go the way 
of flash powder. 

With electronic recording techniques 
advancing so rapidly, how will a photog- 
rapher - in, say, 10 or 20 years - record 
the pictures he takes? Most scientists feel 
that the image will still be recorded in 
picture form. It may not be quite the form 
we know today, but it will probably be a 

picture nonetheless. Color photographs, 
for example, will be made in black -and- 
white, with the color information supplied 
through the use of electronics. This tech- 
nology would enable a picture to be seen 
on the face of a TV set in adjustable color 
or in black- and -white. Should one want a 

copy of the picture, there would be some 
method of printing it on paper, perhaps 
similar to one of the photocopy pro- 
cesses now in use. The electronic photo 
album that could hold millions of pic- 
tures, however, would exist in the form of 
either ultraminiature pictures on micro- 
film or electronically recorded informa- 
tion on videotape. 

A major advance in phototronics is 

RCA's new television camera tube with 
a memory." In order to store an image for 
an extended period of time, three scan- 
ning levels - high, medium, and low - 
are used for erasure, storage, and read- 
ing functions. The faceplate of the tube 
is first scanned by a high- energy electron 
beam to eliminate any charges on it. Then 
a picture is imaged through a lens onto 
the faceplate of the tube, which may be 
about one inch in diameter and may con- 
tain about 600,000 light- sensitive diodes 
per square inch. Each diode will store an 
electrical charge as the light hits it. Scan- 
ning the faceplate again with a medium - 
energy electron beam will store the pic- 
ture. Scanning a third time with a very 
low- energy electron beam permits the 
picture to be read off (without being 
erased) and viewed on a TV set. Some- 
day, perhaps, an extension of this tech- 
nology may provide a way of making these 
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.. electronics has already led to one 
economical way of producing a picture: 
television. There is a distinct 
advantage in not having to throw away 
the millions of pictures shown on a TV 
screen." 

tubes flatter and fabricating them into a 

strip of reusable "film" for a still camera. 
At present, however, this possibility 
seems very remote. 

Another new technology that may have 
unexpected applications is liquid crystals, 
an area of research in which RCA is par- 
ticularly active. Thin TV screens that can 
be hung upon the wall - the dream of 
scientists for years - may be realized 
through the use of this technology. In a 

liquid -crystal device, a thin, transparent 
layer of liquid crystals is sandwiched be- 
tween two flat pieces of glass that have 
transparent, conductive coatings. Under 
the influence of an electric field, the mole- 
cules rotate so as to scatter light, chang- 
ing the liquid -crystal device from trans- 
parent to opaque. Other types of liquid 
crystals change the device from light -re- 
flecting to light- transmitting. 

Images may be produced by means of 
two sets of parallel, electrically conduct- 
ing wires that are perpendicular to each 
other, forming many thousands of small 
squares. One set of wires is evaporated 
onto one piece of glass, and the other 
onto the second piece of glass that makes 
up the liquid -crystal sandwich. By elec- 
tronically indexing certain perpendicular 
wires, a square can be made either to 
absorb or reflect available light. By 
"scanning" these two sets of wires 
rapidly, a picture can be formed. 

Liquid crystals that have reflecting 
properties are more valuable in produc- 
ing pictures - the brighter the ambient 
light, the better the picture. Since more 
light produces a brighter picture, one 
could actually view such a screen on a 

sunny day at the beach. 
Unlike TV picture tubes that create 

images by generating visible light of their 
own, liquid -crystal devices use available 
light to form an image and, therefore, 
need very little power supplied to them. 
They can also be made to produce a still 
or moving picture. 

RCA is also researching the use of 
cathodochromic materials for image dis- 
play. These, when coated on the face of 
a picture tube, make it possible to store 
a picture. An image is scanned onto the 
face of a cathodochromic tube by using 
an electron beam. The resulting picture 
resembles a black- and -white transpar- 
ency, since light for viewing is supplied 
from behind the picture. After a picture 
has been recorded, the power supply can 
be turned off and the picture will remain. 
Because of this property, the tube could 
be used for making photographic prints 
or receiving pictures transmitted by tele- 
phone wire. The image is excellent, 
combining superior contrast and resolu- 
tion with a very good range of tone from 

black to white - much better than that 
obtained with the phosphor- coated TV 
picture tube. Depending on the type of 
coating used, the picture can be erased 
by using heat or very high light levels. 

One problem that has frustrated pho- 
tographers has been the taking of pic- 
tures in dim light. Fast films have been 
made, and the speed of lenses has been 
improved. But these are still ineffective at 
very low light levels with shutter speeds 
normally used by photographers. The 
technique of image intensification pro- 
vides another approach and effectively 
allows a camera to see in darkness as if 
the sun were out. 

The complete process of image in- 
tensification consists of taking a picture, 
converting it to electrons, accelerating 
the electrons for intensification, and then 
changing the electrons back into a pic- 
ture. Although the design and technology 
of image- intensifier tubes are rapidly 
changing, basic construction remains the 
same in most cases. 

An image is formed on the face of the 
tube by a lens similar to the one on a con- 
ventional camera. The front face of the 
intensifier tube is made of a fiber -optics 
bundle that transmits the picture to a 

curved surface coated with a photoemis- 
sive material. This material emits elec- 
trons when struck by light. The electrons 
are focused by using an electrostatic field 
that has a high accelerating voltage, usu- 
ally more than 10,000 volts. This acceler- 
ating voltage is the light amplifier, which 
performs approximately the same func- 
tion as the silver does in photographic 
film. The accelerated electrons strike a 

phosphor similar to the coating on the 
face of a TV picture tube, except that this 
phosphor will emit light for a longer pe- 
riod of time. The phosphor is coated on 
the inside curved surface of a second 
fiber -optics bundle in the intensifier tube - the output bundle. The intensified im- 
age is emitted from the flat outer surface 
of the bundle, and a number of tubes can 
be linked together to intensify the image 
through as many stages as needed. 

Image intensifiers have been in use for 
a number of years, but they have not 
reached a wide consumer market be- 
cause of their high price. They have been 
used mainly in television cameras and 
for low -light surveillance. RCA has de- 
veloped a television camera incorpo- 
rating the light- intensifier tube for use by 
astronauts in transmitting live pictures 
from the moon. Unlike most light- intensi- 
fier cameras, which are susceptible to 
damage in ordinary bright light, the RCA 

camera can even be pointed directly at 
the sun. It can be used in both the particu- 
larly bright and the deeply shadowed 
areas of the moon. 

Many electronically oriented compa- 
nies have their research and develop- 
ment teams exploring almost every type 
of physical, electrical, and chemical 
change that might produce a picture. 
Does that mean that film companies may 
eventually stop making film? It seems un- 
likely at present. But, if an electronics 
company were to develop a simple, inex- 
pensive still -picture recording medium, 
the film and camera manufacturers might 
have to change their products and mar- 
keting ideas quite drastically. 

Since it may be only a matter of time 
until there will be no silver, paper, or 
chemicals used, the electronic future of 
photography seems assured. It will be 
easier and, in the long run, less costly. 
And it will extend the potential of photog- 
raphy and the fun of it for both the ama- 
teur and the professional. 
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The Nightmare Decade 
The Life and Times of 
Senator Joe McCarthy 
by Fred J. Cook (Random House) 

Journalist Fred J. Cook has written a 

major biography of Senator McCarthy 
and the decade over which he cast his 
shadow. We follow McCarthy's early ca- 
reer: his years as a Wisconsin circuit 
court judge known for "quickie" divorces; 
the Marine Corps days when he played 
the wounded hero - cashing in on an in- 
jury caused by a practical joke; the murky 
nancial transactions; and his senatorial 
ampaign. The book re- creates the shout- 

ing matches on the Senate floor, the 
blacklisting of musicians and performers, 
the Owen Lattimore case, and the cli- 
mactic Army- McCarthy hearings. 

