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PREFACE

VWorldwide television and other news coverage of space flight
missions, manned and unmanned, has brought U.S. space achlevements
before the largest audience in history. The benefits and impact of the
U.S. space program on soclety are just beginning to be understood. The
spectacular achievements in space have overshadowed the less dramatic
but equally important story of the many benefits the country is realiz-
ing from our space program. This thesis will discuss not only scilentific
and technological benefits but the impact space is having on our society,
our technology, our industrial economy and our planetary environment.
' The question of benefits to the economy from the space program
is a very important one, especially to the Congress and to NASA, for
justifying the annual NASA space budgets. Many documents are available
on the subject which include government reports, speeches, studies and
editorials. The most applicable of these documents have been researched
and utilized in the preparation of this thesis. Acknowledgement is given
to the following persons for invaluable assistance in locating and obtain-

ing reference material and for guidance in the utilization of that material:
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Washington, D.C.
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CHAPTER I

WHAT RETURN IS THE UNITED STATES RECEIVING FROM THE SPACE PROGRAM

Introduction

Space Flight has been the subject of many fictional stories
dating back into antigquity. Some of the better known examples include
the story of the Greek Artisan Daedalus and his son Icarus whose
feather wings held together by wax came apart as they flew too close
to the heat of the sun. Jules Verne's prophetic gtory of a rocket
trip to the Moon is also illustrative of the fact that many persons
have correctly predicted that mankind would someday embark on a pro-
gram of Space Flight.

This fascination with the possibilities of Space Flight does
not unanimously extend itself to the layman when it becomes a matter
of deciding whether tax money should be spent for travel to the Moon
and other places. For the most part, the public who are also the
persons financing the national space effort cannot understand why
billions of dollars are being spent for space ventures when so much
remaing to be done on Earth.

Mr. Dale Myers, Associate Administrator for Manned Space Flight,
in a November 1970 speech and press conference before members of the
Long Island Association in Garden City, N.Y. made some positive comments
about the benefits of the space program;l

The Soviet rate of launching is increasing even while

ours éAmericag7 is decreasing.

The U.S. is Just about at rock bottom Z$3.6 billion for
NASA, $6 billion total for U.S. for 1970/, as far as
funding for space 1s concerned. If anything, more
funds should be funneled into the space effort - and
for the very practical reason that it has pald off.

L Grumman Plane News Article, Myers Sees U,S. Approaching Critical

Point in Space Budgets, Vol. 29, No. 21, Bethpage, N.Y,, Nov. 30,
1970, p. 3.




Throughout our industry we see thousands of new
techniques, new products, and a great number of
whole new companies formed to provide these goods
and services.

Dale Myers mentioned some yields from previous American space

efforts:

A very favorable balance of trade in aerospace
and computer sales abroad, a great advance in
the technigques of management of very large tech-
nological enterprises, satellite communications,
international TV, new computer controlled trans-
mission systems world-wide in scope, improved
weather forecasting, medical treatment and
hospital automation and education techniques.

Mr. Myers saw ecology as a fruitful area of study;

The space age has enabled man to examine and

measure the earth as an entire planet, avoiding

the laborious and often the impossible tasgks of

assembling bits and pieces of information simul-~-

taneously from all over the surface. Probably

the most important contribution that can be made

by observations from space is to determine whether

the basic cycles of the earth's biosphere are being

disturbed by human activity, and if so, how much.

There are many answers to the questions raised about the why and
wherefore of the Space Program. This thesis will attempt to point out
the benefits of the Space research. In general, it can be stated that
most people have an exaggerated idea of the proportion of national money
spent on Space. For example, from 1960 to 1969, a total of $49.7 billion
was spent on the American military and civilian space effort with an
annual average expenditure of $5 billion. This thesis will be limited
to the civilian effort except in those instances where it is necessary
to relate one program to the other. The figures for the civilian
effort are an average of $3.56 billion spent in each of the 10 years
between 1960 and 1969. The $49.7 billion represents four percent of
all federal tax collections for the decade or less than 4 of 1% of the

gross national product.




