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Introduction

1 make no pretense of having vented
solar energy s some of my {nends jolangly clum Indeed
1t was only m 1955 at Phoenix s World Symposium that 1
discovered the stuff Since then 1 have listened to solar-
powered radios drunk solar disulled water, and eaten solar-
cool ed steaks | have also become mcreasingly convinced
that the day 1s nearing when we will do far more with this
energy than power our satellite and space vehicle equipment

‘While 1 am 1ndebted to many people for much help with
the book 1 hereby release them from any responsibihity for
the errors that may remain confident that these will be
detarls not affecting the validity of the premuse 1 the wele
1 also assume full responsitulity for the opnmistic predic
tions since scienusts and even engineers are cwtious by
nature and trasning

In rereading these pages I note occasional repetition of
tdeas or specific examples from chapter to chapter, but 1
make no apology for such redundancy Without 1t sn
dividual chaprers would not be complete m themselves and
more importantly certain ideas would not have been under-
scored sufficiently Perhaps for the book to communscate

most efficiently you should read it the wav I wrote ir—wth
the sun 1 my eves

D § Halacy, Jr
Glendale Anzona
May 1963
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A Look at the Sun

“While the sunne shmeth—make bay’
—Jobn hreywood, 1546

For a ong ume before and since Hey-
wood gave us this advice in his collection of proverbs, man
has indeed made hay winle the sun shone More recently sc1-
ence has even mmproved on nature with 2 commerciat solar
hay dner to do the job faster and better Thus solar hay
drier, unfortunately 1s a lind of commentary, or small-scale
model of what mankmd in general has done with solar en
ergy—Tittle else but make hay

Our world 1s not noted for its conservarion of anythg, as
ts conspicuous consumption of power attests Yet the prodi-
gal sun bombards us each day with about 32 000 nmes as
much potential pow er as we are able to get id of in rwenty-
four hours' It has been dong this since the dawn of our
solar system and will Iikely continue 1ts kindly performance
for millions and perhaps billions of years of man's fugure
For the maler of hay, at least, this beneficence 15 a never-

1



2 The Commmg Age of Solar Energy

ending source of wonder The rest of us mght well consider
this pnmary source of energy that we call the sun, so that
we can better understand what 1t 15 and tts tremendous po-
tential

Most of us are vaguely aware that our sun 15 actually 2
star, an orange dwarf at that, although the term 15 relane
smce the sun s mass 1 more than 330 D00 nmes that of earth
On this scale, of the earth weighed but an ounce the sun
would up the balance at sbout 30 tons We are puncipally
aware of the sun because 1t shines This sunshine reaches
across some 93 milhons of miles of space 1n a bit over eight
unutes because 1t 15 electromagnenc radiation and travels
with the speed of Iight Most of this radiation occupies the
spectrum from about % micron to 3 microns or mithonths
of a meter A uny amount of 1t bes 1n the extremely short,
and 1nvisble ultraviolet region, about half of 1t 1s the visible
hght we u ¢ 1n secing, the rest ss infrared or long waves

Infrared rays account for the suns heat We learn from
expenence that the sun witl bum our backs if we are careless
at the beach or even our fingers if we are clumsy n usmg 2
burming glass When we remember that ths heat has come
to us over such a magmficent distance and when we are
told that carth and all exght of 1ts sister planets together 1
tercept only about }ysp mullionth of the total radianon, we
realize that the sun 15 indeed a grear ball of fire How hot
we have only recently learned

Some twa hundred years ago the astronomer Herschel
suggested that although the surface of the sun was abviously
quite hot mhabitants mght lne cosily nade st Lept com
forrably warm by the furnace abasve them We have since
atisfied ourselves that this charmungly nave concepr was
gravely 1n error and that the wside of the sun 15 even honer
than 1ts outside

The process of the fusion of hydrogen wta helium
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whereby the sun 15 contmuously converting its matter wto
radrant energy, takes place atan estmated 30 rilion degrees
This 1s far too hot 1o be called burning, or any other physi-
cal or chemical reaction we are fambar with Even the suns
corona 15 believed to reach about 2 million degrees Thus the
surface, at 10000 degrees or so 1s relanvely cool, even
though man can achieve such a temperature only with
sophisticated techniques like those of electrical plasma gen-
eration the shock tube, and so on

Solar Energy Its Potentsal

As 2 result of the fusion mfemno talang place m the sun,
then, an apprecuable amount of energy strikes the earth Of
course this energy 1s not as great as that leaving the sun, hav-
ing dirmmshed during 1ts 93-mullion mile trip by the law of
nverse squares The ‘solar constant,’ the average amount
of sun energy just above the earth s atmosphere, 15 called
the ‘ fangley,” and amounts to 451 Bru s per hour per square
foot Translated into terms we can more readily visualize 2
square yard of area exposed to direct sunhight continuously
recenes nearly two horsepower from the sun!

Thus value 15 2 maamum figure and 15 only approached
atop high mourtains or 1n very clear air Clouds, haze, dust,
smog and fog cut the amount of energy recewved and Lon-
don and Los Angeles are not bihely candidates for solar
energy installations However an acre of ground i the
southern Umited States recenes the equualent of 4,000
horsepower under bright sun at noon and 2 quarter section
of land 1s showered with energy equal to that delivered by
an oif well producing 2 500 bareels of coude ail 2 day Closer
home the solar energy beaung w astefully down on our
hausctop amounts ta perhaps 2 hundred times that coming
m through convennonal unlity wires



4 The Comng Age of Solar Energy

To put these figures mto better perspectne, we can com
pare them with our present use of power from other sources
Yearly in the Umted States we use, 1n addition to man and
amimal power, 8 trilion horsepower hours i mechameal
devices It s indeed forrunate we do not have to stable such
an amounr of horseflesh Bur while we are burmng up what

Houne Wilion Palomar Qbservatonies

Solar promnenees tower up from the suns surface Ther size 18
mdicated by the white dot which 15 the dumention of ea

seems a mountain of energy the sun s sending us 12 000
tnllion hersepower hours

Solar enetgy, then represents power and plenty of ar Tt
15 free and st 1s evervwhere and i requires no transportation
or mamtenance But to the man who now buys power con
semently for as hetle as 2 peany a kifowart hour, what does
solar energy represent bur an mteresting and amazing soen
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tific cunosty® The answer 1s smple The end of our *fos-
siP? fuels 13 1 sight, and ar the very nime man 1 demanding
power n creasingly large quantiues The day 15 coming
when we must look around for more sources of energy than

coal o and even nuclear energyv
.

