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PREFACE 

Worldwide te lev i s ion  and other news coverage of spaee f l i g h t  

missions, mnned and unmanned, has brought U , S ,  space achievements 

before the  l a rge s t  audience i n  his tory .  The benef i t s  and impac-b of the  

U.S. space program on socie ty  a r e  j u s t  beginning t o  be understood. The 

spectacular achievements i n  space have overshadowed the  l e s s  dramatic 

bu t  equally important s to ry  of the  many benef i t s  t he  country is r e a l i z -  

ing from our space program. This t h e s i s  w i l l  discuss not only s c i e n t i f i c  

and technological benef i t s  but  t he  i m p c t  space is having on our society,  

our technology, our i ndus t r i a l  economy and our planetary environment. 

The question of benef i ts  t o  t he  economy from the  space program 

is a very important one, especia l ly  t o  the  Congress and t o  NASA, f o r  

jus t i fy ing  the  annual NASA space budgets. Many documents a r e  ava i lab le  

on the  subject  which include government repor ts ,  speeches, s tudies  and 

ed i t o r i a l s .  The most applicable of these documents have been researched 

and u t i l i z e d  i n  the  preparation of t h i s  t h e s i s ,  Acknowledgement i s  given 

t o  the  following persons f o r  invaluable ass i s tance  i n  loca t ing  and obtain- 
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WHAT RETURN IS  THE UPJITED STATES RECEIVING FROM THE SPACE PROGRAM 

Introduction 

Space F l igh t  has been t he  subject  of many f i c t i o n a l  s t o r i e s  

dat ing back in to  an t iqu i ty .  Some of t he  b e t t e r  known examples include 

t he  s to ry  of t he  Greek Art isan Daedalus and h i s  son Icarus whose 

feather  wings held  together by wax came apa r t  as they flew too c lose  

t o  t he  heat  of the  sun. Ju l e s  Verne's prophetic s to ry  of a rocket  

t r i p  t o  the  Moon is  a l s o  i l l u s t r a t i v e  of t he  f a c t  t h a t  many persons 

have cor rec t ly  predicted t h a t  mankind would someday embark on a pro- 

gram of Space Fl ight .  

This fasc ina t ion  with the  p o s s i b i l i t i e s  of Space Fl ight  does 

not unanimously extend i t s e l f  t o  the  layman when it becomes a tmtter  

of deciding whether t a x  money should be spent f o r  t r a v e l  t o  the  Moon 

and other places. For t he  most part,  t he  public who a r e  a l s o  the  

persons financing the  national  space e f f o r t  cannot understand why 

b i l l i o n s  of do l l a r s  a r e  being spent f o r  space ventures when so much 

remains t o  be done on Earth. 

M r ,  Dale Myers, Associate Administrator f o r  Manned Space Fl ight ,  

i n  a November 1970 speech and press conference before members of t he  

Long Island Association i n  Garden City, N.Y. made some posi t ive  comments 

about t h e  benef i t s  of the  space program; 1 

The Soviet r a t e  of launching i s  increasing even while 
ours b.merican7 - i s  decreasing . 
The U, S. is j u s t  about a t  rock bottom 1$3,6 b i l l i o n  fo r  
NASA, $6 b i l l i o n  t o t a l  fo r  U,S .  f o r  197q9 a s  f a r  a s  
funding f o r  space i s  concerned. If anything, more 
funds should be funneled in to  the  space e f f o r t  - and 
f o r  the very practical reason that it has paid off, 



Throughout oux industry we see tba'usands of new 
techniques, new products, and a great number of 
whole new companies formed t o  provide these  goods 
and services.  

Dale Myers mentioned some y ie lds  from previous American s-pace 

e f fo r t s :  

A very favorable balance of t rade  i n  aerospace 
and computer sa les  abroad, a grea t  advance i n  
t h e  techniques of management of very l a rge  tech- 
nological  enterprises,  s a t e l l i t e  communications, 
in te rna t iona l  TV, new computer controlled t rans -  
mission systems world-wide i n  scope, improved 
weather forecasting,  medical treatment and 
hosp i ta l  automation and education techniques. 

M r .  Myers saw ecology a s  a f r u i t f u l  a rea  of study; 

The space age has enabled man t o  examine and 
measure t he  ear th  as an  e n t i r e  planet, avoiding 
t he  laborious and of ten t h e  impossible t asks  of 
assembling b i t s  and pieces of information simul- 
taneously from a l l  over t he  surface. Probably 
t h e  most important contribution t h a t  can be made 
by observations from space i s  t o  determine whether 
t he  basic  cycles of the  e a r t h ' s  biosphere a r e  being 
disturbed by human ac t i v i t y ,  and i f  so, how much. 

There a r e  many answers t o  the  questions ra i sed  about the  why and 

wherefore of t h e  Space Program. This t h e s i s  w i l l  attempt t o  point out  

t he  benef i t s  of t he  Space research. I n  general, it can be s ta ted  t h a t  

most people have an exaggerated idea of the  proportion of national  money 

spent on Space. For example, from 1960 t o  1969, a t o t a l  of $49.7 b i l l i o n  

was spent on the  American mi l i t a ry  and c i v i l i a n  space e f f o r t  with an  

annual average expenditure of $5 b i l l i on .  This t h e s i s  w i l l  be l imi ted 

t o  the  c i v i l i a n  e f f o r t  except i n  those instances where it is  necessary 

t o  r e l a t e  one program t o  the  other.  The f igures  fo r  the  c i v i l i a n  

e f f o r t  a r e  an average of $3.56 b i l l i o n  spent i n  each of the  10 years 

between 1960 and 1969. The $49.7 b i l l i o n  represents  four percent of 

a l l  f edera l  t ax  col lect ions  f o r  the  decade or  l e s s  than of 1% of the  

gross national  product. 



