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昭和文6・’年震におげる研究（嗣発）結果

i研　宛　課　慈
単」独まセば

‘

試 オ乍　　岳 等
プロジェクト

またばサブテ，マ 共同厨冗め別一 名 称 製岸外注の別 進捗状況
46穿震の縮累め概要および同題点

／レ／　　計　　画 ノ》7一　女♂　一　3 単一 女6．　9． 」～2 ロケっトは正宮と慮しょうし．唐載しだ茅

（第／考科学衡星）
一

発 射 ／る科宇衛星「しんせい．を軌道ロのぜ＿電
・

子厳フ。ローダの不奥合噛・除き．す（くて正常

に搾一諭し．軌道上）2む〕ナる観測差実施。

「しんせい」は毘萩翻夷調℃周回し．科学

一

観刻ぎ統｝ナてし、る・

1｛　ムー43（コー　／

｛i　単
i

6ζ♂．2．20 i第敏ロケ外にrγ0牧置矯載して・
レ

…
1

発
謡8／τレ磁置の動輔励よ翼ツチ知

1
グラムによる崎注の一部茨求める：二と択でき

｛ ，

た旗．制御風路の一部．故陣のため完全な緒

’

螂二l／こ綱　　　　　蓬
黒菖得られながつた。

／・1＿ノえ＿アレ0単
　　　　　　　＼
　　　　　　　　両三

（2」

　4（2．3ゴ2タ，、　二二才智薬左用い．比イ列制’御方：ム∫、oよるヰ萱力方

／／燃騰了1何二郷流々筋ト鵜エンジ
侵、　　／｛ン魏上下塘餓で
　　　　　　　　　　　　　　　　　アκ期の珍～；果左収めだ．
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　葬2彰手斗学衛肇く尺乏火の左η」タ．8一女琴鐵によジ．昭和妙

嚶荘諱^渡実験において打ギげ．フ．ラス安波．。アラス“マ密事電手

ｱ各線：．電磁波．也磁気，の琴斗’孕観過5左〃『r哲う計画ぐある。

∠一女3c　　え 　ピッチフ・ログラムによる、∫／τソご装置。制御特性お・よびロク’・ソ

トの燃焼中におサる勲よう安足試鹸を行なう日晒冒的Yし．昭

’和女♪・年震第，2次実験にお’玉、て才丁上げる計画でおる．
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　ノブ＿女80一／暑機の予備試験機で．第2鍛目に∫／7一ゾご装置

左解3脚ζ脇欝鰯網画で∵’
　　　　　胎や映1やく厨1～

新権某を用1・．τレ。装直刻甫えだ穿2扱ロケワトの地上燃濡誠

1験で、ル7＿3（3一／あ・よぴノ∀一女80一／に用1いる計’画である。
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      THE SPACE PROGRAM
AND THE NATIONAL INTEREST
   By Robert Jastrow and H'omer E. NewelZ

lill tihni9sX.dO,s.te,a2sfiP,nOuZebaxtir/;e, sO,l.fiSiC.i:2"i/io?tS.. ,Ta.e,$.a;,:,t/r'ee}e2/S,oi'#s, g,nh.g.

penditures for research and development are $is.7 billion. Dur-

mg the postwar era these appropriations built the American
research establishment to a level of strength beyond that of any
other nation. Throughout the igsos and most of the ig6os the
build-up continued without opposition. Recently the                                              taxpayer
has begun to re             gard the House of Science with a degree of con-
cern, because the costs of technological programs have become
staggering in the last few years. Painful choices are being fbrced

on the Congress. Shall program A or program B be funded?
Each is so expensive that it seems impossible to fund both. Which

will advance the national interest more? The general value of
research is also being subjected to a closer examination. At what

level of support does science make its maximum contribution
to society? If the science we have purchased so far has been
beneficial, will tsvice as much science be twice as beneficial?