Our Energy Needs

A few hundred years ago man could sausfy his modest
demands for energy with muscle power, either s own or
that of helpers, slaves, or ammals This muscle power he
sometimes augmented with power from waod, wiad, and
water It 1s important to note that thus 1 pretey much a cur-
tent or day-to-day, use of solar energy, a lving within our
meome from the sun Even when men spoled the forests, a
relatively few years would replenish them

Then man grew clever enough to discover he didn’t have
to live on ncome but could use the ‘capial’ energy narure
had caprictously stored for hun over mullions of years The
fossil fuels are so named becsu-e they are acrually composed
of long decayed plants and ammals In them the energy of
the sun, converted not too efficiently to hydrocarbons, has
beett stored safely through the ages When man began 10
bum coal and orl he found an easy way to get worlk done

At first he drew on these mhented fuels at 2 low enough
rate so that his balance of power” remamed favorable Even
as farc as 1850 he had used up only a small fraction of the
capttal energy stored i the ground By that tme, eight and
1 half miflion Amencans were usmg only about one-third
horsep apiece 1n mect | equip But man, ever
smarter dug deeper o hus wonderful bank By 1900
PUWEr consumpuion was closer to one horsepower per head
and the heads had mcreased sbout eight tmes

Fortunately the popul had only doubled

agam by
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1950, because each man wonun and child n the Unied
Statey was then using more than thirty borseposer Thus,
the geaceal crend tosward more use of poser not only con
tinued but accelerated greatly In the hundred years from
1850 to 1950 man used almest half as much energy 28 he had
n all the ime from the burth of Chrnt to 1850 Since then,
consumpuon has became even mare raped Today some of
our garages house two or three automolules each wih
hundreds of horses under the hood ready to respond greedily
when we push down on the aceelerator Jec arerafe gulp
fuel, space vehicles are even less deheate The term power-
mad applies in 3 speenl sense 10 modern afftuent sociery

Whete does all the power come from® Figures shaw that
98 pes cent of 1t comes from the fossil fuels of coal and ol
Wood and ather catbohy deate fucls by droclectne poner
wind power, 3nd so an make up only 2 tiny fraction of the
total The butk of our power 15 being dravwn from those capt
tal energy supplics that nature was peshaps three hundred
miflion years sn making and to which she 1s now adding so
slowly that the mcrease 15 not worth considening

To simphfy energy caleulations on a large scale the term
* Q" has been mtroduced One Q equals 30 ilhon tons of
soft coal and up to 1950 man had used only about 9 of
these Qs In the next century chough he used anather 4 Q
Present consumption has been hyhed ro abour 10 Q per cen
tury and 1t tahes but hetde chought to reslize the rate sands
to mcrease for two reasons First populition 1s growing
rapidly 1t s smd facetiously that we ase doomed 1o stand
clbow ta clbow covermg the carth 1n three hundred years,
1 which case the problem will sobve stself and we will need
little fuel anyway' Second, and perhaps a5 pressing as the
nerease in populatson, 15 the per capia rate of energy con
sumption Powenwise, 25 the ad men say, we are cought m 2
two way squeeze
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.The size of our balance of fossit fuels remamning today 1s
not known exactly and 15 the subject of a hvely numbers
game Esumates range from a pessmstic 27 Q to an optr-
mistic 200 Q, whuch larter inclades a large amount of esn-
mated reserves Since by 1975 we will be using one Q every
five years, and a further wncrease in consumption at the rate
of 4 per cent per year 15 perhaps conservative in the extreme,
some authorities see an emptymg of the supply of gas, a1l and
coa) 1 2 hundred years o ess Even the nuclear fuels that
brighten the picrure are not mexhaustible Some see fission
power gone in an addiional one hundred and fifty years
and fusion power—assuming that we are formnate enough
to harness 1t profitably—not good for more than five hun-
dred Thus 15 not even the most pesssmusuc forecast, some
anthorites see the end 10 sight much more quickly

As yet we have not looked 2t the whole picture of our
dwindling stockpiles, these matensals are important for other
reasons than merely as fuels As an example vanous proc-
esses 1n industry make use of carbon and'the chemicals we
are prone to burn up as fase s we can to make power Thus,
even 1if we have a hundred years of fuel potennal 1n coal
and o1l we mught do well ro save 1t or some part of 1, for
other uses than heat or power