To put these expenditwes fo r  space work i n to  perspective, some 

c o m ~ r a t i v e  spending f igures  by Americans f o r  the  same time period are 

presented, Americans spent $l2.3 b i l l i o n  a year f o r  abcohoLie beverages; 

$7.9 b i l l i o n  fo r  tobacco; 5.3 b i l l i o n  a year fo r  radios, TV's, records; 
2 

$5.2 b i l l i o n  a year f o r  shoes and other footwear . A l l  of these  expendi- 

t u r e s  equal or  subs tan t ia l ly  exceed t he  space expenditures. 

The September 10 issue of Long I s l and ' s  da i l y  newspaper ca r r ied  

t h i s  headline on t h e  back page; "Rover Ehts High on t he  Hog". The 

a r t i c l e  s ta ted  t h a t  Americans spent $1 b i l l i o n  i n  1969 feeding t h e i r  

25 mill ion dogs and 20 mil l ion ca t s .  The forecast  f o r  1970 was $1.16 
b i l l i o n  and $1.5 b i l l i o n  by 1975. This expenditure which i s  constantly 

r i s i n g  is  up from a $600 mil l ion expenditure i n  1965. The a r t i c l e  c loses  

with t he  crypt ic  statement tha t ;  "It i s  perhaps a s ign of the  times t h a t  

t h e  U,S. consumers now spend more annually on prepared pet  foods than 

they do fo r  canned baby foods".3 The a r t i c l e  could a l s o  have sa id  that 

Americans spend only s l i g h t l y  more than th ree  times as much on the  

c i v i l i a n  space e f f o r t  which i n  1969 reached i t s  planned c l i m x  with the  

manned landing on the  Moon. 

An analysis  of these  comparative f igures  would seem t o  indicate  

t h a t  t he  space budget i s  not t he  crushing f i nanc i a l  burden that many 

people think it is  or, i n  fac t ,  i s  not a burden a t  a l l .  A smoker o r  a 

drinker would ce r ta in ly  not f e e l  that h i s  expenditures f o r  c iga re t t e s  

o r  highballs  a r e  adversely a f fec t ing  h i s  personal finances i n  a s igni-  

f i c an t  mnner. Considering the  f igures  presented, can the  l e s se r  

expenditure f o r  the  space work be considered excessively burdensome 

t o  the  country o r  t o  individual  taxpayers? This i s  a question t h i s  

t h e s i s  w i l l  attempt t o  answer. 

I n  addi t ion t o  t he  argument of d i r ec t  cost, det ractors  of the  

space program mke  use of t he  ra t iona le  of using funds a l located f o r  

space f o r  more necessary problems a t  home, such a s  cancer research, 

building schools, feeding the  poor, e tc .  It i s  an established f a c t  

that a l l  of these domestic soc ia l  problems have been with us f o r  

irl 
gorld Reaction t o  Moon Flight,  
1969, P. 21. 

3 ~ l a r e n c e  Newman, "Rover Eats High on the  ~ o g " ,  , September 23, 
1970, p. 96, business sect ion,  



years. There i s  no wraulCee nor i s  it l i k e l y  that t h e  money diverted. 

from S-pce Research would be a l located fo r  soc i a l  problems. O r ,  if the  

money were reallocated,  that It would mke  any app reehb le  differeaace 

i n  the  outcome of these  laudable soc i a l  programs. 

D r .  Wernher Von Braun succinctly s t a t ed  t h i s  same sentiment i n  

1964 : 
I do not believe t ha t  i f  t h i s  E p a c e 7  budget were cut  
any subs tan t ia l  increase would accrue t o  these  other 
programs - Lzefense, agr icu l tu re  and welfare7 programs 
which I incidenta l ly  consider very worthwhiie. Based 
on my own personal experiences before congressional 
committees, I do not believe t h a t  these  annual appro- 
pr iat  ions a r e  so le ly  the  r e s u l t  of f i s c a l  f inagl ing 
with f igures,  with funds being taken from t h i s  agency 
and applied t o  t h a t  agency, l i k e  some a c t  ca r r ied  out 
under a master plan. I bel ieve t he  approach taken 
by our e lected o f f i c i a l s  is  one i n  which each program 
must stand o r  f 11 on i ts  own merits, a s  viewed by t h e  
American voter.  .@ 

I n  t h e  a rea  of technological innovations, D r .  George E. Mueller, 

former Associate Administrator f o r  Manned Space Fl ight  f o r  NASA, sa id  

t h i s  i n  a recent  speech: b?ihe t he s i s  w i l l  discuss these innovations 

and t h e i r  significance i n  greater  d e t a i l  - .7 
Over 2500 technological innovations have been d i r e c t l y  
a t t r i bu t ed  t o  t he  space program, including new alloys,  
miniaturized e lect ronic  components, non-flammable cloth, 
biomedical equipment of mny types, new food treatment 
methods, inorganic paints, new f l ex ib l e  pipe f o r  f l u i d  

cOnveTnce , grea t ly  improved ba t t e r i e s ,  micro miniature 
pa r t s  

4 ~ e r n h e r  Von Braun, "The Future of  pace", Proceedings of t he  Fourth 
National Conference on the Peaceful Uses o 

Administrat ion document SP51, Sc Sent i f  i c  and Technical Infortzit ion 
Division, Washington, D, C., p. 73. 

S ~ d d r e s s  by Dr, Gs3arge E, Mueller, Associate Adsainistrator for Manned 
S p e e  Flight, Na"Liom1 Aeroaazutics and S-pace Administration made 
before t h e  Hew York Society of Xeeurlty Analysts, N e w  Vlerk City, 
Jan. 28, 1969, p. 11. 