  The space program is a case in point. On January s, Presi-
dent Nixon          announced                    that "the United States should proceed
with the development of an entirely new space transport system
... the space shuttle which gives us routine ac･."ess to space by

sharply reducing costs in dollars." The decision to proceed with

the shuttle was based in part on the dollars-and-cents savings it

would yield, which are estimated to run to more than $r2 billion
in the first decade of shuttie operations against shuttle costs of

$8 billion for development and hardvLTare. But a bargain in
bananas only represents a saVings if the customer needs bananas.

Why does America Reed a space program? 'VS7hy does she need a
man-in-space capability? XVhat is the relation of space to the
national interest?

  To. some, space is, or should be, pu.re science; to others, it is

prestige and the Ameritan image; to sti!1 others, space means
national security. Most often space is identified with sciences but

when a comparison is made with funding levels in other branches
of scierrtific research, it becomcs clear that support given to the
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                                       i'program involves other factors besides the public interest in pure

                          II
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                       experienced by the United States inhumiliation and self-doubt
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              THE SPACE PROGRAM S3S
flight will cost $8 million and deliver considerably more payload

 for the money. It makes no sense to continue to rely on the rocket

 technology of the ig6os, vsThen the experience gained in the
 Saturn-Apollo project and other U.S. space programs has shown
 the way to a much more efficient and lower-priced generation of
 space vehicles.

.

  According to this analysis, a major force behind the space
 program as a whole is a concern for national security, and with

 the fact as well as the image of American technica! and sci-
 entific strength vis-a-vis the Soviets. However, space is not the

 only government program important tQ the security and the
 techno!ogical strength of the United States. Can America afford
 the financial drain of matching the Soviet Union in every field

 of science and technology? Many Americans believe that this
 cannot be done without weakening other essential programs, such
 as urban reconstruction and education.
  The question is one of values and priorities. From this point of

 view, is space a good place for the United States to put its
 money? What is the dollar return from the space program, rela-
 tive to the potential return from the same amount of money in-
 vested in another sector of American society?

  This question opens up an important avenue for di'scussion.
 Starting with the development of the Early Bird communica-

 tions satellite in ig6s, space technology has entered into the

 mainstream of the American economy with surprising rapidity.
 Today many observers prcdict that the U.S. investment in. space

 will be repaid many times over. The list of promising space ap-
 plications inc!udes better weather forecasts, prospecting for min-

 erals from space, better communications, satellites that monitor

 the atmosphere and lake,c. and rivers of the United States for
 pollution and are the only economical!y feasible means of doing
 so, and satellites that guide s!nips and planes to their destinations

 and provide traflic control over crowded air terminals.

                          IV
   Better weather forecasting coL,!d yield several billion dollars a

 year as a result of increased productivi ty, mainly in the agricul-

 tural, transport and construction industries. VSieather forecasting

 depends on the measurement of such atmospheric properties as
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data really be acquired from a distance?

. The answer depends on a little-known instrument called an
thn{r.a,rs.dl;a,d,ip,:n,st,ei,,w,,h,lg,hls,k･gc,om.L",F-,a.S8gen.da,Ed,,i:eh",i,2f,S,1"iilP,g
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negtion between temperature and winds is not obvious and re-
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weather. Winds arise because the sun's rays do not heat the
g.round uniformly. For example, the equator receives more sun-
nght than the poles. Where the ground is
pands, rises and flows away. In this way temWpaerrMateuSrte' tdhieffca

ri
ernecXes'

create winds. The actual situation in nature is considerabl
compiicated than this simpie description suggests, but thX IialOsrig
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           , THE SPACE PROGRAM S37 ･
theory is accurate. If the temperature pattern is known, the
weather can be predicted.
  In principle, the method can be applied without the aid of
satellites. However, it would be prohibitively expensive to mea-

sure the temperature of the entire globe by ordinary methods.
At present, extensive areas of the world are not covered by
weather observations. Even in the United States the coverage is
spotty, with only 7o balloon-launching stations for the collection

of weather information. Large areas of the weather map are al-
most blank, including the polar regions and the oceans.
  Unfortunately, much of the weather that blesses or .aMicts the
United States often originates in one of these blank regions on the

weather map. The weather experienced by the West Coast gen-
erally comes from the Pacific Ocean, while th.e weather over the