Fuel 15 not our only shortage esther Fresh water supplies
are scarce in many parts of the world and surely we must
have drinking water whether our automobiles run or nop
Heavy use of fuel to converr salty or otherwise undnnkable
wiater 1o fresh will make further demands on the supply
Solar energy has proved uself m disullation plants, though
as yet the costs of capital investment are not competitve
with “cheap ~power distllanon plants Yet a scientst speak-
Ing at a recent symposium on the disnillation of water saw
fit to mention that there was hirtle reason 1o seck out ways of
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convernog water USINg ugncony ennonal sources of energys
since We 2eemed to Tave enough fucd for another century
We can bve 2 ic longer without food than without
water, but we need 1004 t00 more than we do fucl Al-

though the xed States ¥ P gt surpluses:
most of the world suffers fr o hirdle fo 3 1f jstrans us
1o feed TWO half biilon, at ¢3! fer the aght
pithon Wio e hungry 050° Agd o be
headed toWd & 2 Malthusia® P! Nawre & 4 not leave
s any StoC p\l food, We st e 00 the come she
pm\ud e authonuies see a Situd so despesate that
an will forced o © adable foot of sol, event
farmung ¥ eas he must Jeave 1m W ¢
suse of cold Yer even with this exhaustve U of the lan¢
s pomted out earth ean support 14! any Peopis
density pernaP; aly twice that of present day Jap? n
ceresunply, 115 he Japanese who are doing o use Sun-
hight 1n gE0° ood, and iso for coohin and heaudg
An acre of und can be expected © ronide crops of
sbout three ons ¢ eght pe ¥ D Farnngto?
Dantels of th ersity “Wisconsin points ut the amaz”
ng fact that1tis tbeoremally possxole to prodd «ame

amount—three cons—in asnge day onthe same 31 of land!
Obwiousty such 2 goal 1 \myossm\r. of achievement but 1t
does gwve promise of the m\provemtm ¢that may b€ made
Already, work with algae called chlorella has mdxcatcd that

ar per 2 be grown f

erhaps tW¢ tons a Y& re C3 ,

the algae ¢ be pcrsmdcd 0 grow hot Wately
even hight yiclds are posst One need for such develop-
ments ought not to be ™ 4 even tods efficient, MEC
amuzed farmios sequires )9S bout 2 calore of energy ©
produce calone of od thisisan 23d¢d drawn 00 our fuct
supply

1
Faced with this empryIng fuel bin, what can m20 Jo about
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1 He could, of course, cut down on his use of power Laife
mght be livable without inefficient two-ton automobiles,
Jet specd transportation, power lawn mowers, and electric
toothbrushes Some people do live with 2 mnunum of me-
chanical contrivances Surely, if 1t 1s impossible to get n-
creased power, man must do without it But all indications
are that he will bend every effort not only to mamntan the
present luxurious use of power but even to merease st This
inerease will be on two levels, also, when the underdeveloped
peoples finally begin to catch up wath their “have” brothers
One prediction foresees the use of fifty umes as much power
a century from today

Since voracious man must have power where will 1t come
from® The 1dea of producing wood for tus purpose has
been advanced, and invesugated thoroughly It seems an
attractive proposition, 1n that man would be hving off the
ncome of solar energy, but there 15 an Achilles” heel to bring
the scheme down Hard figures show that if al} our arable
land were used for wood, or even for advanced and efficrent
algae culture, the fuel produced would provide only 10 per
cent of the requirement of the world’s people We would
also be homeless—since most houses are buile of wood—~and
would starve to death 1n the bargain

For those who look beyond themselves to the gencrations
who will mhent the future we make for them, the picture
15 not particularly bright unul we tumn to solar energy, the
prunary source of all but atomic power, and the only sup-
ply that 15 inexhaustuble Not even the most avid solar buff
suggests switching 1o 2 rooftop solar plant tomorrow, but
we might well begem explomation of direct solar Cnergy as a
substitute and eventual replacement for our fossil fuels, and
finally as a supplement to nuclear energy--which even opu-
mistic engineers sce as delnering only 10 per cent of our
needs within the next twenty five years
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We have seett that the world uses sbout 1Q of enctgy
cach yeat Yetn 3 year the sun drenches the earth with not
one-tenth of 2 Qor 0 put 2,300 most of whuch 13
anused! The sun offers @ tremendous pom\ml i energys
aot just for the few but for every humat peng o carth

This kg anformnately. 5 ot casy for men spoied
py the loxury of stored encrgy It s not as €35 & g

handy subterranean storage 1anks of gas and o1t But swrsly
the harnessing of sunhght should be 2 far easiet qask than
that of unieashing ¢the atom OO whuch we have spent many
tlhons of dotlars and whuch remains 2 tricky and treacher”
Qus source of power

Nuclear power 15 by nature the domain of govemment
and requires the spending of huge sums However thavgh
the moon seems 1 danger, nobody OWDS the sun and sun-
ght falls 1n all our packyards fes appaxem\y crue that p9f
syandard of hwing depends ont the encrgy avatlable ©© us
and solat energY {alls wih 1m0 regard for race colar OF
creed It obeys only the taws of physic and of gmgraphy
and thus W€ have 2 wide sotar belt berween fatudes
degrees porth and south W thm which there are large

nck woul

Light Harness for the Sun

Alogical gesnion at this pomnt 1 why we are ot making
£ et anbehievable ponansd 1t the form of sotar energY



A Look at the Sun 11

The answer, of course, 1s that we are using 1t and have been
from the beginning All our energy—except atomic and
nuclear power—comes ongnally from the sun A solar-pow
ered radio draws on the sun directly, but 2 gasolne fueled
auromobile also uses solar energy—stored sofar energy, i
which the sunshine of ages ago was trapped 1n the earth un-
ul reclaimed by oil dnillers

The hydroelectric dam 15 an example of solar power
though 1t 15 teresting to note that the energy of sunshine
falling on the surface of Lake Mead 1s five imes the output
of the generatars at Hoover Dam' The windmuilt depends on
the sun and even the udes are a form of solar—and lunar—
energy, since they depend on the pull of those celestial
bddies There are’a number of tidal power schemes in op~
erition today, but their rotal output 15 tiny compared with
cofiventional power plants Harnessing all our tidal power
watild not take care of more than a fraction of 1 per cent
of our needs