In  t h e  area of economic benef i ts ,  D r ,  Mueller had t h i s  t o  say i n  

the same speech: /The t h e s i s  w i l l  cover the  economic a rea  i n  g r ez t s r  - 
detai2.f - 

Ski l led workers and s c i e n t i s t s  have been employe6 i n  
our space program, with an  annual payroll  that peaked 
a t  2.7 b i l l i o n  i n  1966. This money was poured back 
into  the  economy f o r  goods and services  i n  every s t a t e  
i n  the  nation. For we a r e  not, a s  you wel l  know, 
spending our money i n  space or  on t he  Moon -- It is 
a l l  b e i  g spent r i g h t  here on Frank Borman's 'Good 
Earth ' . 8 
Space exploration has always been compared with other voyages of 

discovery and especia l ly  t h e  discovery of America. Mr. J. Lynn Helms, 

Vice President of the  Aerospace Systems Group, i n  a 1967 speech s t a t ed  

t h i s  : 

... The Queen of Spain mortgaged her jewels t o  
launch a small expedition t o  explore a new world, 
and Spanish galleons subsequently ruled the  seas  
f o r  a hundred years .7 
The public wants t o  know (and consequently so does t h e  congress) 

what the  benef i ts  of t he  Space Program are .  I n  addi t ion t o  t h e  many 

economic and technological benef i t s  t h a t  have accrued, the re  a r e  t h e  

in ternat ional  benef i t s  of increased national  prest ige.  This techno- 

l og i ca l  triumph has s i gn i f i c an t l y  increased t he  U.S. s c i e n t i f i c  s t a tu r e  

i n  t h e  eyes of the  people of many nations of t he  world, f r i end  and foe 

a1 ike . 
Arthur C. Clarke noted science f i c t i o n  wr i te r  sa id  i n  one of 

h i s  books : 

The road t o  the  s t a r s  has been discovered none too 
soon. Civ i l i za t ion  cannot ex i s t  without new fron- 
t i e r s .  It needs them both physically and sp i r i t ua l l y .  

6mia., p. 24. 

J. Lynn Helms, Vice President, Aerospace Systems Group, The Bend& 
Cor-pra,tion, presented a t  Rotary I n t e r m t i o w l  during the  University 
of Michigan's Sesquicentennial Celebrat ion, Sept , 13, 1967, Ann 
Arbor, Michigan. 



What Some People Say about t h e  Broad Values of Space Research 

Many persons and organizat ions of prominence consider t h e  over- 

r i d i n g  s igni f icance  of the  space age a s  another epochal extension of 

mankind's horizon, from t h e  e a r t h  t o  t h e  s t a r s .  The f i r s t  manned 

landing on t h e  moon is considered by many t o  be a momentous h i s t o r i c a l  

event which may change m n ' s  course of des t iny and perhaps determine 

t h e  leadership  of s o c i e t i e s  on e a r t h  f o r  generat ions t o  come. 

The 59 page repor t  c i t e d  above8 was compiled by M r .  P h i l i p  P. 

Dickinson of t h e  t echn ica l  staff of t h e  Committee on Science and 

Astronautics.  The m t e r i a l  i n  t h e  repor t  w a s  based on mater ia l  

gathered from sources i n  government, indust ry  and t h e  press and it 

includes speeches i n  support of t h e  space program from a n  impressive 

l i s t  of United S t a t e s  Congressmen. 

Some quotat ions pr in ted  i n  t h e  repor t  a r e  repr in ted  herein:  

President  Nixon - "In t h e  year 2000 we on t h i s  e a r t h  w i l l  have v i s i t e d  

new worlds where t h e r e  w i l l  be a form of l i f e "  ( t o  a group of s tudents 

a t  t h e  White House i n  J u l y  19693, 
Pres ident  Johnson - "we a r e  reaching f o r  t h e  stars.. .we w i l l  

not abandon our dream. . . .Future generations, looking back a t  our 

incredible  decade, w i l l  be unanimous i n  t h e i r  b e l i e f  t h a t  t h e  t r e a s u r e  

we have dedicated t o  sending man t o  explore the  s t a r s  was t h e  most 

s i g n i f i c a n t  investment ever made by any people"(at t h e  Manned Space- 

c r a f t  Center a t  Houston i n  May 1968). 
Hugh Dryden, former Deputy Administrator of t h e  National 

Aeronautics and Space Administration, i n  a n  a r t i c l e  e n t i t l e d  "The 

P o l i t i c s  of Space cooperation" i n  t h e  F u t u r i s t  of October 1969 s a i d  

"some s o c i a l  s c i e n t i s t s  have speculated t h a t  t h e  explora t ion of 

space might become i n  time a s u b s t i t u t e  f o r  war. Our hope would 

be t h a t  t h e  absorption of energies, resources, imagination, and 

agressiveness i n  t h e  explorat ion of space might contr ibute  t o  t h e  

maintenance of peace ". 

U 
Reportoof %he Couucnit"Lc, on Science and Astrom,u-ties, U,S ,  House of 

Representatives, Hine ty - f i r s t  Congress, Second Session, For the Benefi t  
of All Mankind - 
Sept, 14, 1970, p.2. 



Karl Ge Harr, Jr,, President of Aerospce Industr ies  Association - 
"There i s  a d i r ec t  and benef ic ia l  re la t ionsh ip  between curs sp8ce t ; f for t  

and t h e  strength and growth o f  our overa l l  economy, our standing among 

the  peoples and nations of t he  world, our rra,tioml survival  and our 

capacity t o  deal  e f fec t ive ly  with a l l  nat ional  needs." 