To put these expendituresg for space work into perspective, some
comparative spending figures by Americans for the same time period are
presented. Americans spent $12.3 billion a year for alcoholic beverages;
$7.9 billion for tobacco; 5.3 billion a year for radios, TV's, records;
$5.2 billion a year for shoes and other footweare. All of these expendi-
tures equal or substantially exceed the space expenditures.

The September 10 issue of Long Island's daily newspaper carried
this headline on the back page; "Rover Eats High on the Hog". The
article stated that Americans spent $1 billion in 1969 feeding their
25 million dogs and 20 million cats. The forecast for 1970 was $1.16
billion and $1.5 billion by 1975. This expenditure which is constantly
rising is up from a $600 million expenditure in 1965. The article closes
with the cryptic statement that; "It is perhaps a sign of the times that
the U.S. consumers now spend more annually on prepared pet foods than
they do for canned baby foods”.3 The article could also have said that
Americans spend only slightly more than three times as much on the
civilian space effort which in 1969 reached its planned climax with the
manned landing on the Moon.

An analysis of these comparative figures would seem to indicate
that the space budget is not the crushing financial burden that many
people think it is or, in fact, is not a burden at all. A smoker or a
drinker would certainly not feel that his expenditures for cigarettes
or highballs are adversely affecting his persomal finances in a signi-
ficant manner. Considering the figures presented, can the lesser
expenditure for the space work be considered excessively burdensome
to the country or to individual taxpayers? This is a question this
thesis will attempt to answer.

In addition to the argument of direct cost, detractors of the
space program make use of the rationale of using funds allocated for
space for more necessary problems at home, such as cancer research,
building schools, feeding the poor, etc. It is an established fact

that all of these domestic social problems have been with us for

EWorld Reaction to Moon Flight, U.S, News and World Report, August L,
1969, p. 27.
Clarence Newman, "Rover Eats High on the Hog", Newsday, September 10,
1970, p. 96, business section.




yvears. There is no guarantee nor is it likely that the money diverted
from Space Research would be allocated for social problems. Or, if the
money were reallocated, that it would make any appreciasble difference
in the outcome of these laudable soclal programs.

Dr. Wernher Von Braun succinctly stated this same sentiment in
1964

I do not believe that if this Z;bacg7 budget were cut
any substantial increase would accrue to these other
programs - [defense, agriculture and welfar§7 programs
which I incidentally consider very worthwhile. Based
on my own personal experiences before congressional
committees, I do not believe that these annual appro-
priations are solely the result of fiscal finagling
with figures, with funds being taken from this agency
and applied to that agency, like some act carried out
under a master plan. I believe the approach taken

by our elected officials is one in which each program
must stand or fﬁll on its own merits, as viewed by the
American voter.

In the area of technological innovations, Dr. George E. Mueller,
former Associate Administrator for Manned Space Flight for NASA, said
this in a recent speech: [The thesis will discuss these innovations
and their significance in greater detail;f

Over 2500 technological innovations have been directly
attributed to the space program, including new alloys,
ministurized electronic components, non-flammable cloth,
biomedical equipment of many types, new food treatment
methods, inorganic paints, new flexible pipe for fluid
convey%nce, greatly improved batteries, micro miniature
parts. ‘

2:LV\Ternher Von Braun, "The Future of Space", Proceedings of the Fourth
National Conference on the Peaceful Uses oI Space held in BOsSGOi,

Massachusetts, April 29-May 1, 1964k, National Aeronautics and Space
Administration document SP51, Scientific and Technical Information
Division, Washington, D. C., p. T3«

Address by Dr. George E. Mueller, Agssociate Administrator for Manned
Space Flight, Nationmal Aeronsutics and Space Administration made
before the New York Society of Security Analysts, New York City,
Jan. 28, 1969, p. 11.




In the ares of economic benefits, Dr. Mueller had this to say in
the same speech: /@he thesis will cover the economic ares in greater
detail./

Skilled workers and scientists have been employed in
our space program, with an annual payroll that peaked
at 2.7 billion in 1966. This money was poured back
into the economy for goods and services in every state
in the nation. For we are not, as you well know,
spending our money in space or on the Moon -- It is
all beigg spent right here on Frank Borman's ‘'Good
Earth'.