Our food and lumber come to us courtesy of the sun, so
dots ranfall, and so do the fish we get from the sea We
wete born of the sun and depend on 1t for sustenance Buc
otitslde this more or less passive acceptance of the suns
bolitity we have done litle with its energy potennal The
ancient Egypuians behieved that the sun-god, Ra, journeyed
ddting the might through an underground and hellish nver
so lie might nise agan next morming 1n the cast There are
suill people taday 10 some lands who thunk that the sun steals
back across the dark mght sky But we, in the sophistication
of bur taughter, are perhaps more ignorant than they While
the savage at Jeast worships the sun, we know hrtle of i, care
not much, and do even less about it

Sothe effort has cerrainly been expended toward provid
g solar devices for use m coolung hedung, and even pump-
g for possible use i underdeveloped areas of the world A
tihy group of solar energy partisans i several lands have



b 2
Assoesto” for
Solar exhibies 3% th ortd symposmm !
eanon for App\\ed Solar EneT 0 Phoet*
okers and bt



A Look at the Sun 13

when the public learned that such 2 roof would cost hun-
dreds of thousands of dollars and that the solar car was as
far away at the moment 2s anu-gravity screens, mterest
waned

The one truly encouraging development was the Bell
Telephone Laboratonies’ solar battery, an honest-ro-good-
ness breakthrough 1n solar energy technology Where eathier
photocells had effictencies of only a fraction of 1 per cent,
the new “semconductor * matenal yielded about § per cent
at the outser and 1n 2 few years jumped to 12 per cent with
an occasional 14 per cent cell produced Sciennsts foresaw a
possible increase to 20 per cent efficiency and 2 reduction
price to make 1t more practical

On other fronts a few solar-heated homes were built, and
there were jokes about people hving 1n glass houses or
Macy s window No one worried much that one-quarter of
our fuel 1s used for space heaung The Department of the
Intenor researched solar snils for reclmmng salt water, and
there was a flurry of interest m the solar furnace for re-
starch and perhaps even as an mdustnal ool After all, the
French did have such a device actually in operaton. Gur
Aur Force announced grendiose plans for a furnace with 2
murror ane hundred feet~or mayhe even two hundred feer—
n diameter Solac radios were marketed, though not very
successfully Toys run by the sun were demonstrated along
with expenmental electnic shavers and beacon-lighe flashers
We were treated to solar chicken coops, foi-lined solar
“baths,” and solar hay drers

Widespread use of solar energy did not come The Air
Force decided not to bother with s furnace Electric plasma
techmiques yielded hugh temperatuses and didn't requre
huge mirrors and clear skies The biggest furnace 1. the
United States was a 28 footer built by the Army Quarter-
master Corps for research into the effects of nuclear blasts
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The solar boat unfortunately became a controversial 1s-
sue Branded by some as another solar boondoggle, the proj-
ect was halted just before the boat was campleted Solar
researchers have been hamstrung on other fronts and for
other reasons too Lightweight reflector stoves offered at
low cost in India have not buen accepted by the natwes,
who still would rather roam the area looking for scraps of
wood or ammal dung to bum for fuel In our southwest
Indians and Mexwicans exposed to the same land of solar
cookery decsded 1t did not do 2 good enough job on the
frijoles, and interest lagged Efficient solar ovens are of little
use at mght when many primitive peoples are accustomed
to cooking thewr big meal and for this reason have not met
wnde welcome Frustrated cooker desgners leamned that any
departure from standard operating procedure must take 1ito
account not only local economy but local custom and pref-
erence as well

While the people for whom the solar cookers were fitst
developed stayed aw ay in droves, soie adventurous campers
and backyard cooks did buy commercial models in a vanety
of types Hobbyists bunlt all sotts of electrotic gear tisng
solar battenies, and some “bams” boasted of mFe DX pes-
formarice ofi fractional wate solar i

The proreermg Association for Applied Solar Energy
weathered the solar storm Housed at Arizona State Um-
versity, and with funds from the National Scichce Foun-
dation, AFASE continued to act as a tleannghouss for
information and to stir up mterest for further conferences
on solar energy

In 1961 three were held, wcluding the UN Conference
on I\}I,:w Slources of Energy which also discussed wind and
geothermal generation of power At this meeting Pope
XXt addrgsScd the gathezmg s follows & Pope John

In our time 1t what one might call the technical age of
humamty. the possibilities for the utihzation of energy have
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cious fuel to dissipate solar energy which would be better
put to use to power the cooling mechanism

Another broad area of solar research was simply that of
pinnng down more exact values for the solar constant, and
other quantitative analysis The study of solar flares, those
vast outpounngs of raditon that not only confuse com-
munications on earth but endanger man m space as well,
proceeded carefully at the Awr Force laboratones at Sacra-
mento Peak in New Mewico and at other places

All thus diligent research was fine, of course, but 1t was
seldom reflected m pracucal applications Progress was so
slow as to be almost impercepuble outside the research
laboratory The journals pubhshed scennfic arucles but in-
terest seemed to be at an academic level with hiele or no
hope of ever being reduced to practical applicanion If the
use of solar energy 1s ble, and even on a

relative scale, why dhe draggmg' of feet? The reasons, we
find, ate many and ccmpelling

Barrsers to Solar Energy '

Sunshine 15 plenuful but its energy 15 diffuse and at a Jow
temperature This energy 15 also vanable and requires a
storage system to make it available whenever needed There
1s something else too, 2 strong hunt of black magc or chi-
canery, in the notion that we can pull energy out of thin air