What t h e  Press Savs about t he  Broad Values of Smce Research 

The Washington Post i n  an a r t i c l e  by Haynes Johnson i n  t he  issue 

of Apr i l  9, 1970 sa id  "Some intimately associated with America's space 

e f f o r t  see i t s  grea tes t  achievement a s  a s t a t e  of mind....The space 

program is the  cleared proof t h a t  a nation can s e t  a d i f f i c u l t  goal  

and ca r ry  it out. If it has done nothing e lse ,  it has demonstrated 

how America can, when it wants to ,  m r s h a l l  i t s  t a l en t ,  commit i t s  

t reasure ,  gain public support, and achieve i t s  task.  I t  

Aviation Week and Space Technology i n  an  e d i t o r i a l  by Robert Hatz 

i n  t he  issue of June 22, 1970 said, "The Apollo program stands unique 

i n  t he  h i s t o ry  of man a s  a monolithic blend of technology and mnage- 

ment t o  achieve an unprecedented human goal ."  

A i r  Force and Space Digest i n  an a r t i c l e  by James J. Haggerty 

i n  the  issue of February 1970 said,  "The U. S. space investment is  

a l ready paying handsome dividends....which include new techniques, 

new processes, new services, new products, even new companies formed 

t o  exp lo i t  t he  wealth of technical  know-how accumulated i n  12 years 

of concentrated space effor t . . . .Substant ia l  a s  it is, t he  current  flow 

from the  wellspring of space technology i s  only a t r i c k l e  compared with 

t h e  f lood t o  come....within the  decade j u s t  s t a r t ing ."  

Fortune magazine i n  an a r t i c l e  by Tom Alexander i n  t he  issue of 

Ju ly  1969 said, "The r e a l l y  s ign i f ican t  f a l l o u t  from the  s t ra ins ,  

traumas, and endless experimentation of Project  Apollo has been of a 

sociological  ra ther  than a technological nature; techniques f o r  

d i rec t ing  t he  massed endeavors of scores of thousands of minds i n  a 

closeknit ,  mutua~ly  e h n c i v e  combination of government, university, 

and private iadustry,  T h i s  i s  wtent5ally the  most powerful t ~ o l  i n  

m n D s  history, I '  T h i s  Fortune a r t i c le  by Alexander i . ~ i Z l  be discussed 

a t  greather length. i n  Chapter ZPIof t h i s  t he s i s  under mmgement 

benef i ts .  



Some Public Tes-i;imouly about the Broad Values of S p e o  Research 

Dr, Glenn Te Seaborg, Chairman, Atomic Energy Commission i n  a 

statement on Ju ly  24, 1970 said, "Space Ekploration, ra ther  than being 

i n  opposition t o  meeting needs on Earth, i s  i n  f a c t  part of a search 

f o r  knowledge that is indispensable f o r  meeting those needs.. . . I 1  

The National Academy of Sciences i n  a repor t  t i t l e d ,  "Useful 

Applications of Earth Oriented S a t e l l i t e s "  said, "Sa te l l i t e s  a r e  our 

newest na tura l  resource .... Benefits, i n  some instances, a r e  predictably 

great;  i n  others  they may be matters of e i t h e r  judgment or  reasonable 

surmise. What is  ce r t a in  i s  t h a t  space technology can be exploited 

f o r  human good. " 

The Stanford Research I n s t i t u t e  i n  a publication t i t l e d ,  "The 

Benefits of t he  National Space Program and Their Application and 

Understanding by t he  American Public" i n  March of 1969 said, "Our 

Space explorers have developed t oo l s  t h a t  they have passed over t o  

other men. They have developed materials  t o  be used by other bui lders .  

They have evolved techniques t o  challenge creat ive  minds. " 

I ' v e  always f e l t  that we as a nation a r e  r i c h  enough 
t o  ge t  t o  t he  moon and solve t h e  problem of poverty 
too. I don ' t  agree with t he  people who say we should 
spend t he  money t o  go t o  the  moon on poverty instead. 
We could do both. What happened t o  poverty before we 
had a space program? What happened t o  poverty before 
we had a Vietnam war? 

Recently Representative James W. Symington of Missouri mentioned 

a s a t e l l i t e  use f o r  a problem of worldwide concern: lo 

It E a r t h  resources s a t e l l i t e 7  w i l l  monitor t he  
oceans as well, and warn managainst  t he  depredations 
of h i s  o i l  and f i sh ing  industr ies  which d i s tu rb  t he  
l i f e  cycle of t h e  sea, possible even jeopardizing 
the  order ly  process of oceanic photosynthesis from 
which most of our oxygen i s  derived. 

' Dick Gregory, ~ u l y  1969 special ~ssue cornem- 
orat ing t h e  f i  ding. 

lospeech by Representative James W. Symington, Missouri, Member of t he  
Committee on Science and Astronautics, on Apr i l  23, 1970 on the 
subject  s f  

8 



TECHNOLOGICAL BENEFITS 

The space program has been credi ted with generating and stimula- 

t i n g  technological development and s c i e n t i f i c  knowledge and there  have 

been unprecedented requirements f o r  precision and r e l i a b i l i t y  on t h e  

components of spacecraf t .  

Recently a l e t t e r  w a s  received by D r .  Ernst Stuhlinger, Associate 

Director of Science a t  the  NASA. Marshall Space Flight  Center, Huntsvil le.  

The l e t t e r  was wr i t t en  by S i s t e r  Mary Jucunda, a nun who works among 

s tarving nat ives  of Zambia, Africa. I n  her  l e t t e r  S i s t e r  Jucunda asked 

D r .  Stuhlinger how he could suggest t he  expenditures of b i l l i o n s  o f  

do l l a r s  f o r  a voyage t o  Mars, a t  a time when many children on t h i s  e a r th  

a r e  s tarving t o  death. D r .  Stuhlinger wrote a lengthy answer i n  which 

he thanked S i s t e r  Jucunda and expressed grea t  admiration f o r  t h e i r  work. 

D r .  Stuhlinger s ta ted  t h a t  he had known of famished chi ldren long 

before he knew t h a t  a voyage t o  t he  planet  Mars was technical ly  f ea s ib l e  

but  t h a t  he f e l t  t h e  space program would contribute much t o  t he  solut ion 

of these grave problems we a r e  facing here  on earth.  