Space exploration has always been compared with other voyages of
discovery and especially the discovery of America. Mr. J. Lynn Helms,
Vice President of the Aerospace Systems Group, in a 1967 speech stated
this:

...The Queen of Spain mortgaged her Jewels to
launch a small expedition to explore a new world,
and Spanish galleons subsequently ruled the seas
for a hundred years.

The public wants to know (and consequently so does the Congress)
what the benefits of the Space Program are. In addition to the many
economic and technological benefits that have accrued, there are the
international benefits of increased national prestige. This techno-
logical triumph has significantly increased the U.S., scientific stature
in the eyes of the people of many nations of the world, friend and foe
alike.

Arthur C. Clarke noted science fiction writer said in one of
his books:

The road to the stars has been discovered none too
goon. Civilization cannot exist without new fron-
tiers. It needs them both physically and spiritually.

6Ibid., p. 2h.

(Spa@ch, The Space Program, A Citizens Return on Investment by

J. Lynn Helms, Vice Pregident, Aerospace Systems Group, The Bendix
Corporation, presented at Rotary Intermationsl during the University
of Michigan's Sesquicentennial Celebration, Sept. 13, 1967, Ann
Arbor, Michigan.




What Some People Say about the Broad Values of Space Research

Many persons and organizations of prominence consider the over-
riding significance of the space age as another epochal extension of
mankind's horizon, from the earth to the stars. The first manned
landing on the moon is considered by many to be a momentous historical
event which may change man's course of destiny and perhaps determine
the leadership of societies on earth for generations to come.

The 59 page report cited above8 was compiled by Mr. Philip P.
Dickinson of the technical staff of the Committee on Science and
Astronautics. The material in the report was based on material
gathered from sources in government, industry and the press and it
includes speeches in support of the space program from an impressive
lisgt of United States Congressmen.

Some gquotations printed in the report are reprinted herein:
President Nixon - "In the year 2000 we on this earth will have visited
new worlds where there will be a form of life" (to a group of students
at the White House in July 1969).

President Johnson - "We are reaching for the stars...we will
not abandon our dream....Future generations, looking back at our
incredible decade, will be unanimous in their belief that the treasure
we have dedicated to sending man to explore the stars was the most
significant investment ever made by any people"(at the Manned Space-
craft Center at Houston in May 1968).

Hugh Dryden, former Deputy Administrator of the National
Aeronautics and Space Administration, in an article entitled "The
Politics of Space Cooperation" in the Futurist of October 1969 said
"Some social scientists have speculated that the exploration of
space might become in time a substitute for war. Our hope would
be that the absorption of energies, resources, imagination, and
agressiveness in the exploration of space might contribute to the

maintenance of peace'.

Report of the Committee on Science and Astronmautics, U,S. House of
Representatives, Ninety-first Congress, Second Session, For the Benelfit
of All Mankind ~ A Survey of the Practical Returns From Space Investment
Sept. 1k, 1970, p.2.




Karl G. Harr, Jr., President of Aerospace Industries Association -
"There is a direct and beneficial relationship between our space effort
and the gtrength and growth of our overall economy, our standing among
the peoples and nations of the world, our national survival and our

capacity to deal effectively with all national needs,"

What the Press Says about the Broad Values of Space Research

The Washington Post in an article by Haynes Johnson in the issue
of April 9, 1970 said "Some intimately asgociated with America's space
effort see its greatest achievement as a state of mind....The gpace
program is the cleared proof that a nation can set a difficult goal
and carry it out. If it has done nothing else, it has demonstrated
how America can, when it wants to, marshall its talent, commit its
treasure, gain public support, and achieve its task."

Aviation Week and Space Technology in an editorial by Robert Hatz
in the issue of June 22, 1970 said, "The Apollo program stands unique
in the history of man as & monolithic blend of technology and manage-
ment to achieve an unprecedented human goal."