Among the factors that make up the conspiracy agamnst
the sun perhaps the strongest 1s that of mertia The dictum,
“If 1t was good enough for grandpa 1ts good enough for me
and the kids* sums up this phenomenon So you could heat
water with the sun or cook a meal on a refector stove So
what? You could also probably cook with music 1f you
worked Jong and hard enough at 1t but whar would be the
pomt®> You could sull buy a million Btus for a quarter, 1
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Lerosene, and 1t was so easy to strike a match or turn 2 valve
or push a butten

Cheap conventional fuels, then, are another reason for not
pushing solar energy applicatons A camper can buy a gaso-
Iine stove for half what a folding solar reflector would cost
and 1t does Dittle good to pornt out that he could also use th-
Iatter for an umbrells when 1t rains! The prospecave buyer
of a solar house-heating sy stem 1 faced with a capitat outlay
much greater than that required for a gas or electric system
agamnst the promise that his solar heater will be economical
over a long period Solar encrgy s free, to be sure But the
taking isn't

The fact that 75 per cent of the sunshine huts water 15 2
consideration, too And even though a square mile of st
stine seemed to be equivalent to tﬁrce million horsepowé,

14 huddered at the thought of erecung 4 collectot
thit size It was easier to rock along oh cozl and oll, sure that
Providence would not let our descendants down As luck
would have it, Providerce didn’t

Under pressure of war the powkr of the atom was har
tiessed Fot years men of scrence and seience fiction had been
dreathing of extracting enough energy from a thunbleful of
matenal to drive an ocean hner around the wotld When the
smoke and debtis cleared away after the war, 1t seemed that
we actually had succeeded 1 doing just thar A pinch of
uramum could produce the power of tons and tons of coal
so who cared 1f coal was getung scarce! Scienafic man had
triumphed, though many men of science were frankly
amazed to see the atom licked sooner than the sun But
money for research and development seems to guarantee
the successful carrying out of any scheme

Some brave men still had the conviction that our future
yet lay with solar energy In 1959 Senator Alan Bible of
Nevada a state which reckons 1ts sunlight an asset second
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only to 1ts slot machines, proposed setting up a research fund
of $10 mullion for solar energy Introducing Senate Bill 2318,
Bible said in part

Some one once caleulated that the enormous power tvelved
m the huge atomic energy reactors at Hanford Washungton,
does not surpass the solar enesgy which every day in the form
of sunlight falls unused upon the roofs of the Hanford build
ngs To express it another way there 1s more energy recewved
from the sun on 2 half square mile on a sunny day than there
1sn one pound of U 235

‘The bill was duly referred to the Commutree on Aero-
nautical and Space Sciences, the group which seemed to
come closest to sun power No favorable action was taken
More recently, Senator Hubert Humphrey of Minnesora
has introduced a sumlar bill which 15 having abour the same
tuck

Alongside the glamorous atom solar epergy was a drab _
country coustn To wreck its chances further, along came
the hydrogen bamb and the suggesuon that maa could duph-
cate the process of the sun m such a device Fuman was
hatled as far more wonderful than fission, though some
thaughtful scienusts suggested 1t mught be berter 1o keep
the fusion power plant and ys mulumilion degree tempera-
tures at 3 safe distance, say 93 million miles The fuel for
thus exouc power plant 15 dewteram o heavy water, and
everyone knows that the earth 1s mostly water anyhow Qur
problems were solved and surely fusion would provide for
us as far 1ra the future gs anyone could see

The fictional Ruseian philosopher, Kuzma Prutkov, de-
cided that the moon 15 more useful than the sun, sice it
shines at mght when light 15 needed while the san 5 of
birtle use 10 daytime smee 1t 15 light anyway! In such a fash-
1on we too disruss the importance and potential of the sun
Astronomer Donald Menzel has perhaps put his finger on
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kerosene, and 1t was $o ¢asy to stnke 2 match or curn a valve
or push a button

Cheap conventional fuels then, are another reason for not
pushing solar energy apphcations A camper can buy 2 gaso-
hine stove for half what a folding solar reflector would cost
and 1t does little good to point out that he could also use the
latrer for an umbrella when it rams' The prospective buyer
of a solar house heatng system 1s faced with 2 capial outlay
much greater than that required for a gas or elecenc system
against the promuse that hus sofar heater will be economucat
over a long penod Solar energy s free, to be sure But the
taking 1sn t

The fact that 75 per cent of the sunshine huts water 15 2
consideration, too And even though a square mile of suti-
stine seemed to be equivalent to lﬁree mithon horsepower,
engineers shuddered at the thought of erecting a collector
dhist size {t was easier to rock alonj oh coat and off sure that
Providence would not let our descendants down As luck
would have it Providence didn’t

Under pressure of war the poser of the atom was har
nessed For years nten of science and science fiction had been
dreaming of extracting enough energy from a thimbleful of
material to dnve an ocean hiner around the wotld When the
smoke and debris cleared away after the war, 1t seemed that
we actually had succeeded n doing just that A pinch of
uranium could produce the power of tons and tons of coal
50 who cared if coal was getting searce! Sciennfic man had
trumphed, though many men of science were frankly
dmazed to see the atom hcked sooner than the sun But
thoniey for tesearch and development seems to guarantec
the successful carrying out of any scheme

Soime brave men sull had the conviction that our future
yet lay with solar energy In 1959 Senator Alan Bible of
Nevada 2 state which reckons 1ts sunlight an asset sccond
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only to us slot machines, proposed setung up a research fund
of $10 million for solar energy Introducing Senate Bill 2318,
Bible said 1n part

Some one once calculated that the enormous power tavolyed
n the huge atomic energy reactors at Hanford, Washington,
does not surpass the solar energy which every day, in the form
of sunlight falls unused upon the roofs of the Hanford bwild-
gs To express it another way there 15 more energy received
from the sun on a half square mile on a sunny day than there
15 1 one pound of U 235