Before t ry ing  t o  describe i n  more d e t a i l  how our space program 

i s  contributing t o  t h e  solut ion of our ea r th ly  problems, he r e l a t ed  an  

in te res t ing  t r u e  s to ry  which he thought would support h i s  argument. 

He t o l d  of a benign count i n  a small town i n  Germany about 400 years 

ago who gave a la rge  par t  of h i s  income t o  t h e  poor of the  town. The 

count a l s o  supported a man who was working on a glass  lens  apparatus 

t h a t  had magnification powers. The man was invited t o  become a member 

of the  count 's  household so he could devote f u l l  time t o  the  develop- 

ment and perfection of his op t i ca l  s d g e t .  



The townspeople became angry a t  t h i s  use of t he  count 's  money, 

They were suffering from the pJsgue and felt the m n  was mstir?_g his 

time on a useless hobby, The count remained firm. 

"I give you a s  much a s  1 can afford", he said, "but 
I w i l l  a l s o  support t h i s  man and h i s  work because 9: 
know that someday something w i l l  come out  of it. 'ill 

The microscope i s  w h a t  f i n a l l y  came out of t h i s  work 
and similar  work done by others a t  other places. It 
is well  known that the  microscope has contributed 
more than any other invention t o  the  progress of 
medicine and t ha t  t he  el imination of t he  plague and 
many other contagious diseases from most pa r t s  of 
the  world i s  l a rge ly  a r e s u l t  of s tudies  which the  
microscope made possible.  f * 
The count,by re ta in ing  some of h i s  money f o r  research, con- 

t r ibu ted  f a r  more t o  t he  r e l i e f  of human suffer ing than he could have 

contributed by giving a l l  of h i s  money t o  t he  poor. The s i t ua t i on  

with our national  budget today i s  s imilar  i n  many respects .  The 

annual budget t h i s  year is about $200 b i l l i o n  and about 1.6% i s  

a l loca ted  f o r  space exploration. 

D r .  Stuhlinger then addressed himself spec i f i c a l l y  t o  the  hunger 

problem c i t ed  by S i s t e r  Jucunda . 
Basic t o  the  hunger problem a r e  two functions: 
The production of food and t h e  d i s t r i bu t i on  of food. 
Food production by agr icul ture ,  c a t t l e  ranching, 
ocean f i sh ing  and other l a rge  scale  operations i s  
e f f i c i e n t  i n  some pa r t s  of t h e  world, bu t  d r a s t i c a l l y  
def ic ien t  i n  many others.  

For example, l a rge  areas  of land could be u t i l i z e d  
b e t t e r  i f  e f f i c i e n t  methods of watershed control, 
f e r t i l i z e r  use, weather forecasting, f e r t i l i t y  
assessment, p lanta t ion programming, f i e l d  se lect ion,  
planting habits ,  timing of cul t ivat ion,  crop survey 
and harvest  p lant ing were applied. 

The bes t  t o o l  f o r  the  improvement of a l l  these  functions, 
undoubtedly, i s  t he  a r t i f i c i a l  ea r th  s a t e l l i t e .  Circl ing 
t he  globe a t  a high a l t i t ude ,  it can screen wide a reas  of 
land within a shor t  time, it can observe and measure a 
l a rge  var ie ty  of f ac to r s  indicating t h e  s t a t u s  and con- 
d i t  ions of crops, s o i l s ,  droughts, r a i n f a l l ,  snow cover, 

The Microscope Came? From a 
ugus t 17, 1970 



e t c , ,  and it can rad io  t h i s  i n f o r m t i o n  t o  ground. 
s t a t i o n s  f o r  appropr ia te  use, 

I t h a s  been estl.mated t h a t  even a modest system of 
e a r t h  s a t e l l i t e s  equipped with e a r t h  resource sensors, 
working w i t h i  n a program f o r  worldwide a g r i c u l t u r a l  
improvement, w i l l  increase t h e  yea r ly  crops by a n  
equivalent  of many b i l l i o n s  of d o l l a r s .  13 

D r .  Stuhlinger then s t a t e d  t h a t  t h e  d i s t r i b u t i o n  of food t o  t h e  

needy was a completely d i f f e r e n t  problem and not so  much one of ship-  

ping volume bu t  of in te rna t iona l  cooperation. He f e l t  t h a t  e f f i c i e n t  

r e l i e f  from hunger would not come before t h e  boundaries between nations 

became l e s s  d iv iding than they were today. 

D r .  Stuhlinger continued that higher food production through 

survey and assessment from o r b i t ,  and b e t t e r  food d i s t r i b u t i o n  through 

improved in te rna t iona l  r e l a t i o n s ,  a r e  only two examples of how pro- 

foundly t h e  space program w i l l  impact l i f e  on ear th .  

I n  D r .  S tuh l inger ' s  l e t t e r  he mentioned and discussed two other  

examples of b e n e f i t s  of space research: s t imula t ion of technological  

development and generat ion of s c i e n t i f i c  knowledge. 

The requirements f o r  high p rec i s ion  and f o r  extreme 
r e l i a b i l i t y  which must be imposed upon t h e  components 
of a moon t r a v e l i n g  spacecraf t  are e n t i r e l y  unprece- 
dented i n  t h e  h i s t o r y  of engineering. 

The development of systems which meet these  severe 
requirements has provided us  a unique opportunity 
t o  f i n d  new mater ia ls  and methods, t o  invent  b e t t e r  
t echn ica l  systems, t o  improve manufacturing proce- 
dures, t o  lengthen t h e  l i f e t i m e  of instruments and 
even t o  discover new laws of nature. 