Air Force and Space Digest in an article by James J. Haggerty
in the issue of February 1970 said, "The U.S. space investment is
already paying handsome dividends....which include new techniques,
new processes, nevw services, new products, even new companies formed
to exploit the wealth of technical know-how accumulated in 12 years
of concentrated space effort....Substantial as it is, the current flow
from the wellspring of space technology is only a trickle compared with
the flood to come....within the decade just starting."

Fortune magazine in an article by Tom Alexander in the issue of
July 1969 said, "The really significant fallout from the strains,
traumas, and endless experimentation of Project Apollo has been of a
sociological rather than a technological nature; techniques for
directing the massed endeavors of gcores of thousands of minds in a
closeknit, mutually enhancive combination of government, university,
and private industry. This is potentially the most powerful tool in
man's history.'" This Fortune article by Alexander will be discussed
at greather length in Chapter ITIof this thesis under management

benefits.



Some Public Tegtimony about the Broad Valueg of Space Research

Dr. Glenn T. Seaborg, Chairman, Atomic Energy Commission in a
statement on July 24, 1970 said, "Space Exploration, rather than being
in opposition to meeting needs on Earth, is in fact part of a search
for knowledge that is indispensable for meeting those needs...."

The National Academy of Sciences in a report titled, "Useful
Applications of Farth Oriented Satellites" said, "Satellites are our
newest natural resource....Benefits, in some instances, are predictably
great; in others they may be matters of either judgment or reasonable
surmise. What is certain is that space technology can be exploited
for human good."

The Stanford Research Institute in a publication titled, "The
Benefits of the National Space Program and Their Application and
Understanding by the American Public" in March of 1969 said, "Our
Space explorers have developed tools that they have passed over to
other men. They have developed materials to be used by other builders.

They have evolved technigques to challenge creative minds."

Statement by Dick Gregory, Comedian and Black Activist 9

I've always felt that we as a nation are rich enough
to get to the moon and solve the problem of poverty
too. I don't agree with the people who say we should
spend the money to go to the moon on poverty instead.
We could do both. What happened to poverty before we
had a space program? What happened to poverty before
we had a Vietnam war?

Recently Representative James W. Symington of Missouri mentioned
a satellite use for a problem of worldwide concern:10
It Zﬁérth resources satellitg? will monitor the
oceans as well, and warn man against the depredations

of his oil and fishing industries which disturb the
life cycle of the sea, possible even jeopardizing
the orderly process of oceanic photosynthesis from
which most of our oxygen is derived.

9Dick Gregory, New York Daily News, July 1969 Special Issue commerm-
orating the firstT Manned Lunar Landing.

lOSpeech by Representative James W. Symington, Missouri, Member of the
Committee on Science and Astronautics, on April 23, 1970 on the
subject of Space Program Benefits.

8




CHAPTER IT

TECHNOLOGICAL BENEFITS

The space program has been credited with generating and stimula-
ting technological development and scientific knowledge and there have
been unprecedented requirements for precision and reliability on the
components of spacecraft.

Recently a letter was received by Dr. Ernst Stuhlinger, Associate
Director of Science at the NASA Marshall Space Flight Center, Huntsville.
The letter was written by Sister Mary Jucunda, a nun who works among
starving natives of Zambia, Africa. In her letter Sister Jucunda asked
Dr. Stuhlinger how he could suggest the expenditures of billions of
dollars for a voyage to Mars, at a time when many children on this earth
are starving to death. Dr. Stuhlinger wrote a lengthy answer in which
he thanked Sister Jucunda and expressed great admiration for their work.

Dr. Stuhlinger stated that he had known of famished children long
before he knew that a voyage to the planet Mars was technically feasible
but that he felt the space program would contribute much to the solution
of these grave problems we are facing here on earth.

Before trying to describe in more detail how our space program
is contributing to the solution of our earthly problems, he related an
interesting true story which he thought would support his argument.

He told of a benign count in a small town in Germany about 400 years
ago who gave a large part of his income to the poor of the town. The
count also supported a man who was working on a glass lens apparatus
that had magnification powers. The man wag invited to become a member
of the count's household so he could devote full time to the develop-

ment and perfection of his optical gadget.




The townspeople became angry at this use of the count's money.
They were suffering from the plague and felt the man was wasting his
time on a useless hobby. The count remained firm.