RULES 
FOR "g 

5aui D. 

AlinSky 

Rules for Radicals 
A Pragmatic Primer for Realistic 
Radicals 
by Saul D. Alinsky (Random House) 

Machiavelli told the "haves" how to 
maintain themselves in power. Alinsky 
tells the "have -nots" how to take this 
power away. For more than 40 years, Saul 
Alinsky has been a professional radical 
and organizer. His book is addressed to 
Ole powerless everywhere - poor blacks 
and whites, students, industrial and agri- 
cultural workers. His hardheaded tactical 
advice provides an alternative not only to 
the powerlessness that threatens our de- 
mocracy but also to the random violence 
and bitter alienation through which so 
much radical energy is wasted. 

The Book of Daniel 
by E. L. Doctorow (Random House) 

Daniel Isaacson is a young man whose 
parents were executed for conspiring to 
steal atomic secrets for the Soviet Union. 
Though his mother and father have been 
dead for many years, he has not adjusted 
to their deaths. Memories - such as visit- 
ing his parents in the death house - per- 
sist. And, while Daniel is supposed to be 
writing his Ph.D. thesis, something quite 
different emerges: a confession of his 
most intimate relationships with people 
and an investigation into the past. Dis- 
coveries in the library stacks and inter- 
views with people who knew his parents 
culminate in a judgment of everyone in- 
volved in the case and the Isaacson fam- 
ily itself. 

Imperialists 
and Other Heroes 

Ronald Steel 

Imperialists and Other Heroes 
A Chronicle of the American Empire 
by Ronald Steel (Random House) 

This volume of the author's essays on the 
American empire forces the reader to 
consider in a new light America's foreign 
policy and the leaders who have been 
responsible for it. A post -Cold War ap- 
proach to foreign policy, the book reflects 
both the disenchantment of a generation 
that has turned from acquiescence to 
cynicism and the growing mood of doubt 
that is causing many Americans to ques- 
tion the assumptions of the last 25 years. 
Steel also discusses what he feels is the 
new commitment shaping American pol- 
itics in the '70s. 

Books at Random... 

ST. URBAIN'S 
HORS EMAN 

MOIZUECAI RICNIER 

St. Urbain's Horseman 
by Mordecai Richler (Alfred A. Knopf) 

St. Urbain's Horseman is the story of a 

man on trial. Jake Hersh is a near -rich, 
near -famous film and TV director living in 
London - worlds away from St. Urbain's 
Street, the poor Jewish neighborhood in 

Montreal where he was raised. What has 
kept Jake worshiping and ever search- 
ing for his long -lost cousin Joey, missing 
since 18, now perhaps single -handedly 
defending an Israeli outpost? And what 
has brought Jake to his present crisis: a 

prisoner in the dock at Old Bailey, ac- 
cused of an unspeakable crime? The 
whole texture of his life is conveyed in 

Richler's complex, moving, and comic 
evocation of a generation often con- 
sumed with guilt. 
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The Living Clocks 
by Ritchie R. Ward (Alfred A. Knopf) 

One of the most exciting developments in 

modern science is the discovery of bio- 
logical "clocks" that govern the behavior 
of all life and link each of us with the 
rhythm of our planet. Living clocks are a 

central concern of biologists who seek to 
understand our total environment. They 
have led us to understand, for example, 
why long- distance airplane travelers ex- 
perience "jet fatigue" and how a pro- 
longed sojourn underground alters some 
body rhythms. These clocks also have 
been found to affect such phenomena as 
sleep, reproduction, and the functions of 
organs in the living body. 

1iij1 
Herbert Gold 

Other 
Recent 
Random House 
Books 
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New Tools to 
Study the Past 

by Kenneth Witty 

There was a time when all an archaeol- 
ogist required was a pick, a shovel, and 
a well -read volume of Homer or some 
other ancient author. Such simple tools 
unearthed the fabled cities of Troy, 
Mycenae, Knossos, and Pompeii, to name 
just a few of the great finds of the past. 
The goals of archaeology, however, have 
become far more ambitious since the 
days acenturyago when Heinrich Schlie- 
mann set out to prove that Troy was not 
a legend or some creation of Homer but 
historical fact. 

Today, archaeologists want to know 
more than just the broad outlines of his- 
tory. They are seeking to fill in the details 
of ancient cultures, the shadings and 
textures that will turn a sketch into a full - 
blown portrait of the past. To gain these 
insights, they have been collaborating 
with physicists, chemists, electronics en- 
gineers, and computer experts to de- 
velop new and sophisticated tools. The 
new technology that has resulted is help- 
ing archaeologists find, date, and analyze 
artifacts so that they can tell the story of 
ancient man's daily life, his art, his mi- 
grations, and his commerce. 

One of the ways in which advanced 
technology is aiding archaeology is in the 
location of buried remains. For most of 
the past decade, one of the most impor- 
tant searches has been conducted by 
archaeologists and physicists from the 
University of Pennsylvania experimenting 
with new types of geophysical detection 
equipment in their search for the long - 
lost city of Sybaris, in southern Italy. 

Sybaris was one of the largest and 
wealthiest cities of the Greek world in the 
sixth century B.C. It had been founded, 
in approximately 720 B.C., on a fertile 
coastal plain by the Gulf of Taranto by 
colonists from mainland Greece. In little 
over a century, the city became so rich 
and powerful that it dominated a vast 
region and sent out colonies of its own as 
far away as the Italian west coast. Among 
the Greeks, the Sybarites earned a repu- 
tation for their opulent and pleasure - 
loving ways. In 510 B.C., defeated in battle 
by the neighboring city -state of Crotona, 
Sybaris was leveled and burned. 

Kenneth Witty is a newswriter specializing in 
science and cultural affairs. 

Today's archaeologists 
increasingly rely on modern 
technology to recover and 
study the remains of ancient 
history. 

Although the city was abandoned 2,500 
years ago, its fame as the pleasure cap- 
ital of the ancient Greeks has survived 
and bequeathed the word "sybarite" to 
the English language. Although attempts 
were made to rebuild there in Greek and 
Roman times, the original Sybaris van- 
ished from the face of the earth - to be- 
come one of modern archaeology's most 
intriguing enigmas. 

The University of Pennsylvania Mu- 
seum and its director, Dr. Froelich Rainey, 
first became involved in the search for 
Sybaris in the early 1960s. The University 
Museum has been one of the pioneers 
in developing new instruments and tech- 
niques to aid archaeological research. 
Sybaris, Dr. Rainey felt, presented an 
ideal opportunity to test the effectiveness 
of electronic detection devices such as 
resistivity meters and magnetometers. 
His hope was that these highly sensitive 
instruments might succeed where more 
than a century of exploration with tradi- 
tional methods had failed. 

What had thrown archaeologists off in 
the past was that the terrain of the region 
where Sybaris once stood, according to 
ancient sources, has undergone enor- 
mous physical changes during the last 25 
centuries. Geological surveys done by the 
University Museum expedition showed 
that the plain of Sybaris had been altered 
many times by earthquakes; one espe- 
cially severe quake had lowered parts of 
the plain by as much as 15 feet, allowing 
the sea to rush over the land and form a 
large lagoon. Since that time, the lagoon 
has silted up with clay, periodically rising 
and falling. 

Today, the water table lies only three 
feet below the surface, while the ruins of 
Sybaris are calculated to lie somewhere 
between 12 and 20 feet underground. 
Excavation, the traditional method of ar- 
chaeology, would prove to be extremely 
difficult and costly, if not altogether im- 
possible. To confound the would -be 
searcher further, the plain of Sybaris 
covers an area of some 40 square miles. 