A l l  t h i s  newly acquired t echn ica l  knowledge is  a l s o  
a v a i l a b l e  f o r  appl ica t ions  t o  earthbound technologies. 
Every year, about a thousand t echn ica l  innovat ions 
generated i n  t h e  space program f i n d  t h e i r  ways i n t o  
our e a r t h l y  technology where they lead t o  b e t t e r  
k i tchen appliances and farm equipment, b e t t e r  sewing 
machines and radios,  b e t t e r  sh ips  and a i rp lanes ,  
b e t t e r  weather forecas t ing and storm warning, b e t t e r  
communications, b e t t e r  medical instruments, b e t t e r  
u t e n s i l s  and t o o l s  f o r  every day use, 

= ~ t u h l  inger, op . c it. 



As a stimulant and ca t a ly s t  f o r  the  development sf 
new technologies, and f o r  reseaarch i n  the  basic 
sciences, it i s  u m r a l l e l e d  by any otkier a c t i v i t y .  
In  t h i s  respect, we may even say t h a t  t he  space 
program i s  taking over a function which fo r  three  
o r  four. thousands years has been the  sad preroga- 
t i v e  of wars. 

How much human suffer ing can be avoided if  nations, 
instead of competing with t h e i r  bomb-dropping f l e e t s  
of a i rplanes  and rockets, compete with t h e i r  moon- 
t ravel ing space ships! This competition i s  f u l l  of 
promise fo r  b r i l l i a n t  v ic to r ies ,  but  it leaves no 
room fo r  the  b i t t e r  f a t e  of t he  vanquished which 
breeds nothing bu t  revenge and new wars. 

The photograph which I enclose with t h i s  l e t t e r  
shows a view of our ea r th  a s  seen from Apollo 8 
when it orbited t h e  moon a t  Christmas, 1968. 

O f  a l l  the  many wonderful r e s u l t s  of t he  space 
program so far, t h i s  p ic tu re  may be t he  most 
important one. 

It opened our eyes t o  t h e  f a c t  that our ea r th  i s  
a beauti- and most precious is land i n  an 
unlimited void, and t h a t  the re  i s  no other place 
f o r  us t o  l i v e  bu t  t h e  t h i n  surface l ayer  of 
our planet, bordered by t he  bleak nothingness 
of space. 

Never before did so many people recognize how 
l imited our ear th  r e a l l y  is, and how per i lous  
it would be t o  tamper with i t s  ecological  
balance. 

Ever since t h i s  p ic tu re  was f i r s t  published, 
voices have become louder and louder warning 
of the  grave problems t h a t  confront man i n  our 
times: pollution, hunger, poverty, urban l iv ing,  
food product ion, water control ,  overpopulation. 14 

NASA recent ly  reported15 on t h e i r  a c t i v i t i e s  t o  save the  corn 

crop i n  Indiana i n  conjunction with an e f f o r t  by Purdue University. 

The project  seeks t o  determine whether the  current  corn b l i gh t  

in fes ta t ion  can be spotted from sensing devices carr ied aboard a i r c r a f t .  

1 5 N ~ S A  Aids i n  Effor t  t o  Save Corn Crop, NASA Manned Spacecraft 
Center, Houston, Texas, Sept, 11, %970, No, 239 p. 1. 



F i r s t  data  analyzed shows 'chat t he  fungus infeetion,  "southern 

Leaf b1ight t f j  car1 be iden t i f i ed  from a i r c r a f t  i n  its severe stage and  

it appears t o  show up a t  e a r l i e r  stages a s  w e l l ,  

Color photographs a s  well a s  mul t ispectra l  scanner pic tures  and 

data  show w h a t  photo in te rpre te r s  c a l l  "signature keys" t o  t he  crop 

disease. That is, various gradations i n  color i n  the  photos appear 

only when t he  b l i gh t  is  present. 

Successful iden t i f i ca t ion  can be important t o  agr icu l tu re  i n  t he  

fu ture  because it promises t h a t  remote sensing can give farmers warning 

of crop diseases approaching o r  even present i n  t h e i r  f i e l d s  before 

they a r e  aware of it. 

Another promising aspect  is  that la rge  a reas  of farmland may 

be quickly and accurate ly  surveyed from the  air and probably, i n  the  

future,  by s a t e l l i t e .  The knowledge gained (type of crop i n  each 

f i e ld ,  s i z e  of t h e  f i e ld ,  crop vigor, detect ion of any damaging agents 

and eventually yield-per -acre) may be used regionally and nat ional ly  

on a timely ba s i s  by pr ivate  and government i n t e r e s t s  t o  help  keep 

t he  supply of e s sen t i a l  foods o r  f i b e r s  i n  balance with damand. 

I n  t h e  same periodical16 NASA, i n  a cooperative e f f o r t  with 

Oregon S ta te  University, a l s o  reported on research which may prove 

helpful  i n  catching t he  e lus ive  fast-swimming albacore tuna. NASA 

used a converted Lockheed Electra NP3A Ai rc ra f t  t o  f l y  more than 

11,000 miles over the  Pac i f ic  col lect ing data. 

The a i r c r a f t  equipped with sophis t ica ted e lect ronic  gear, 

t raced a zigzag path f o r  seven days 1,500 f e e t  above t he  surface 

of t he  ocean recording sea temperatures and water color differences.  

The research attempts t o  r e l a t e  i n  a systematic way the  fac tors  that 

determine whether albacore w i l l  be present i n  a par t i cu la r  a rea  and 

j u s t  how abundant they w i l l  be. 