"I give you as much as I can afford”, he said, "but
I will also support this man and his work because T
know that someday something will come out of it, "1l

The microscope is what finally came out of this work
and similar work done by others at other places., It
is well known that the microscope has contributed
more than any other invention to the progress of
medicine and that the elimination of the plague and
many other contagious diseases from most parts of
the world is largely a result of studies which the
microscope made possible.‘e

The count,by retaining some of his money for research, con-
tributed far more to the relief of human suffering than he could have
contributed by giving all of his money to the poor. The situation
with our national budget today is similar in many respects. The
annual budget this year is about $200 billion and about 1.6% is
allocated for space exploration.

Dr. Stuhlinger then addressed himself specifically to the hunger
problem cited by Sister Jucunda.

Basic to the hunger problem are two functions:

The production of food and the distribution of food.
Food production by agriculture, cattle ranching,
ocean fishing and other large scale operations is
efficient in some parts of the world, but drastically
deficient in many others.

For example, large areas of land could be utilized
better if efficient methods of watershed control,
fertilizer use, weather forecasting, fertility
assessment, plantation programming, field selection,
planting habits, timing of cultivation, crop survey
and harvest planting were applied.

The best tool for the improvement of all these functions,
undoubtedly, is the artificial earth satellite. Circling
the globe at a high altitude, it can screen wide areas of
land within a short time, it can observe and measure &
large variety of factors indicating the status and con-
ditions of crops, soils, droughts, rainfall, snow cover,

llMarshall Space Flight Center Newspaper, Huntsville, Alabama, Why
Bxplore Space, Dr. Ernst Stuhlinger, Summer 1970.

2
Huntsville News, Huntsville, Alabama, The Microscope Came Frow a
"useless hobby', Sue Butler, Monday August 17, 1970.
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ete., and it can radio this information to ground
stations for appropriate use.

It has been estimated that even a modest system of
earth satellites equipped with earth resource sensors,
working within a program for worlidwide agricultural
improvement, will increase the yearly crops by an
equivalent of many billions of dollars.l3

Dr. Stuhlinger then stated that the distribution of food to the
needy was a completely different problem and not so much one of ship-
ping volume but of international cooperation. He felt that efficient
relief from hunger would not come before the boundaries between nations
became less dividing than they were today.

Dr. Stuhlinger continued that higher food production through
survey and assessment from orbit, and better food distribution through
improved international relations, are only two examples of how pro-
foundly the space program will impact life on earth.

In Dr. Stuhlinger's letter he mentioned and discussed two other
examples of benefits of space research: stimulation of technological
development and generation of scientific knowledge.

The requirements for high precision and for extreme
reliability which must be imposed upon the components
of a moon traveling spacecraft are entirely unprece-
dented in the history of engineering.

The development of systems which meet these severe
requirements has provided us a unique opportunity
to find new materials and methods, to invent better
technical systems, to improve manufacturing proce-
dures, to lengthen the lifetime of instruments and
even to discover new laws of nature.

All this newly acquired technical knowledge is also
available for applications to earthbound technologies.
Every year, about a thousand technical innovations
generated in the space program find their ways into
our earthly technology where they lead to better
kitchen appliances and farm equipment, better sewing
machines and radios, better ships and airplanes,
better weather forecasting and storm warning, better
communications, better medical instruments, better
utensils and tools for every day use.

138tuhlinger, op.cit.

11




As a stimulant and catalyst for the development of
new technologies, and for research in the basic
sciences, it is unparalleled by any other activity.
In this regpect, we may even say that the space
program is taking over a function which for three
or four thousands years has been the sad preroga-
tive of wars.

How much human suffering can be avoided if nations,
instead of competing with their bomb-dropping fleets
of airplanes and rockets, compete with their moon-
traveling space ships! This competition is full of
promise for brilliant victories, but it leaves no
room for the bitter fate of the vanguished which
breeds nothing but revenge and new wars.

The photograph which I enclogse with this letter
shows a view of our earth as seen from Apollo 8
when it orbited the moon at Christmas, 1968.

Of all the many wonderful results of the space
program so far, this picture may be the most
important one.