Dr. Rainey and his team began their 
search by probing the plain with mag- 
netometers. These instruments can de- 
tect minute differences between the mag- 
netic intensity of soils and any intrusions, 
such as buried stone foundations or ce- 
ramics. Objects of fired clay - bricks, 
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Proton magnetometer is used on a location near Snaketown, Ariz. 

roof tiles, pottery - register as more 
magnetic than the surrounding soil, while 
stone constructions register as less mag- 
netic or nonmagnetic. Magnetometer re- 
sults require very careful interpretation, 
but with experienced operators and the 
proper geophysical conditions large 
areas suspected of containing remains 
can be surveyed with relative speed. 

The first instrument the expedition 
used was a proton magnetometer that 
had been employed on other searches. It 

soon became apparent, however, that 
this tool was not sensitive enough to 
penetrate to the depths where Sybaris 
was thought to lie. Although no signs of 
the buried city were found, the archaeol- 
ogists began to uncover Roman ruins 
from much later periods. These were not 
precisely what Dr. Rainey was looking 
for, but they did provide a clue: a Roman 
settlement was known to have been built 
close to the original site. 

In 1967, Dr. Rainey brought along a 

new type of detection device, a cesium 
magnetometer originally designed for 
space research. A hundred times more 
sensitive than the proton magnetometer, 
the portable cesium magnetometer can 
rapidly detect remains buried as deep as 
20 feet. Surveying up to 10 acres a day 
with the instrument, the archaeologists 

Excavation of an Indian site in southwest Missouri. 

began to pick up magnetic contrasts at 
depths where they calculated Sybaris to 
be. Test borings with power drills yielded 
bits of ceramic roof tile and pottery 
shards. A series of small trenches were 
dug, and the foundations of large build- 
ings were revealed. To the north and 
south of these discoveries, the detector 
spotted ancient riverbeds, confirming ac- 
counts that the city had been built be- 
tween two rivers. 

Dr. Rainey's work at Sybaris was the 
first large -scale application of cesium 
magnetometers for archaeological explo- 
ration. Since then, these new instruments 
have been used to map entire sites, such 
as the Grecian city of Elis near Olympia. 
In Mex co last summer, Dr. Michael Coe 
of Yale University unearthed, with the aid 
of a magnetometer, the finest example of 
an Olmec head ever found. 

Despite these successes, many ar- 
chaeologists still look upon these new 
tools with reserve. "There is a resistance 
to the new techniques," says Dr. Rainey, 
"because archaeologists don't under- 
stand them. Only one in a hundred has 
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Portable cesium magnetometer is moved 
to a site near San Lorenzo, Veracruz, Mexico. 

any conception of modern physics and 
what it can do. Its really two worlds - the 
humanities and science." Ironically, even 
the most hardened traditionalists among 
archaeologists are relying increasingly 
on advanced technology in physics and 
chemistry to help them in one particular 
aspect of their research, the dating of 
artifacts. 

The development that first brought 
about this collaboration between archae- 
ologists and physical scientists was the 
discovery of radiocarbon dating by Wil- 
lard F. Libby in 1949. Since its first appli- 
cation, thousands of radiocarbon dates 
have been established, changing pro- 
foundly our knowledge of early civiliza- 
tions. We know now that the last Ice Age 
ended closer to 10,000 years ago than 
20,000; that agriculture was practiced in 

Mexico by 5000 to 6000 B.C., almost as 
early as in the Near East; that men were 
constructing stone -walled towns in Pal- 
estine by 7000 B.C. 

The ability of radiocarbon dating to tie 
down events to a particular century has 
revolutionized archaeology and given it a 

degree of precision it lacked previously. 
Prior to this, there had been no way of 
establishing the absolute age of an arti- 
fact and its related events. The radio- 
carbon technique is based on the fact 
that all living matter contains a small but 
virtually constant proportion of the radio- 
active isotope carbon 14. When an ani- 
mal or plant dies, the radioactive carbon 
in the tissues is no longer replenished 
from the atmosphere and it starts to dis- 
integrate at a constant rate - by one -half 
approximately every 5,730 years. By 
measuring the extent of carbon 14 dis- 
integration in excavated organic remains, 
scientists can arrive at a fairly accurate 
determination of their age. 

As valuable as radiocarbon dating has 
been, however, it is not infallible. Dis- 
crepancies in dating by radiocarbon 
methods have been noted, and one of the 
most effective means of cross -checking 
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radiocarbon dates is through tree -ring 
dating. For example, radiocarbon dating 
established the age of Stonehenge at 

3,670 years. Tree -ring dating proved that 
the site is actually some 500 to 700 years 
older. The shortcoming of carbon dating 
is that it can only pinpoint artifacts in time 
by association with organic material. 

Suppose, for example, an archaeol- 
ogist uncovers a cache of farming tools 
and wants to know their age. He can only 
determine this if he is lucky enough to 

unearth some organic material at the 
same elevation. There may be no such 
material; or if there is a pinch of charcoal, 
for instance, it may well have found its 

way there centuries or even millennia 
later. In most cases, archaeologists, like 
good detectives, can arrive at conclu- 
sions by piecing together the circumstan- 
tial evidence. Still, as long as dating is 

done indirectly, there is always an ele- 
ment of doubt. 

To eliminate such uncertainty, scien- 
tists and archaeologists have been look- 
ing into ways of dating the artifacts them- 
selves. Today, there are at least seven 
direct dating methods, all based on 
atomic physics. One of the most promis- 
ing of these is thermoluminescence, a 

technique used in conjunction with pot- 
tery and other clay products. Ceramics 
are among the most common relics of 
ancient civilizations. And scholars used 
to establish chronological periods for 
various cultures by analyzing stylistic 
changes in pottery. However, any pottery 
sequence can serve only to provide a 

system of relative dates, while thermo- 
luminescence offers a way to pin down 
dates in absolute terms. 

The method depends on the uranium 
and thorium content in clays. The older 
the pottery, the more these radioactive 
elements have decayed, leaving trapped 
electrons in the clay. When heated in a 

kiln, the pottery will release these elec- 
trons in the form of light. This light, or 
thermoluminescence, can then be mea- 
sured by very sensitive instruments. Since 
old clay glows brighter than newer clay, 
the age of the object can be determined. 
However, the technique is still subject to 

a margin of error of about 5 per cent, 
which is too great to satisfy the needs of 
many archaeologists. In the past few 
years, though, it has scored some nota- 
ble successes. 

Chemists at the University Museum 
have spotted several forgeries that had 
been passing as valuable Etruscan stat- 
ues. One of the Museum's own treasures, 

"While innovations such as the 
computer and atomic -dating 
processes are helping traditional 
archaeoolgy, recent technology 
has also created a whole new field 
of study under the sea." 

the Etruscan Lady, turned out to be no 

more than 100 years old. Testing a sec- 
ond Etruscan figure, Diana the Huntress, 
owned by the City Art Museum of St. 

Louis, scientists discovered that it too 
was of 19th century origin - possibly a 

creation of the same Italian forger. 
Typically, such new atomic -age tech- 

nologies as thermoluminescence, neu- 
tron activation analysis, x -ray fluores- 
cence, and mass spectrometry are used 
as laboratory aids in archaeology, either 
for dating or for chemical comparison of 
artifacts. Recently, however, these tech- 
niques also have been used to map the 
world's mineral deposits and correlate 
them with artifacts dug up in different 
parts of the world. With such "fingerprint- 
ing," chemists and archaeologists have 
been able to learn a great deal about 
prehistoric trade routes and migrations. 

Dr. Curt Beck of Vassar College has 

been using an infrared spectrometer to 
map deposits of European amber. Al- 
though still in its initial stages, his re- 
search has already shown that, as far 
back as 1500 B.C., Greeks were using 
Baltic amber that was probably mined in 

Denmark. These findings bear out vari- 
ous ancient legends of trade between 
Aegean sailors and peoples of northern 
Europe. 