Hundreds of the  750 fishermen which comprise the  Oregon tuna 

f l e e t  have cooperated i n  t h i s  e f f o r t  with NASA and Om. Each day 

t h e  fishermen wri te  i n  t h e i r  logs the  sea temperature, water color, 

weather, and most importantly, the  number and locat ion of each 

albacore catch, 

Center Ai rc ra f t  Searches fo r  Clues t o  Tuna Fish 
NASA Manned Spacecraft Center, Houston, Texas, 

Sept, 11, 1970, Vo% 9 No, 23, p, 4, 
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For t he  present the  research attempts t o  help  t he  fishermen by 

g3"cerirzg TnSormLisn about fac tors  th3.t my af F'ecttthe f i shery ,  It 

leaves t o  the  individua,l fisherman t h e  judgment about where and when 

he should f i s h ,  For example, fishermen know t h a t  I n  the  waters o f f  

the  Pac i f ic  Northwest t h e y ' l l  f ind  albacore i n  the  water t h a t  is 

between 58 and 65 degrees farenhei t .  

Throughout t he  documents t h a t  were read during the  research f o r  

t h i s  t h e s i s  was woven t h e  same underlying theme of where the  money i s  

spent. M r .  Helms, Vice President of the  Aerospace Systems Group of 

the  Bendix Corp., answered t h i s  r he to r i ca l  question succinctly when 

he s ta ted:  

Obviously we spend no money i n  space. We only spend 
money on t he  surface of t he  Earth and primarily i n  
t he  United S ta tes  and it contributes t o  our gross 
nat ional  product. 13' 
NASA has been c r i t i c i z e d  f o r  not having a more e f fec t ive  public 

r e l a t i ons  information program which t e l l s  t h e  public about t he  benef i t s  

accruing from the  space e f f o r t .  Congressman Karth of Minnesota s a id  

on t h i s  point: 

You've got t o  go where t he  people are ,  you've got 
t o  convince them t h a t  what we a r e  doing i s  worth- 
while, you've got t o  show them that you're going 
t o  give them a re tu rn  with i n t e r e s t  f o r  t h e i r  t ax  
dollars.. . .There i s  a v i t a l l y  important s to ry  t o  
be told,  a s .  ory t h a t  demonstrates and s e l l s  value, 
r e a l  value. 18 
From t h e  time of launching t h e  f i r s t  American s a t e l l i t e  which 

was about t h e  s i ze  of a grapefrui t ,  t he  number and complexity and 

capab i l i ty  of s a t e l l i t e s  has grown s teadi ly .  

The Navy has had an  operational  navigation s a t e l l i t e  system 

since 1964 orb i t ing  the  globe and sending position-f ixing s ignals  back 

every two minutes. This navigation s a t e l l i t e  system i s  now ava i lab le  

f o r  commercial use. Navigation s a t e l l i t e s  a r e  par t i cu la r ly  useful  t o  

oceanographers i n  exploring and chart ing the  ocean f loor .  It i s  now 

possible  t o  pin-point the  loca t ion  of undersea o i l  deposits  with 

increased accuracy, 



Weather s a t e l l i t e s  provide constant  and d a i l y  information t o  

t h e  U,X,  Weather Bvwxi,u-, Ti ros  I11 provided advance informa,tion on 

Nu-ricane Carla, which resubted i n  t h e  g r e a t e s t  mass evacuation ever 

t o  take  place i n  t h e  United S ta tes .  Over 350,000 people were moved 

from the  path of t h e  storm. There i s  no way t o  determine how many 

l i v e s  were saved. The continual  improvement i n  techniques of i n t e r -  

p r e t a t i n g  data  from t h i s  type of s a t e l l i t e  and t h e  improvements i n  

t h e  s a t e l l i t e  itself o f f e r s  t h e  p o s s i b i l i t y  of accura te  fo recas t ing  

of weather over v a s t  regions.  An accura te  five-day fo recas t  of 

weather condit ions over t h e  United S t a t e s  alone would provide a n  

estimated annual savings of 6.75 b i l l i o n  d o l l a r s  when appl ied  t o  

agr icu l tu re ,  lumber business, surface  t ranspor ta t ion ,  r e t a i l  market- 

ing, and water resources management. The $6.75 b i l l i o n  annual saving 

i s  more than any s i n g l e  years cos t  of t h e  t o t a l  na t iona l  space program. 

We r e c e n t l y  s t a r t e d  t o  cooperate with o ther  nat ions of t h e  world 

t o  improve t h e  world-wide weather fo recas t ing  system i n  a n  e f f o r t  

or ig inated  here  i n  t h e  United S t a t e s  from our nat ional  space program. 

Weather ships  used i n  the  North P a c i f i c  cover only a n  a r e a  

represented by a 60-mile diameter c i r c l e  and t h e  ships cos t  a mi l l ion  

d o l l a r s  a year t o  maintain and operate. This amounts t o  $350 per 

square mile per year.  Each photo from t h e  weather s a t e l l i t e  covers 

630,000 square miles a t  a t o t a l  cos t  over a y e a r ' s  period of only 

25$ per square mile per photo. 

Weather s a t e l l i t e s  survey t h e  i c e  f i e l d s  of t h e  Gulf of 

S t .  Lawrence wi th  a n  estimated savings t o  t h e  United S t a t e s  and 

Canada of 1.7 mi l l ion  d o l l a r s  each year by more accura te ly  predic t ing 

t h e  opening of shipping on the  Great Lakes. 

Great swarms of insec t s  cover wide a r e a s  i n  Asia and Africa 

and have been accura te ly  tracked a s  t o  speed and d i r e c t i o n  by 

weather s a t e l l i t e s ,  giving a forewarning of t h e  t h r e a t  t o  crops. 