Midwest and the East Coast usually has originated some days
earlier in central or western Canada. This fact prevents the
meteorologist from making useful forecasts more than a day or
so in advance, and even the one-day forecasts leave much to be

desired.

  Observations of the weather in the oceans and sparsely inhab-
itcd land areas surrounding the United States, impossible before

the advent of weather satellites, should lead to a quantum jump

'in the accuracy and range of weather forecasts. Large savings
through improved weather forecasting can be expected in the
weather-sensitive sectors of the U.S. economy, because the volume

of business in these industries is substantial. In agriculture, trans-

.portation, construction and roadbuilding, for example, the toral

annual volume in ig7o was about $27o billion, and estimated
losses due to weather were in 'the neighborhood of $i3 billion. A

relatively modest reduction of 2o percent in these losses would

correspond to a $2.6 billion savings. These circumstances lie be-

hind the estimate of important gains to the U.S. economy from
this singl-e application of space technology.

                          v
  Mpitibillion-dollar annual returns to the American economy
 from weather satellites may be matched by the yield from satel-
 lites employed in prospecting for valuable mineral deposits. The

 prospector and his burro are essential in the search for mineral
 deposits, but aircraft play an important supporting role, and so

 should satellite reconnaissance in years to come. In some cases
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             ?;,:･1= ' ''                              '. THE SPACE PROGRAM S39'                         tt -                         ,l terrains of Brazil, equatorial Africa and Southeast Asia, in which

 a heavy cover of trees and vegetation makes ground exploration
 exceedingly diMcult and expensive. The available evidence sug-

 gests the presence of large deposits of mineral wealth in these

 regions. Again it seems incredible that a satellite hurtling
 through space hundreds of miles above the'surface of the earth
 shou!d be able to detect mineral deposits concealed by a heavy,

          But an example will indicate how this might work...tree-cover.

 Research has shown that trees growing in metal-rich soil absorb
 the metallic elements of the soil into the structure of their cells.

 As a consequence, the tree leaves reflect sunlight differently from

 leaves on the same t}rpe of tree growing nearby in ordinary, '
 metal-poor soil. The rest of the story is clear: Measure the in-
 tensity of re          flected sunlight over a continental expanse of forested
 regions by means of instruments mounted in a satellite, and look

 for.the critical patterns that betray the presence of mineral de-

 poslts.

  As a test of this method, measurements have been made at
 tree-top level at a site near Copper Creek, Arizona. They show
 large differences in the reflected sunlight from two neighboring

 trees, one located in soil with a high abundance of copper and
 molybden.um,.and the other growing nearby in ordinary soil. The

 tree growing in the metal-rich soil reflects twice as much yellow
 light as the tree growing in ordinary soil,                                   but half as much blue
 light. This combination is an unmistakable sign of the presence

 of the metals. Such measurements obtaincd from a sate!lite can
 be used to guide the prospector to the mineral wealth of millions

 of square mi!es, with a great saving in time and money.