At the Atomic Energy Commission's 
Brookhaven National Laboratory, Dr. Ed- 
ward V. Sayre, a chemist, has been work- 
ing with Dr. Ray W. Smith, an archaeolog- 
ical expert on ancient glass, to classify 
glassware spanning 2,700 years. Sayre 
puts glass samples that Smith has col- 
lected all over the world into a nuclear 
reactor. Neutrons produced in the reactor 
form radioactive isotopes, which emit 
radiation at different energy levels for 
each of the elements contained in the 
glass. By measuring the radiation intensi- 
ties peculiar to each element, Dr. Sayre 
can identify the unique characteristics of 
each type of glassware without harming 
the valuable treasures in any way. The 
technique is called neutron activation 
analysis, and it has enabled archaeol- 
ogists to learn what kinds of materials 
ancient peoples used for manufacture. In 

Dr. Smith's work, the technique has often 
helped to pinpoint where and when a 

particular piece of glass was made. He 

once traced a priceless vase found in 

Afghanistan to its origin in Syria around 
A.D. 300. 

In 1966, Dr. Smith took time off from 
his studies of ancient glass to organize 
a joint American -Egyptian archaeolog- 
ical project. His aim was to re- create on 

paper the vast Aten Temple complex, at 
Karnak, from the rubble of tens of thou- 
sands of decorated sandstone blocks. 

The blocks were first discovered at thee 
turn of the century in the interior of giant 
gateways that were part of later struc- 
tures on the site. Since they were not the 
main concern of the archaeologists who 
found them, they were put aside for future 
study. There were so many blocks that 
the idea of realigning them to get an idea 
of the original building had seemed an 
mpossible task, until Smith saw them 

and proposed using a computer. Accord- 
ing to his plan, each block was photo- 
graphed and analyzed for the content of 
its decoration. A staff of 10 in the temple 
project's Cairo office set about coding 
significant features of each block: scale 
of the figures, depth of the carving in the 
stone, color, signs of hieroglyphics, et 
cetera. This information was then fed into 
a computer and matched against data 
obtained from other blocks, in an effort to 
solve one of the largest jigsaw puzzles 
ever attempted. 

The temple that Smith and his co- 
workers are trying to reassemble was 
built 33 centuries ago by the revolution- 
ary pharaoh, Akhenaten. The young ruler 
had the temple built in honor of Aten, the 
sun -disc god, as part of his campaign to 

establish a new religious order in 14th 
century B.C. Egypt. A gigantic structure 
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that may have extended for more than a 

mile, with colored reliefs on every wall, 
the temple stood for only about 20 years. 
After Akhenaten's death, Egypt returned 
to worship of its former gods and the 
temple was razed. 

The task of making sense out of thou- 
sands of scattered blocks has been a 

monumental one, even with the enor- 
mous information -handling capacity of 
the computer. It has taken five years of 
painstaking labor to photograph, cata- 
logue, and computer -sort the 35,000 
decorated stones that have been located 
to date. Although the work is not yet fin- 
ished, portions of the temple's exquisite 
ornamentation are beginning to take 
form. As photographs are matched, frag- 
mentary scenes appear, depicting char- 
iots and animal sacrifices, and portraits 
of Akhenaten and his beautiful queen, 
Nefertiti. Hundreds of painted reliefs 
have been reassembled, though only in 

incomplete form, and Smith and his col- 
leagues fear they will remain so, since it 

is estimated that only about half of the 
original decorated stones will ever be 
found. The whole Aten Temple, archaeol- 
ogists say, may have contained as many 
as a quarter -million decorated and un- 
decorated stones. 

To fill in some of the blanks, the project 
has employed artists trained in Egyptol- 
ogy. In scenes where enough blocks 
have been matched to form an outline of 
the original, the artists can sketch in the 
missing elements after studying similar 
reliefs from other temples. 

Will the temple itself ever be rebuilt, 
using this reconstruction as a guide? 
Smith believes this would be an ex- 
tremely costly undertaking. He suggests, 
instead, that selected scenes that have 
been matched should be actually re- 
assembled to provide examples of the 
magnificent art from Akhenaten's short 
and turbulent reign. "Whatever hap- 
pens," Smith says, "the value of the com- 
puter as an archaeological tool has been 
established without question." 

While innovations such as the com- 
puter and atomic -dating processes are 
helping traditional archaeology, recent 
technology has also created a whole new 
field of study under the sea. Marine ar- 
chaeology owes its existence to the in- 
vention of scuba -diving equipment after 
World War II. Two decades ago, Jacques - 
Yves Cousteau and other professional 
divers began to explore and salvage 
shipwrecks and their cargoes from the 
ocean floor. Despite the valuable con- 
tribution of these divers, however, under- 
water archaeology did not begin to make 
scientific headway until the early 1960s, 
when archaeologists themselves first 
donned scuba gear. 

One of the pioneers among this new 
breed of archaeologist has been Dr. 

George Bass of the University Museum. 
Bass, whose specialty was Bronze Age 
Greece, had had considerable experi- 
ence in land excavations in Greece and 

Turkey before making his first dive a 

decade ago. Since that time, he has de- 
voted all his attention to the problems of 
underwater archaeology. Working with 
various types of engineers, Bass has de- 
veloped a broad range of new tools that 
are making underwater excavations as 

exact as any on land. 
The ability to do systematic archaeo- 

logical work undersea is no mere novelty. 
Excavations of ships in the Mediterra- 
nean, Caribbean, and Baltic have added 
whole chapters to history by providing 
information on ship construction, naviga- 
tion techniques, and trade routes of many 
periods. 

"Even more important," says Dr. Bass, 
"when we find artifacts under water, they 
are usually much better preserved than 
those found on land. And almost every- 
thing that was made in ancient times was 
carried on ships at one time or another." 

Furthermore, shipwrecks serve as bur- 
ied time capsules whose contents can be 
very accurately dated. The on;y compar- 
able situation found on land is that of a 

city such as Pompeii, which was de- 
stroyed by a sudden catastrophe - an 
archaeological rarity. 

To mine this lode of information, un- 
derwater archaeologists have had to 
overcome the obstacles of working in an 

alien and often dangerous environment. 
If the task involved merely diving down 
and observing old ships, far greater 
progress would have been made to date. 
In fact, what divers and archaeologists 
call wrecks might better be described as 
refuse heaps of broken pots and ballast 

The Asherah, a small submarine especially 
designed for archaeological research, during an 

undersea exploration in the Mediterranean. 

stones. No wooden ship survives very 
long against the voracious appetite of the 

ocean's teredo worms. If ship timbers are 
found, they most often represent only a 

fraction of the original hull and super- 
structure. Thus the archaeologist must 
reconstruct his find carefully from the 
vestigial clues that remain. 

At first, Dr. Bass did his reconstruction 
survey work by sending down teams of 

divers to draw and photograph ship re- 
mains. He used a scaled grid system to 
diagram their observations. After several 
years of working out this procedure in the 
study of wrecks off the coast of Turkey, 
charting could be done with great ac- 
curacy. But the process was slow and 
costly, since divers can work for only 
short periods of time under water and 
must go through hours of decompression 
after working at any great depth. To lo- 
cate the site of an eighth- century Byzan- 
tine cargo ship at a depth of 90 feet, for 
example, took Bass and 12 divers more 
than a month. 

To speed up underwater surveying, 
Bass and the University Museum com- 
missioned the construction of a small, 
highly maneuverable submarine, specifi- 
cally built for archaeological mapping 
and exploration. Christened the Asherah 
after a Phoenician sea goddess, the 
pressurized craft can carry two men to a 

depth of 600 feet. It can stay down for as 

long as eight hours, travels at speeds as 

high as four knots, and is equipped with 
powerful searchlights for undersea ex- 
ploration and a pair of stereophotographic 
aerial- survey cameras designed to take 
pictures that can be translated into a 

three -dimensional plan of a wreck site. 
According to Dr. Bass, the Asherah 

functioned far beyond her designers' 
original dreams. When she was first used 
in 1967, it took only a half -hour to locate 
the wreck of a Roman ship -a tiny frac- 
tion of the time previously required. 