Af te r  man f u l l y  understands t h e  weather with t h e  he lp  of 

s a t e l l i t e s ,  he may a c t u a l l y  be abbe t o  con t ro l  it, Even a l imi ted  

con t ro l  of r a i n f a l l ,  storms, and t r ade  winds would br ing untold 

benef i t s  t o  ma,&ind, The a b i l i t y  t o  p red ic t  floods, l e e  movements, 

beach erosion, water poETution, f i s h  migration, and a s s i s t  i n  f r e s h  

water l e v e l  ll~a~nagement., crop s?rrveys, making b e t t e r  maps, measwiag 

s o i l  moisture, checking inadequate s o i l  f e r t i l i z a t i o n ,  evaluating 



ce r t a in  crop diseases, e t c , ,  merely scra tch t he  surface of possible new 

benef i t s  from s p c e  s a t e l l i t e s  i n  addj t lon t o  those we get todady= 

A more personal example of how space technology a f f e e t s  oar 

da i l y  l i v e s  i s  the  introduction a few years ago of a new high-speed 

d e n t i s t  d r i l l .  This u l t r a f a s t  d r i l l  is much more effective,  s igni-  

f i c a n t l y  reduces the  pain, and p rac t i c a l l y  el iminates any sense of 

v ibrat ion or  grinding. The bas i s  f o r  t h i s  high-speed denta l  d r i l l  

was t he  development of pin-point-size b a l l  bearings which could 

stand t he  high ro t a t i ona l  speeds f o r  extensive periods of time and 

ye t  hold t he  d r i l l  i t s e l f  i n  a f i rm posit ion.  These b a l l  bearings 

were i n i t i a l l y  developed t o  f u l f i l l  t he  s a t e l l i t e  requirements. 

I n  t h e  s t e e l  industry, a la rge  por t ion of the  annual output 

i s  t h i n  sheet  metal produced i n  continuous r o l l i n g  mills .  I n  these  

m i l l s  a s ing le  continual high speed process s t a r t s  with molten metal 

sized and shaped through la rge  r o l l e r s  t o  a given thickness and s t r i p  

width, then passes on t o  l a rge  spindles much l i k e  paper tape on an 

adding machine. The output of s t e e l  i n  such a m i l l  is a t  a speed of 

30 t o  50 miles per hour, It i s  very expensive t o  s top t h i s  process 

once it has been i n i t i a t ed .  While every e f f o r t  was taken t o  ensure 

t he  proper thickness of the  s t r i p  a s  it ro l l ed  through the  m i l l ,  t h e  

response loop from the  time of sensing an  accuracy measurement t o  

control  of t he  dimensions by r o l l e r s  themselves allowed la rge  var ia-  

t ions .  This could r e s u l t  i n  a s t r i p  being of too th in  gauge and a 

sudden catastrophic rupture of the  metal s t r i p .  Hundredsand occasion- 

a l l y  even thousands of f e e t  of metal would be wasted and jammed in to  

t he  receiving a rea  before the  m i l l  could be shut down. Additionally, 

many man-hours and do l la r s  were l o s t  i n  rees tabl ishing the  process, 

increasing t h e  cost  of the  s t e e l  and t he  products i n  which it i s  used. 

Today, continual  measurement of t he  uniformity of thickness of 

s t e e l  p l a t e  i n  r b l l i n g  m i l l s  without them being stopped or  cooled o r  

hand measured i s  avai lable  by use of an infrared sensor, This sensor 

accurate ly  measwes the amount of heat  energy- a t  a given time which 

i s  d i r e c t l y  r e l a t ab l e  t o  the  thickness of the  metal a t  t ha t  point i n  

time, That infra,red sensor was o r ig ina l ly  developed a s  a horizon 

sensor f o r  the Hirabus sateElLte, a techniqu-e for keeping a satellite 

continually pointing a t  t he  ear th ,  



The l a s t  t e n  years have seen a menomeml increase i n  the move- 

ment of azx-iomobi%es over v ~ s t  freei.s%ys. One of the f i r s t  areas t o  

undertake large sca le  freeway development was Los AngeLes. Freeways 

a r e  intended t o  handle a high volume continual stream of t r a f f i c  and 

any unplanned emergency immediately s t a r t s  t o  choke the  system. The 

Los Angeles freeway complex includes emergency radios t o  provide a 

"ca l l  system" i n  an emergency. 

I n  a small sect ion of South Afr ica there was a need fo r  a 

telephone system i n  a n  area devoid of normal energy sources, Both 

t h e  Los Angeles freeway system and the  telephone system i n  South 

Africa use so lar  c e l l s  as t h e i r  energy source. The so lar  ce l l ,  a 

device which converts sunshine energy in to  e l e c t r i c a l  energy was 

developed t o  f u l f i l l  t he  need of s a t e l l i t e s  f o r  a continual power 

supply. A l l  you need i s  periodic sunshine. These high energy so lar  

c e l l s  came from our nat ional  space program. 

I n  the  spring of 1961 U.S. News and World Report conducted an 

interview with James E. Webb, NASA. Administrator on the subject of, 

"Why spend $20 b i l l i o n  t o  go t o  the ~ o o n ? "  One of the many questions 

and M r .  Webb's answer a r e  repeated herein a s  being par t icu lar ly  per- 

t inent and prophetic . 
Q. Suppose the  U, S, used hal f  of your budget f o r  
el iminat ing slums and rebui lding c i t i e s  -- wouldn't 
that mean more i n  terms of the  fu l lness of l i f e  and 
economic well-being of our people than developing 
space? 

A. This is  a very kard question t o  answer. But, 
on the other hand, I wouXd l i k e  t o  jus t  say t h i s :  
I f  you f a l l  behind i n  t h i s  technological race, and, 
l e t  us say, the Russians f ind out  how t o  operate 
i n  space with men, and we don't, you cannot be sure 
that t h i s  may not r e a l l y  el iminate t he  poss ib i l i t y  
of el iminat ing the slums. 

You simply cannot af ford t o  f a l l  behind i n  a major 
forward area of technology without running the r i s k  
of paying a severe penalty, And i f  you can do it -- 
i f  you have the  resources t o  do it -- then, it seems 
t o  me, t he  only sensible form of nat ional  insurance 
i s  t o  go forward and do it. But, more speeif iealhy, 
much of the -technology we are developing will. be of 
great value i n  solving the problems you mention, 
















































































































































