  Aircraft can make the same measurement and are used for this

        . purpose in surveys of small areas. Satellites acquire their unique
 va!ue when a continent-sized area is to be surveyed. It is, of
 coulse, in these large-scale surveys that 'L'he greatest gains can be

 fealizeq. The direct operating cost of an aircrait svtrvey of the
l･:･g.ers,sse,g,xr,?･f,s,g(g.ii.e,3agghsBzz),t,o&aJ,lii,p,g.ko.xili'flgts,imao.,m.x'}'

 co.uld be carried out by a single satellite costing no more than $3o

 million, Additional savings result from the fact that each satellite

 photograph or. radiation'-scan covers thousands of square miles,

 re.vea!mg significant large-scale variations with unnecessary de-
5a.i5s g.u.p,e r,e.sg .e ?i,F,o,r, ¥,ue.y,zu, gi e,y s, 8ig ,e, ss,tg il ,i ;e ee a, ll ,ifi a,,d. ,e.q,u,a tes
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the case with the superfluous detail furnished by aircraft surveys.

  Apart from costs, satellites are superior to aircraft because of

!he large area covered in each photograph br scan. Such an area

is typically several thousand square miles. Airplanes usually

cover no more than ioo square mi                            les per photograph. Because
many photos are needed to survey a large area, aircraft require
the better part of a day to cover the equivalent of one satellite

photograph. Consequently, different regions are photographed
a.t different times of the day, and under different lighting condi-

     If the area               is large, and the survey lasts many days, thetlons.

condition of the ground will vary from day to day because of
local rain or snow. The intensity of the light reflected from the

g.round depends on these lighting conditions and ground condi-

tions to a very great extent. Thc critical changes in intensity
from place to place, which wou!d indicate the presence of min-

era! deposits, are apt to be masked by the･changes that occur
from hour to hour and                   day to day during the course of an ex-
tended aircraft survey. Such diMculties do not arise in sate!lite

       .prospectlng.
  The ability of the satellite to photograph large areas quickly

and repeatedly makes it a very promising tool in the survey of

other natural resources, such as crops, timberland, water and

snow cover, which frequently vary day by day and from season
to season. Crops offer a particularly interesting example because

of the large losses experienced each year as a result of plant dis-

eases. In       frared             photographs taken from satellites can reveal
plant diseases before they can be detected by the farmer on the

ground,       because a diseased plant or tree radiates a different level'

of heat to space, just as a feverish person experiences a change in

body tcmperature. An estimated $84o million annually can be
saved in the United States through the use of satel!ites for the de-

tection of plant diseases, according to an IBM report.

                         VI
  Communications satellites offer another fruitfu! field for the

space program. Communications was the first area to be.invaded
by the pew technology, and, together with weather forecasting,
Lte20G"liige8nteZpOeSa?fo//'hei`il-Zegfi'IYeFSiilfieWGtwaig-t8ni//!2Sekt2VSeat･u'lena･IYo

the economy from communications satellites is difilcult to mea-

sure, but most experts agree that the gains promise to be enor-
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mous, because improvements in communications exert an up-
ward leverage on the entire gross national product (GNP) by
accelerating the tempo of business life. The only question is,
what will be the amount of the increase in productivity? X7Vil! it

be as small as one percent? Translated into dollars in the GNP,

that would mean a gain of $io billion annuhlly. The indirect
financial gains from improved communications may exceed all
other returns from space.
  The relationship between efilicient communications and satel-
lites can be clearly seen in the recent history of transatlantic.

telephone charges, The tab!e below shows the monthly rates for

a leased telephone circuit between New York and Paris during
the period igsg to ig7i. The rates remained unchanged for a
number of years, but in ig66-immediately after the first com-

munications satellite went into operation--monthly charges .
dropped sharply and have continued to drop since that time.

       NEW YORK TO PARIs TELEpHoNE RATEs: 19S9-1971

             Year ' ･ Doltarsper5Ionth
        igsg through ig6s $io,ooo
        rg66 . 8,ooo
        rg68 . 6,ooo        ig6g ･ 6,ooo
Although expanded cable service also contributes to the reduc-
tion in transatlantic phone rates, the coincidence of the sharp

decreasewiththeonsetofsatelliteoperationsisstriking･ J
  ArthurC.Clarke,whoinventedtheconceptofthecommuni- ,,r
cationssatelliteinig4s,hasmaintainedahighrcputationasa t
seeroftechnologicaldevelopmentsandtheirimpactonmankind. ,,'
Hisjudgmentprobablycanberelieduponwhenhepredicts: i
"Whatwearebui!dingnowisthenenToussystemofmankind. i
...Thecominunicatlonsnet:Nvork.,ofwhichthesatelliteswillbe .
modalpoints,wi!lenabietheconsciousnessofourgrandchildren ,
toflickerlikelightningbackandforthacrossthefaceofthis i
 planet2'