Increasingly, Dr. Bass has turned his 
attention to finding new ways of locating 
wrecks, particularly those buried in deep 
water. His interest in finding effective 
search techniques is not purely aca- 
demic. One summer, while Bass was 
working in Turkey, a sponge fisherman 
netted a beautiful bronze statue of a boy 
with negroid features wearing a toga. The 
statue was found some 300 feet below 
the surface. A few years earlier, the fish- 
erman's uncle had hauled up another 
bronze, in this case a sculpture of De- 
meter, from the same depth a number of 
miles away. Dr. Bass knew from experi- 
ence that, when one statue is found, there 
are likely to be others from the same 
wreck. 
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To those of us interested in classical 
sculpture, shipwrecks are the only 
source of bronze statuary," he explains. 
"Bronzes that were not lost at sea were 
melted down in later times for the metal." 
Thus Bass suspected that the Demeter 
and the boy might have been part of a 

priceless cargo of classical art treasures. 
Bass began a search, experimenting 

with television cameras, magnetometers, 
and a manned capsule known as the 
"Tow- Vane," which can dive to depths 
of more than 300 feet for visual observa- 
tion while being towed behind a surface 
ship. After a season of searching with 
these various methods, no wrecks had 
been located. Bass concluded that the 
magnetometer and visual -exploration 
techniques were too limited in range for 
the vast areas involved. Still intent on 
finding a possible treasure ship, he turned 
the next year to a sonar detector, which 
can scan a path more than 1,000 feet 
wide by bouncing sound waves off the 
ocean floor. 

With this new tool, it took only two days 
of runs across the suspected area to re 
veal a promising clue. The Asherah was 
sent down to investigate and at 285 feet 
settled directly on top of a cargo of an- 
cient lamps, pottery, and amphoras. Bass 
had discovered a reliable search tech- 
nique as well as one of the largest ancient 
wrecks ever found, a Hellenistic vessel 
from the third or fourth century B.C. Un- 
fortunately, there were no signs of other 
bronze statues, although the next sum- 
mer some of Bass' students did observe 
broken pieces of bronze around the 
wreck. 

"The problem is that looters have been 
getting to these treasures faster than the 
archaeologists," Bass laments. "One of 
the biggest dangers facing underwater 
archaeology in the future is that histori- 
cally valuable wrecks are being badly 
destroyed by looters and sports divers 
before trained professionals can get a 

chance to excavate them properly." But 
archaeology's new electronic devices 
may still help the scholars win this race 
against time. 

The head from the figure of Ramses II is moved 
during the relocation of the temples of 
Abu Simbel for the Aswan Dam project in Egypt. 
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AIDA 
PLACIDO DOMINGO 
SHERRILL MILNES 

BUMBRY RAIMONDI 
LEINSDORF 

London Symphony 

Verdi: Aida 
Leontyne Price, Placido Domingo, 
Sherrill Milnes, Grace Bumbry, 
Ruggero Raimondi, and Hans Sotin 
Erich Leinsdorf conducting the London 
Symphony Orchestra LSC -6198 

Since its triumphant première at the Cairo 
Opera House in 1871, Aida has been a 

favorite with opera audiences. To cele- 
brate this centennial year, RCA Red Seal 
has assembled some of the greatest 
voices in music for this superbly engi- 

upered album. It is also the first opera to 
recorded on eight- track, 30 -inch tape. 

A history and analysis of the opera by 
Charles Osborne, an authority on Verdi, 
are included with the libretto to this three - 
record set. 

The Best of The Guess Who 
LSPX -1004 

By virtue of such smash hits as "These 
Eyes," "Laughing," "No Time," and 
"American Woman," The Guess Who has 
become the foremost Canadian rock 
group on the recording scene. In the two 
years since the group has moved from 
its home territory of Manitoba onto the 

upnternational scene, it has led the way for 
any other Canadian rock performers. 

The Best of The Guess Who, a compila- 
tion of the group's Gold Records and 
hits from their other RCA albums, comes 
with a striking black -light poster of the 
five performers. 

RCA RED SEAL 

PADEREWSKI: 
PIANO CONCERTO 

and 

FANTAISIE POLONAISE 

ARTHUR FIEDLER 
LONDON SYMPHONY 

EARL WILD 

Paderewski: Piano Concerto and 
Fantaisie Polonaise 
Arthur Fiedler conducting the London 
Symphony Orchestra 
Earl Wild, pianist LSC -3190 

For his recording debut with the London 
Symphony Orchestra, Arthur Fiedler, who 
was the first to record the Paderewski 
Piano Concerto in A Minor, has chosen to 
make the first stereo version of the work. 
With this performance, the concerto takes 
an important place in the growing list of 
19th -century Romantic revivals. Like the 
concerto, the second work on the album - the "Fantaisie Polonaise" - is based 
on folksongs of the composer's native 
Poland. 

Rio Grande 
LSP -4454 

Rio Grande, the distinctive new five -man 
country rock ensemble whose debut al- 
bum bears the name of the group, comes 
from the little -known town of Tyler, Tex. 

Under the guidance of veteran producer 
Dale Hawkins, Rio Grande demonstrates 
its unique sound with a collection of orig- 
inal songs written by two of its members, 
lead vocalist and guitarist Ronny Weiss 
and bassist David Stanley. The titles in- 
clude "Wish I Could See You Again," 
"Me and My Wife," "End of the Battle," 
"Dog Song," and "So Good to Be Free." 

For the Records... 

RCA VICTROLA 
REINER [CHICAGO SYMPHONY I.WrMGRO 

STRAUSS: QUIXOTE 
SWIM 

Strauss: Don Quixote and 
"Rosenkavalier Waltzes" 
Fritz Reiner conducting the Chicago 
Symphony Orchestra 
Antonio Janigro, cellist; Milton Preves, 
violist VICS -1561 

Don Quixote, the legendary figure from 
the village of La Mancha, created by 
Miguel de Cervantes more than 350 years 
ago, was the inspiration for the sixth of 
Strauss' tone poems, composed in Mu- 
nich in 1897. Originally recorded on 
RCA's Soria Series, this famed Fritz 
Reiner /Chicago Symphony recording 
has been newly released on the Victrola 
label. As a companion piece, the Reiner 
arrangement of Strauss' waltzes from 
"Der Rosenkavalier" is included. 
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I(1 
Encore! José Feliciano's Finest 
Performances 
LSPX -1005 

Twelve of the most popular José Felici- 
ano recordings - including his instru- 
mental version of Jim Webb's "Wichita 
Lineman" and his own original, "Life Is 

That Way" - appear on this RCA album. 
Feliciano is known for his ability to build 
an experience out of a performance and 
to mold that performance into art. The al- 
bum demonstrates the range of his artis- 
try in such classics as his performance of 
"Light My Fire" and ' Malagueña," the 
longing insistence of "California Dream - 
in'," and the fragile plaintiveness of 
"Rain," another Feliciano original. 
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Hydroelectric generators provide only about 4 per 
cent of the U.S. power supply. 

30 Summer 1971 

The Power 
Crisis 

An increasing shortage of 
energy represents a major 
threat to our civilization. 

by Tom Shachtman 

The entire United States is in the midst of 
an energy crisis. A recent report from the 
Federal Power Commission warns us, 
Some areas of the country may experi- 

ence power -supply shortages this sum- 
mer as a result of inadequate installed 
capacity to meet forecasted summer 
peak loads." In fact, only one of the na- 
tion's seven regions - the West, encom- 
passing roughly the states west of the 
Rockies - has enough reserves to meet 
any sort of prolonged heat wave. In 
greatest danger of blackouts and brown- 
outs is the southeast region, since the 
Virginia -Carolinas power pool has only a 

6.3 -per cent reserve. 
The average per capita consumption 

of energy in the United States is six times 
the world average. The standard of living 
is five times the world average. Energy 
consumption, then, may be seen as an 
index to civilization. The more "civilized" 
and technologically expert a country is, 

the more energy it uses - and needs. 
And therein lies the problem for the 
United States. 