It opened our eyes to the fact that our earth is
a beautiful and most precious island in an
unlimited void, and that there is no other place
for us to live but the thin surface layer of
our planet, bordered by the bleak nothingness

of space.

Never before did so many people recognize how
limited our earth really is, and how perilous
it would be to tamper with its ecological
balance.

Ever since this picture was first published,

voices have become louder and louder warning

of the grave problems that confront man in our

times: pollution, hunger, poverty, urban living,

food production, water control, overpopulation.l

NASA recently reportedl5 on their activities to save the corn
crop in Indiana in conjunction with an effort by Purdue University.
The project seeks to determine whether the current corn blight

infestation can be spotted from sensing devices carried aboard aircraft.

14

Stuhlinger, op. cit.
15

NASA Aids in Effort to Save Corn Crop, Roundup, NASA Manned Spacecraft
Center, Houston, Texas, Sept. 11, 1970, VoIl. 9 No. 23, p. L.
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First data analyzed shows that the fungus infection, "southern
leaf blight", can be identified from aircraft in its severe stage and
it appears to show up at earlier stages as well.

Color photographs as well as multispectral scanner pictures and
data show what photo interpreters call "signature keys" to the crop
disease. That is, various gradations in color in the photos appear
only when the blight is present.

Successful identification can be important to agriculture in the
future because it promises that remote sensing can give farmers warning
of crop diseases approaching or even present in their fields before
they are aware of 1it.

Another promising aspect is that large areas of farmland may
be quickly and accurately surveyed from the air and probably, in the
future, by satellite. The knowledge gained (type of crop in each
field, size of the field, crop vigor, detection of any damaging agents
and eventually yield-per-acre) may be used regionally and nationally
on a timely basis by private and government interests to help keep
the supply of essential foods or fibers in balance with damand.

In the same periodical16 NASA, in a cooperative effort with
Oregon State University, also reported on research which may prove
helpful in catching the elusive fast-swimming albacore tuna. NASA
used a converted Lockheed Electra NP3A Aircraft to fly more than
11,000 miles over the Pacific collecting data.

The aircraft equipped with sophisticated electronic gear,
traced a zigzag path for seven days 1,500 feet above the surface
of the ocean recording sea temperatures and water color differences.
The research attempts to relate in a systematic way the factors that
determine whether albacore will be present in a particular area and
Just how abundant they will be.

Hundreds of the 750 fishermen which comprise the Oregon tuna
fleet have cooperated in this effort with NASA and OSU. Fach day
the fishermen write in their logs the sea temperature, water color,
weather, and most importantly, the number and location of each

albacore catch.

6L
Manned Spacecraft Center Aircraft Searches for Clues to Tuna Fish
Grounds, Roundup, NASA Manned Spacecraft Center, Houston, Texas,
Sept. 11, 1970, Vol 9 No. 23, p. L.
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For the present the research attempts to help the fishermen by
gathering information about factors that may affect the fishery. It
leaves to the individusl Tisherman the Judgment about where and when
he should fish. TFor example, fishermen know that in the waters off
the Pacific Northwest they'll find albacore in the water that is
between 58 and 65 degrees farenheit.

Throughout the documents that were read during the research for
this thesis was woven the same underlying theme of where the money is
spent. Mr. Helms, Vice President of the Aerospace Systems Group of
the Bendix Corp., answered this rhetorical question succinctly when
he stated:

Obviously we spend no money in space. We only spend
money on the surface of the BEarth and primarily in
the United States, and it contributes to our gross
national product.i

NASA has been criticized for not having a more effective public
relations information program which tells the public about the benefits
accruing from the space effort. Congressman Karth of Minnesota said
on this point:

You've got to go where the people are, you've got
to convince them that what we are doing is worth-
while, you've got to show them that you're going
to give them a return with interest for their tax
dollars....There is a vitally important story to
be told, a sgory that demonstrates and sells value,
real value.t

From the time of launching the first American satellite which
was about the size of a grapefruit, the number and complexity and
capability of satellites has grown steadily.