                         Vil
  The thlree cases of weather forecasting, mineral resources and

 communications illustrate the econornic va!ue of space. The
 space shuttle enters the picture at this point because it affords
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S42 FOREIGN AFFAIRS ･       /t       :       i'the most e.conomical means of realizing the benefits of the space

program in the economic sphere. The shuttle moves back and
forth betsveen the earth and space environments. It carries A
?uUSiif8rr?Pp:L/iOfle'gi)YitS'get-ETnrgOiCnkeZ! kee"rgois2enSe 2nng w'iSntrSfohrYXggreel

･:,tu'2i'i :,!,Pbsi,ta',,"¥//r3di,,/iigC,:s'.ge,a,"i#tihekSf.1,gi,;:/R'1:ryfi..e,Fql.iS/k,:i,:',?,:.gis,i/'.･g,f'i.se,11i/G'･/St. .'

gep,nynM.$Osgagn,tge.91iie,i'/lj:rg,ixili.IegsSlisaig9,gPs.'Stt&t･kE,･beViol'E.///ikg2ig"ng,i02".irblxOr2-

first decade of shuttle operations $s billion will be saved in

launch costs through its use. ･
  Additional savings are expected t.o resul.t from the                                              reduced
cost of. the satellites themselves. The cargo bay of the shuttle offers

a gons.iderably gentler and less rigorous environment for dclicate

scientific instruments than today's conventional launch rockets.
Much of the cost of building a rugged design into the satellite

can be bypassed asaconsequence. i
  A space transport system based on the shuttle dalso provides
f,,(ll,?･RIIIIs,,f2r,,Expzi,rif,E,sgtg,i// eq,l".o,'9ix･,!P"g,ls･fthrg,qgl'e2F ,te,2ii{

lites are expensive, and becoming more so as their capabili-

tles expand. The first communications satel!ite placed in opera-

ti.on gver the Atlantic-the Early Bird-contained 24o voice
circui.ts and cost $8.2 million. The recently launched Intelsat IV

supplies up to g,ooo circuits and costs $26 million. The advanced

       --?.g.een3,ug,iaag,ixn,s,tagell'lifie,?･,xr2s,ofigd,i2r,,a.,U69',,ee2igl,Sfii,C,gY%t8.Ill

template throwing away 'one of these ex'pensive devices after a
if,ggfit･,,W,,hefg,i8.C2Phb,e.P,r8,"g,'3,t6b?.g,k,R･g./vdal･ShS'Pbi･l3g,Caig,g,zzYi,2fi

team transported to the                    scene. Round-trip airfare for the over-
haul is estimated to be about $8 million, but for this price the

grew can salvage a $so million sate)lite. The total savings result-

ing from the repair operations, plus the reduction in the･cost of
the satellites, is estimated.to be $7 billion.

,,g,o:,is,2g,Y･fiS6s,a;,ei,iAt2z･,eg,c5i,g･:io,rS,h g,3,o,t?.i,fo,,n,),ii/ro,n,･,,w,,ig,i

ro!e in some sector of American business and personal life, Thc
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list will probably include eight to ten Comsats dedicated to
domestic and international uses, four or more sate!lites dedicated

to worldwide marine and air navigation and traffic control, two
or more satellites devoted to surveillance of the earth's face for

mineral resources, water, timber resources, forest and grazing
lands, fishing, farmlands, and the monitoring of air and water
pollution, and several satellites devoted to astronomy, geophysics,

and other branches of pure science. Experience will tell N,?vhether

to divide these functions among numerous separate satellites as
they are today, or to combine them in a smaller number of large

electronic complexes. In either case, a low･-cost space transport

system will be required to maintain and repair these satellites in
orbit.