In the years to come, the Edison Elec. 
tric Institute and the FPC estimate that we 
will need increasing amounts of power. 
At the present time, we consume some 71 

quadrillion (71 0) BTUs, or British ther- 
mal units, of energy each year. By 1985, 
that figure is expected to double - even 
before the population of the country itself 
doubles, as it is expected to do by the 
year 2000. That amount of power is far 
beyond the present capacity of the U.S. 
power industry - though not, in theory, 
beyond the limit of our natural resources. 
It has been estimated that this country 
contains 5,162 0 BTUs of oil, 3,317 Q of 
natural gas, and 32,000 Q of coal. The 
problem is that much of this enormous 
reserve is not available, either because it 

is relatively inaccessible or because 
present technology is insufficient to ob- 
tain and utilize it in ways that are eco- 
nomical without being environmentally 
destructive. Consequently, the United 
States must rely heavily on foreign 
sources, consuming annually some 40 
per cent of the energy -yielding fuels 
produced in the entire world. 

Many people have mistaken impres- 
sions about where power comes from 
and who uses it. A commonly held mis- 
conception is that hydroelectric plants 
(water- driven generators such as those 
found in dams) provide much of our elec. 
tric power. In fact, hydroelectric plants 

Tom Shachtman is a free lance who writes 
frequently on scientific subjects. 
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account for only 4 per cent of the U.S. 
power supply. Fossil fuels provide the 
vast bulk of power. Oil provides 43 per 
cent, gas 33 per cent, coal 19 per cent, 
and atomic energy only 1 per cent at 
present. Even with a great rise in the 
number of atomic plants in the coming 
years, utility men estimate that, by 1985, 
the country will be getting only 11 per 
cent of its energy from nuclear power. 
(And if we can get away with it, this figure 
assumes that, between 1980 and 1985, 
a new, giant 1,000- megawatt plant will 
come on- stream every two weeks.) 

Where does this power go? Residential 
and small business demands account for 
only about 20 -25 per cent of our entire 
yearly consumption. Another 20 -25 per 
cent is used by our transportation sys- 
tems. About one -third more goes to the 
industrial sector as a whole, and the re- 
mainder - currently about 16 per cent - goes to generate and transmit elec- 
tricity itself. This last figure is expected to 
rise to 21 per cent by 1985 because of 
the relative inefficiency of nuclear power 

nt operation, thus reducing the pro - 
rtional amount of energy available for 

residential, industrial, and transportation 
uses. 

Delays in the completion of new power 
plants have accumulated in the past year - nuclear plants were 56 per cent behind 
schedule and hydropower units 35 per 
cent. One of the major causes of these 
delays has been court battles with groups 
seeking to block construction. For many 
ecology- minded people, power plants 
are major contributors to air, water, and 
thermal pollution. Indeed, fossil -fuel 
plants have long been known to have 
added substantially to pollution prob- 
lems, especially around our cities. 

Our increasing concern with the quality 
of our environment is a most important 
consideration for power production in the 
future. (In recent years, technological in- 
novations have helped in the design of 
future power plants that will be more 
ecologically acceptable. But, the long 
lead time in design and development of 
power plants has caused some prob- 
lems.) Sociologists and economists see 
the problem of generating the needed 
amounts of new power while protecting 
our environment as not only an important 
instance of our search for a better quality 
of life but also as a sore point between 

dilionomically divided groups of people. 
r the middle class, improving the qual- 

ity of life has come to mean, in recent 
years, improving the quality of the en- 
vironment. But, for the economically dis- 
advantaged, a better quality of life is 

"Sociologists and economists see the 
problem of generating the needed 
amounts of new power while protecting 
our environment as not only an 
important instance of our search for a 

better quality of life but also as a sore 
point between economically divided 
groups of people." 

Fossil fuels, the major source of electric power, 
often produce pollution. 
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"For the immediate future, 1971 to 1985, 
the energy crisis will continue to be 
severe, according to most forecasts." 

something that might best be measured 
in terms of energy- consuming materials 
that the middle class has and takes for 
granted: clean and comfortable housing, 
modern conveniences, and work- saving 
devices. 

The problems of meeting demands for 
additional power while maintaining the 
quality of our environment have become 
critical in the past several years and al- 
most certainly will continue to be critical 
for as long as we can project, with cer- 
tainty, into the future - until about 1985. 

There are many reasons for these 
problems. Fossil fuels are in short supply 
at present. The closing of the Suez Canal 
and the Mideast situation have severely 
curtailed oil supplies in the world. Coal, 
seemingly so abundant in this country, 
is actually relatively scarce. A few years 
ago, many U.S. coal producers were 
forced to sign long -term supplier con- 
tracts with foreign companies, such as 
Japanese steelmakers, in order to remain 
economically viable. This has resulted in 

serious and chronic shortages of coal to 
Spply power plants in the United States. 
the recent past, the Tennessee Valley 

Authority (TVA), one of the largest users 
of coal to make steam for generators, had 
to cart its own short -term reserves of coal 
from one plant to another because it was 
unable to obtain any new supplies. 

In addition, pressure by environmental 
interest groups has placed severe re- 
strictions on the use of those fossil fuels 
which are available. Wilson M. Laird, di- 
rector of the U.S. Department of the In- 
terior Office of Oil and Gas, told a con- 
gressional committee last year that after 
East Coast states and cities set sulfur - 
content limits on industrial fuels, utilities 
and other industries were unable to 
obtain enough natural gas or low- sulfur 
coal to comply with antipollution stan- 
dards. The demand for low- sulfur fuels 
was so large and so sudden, Laird said, 
that not all requirements could be met 
this past winter. 

And what of the nuclear plants on 
which the electric utility industry has 
based so many of its hopes? The great 
promise of nuclear plants has not yet 
been fulfilled, and yet many utility corn - 
panies are already looking askance at 
nuclear power: only seven new nuclear 
plants were ordered in 1969, as com- 
pared to 31 in 1967. Also, nuclear plants 
of the present type may soon run out of 
fuel. It has been estimated that plants 
now in existence and under construction 
will need, over their individual 30 -year 
expected life, about 500,000 tons of ura- 
nium concentrate, roughly twice as much 
uranium as the present known reserves. 
Several years ago, the Atomic Energy 
Commission was estimating that, by the 
year 2000, about half the power for the 
United States would come from nuclear 
plants. This estimate, everyone now con- 
cludes, was unrealistic. The AEC's wrong 
guessing on this subject (a perfectly un- 
derstandable wrong guess in the light of 
knowledge then available) was part of a 
deep mix -up and quagmire in our na- 
tional energy picture. 

Whereas many other nations and na- 
tional blocs have centralized power -sup- 
ply agencies, power in the United States 
is supplied by private utilities whose 
services are regulated by a variety of lo- 
cal and national government agencies. 

Among the federal agencies that have 
a hand in the regulation of energy and 
power distribution are the: 

Federal Power Commission (FPC), 
which oversees electric utilities and reg- 
ulates the price of natural gas; 

Atomic Energy Commission (AEC), 
which licenses nuclear generating plants; 

Department of the Interior, which regu- 
lates oil import quotas, access to most 
offshore oil and gas fields, working con- 
ditions in coal mines (which influences 
the price of coal), and hydroelectricity 
through the Bureau of Reclamation; 

Department of the Navy, which regu- 
lates access to certain offshore oil fields; 

Interstate Commerce Commission 
(ICC), which sets freight rates on coal, 
among other commodities; 

Department of Health, Education, and 
Welfare (HEW), which sets air pollution 
standards; and 

The Treasury Department, which ad- 
ministers the oil- depletion allowance. 