The bl was duly referred to the Commuttee on Aero-
nautical and Space Sciences, the group which seemed to
come closest to sun power No favorable action was taken
More recently, Senator Hubert Humphrey of Minnesota
has introduced 2 sumular bill which 1s having about the same
Juck

Alongside the glamorous atom, solar energy was a drab
country cousin To wreck its chances further along came
the hydrogen bomb and the suggesuon that man could duph-
cate the process of the sun in such a device Fusion was
hailed as far more wonderful than fission, though some
thoughtful scienusts suggested it might be berter to keep
the fusion pawer plant and 15 mulumillion degree tempera-
tures ar a safe distance, say 93 million miles The fuel for
this exonc power plant 15 deuterrum, or heavy water, and
everyone knows that the earth is mostly water anyhow Qur
problems were solved, apd surely fusion would provide for
us as far 1nto the future a8 anyone could see

The fictional Russian philosopher Kuzma Prutkov de-
cided that the moon 15 more useful than thé sun, since 1t
shunes at might when hight s needed while the sun 15 of
lietle use 1n dayrsme since 1t 15 hght anyway! In such a fash-
ton we too dismss the importance and potential of the sun
Astronomer Donald Menzel has perhaps put Ins finger on
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the reavon for our apathy He likens the sun to a husband
who 15 so dutful and dependable that he 1s not appreciated
In fact, the sun’s very regulanty keeps us from even nonc-
g 1t The squeaky wheel gets the grease, and the sun 15
generally just too quier

Solar energy then, or at least its fruiful applicaton
scemed doomed to wait unul the day of reckomng was
nearer at hand, when man would actually scrape the bottom
of the stockpile the sun had willed lam Had 1t not been for
this stockpile he would have learned long ago to use direct
solar energy Later, had 1t not been for the apparent promise
of the nuclear fuels, he might belatedly have begun to learn
But man, 2 natural being, behaves n a natural way Like
water obeying the law of gravity, he seeks the easiest course
In 1957 something happened to change that course

Space Flight and the Solar Boom

Laterally from a clear sky came the boost that solar energy
sorely needed The exploration of space lifted uself from the
pages of science-fiction magazines and became reahity Rus
sia lofted Sputnik I to open a new and challenging era The
United States followed suir and space was soon sprnkled
with dozens of satellites and probes It was shortly evident
that once m orbit or on their way 1n space such vehicles
had need of a power supply, and the solar battery, sull oo
expensive for most earthbound applicanons rose to the oc-
casion kike a champion

In this modest debut, a few solar battenies of an czrly type
were ngged to the Navy s Vanguard I a fittingly unsophists
cated space vehicle Within 2 few weeks of launch the con
ventonal storage battenies mounted 1n Vanguard went
dead Not so the solar batteries On every pass they fath
fully beeped out their reassunng message Frve years later,
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The power output rose from a few watts to several hun-
dred and then space planners boldly asked not for watts but
falouatts, a hilowatt being more than one horsepower Sci-
ence ficnon was foll of vivid deseniptions of hyper-space
drives, ant grav screens, and force fields, but no detailed

Nanional A, & Space A
The Vanguard sarellte showing mounting of sof2r battenes.

bluepnints for accomplistung these exotic propulsive mech
ods. “uclear power was 2 more logical candidate but with
1t come problems of shielding waste disposal, and so on
Contracts were let for nuclear reactors for space power
pliry they were also let for solir pawered plants
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Out 1 the clear hard vacoum of spice solar energy at
fast came snto ws own for two reasans There is more sun
shine there than on carth And thats about alf there s A
space ship travelng to Venus could not stop at fillmg sta-
tions along the way, but perhaps solar energy would make
such stops unnecessary Al of space became one vast fuel
tank Today there are 15 kilowatt space solar power plants
being developed There are dreams of larger ones with huge
collectors of thin plasuc generating a hlowan of power per
Lulogram of weight with the same plastc also forming 2
huge solar sarl to kite the spacestup along And the Russans
have even described a plan for plaung the moon with 2
coating to make 1t 2 huge power plant in the sky'

The Path Abead

While many authorities feel that nuclear power will be
the ultimate 10 space, 3 top officual of NASA recemly stated
that all space vehicles to be launched for the next several
years will use solar pawer of one kind or another Starting
with solar batteries the apphcations will progress to thermo-
clectnciry  thermione conversion  thermal mechanseal en-
gines using hiquid metals as 2 worhing medium and perhaps
more sophusticated systems such as solar heated hydrogen jet
engines and 1on propulsion

There 15 2 boom 1n solar energy 1 the moment then, a
boom fostered by man s teap into space The lowdy sunbeam
that couldn t make the grade as a cooker for Asians or house
heater for Amenicans 1s naw 2 ghmarous space age baby
and grow ing rapdly on the diet of dallars from various gov
emmental agencies eager §at space panes

Wartime devclopment of rdar eventually helped brng
TV mto most homes The use of solar energty as a space
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power source has already hinted the possibility of global
communication and educauon through such a medium, and
may lead to many more pracucal apphications on earth Man
found helium 1n the sun, now he seems to be discovering
solar energy by looking into space



2

The Solar Boom

World War Il spawned the rochet, and
nevitably the dreams of space flight began to become realicy
mn the fumbling years after the war German experts were

p d from their defeated homeland and went exther east
to Russia or west to the United States Shortly thereafter
modified V-2 mussiles lefr over from the war began to poke
inquisiavely into the blue sky at White Sands Proving
Grounds and elsewhere Slowly, more sophisucated designs
followed them untl mssile men trembled on the brink of
having the power and the technology to loft a mussile, or at
least part of one, 1nto orbir