  Replacement costs are not the only problem in.satellite main-
tenance. When a space platform is responsible for air traMc con-n

trol or for the communications traMc of a continent, it will not
be possible to permit one of these critically important devices

to go out of service for a day, an hour, or even a minute because
a transistor has malfunctioned. If air traffic contro! over Ken-

nedy, O'Hare and other major airports depends on satellites hov-

ering overhead, interruption of service would require reverting

for a time to the less eMcient modes of control which even today

are becoming inadequate, and which in tomorrow's world would
be extremely expensive. In the !g8os it is likely that the･ U.S.

satellite network wi!1 be constructed on the pri.nciple of a ioo-

percent guarantee of uninterrupted service.
  Continulty of service could be ensured without manned flights .
by bui!ding spare circuits into each satellite, ready to take over

when a failure occurs. The backup equipment might coRsist of
duplicate electronics for all the parts of the satellite or it could

coRsist of one or more duplicate satellites !aunched with the main

sate!!ite and avai!able for service at any time. But when circuit

A became defective and circuit B took over, it would still be
necessary to repair circuit A promptly; othenvise the failure of
the satellite would only be postponed. Of course, a three-fold or

four-fold redundancy could be built-in, but that soon bccomes a

very expensive way of obtaining protection from !nterruption 'in.

service. The space shuttle system is likely to prove the cheapest

way of keeping critical satellites in continuous operation.

  Financial returns arc not the principal criterion for judging
the usefu!ness of the shuttle, for its prime importance lies in the
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tbat arena through a manned flight program to preserve its posi-

tion as a wgrld power. But the extensive use of space is becoming
3:h,/kOu."."O/t.'eii,,¥s2.:,ieiii,ty,:f:Ob,iq,gi;,rg,?Y,£,1ii/;O.,i2irlza¥in.'l,a/#t.d.Va,aec8,em,drz"e:,11i:,g",E

stg,s g･ .iE,{:&d.e, f,xig ,g ss, %f, 52 s.-m. ,os.t a.dg,a,2c. s9, ge.2 es o,Lo,gi' f,i ,2vs.i k'

the economics of the shuttle-in the conduct of its domestic and
foreign affairs.

                         VIII
  Some students of the space program have expressed the view
fhatits impact will be felt in other respects than the cost-account-
li"iig,,P,f iS,%OBi,O,".i ii ,,l),i? dd:･ ,C,tGgg'l.Y.V,efri,"g it.eflC.hg.O:2g.i,C,aB ,tn,V8.Si:::8,",t:

Uon gn the mind and spirit of man, as an extension of the revolu-

    in thought that was initiated by Copernicus and continuedtlon

/sY
, Na lnllg,g"ft,a,x"s g.･ I)/:a2r:IV:,ii:el,i<Nr.･ (li[a"gid,2,/v, e`gR,s IixkSSgrE,g29,S,2,h:rlolg,e,fi,SjJkOu,ry,g

into a new world of untested promise.
  Sputnik and the moon landing signaled the opening of a new
frontier across which man can now travel into the endless reaches

of outer space. The new frontier of space will not be closed
quickly, for astronomical knowledge shows that bil!ions of stars
Fome undoubted!y accompanied by earthlike planets, surround ug

in the galaxy. Space exploration has brought home to more
people than ever before the reality of this vast complex of stars

ga
SS,ll!igav,ne;GS2g` Za2･:"i c;U.hne//S,ll ,il:ilai.t?g,'¥,:tS. 8,i',igsgl. ee' a8?' E･ka,X t9･P,Y'iC.a," g.e:
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