At this writing, the Senate Interior 
Committee is holding hearings on a na- 
tional policy for energy and power, and it 
is hoped that committee recommenda- 
tions will clear the way for such a 
policy. The President's Office of Science 
and Technology is cooperating with the 
inquiry, which is also being pursued in 
the House. There it takes the form of 

Oil rig in coastal water at Cook's Inlet. Alaska. 
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debate over a bill, introduced by Rep. Al 
Ullman of Oregon, to establish a Na- 
tional Commission on Fuels and Energy 
that would determine nationwide power 
needs for the rest of the century and 
recommend steps for meeting them. 

What does all this mean in terms of 
power supply for the immediate, inter- 
mediate, and long -term future? For the 
immediate future, 1971 to 1985, the en- 
ergy crisis will continue to be severe, ac- 
cording to most forecasts. But it will most 
probably be met with the introduction of 
oil from Alaska, gas from the North Sea, 
the expected reopening of the Suez 
Canal, new minings of coal and oil shale 
formerly considered too costly to recover, 
and the coming on -line of nuclear re- 
actors now under construction. But most' 
experts expect supply and demand to be 
nip- and -tuck all the way, and they expect 
costs to the consumer to rise rapidly. 
This will mean, according to the Edison 
Electric Institute, that home electric bills 
will be nearly twice as high as they are at 
present. The increase in the price of en- 

orgy to industrial users will also result in 
creased costs being passed on to con- 

sumers in other ways. 
After 1985, most planners conclude 

that we will be in very deep trouble unless 
we change the ways in which we obtain 
power. Most power sources are ineffi- 
cient. Coal, oil, gas, and hydroelectricity 
produce electricity at an efficiency rate 
of only 40 per cent. Nuclear plants are 
even worse - their efficiency is around 
30 per cent. 

A fundamental problem of energy sup- 
ply is to change the degree of efficiency 
so that 60 or 70 per cent of the energy in 
the fuel is not lost on its way to the power 
consumer. Several promising ways of 
raising efficiency have been found and 
are under development. Chief among 
them is the use of nuclear- breeder re- 
actors, which produce more nuclear fuel 
than they consume and thus, when in full 
operation, do not need to be refueled 
continually. Several months ago, the 
President authorized stepped -up devel- 

Surging tides, such as have eroded these 
rocks, could be used by hydroelectric devices 
to generate enormous quantities of power. 

"The more 'civilized' and technologically 
expert a country is, the more energy 
it uses - and needs. And therein lies 
the problem for the United States." 

opment of breeder reactors, over the 
objections of those who claimed that the 
reactors' "cleanliness" had not yet been 
raised to a level completely acceptable 
to the public. 

Other promising developments have 
suffered from a lack of research and de- 
velopment funds in the past. According 
to S. David Freeman, director of the en- 
ergy policy staff of the President's Office 
of Science and Technology, electric 
utilities themselves have had one of the 
lowest research budgets in American in- 
dustry. Part of the reason for the low 
budget was an overconfidence in the 
capabilities of current technology to meet 
present and near -future needs. A 1964 
report, widely circulated in the power in- 
dustry and quite influential in planning 
and disbursement of research monies, 
underestimated demand and overesti- 
mated supply for the current period. 
Whereas it predicted power excesses for 
the present, power shortages, brownouts, 
and increasing worries about the future 
are actually the rule of the day. 

The utilities were not alone in their 
small research budgets. The federal 
government also has not spent much 
money on future power development pro- 
grams. Such shortsightedness has caused 
great delays in the development of a 
most important source: magnetohydro- 
dynamics (MHD), a technology derived 
from the motion of an electrically con- 
ducting fluid through a magnetic field. 
While the Soviet Union is bringing its first 
MHD plant on -line this year, a U.S. proto- 
type plant is considerably in the future. 
MHD is important because it burns con- 
ventional fuels with a 60 -per cent, rather 
than a 40 -per cent, efficiency. It is also 
environmentally important, for it is esti- 
mated that emissions from an MHD plant 
would be only one -third those of a similar 
voltage, conventional plant. The Office of 
Science and Technology predicts that full 
development of MHD could effect a total 
fuel savings of about $11 billion between 
1985 and 2000, cutting costs as well as 
pollution. By 1985, MHD may be a reality 
but only if research funds are allocated 
at a faster rate. 

The application of superconductivity to 
transmission lines also was neglected 
until very recently. High conductivity would 
be an all- important way of raising the out- 
put of our power -supply systems. The 
Edison Electric Institute has estimated 
that one full -scale, 345 -kilovolt super- 

conducting line only20 inches in diameter 
could carry more power than is now used 
by the entire city of New York. The insti- 
tute has started a crash program to de- 
velop the potential of these lines, and the 
program is endorsed by the Office of Sci- 
ence and Technology. A major problem 
at the moment is cost - not only of the 
superconducting lines but of any under- 
ground transmission lines. 

Not too long ago, Dr. Glenn T. Seaborg 
envisioned a future in which fast -breeder 
reactors would distribute power via su- 
perconducting lines with a minimum of 
equipment, pollution, scenic spoilage, 
and so on. Only a few plants would then 
be needed to supply all the power the 
United States might need. Such a vision, 
experts point out, will not become reality 
unless research on both the breeders 
and superconducting lines is placed un- 
der high priorities and is given large 
amounts of development monies in the 
near future. 

Other possibilities have been sug- 
gested. In California, the Pacific Gas and 
Electric Company operates the country's 
only working geothermal generator on 
natural steam. Geothermal, tidal, and 
solar power have all been proposed as 
future power systems. Tidal power could 
be tapped by hydroelectric -type devices 
placed in strategic offshore areas. Archi- 
tect and visionary Buckminster Fuller 
believes that the tides in the Bay of Fun- 
dy could generate enough power for 
the demands of the entire United States. 
Plans for using solar energy via satellite 
technology, which would focus and trans- 
mit collected solar rays to a grid on the 
earth, have been proposed but are now 
languishing because of diminished em- 
phasis on space research. 

Fusion reactors, which could be fueled 
by hydrogen isotopes derived from ordi- 
nary seawater and which use the same 
kind of power released by the hydrogen 
bomb, are a possibility for the long -term 
future. Low- intensity fusion reactions 
(without power output) have been 
achieved in what are called "magnetic 
bottles" for small fractions of a second 
in experimental models at places such as 
Oak Ridge National Laboratory and 
Princeton University as well as in the 
Tokamak reactor at the Kurchatov Insti- 

tute of Atomic Energy in Moscow. Fusion 
as a source of power is theoretically with- 
in reach and, with adequate funding, con- 
trolled fusion is expected to be demon- 
strated in the 1970s. But it will probably 
be several decades before fusion be- 
comes a practical source of power. 

Fundamental changes in energy power 
are destined to occur in the next 30 years 
or so. The supply of fuels will change 
and shift in the immediate future. The 
origins of these fuels will change as we 
outgrow present and easily available re- 
sources and are forced to find and re- 
cover far -off sources of fuels. In the 
intermediate future, there will be changes 
in the ways in which power is made and 
transmitted. During these years, too, we 
can probably expect the full impact of 
fundamental change in the industry it- 
self, coming primarily from the ways in 
which the government regulates and con- 
trols it. And, by the turn of the century, 
we can expect the presently underde- 
veloped countries of the world to be put- 
ting increased pressure on those energy 
resources which remain. 
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Optical Computer Memory 
Under a NASA contract, RCA is building 
an experimental, entirely optical, large - 
scale memory system for computers. De- 
velopment of this type of device -a 
prototype of which is six feet long and 
shaped like a telescope - could lead to 

a whole new species of mass -memory 
systems. The optical memory would be 
able to store as much data as the biggest 
disc systems made so far, but it would 
function about 1,000 times faster. 