‘Long play’ rockets, thewr makers dubbed them smul
mngly though how prophetic that term was few would have
been opumustic enough to believe Russta led the way, hur
sng Sputruks 1 and 1 around an astomshed earth late 1n 1957
The United States matched the feat with Explarer 1 early
1958 These first successes were short-lived orbits but in
the wings was a surpnse Long before a satellte was func
nionung in space scientists hnew that traching one would be

25
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a problem The answer other than frustraung visual “Moon-
watch’ teams was radio communication from satellite to
carth Of course such a radio could be powered by conven-
tional battenes but there was another tvpe newly avalable
~the Bell Telephone Laboratonies solar battery, invented m
1954 and already a precocious cluld Its use an space had
been suggested 1n Januarv 1956, and by June 1957 army
scientists had aiready atrached some of the treated silicon
wafers to a navy Aerobee Hi rocket Such hitchhiking” of
experumental equpment was the vogue and 1t was some-
thing of a battle to wangle space aboard the mssile for the
solar battery test The expeniment worked well and a solar
radio carred sloft transmitted signals unnl the mussile burned
up n re entening the atmosphere The fight had proved
the feasibality of sun power for satellite equipment
Working fevenshly with the mavy scientsts, United
States Army Sizal Engineening Laboratories installed 2 tny
radio powered by six small solar panels on the Vanguard
TV-4 (for Test Vehicle 4) This project was already
plagued by several fallures of the booster, and there were dis-
gruntled complamts about al the services trying to launch
satellites instead of consolidating thewr efforts and saving
fime and effort But on March 17,1958 Vanguard rewarded
1ts backers and confounded crities by placing a satellite the
size of a grapefrmr and wesghing only 3% pounds mto ellip-
ucal orbit ranging from about 400 miles to more than 2,400
rmles above the earth Gleeful workers at USASEL recewed
a congratulatory telety pe message from the Navy almost
wnmediately
EASTON TO ZAH! ZIEGLER HUNRATH HERCHAKOWSKI,
OF SIGNAL FNGINEERING LABORATORIES CONGRATULA
TIONS' SOLAR POWERED TRANSMITTFR WORKING PER-
FECTLY YOUR COOPERATION ON THF PROJECT DFEP!Y
APPREICIATED
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How perfectly, and for how long the solar-powered
transmitter would contnue to work could not have been
predicted by the most widely elated of the crew Nor was
the full imphcanon of the fear yet apparent Solar battenes
by the hundreds of thousands would soon follow the 108
uny sihicon chips mounted on Vanguard 1s six-inch satellice

U.S Army Signal Corps

Closeup of Vanguard solar battery cluster The
continuously since March 18 m;y cluster These have operated

The space age of solar power, the shot n the arm that
may well hasten the widespread use of the sun’s energy 1n
terrestrial applicatio 15, was thus modestly ushered in by a
minuscule satellite 5o small as to be embarrassing to many
prdeful Americans Yer the uny ball has been a ventable
gold mine 1n the sky for scientists proving among other
things that the pressure of sunlight s apprecible, as the

>
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satellite has actually been displaced about a mule each yearin
this manner A more mundane result has been Vanguard s
use by the Army Map Service to plot accurate coordnates
of 1slands 1n the Pacific

Of special sausfaction 15 the fact that despite fearsome
radation from the Van Allen belts constant sandpapering
by micrometeontes and the hot breath of dreaded solar
flares the uny satellite conunues to becep its radio messages
mernly Estimates put the expected hfe of the satellite at
from two hundred to one thousand years and 1t may well be
that the solar-powered radio will continue to “play for 3
good part of that ume In fact, because of Vanguards per
sistence some follow on solar-powered satellites have been
equipped with tme switches to silence them after a certain
period so they will not forever clutter up the airwaves!

Putting the Sun to Work

Vanguard was well named While 1ts tiny solar power
plant had 2 designed output of only a feeble tenth of a watt
dozens of later satellites have carried ever larger and more
sophusticated arrays of solar batteries In the United States
other space vehicles followed each of them bigger and
mountng more elaborate gear and instrumentation As an
example of the popularity of solar batteries for space use
NASA estimates that 154 000 were used 1n 1962, 410 000 1
1963 and 1964 and 1965 wll use 796 000 and 978 000 re
spectively This does not count those used by other toun
tries of course Russias Sputnth III incorporated solar
battertes as have most of her satellites sent aloft since

Because of the simplicity of even the newer solar battery
both 1 appearance and 1n ‘operation 1t 15 natural to consider
1t 2 one purpose device good only for the generanon of
electnieity This happily s far from the case and the solar
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bartery 15 alreadv performing other delicate and complex
tasks 1n 3ts SPACE TSSIONS For example, 1t was nated long
ago on the relatively simple Vanguard 1 mstallation that the
solar battenes offered benefits other than just the power
they generated Cessation of the radio signal ndicated pre-
cisely when the satellte passed from hght 1nto shade, an
important prece of mformanion to tracking stavons The re-
verse effect was true also A satellire launched soon after
Vanguard 1 carried solar batteries whose function was to
turn equipment on and off as the satellite passed from light
to darkness and vice versa

Even before satellimes had proved themselves feamble
scientists and engineers were lymg awake nights cunkmg up
other tasks for them besides 1dly sweeping the sky in their
orbits Thus each satellite has had little Jessure time but has
been pressed 1nto service for a multitude of jobs The “eye-
1n the sky" bhas long been a provocative idea and such an
Orwellian concept for space was a natural development
While early sateflites were scrupulously shot mnto orbats
that would not lend themselves to such cloak and dagger
motives, 1t was mevitable that projects like the one dubbed