The Navy has had an operational navigation satellite system
since 1964 orbiting the globe and sending position-fixing signals back
every two minutes. This navigation satellite system is now available
for commercial use. Navigation satellites are particularly useful to
oceanographers in exploring and charting the ocean floor. It is now
possible to pinpoint the location of undersea oil deposits with

increagsed accuracy.

e 1'836-]_ms, op. cit.

14




Weather satellites provide congtant and daily information to
the U.S. Weather Bureau. Tiros IIT provided advance information on
Hurricane Carla, which resulted in the greatest mass evacuation ever
to take place in the United States. Over 350,000 people were moved
from the path of the storm. There is no way to determine how many
lives were saved. The continual improvement in technigues of inter-
pretating data from this type of satellite and the improvements in
the satellite itself offers the possibility of accurate forecasting
of weather over wvast regions. An accurate five-day forecast of
weather conditions over the United States alone would provide an
estimated annual savings of 6.75 billion dollars when applied to
agriculture, lumber business, surface transportation, retail market-
ing, and water resources management. The $6.75 billion annual saving
is more than any single years cost of the total national space program.

We recently started to cooperate with other nations of the world
to improve the world-wide weather forecasting system in an effort
originated here in the United States from our national space program.

Weather ships used in the North Pacific cover only an area
represented by a 60-mile diameter circle and the ships cost a million
dollars a year to maintain and operate. This amounts to $350 per
square mile per year. Each photo from the weather satellite covers
630,000 square miles at a total cost over a year's period of only
25¢ per square mile per photo.

Weather satellites survey the ice fields of the Gulf of
St. Lawrence with an estimated savings to the United States and
Canada of 1.7 million dollars each year by more accurately predicting
the opening of shipping on the Great Lakes.

Great swarms of insects cover wide areas in Asia and Africa
and have been accurately tracked as to speed and direction by
weather satellites, giving a forewarning of the threat to crops.

After man fully understands the weather with the help of
satellites, he may actually be able to control it. Even a Llimited
control of rainfall, storms, and trade winds would bring untold
benefits to mankind. The ability to predict floods, ice movements,
beach erosion, water pollution, fish migration, and assist in fresh
water level management, crop surveys, making better maps, measuring

soil moisture, checking inadequate soil fertilization, evaluating
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certain crop diseases, etc., merely scratch the surface of possible new
benefits from space satellites in addition to those we get today.

A more personal example of how space technology affects our
daily lives is the introduction a few years ago of a new high-speed
dentist drill. This ultrafast drill is much more effective, signi-
ficantly reduces the pain, and practically eliminates any sense of
vibration or grinding. The basls for this high-speed dental drill
was the development of pin-point-size ball bearings which could
stand the high rotational speeds for extensive periods of time and
yet hold the drill itself in a firm position. These ball bearings
were initially developed to fulfill the satellite requirements.

In the steel industry, a large portion of the annual output
is thin sheet metal produced in continuous rolling mills. In these
mills a single continual high speed process starts with molten metal
sized and shaped through large rollers to a given thickness and strip
width, then passes on to large spindles much like paper tape on an
adding machine. -The output of steel in such a mill is at a speed of
30 to 50 miles per hour. It is very expensive to stop this process
once it has been initiated. While every effort was taken to ensure
the proper thickness of the strip as it rolled through the mill, the
response loop from the time of sensing an accuracy measurement to
control of the dimensions by rollers themselves allowed large varia-
tions. This could result in a strip being of too thin gauge and a
sudden catastrophic rupture of the metal strip. Hundredsand occasion-
ally even thousands of feet of metal would be wasted and jammed into
the receiving area before the mill could be shut down. Additionally,
many man-hours and dollars were lost in reestablishing the process,
increasing the cosgt of the steel and the products in which it is used.

Today, continual measurement of the uniformity of thickness of
steel plate in rolling mills without them being stopped or cooled or
hand measured 1s available by use of an infrared sensor. This sensor
accurately measureg the amount of heat energy at a given time which
is directly relatable to the thickness of the metal at that point in
time. That infrared sensor was originally developed as a horizon
sensor for the Wimbus satellite, a technigue for keeping a satellite

continusally pointing at the earth.
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