The system is expected to validate the 
optical memory concept and to establish 
a basis for the possible development of 
units that could be installed in space sta- 
tions, earth resources satellites, and sim- 
ilar spacecraft that need to store and pro- 
cess extremely large volumes of data at 

high speed. 
The optical memory appears suited for 

such applications because of its reliabil- 
ity and freedom from dependence on any 
sort of mechanical motion. Its information 
storage and retrieval processes are based 
on holographic techniques, and the data 
may be written, stored, read out, and 
erased repeatedly by laser light. 

Since it combines extremely large 
data -storage capability with electronic 
access, the optical memory could even- 
tually replace the entire hierarchy of 
magnetic tapes, discs, drums, and cores 
now in use, leading to great simplification 
in computer architecture and operation. 

Computer Software Packages 
RCA has put on the market two new 
advanced -application software packages 
as part of its over -all computer marketing 
program. 

One of these is a communications - 
oriented computer software package that 
offers manufacturing firms a new means 
for cutting costs and maintaining control 
over their operations. This on -line sys- 
tem, called the Manufacturing Information 
Control System, is designed in a modular 
fashion. The system is the only one of its 

type to incorporate information on the 
six major manufacturing operations - 
marketing, distribution, production plan- 
ning and control, materials planning and 
control, financial control, and operations 
analysis - into one unified system. It ac- 
commodates up to 30 on -line files, using 
a single data base common to all. These 
files may be used for engineering data 
control, inventory control, requirements 
planning, capacity planning, operation 
scheduling, shop floor control, purchas- 
ing and billing of materials, and other 
manufacturing functions. 

Because the system is a totally inte- 
grated package incorporating all these 
manufacturing subsystems under one 
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common data base, updating one file 
automatically results in a simultaneous 
updating of all interrelated files. Thus an 
up -to- the -minute status report on any 
segment of the manufacturing operation 
is readily available. 

The other software package is an on- 
line Customer Information File (CIF) sys- 
tem for banks, which may be the most 
advanced software package of its type. 
Although initially designed to provide an 
on -line inquiry capability into corporate 
accounts and individual savings and 
checking accounts, the system is open - 
ended and will be able to accommodate 
many other applications. 

Through use of CIF's visual display de- 
vices, a bank can obtain a total picture of 
a customer's records in a matter of sec- 
onds. Bank officials then can make al- 
most instant decisions on matters rang- 
ing from personal loans to trading in 

"commercial paper" issued by large cor- 
porations. Such decisions could take 
days if conventional methods were used. 

Improving Public Transportation 
Electronic signposts soon may be used 
to locate and track public transportation 
vehicles operating in heavy city traffic. 
The feasibility of this proposal is being 
tested by RCA for the U.S. Department of 
Transportation. The RCA study is part of 
an Automatic Vehicle Monitoring (AVM) 
program conducted by the department's 
Urban Mass Transportation Administra- 
tion that is aimed at helping bus and 
other vehicle -fleet operators provide bet- 
ter service to riders and deploy their 
fleets more effectively. 

For this study, miniature low- power, 
low -cost transmitters have been placed 
in signposts at intersections and other 
selected points. Each transmitter broad- 
casts a unique code identifying that point. 
As a bus or other "signpost vehicle" 
passes within range of a transmitter, a 

small receiver on the vehicle picks up 
and stores the code number of that sign- 
post transmitter until it passes within 
range of another signpost and stores a 

new number. 
When interrogated by radio from a 

control center, the signpost vehicle's 
equipment automatically replies with the 
code of the last signpost passed and the 
vehicle's identifying number. A computer 
stores these data and can give the loca- 
tion of any vehicle to within several hun- 
dred feet of its true position. 

TV Information Displays for the Home 
A laboratory concept of a home TV in- 
formation center that could be used to 
display individual TV pictures has been 
demonstrated by RCA. The experimental 

Recent RCA 
Developments in 
Electronics 

system is housed in a television console 
equipped with two screens, one for the 
continuing program and the other for dis- 
playing the single picture. 

RCA engineers point out that the sys- 
tem could enable cable TV operators to 
offer valuable new services to subscrib- 
ers. For example, the system could be 
made to "freeze" a certain feature - such 
as a stock market quotation or sports 
score listing - automatically as it came 
over the cable. Or it might be used by a 

housewife to select a recipe or a list of 
supermarket specials as it appears on 
the TV screen and retain the picture for 
more careful reading. 

High -Speed Circuit for Weather Watch 
RCA Global Communications has begun 
operating a new high -speed communica- 
tions circuit to carry weather data between 
Washington and Tokyo. The 3,000 -word- 
per- minute circuit will flash information 
between the U.S. National Weather Ser- 
vice and the Japan Meteorological Agen- 
cy. The system, incorporating the first 
3,000 -wpm line geared for error control, 
will enable U.S. and Japanese meteorol- 
ogists to eliminate incorrect information 
before it is transmitted halfway around 
the world. 

The new circuit will be part of the World 
Meteorological Organization's global 
Weather Watch network and will replace 
the one installed in 1969. It can transmit 
almost three times as much data as the 
1,050 -wpm circuit now in use. According 
to present plans, the entire network will 
be on the 3,000 -wpm standard by 1973. 

Another advantage of the high -speed 
communications circuit is its ability to 
transmit facsimile. Early in 1962, the U.S. 
Weather Service asked RCA Gl5bcom to 
aid in the facsimile transmission of weath- 
er maps to meteorological organizations 
throughout the world. Based in part on 
photographs taken by TIROS IV, these 
transmissions of detailed weather anal- 
yses were among the first practical appli- 
cations of the U.S. space program. 

Communications System for 
Classified Information 
An Intrusion -Resistant Communications 
Cable System ( IRCCS) has been devel- 
oped jointly by RCA and the Anaconda 
Wire and Cable Company to permit trans- 
mission of classified data in uncoded 
form over TV, teletype, or computers from 
one security area to another. Any attempt 
to intercept information by tapping the 
cable system triggers the detection and 
alarm circuits, activating the alarms. 

While the system was developed basic- 
ally for military purposes, it is readily 
adaptable and available for commercial 

use in financial and other computer - 
oriented fields where security is needed. 
The cable core can be configured for a 

wide variety of user requirements and 
can accommodate various combinations 
of audio and video pairs. IRCCS is virtu- 
ally maintenance -free, and what servic- 
ing is required can be handled by elec- 
tronics technicians who do not need 
cryptographic training. It is adaptable to 
a variety of environments and can be in- 
stalled in buildings, outdoors between 
poles, underground, or underwater. 

Photo and illustration credits: cover, Duane Michels; 
pages 2 -3. National Science Foundation; page 4 (left), 
Wide World Photos; page 4 (right), Argonne National 
Laboratory; page 5. NASA; pages 6 -7 (top), Monkmeyer; 
pages 6 -7 (bottom), Gerry Cranham- Rapho- Gwllu- 
mette; pages 8 -9. from "Eye Movements and Visual 
Perception" by David Noton and Lawrence Stark C 1971 

Scientific American, all rights reserved; page 10, Fu- 
kudo -Photo Trends; pages 11 through 15, illustrations 
by Erich Moeckli; pages 18, 19, and 21, Erich Hartmann 
for RCA; pages 24, 25, and inside back cover, George 
W. Gardner; pages 25 (right), 26, and 27, University 
Museum. University of Pennsylvania; page 28, George 
Gerster- Rapho- Guillumette: page 30. Charles Harbutt 
-Magnum; page 31. Bruce Davidson- Magnum; page 32 
(top left and right), Elliott Erwitt- Magnum; page 32 
(bottom). Burt Glinn- Magnum; page 33, Ted Spiegel - 
Rapho-Guillumette: page 34. George Silk -Life maga- 
zine © Time. Inc. 

For centuries, archaeologists have used picks 
and shovels to excavate sites, such as this 

one in southwestern Missouri. An article on new 
electronic tools that facilitate archaeological 

investigation begins on page 24. 
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