Big Brother' be developed Midas and Samos and Vela
Hotel are some of the colorful and confusmg names that
have been chosen bur all such orbutal sentries have one pomt
mcommon In order to function they need a constant source
of power to monitor gtomic explosions, missile taunchings
nuclear warheads and so forth And solar batterses offer thar
source plus freedom from any radition of their own that
mught confuse the delicate monitoring equipment

Another hind of eye and one of 2 more creanve nature, s
that of the weather satellite Early in the game the proposal
was made for a satellite mounting a photocell to scan the
earth Ths simple device would transmut esther 2 dot of hghe
or nothing, depending on the presence or absence of cloud
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cover By puttng together enough of these white and dark
spots 1t was hoped that weathermen mighe get a rough 1dea
of what earth s cloud cover looked Iike from several hun
dred miles up The scheme was thought overly opnmistic by
many, but even before 1t could be put into pracuce space
technology leapfrogged it and came up with a weather
surveillance satelite which made the hghe and dark spot
method look as crude as the carliest moving pictures com
pared with today s three dimensional wide screen Techm
color epics This was Tiros the weather eye made practical
by our Lttle friend, the solar batrery

The Natonal Aeronautics and Space Agency managed the
Tiros program, with techmical direction by United Srates
Army Signal Research and Development Laboratory RCAs
Astro Electronics Division developed and produced the
prototype Ttros I which was launched on April Fool s Day
1n 1960 and promptly fooled just about everybody by re
laying back beauuful television pictures of cloud cover over
most of the earth between the latirudes of 50 degrees north
and 50 degrees south

With power furmished by 9 200 solar cells that hterally
formed 1ts complete outer covermg Tiros ground away
with TV cameras and also monitored infrared radiation and
other phenomena With two cameras mounting wide- and
narrow angle lenses, Tiros I produced nearly 23 000 pic-
tures And what pictures they were! No longer did man
need 1o gather weather data from widely separated points
and laboriously construct a crude and often erroncous,
weather picture He could see the world w eather ar a glance
Cloud patterns showed 1 lugh degree of organizaton hereto-
fore only suspected and hardly hoped for Cyclones were
observed to have a distinct spiral or vortex cloud pattern
even 1n extra tropical areas—a revelation to weathermen A
storm off Madagascar was tracked by Tiros for five con
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secutive days jet stream actvity was studied, and there was
even awerrd square cloud spotted i an area that proved to
harbor tornadoes in Kansas

Natonal & Space

Tiros 11 weather satellite reflects ight patterns during spin
test. Solar batteries cover its outer surface

Designed hopefully for three months operation Tiros 1
came within two days of making good 1ts planned lifenme
Mechancal and electrical difficulties shut it down there was
no problem with the solar battery power plant

Tiros Il incorporating smprovements was launched 1n
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November of 1960 and operated for twelve and a half
months Despite an unfortunate smeanng of a camera lens
by the exhaust of the launching rocket, and vanous mechan
1cal difficulties more than 36,000 usable pictures were trans-
mutted Supphed by Tiros {1 were pictures of the ice flow
situation 1n the Guif of St Lawrence, advance information
of a cold front which alleviated 2 heat wave in New Zealand
and observauons useful in the launching of the first Mercury
capsule in May of 1961 Tiros 1] brought the total of photo-
graphs televised to more than 92,000 Numbers IV, V, and
VI continued the good work and provided excellent current
formanion on the weather, useful in launching orbutal
manned capsules

Such pictures of the weather as 1t actually happens permit
meteorologists to 1ssue analyses within as hittle as two hours
of receipt of the pictures and assure the early bnnging about
of accurate global weather forecasting The Amencan Me
teorological Scciety 1n 1961 1ssued a statement calling the
weather satellite an unprecedented means of surveying cer
tain kinds of weather conditions over the entire globe, and
by 1962 weathermen were using Tiros data to advance new
theories The AMS feels sure satelltes will lead o betrer
weather forecasting

While the concept of the weather satellite must be viewed
asa whole the vitaily sigmficant part played by solar power
should not be mintmized Cach of the satellites carried out 1ts
three month hfe or more, and one functioned usefully longer
than a year even then the stoppage was not caused by
falure of the solar batteries As was suggested by the pio
ncerng Vanguard 1, rehability and fong hfe are basic at-
tributes of solar batteries When a permanent weather
satellite 15 orbited s solar batteries may well power 1t n
definieely

For many years astronomers physicists and other scien-
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15ts have dreamed of observatories free of the dust and haze
of earth and unhampered by the dssturbance of 1ts atmas-
phere Unul the adv ent of the orbung satellite the best man
could do was to build his research facilities tugh atep moun-
tains, This helped but 1t was far from an 1deal situation
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0SO the Orbiung Solar Observatory which will study the sun
through the clear vacuum of space Notice the banks of solar bat
teries which power the mstruments abroad

‘What was needed was an observatory out 1n the vacuum of
clear, uncontamunated space There s instruments would
record wathout the degradation caused by atmosphere, art
ficual hghts and rerrestrial magneusm This dream 15 now a
reality, and solar-powered observarories study earth and the
celestial bodies of interest
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4000 to 7,000 miles and wll make possible two-way high
quality communication betw een all parts of the world Two
sizes of satellites are beng considered two fecr and four
feet 1n dameter These would mount even more solar bat
tertes than Telstar s 3 600—~4 000 on the small satellites and
12,000 on the farger Iligher orbit affords more protection
agamst radiation ncrdentally, but even the lower orbit of
Telstar has a big advantage over terrestrial communication
m which signals are bounced off the jonosphere since Tel
star 15 not susceptible to the sunspots which play havoc with
radio duning those penods of solar actiity

ATRT 15 not the only group acuve with commumication
satellites of course Among the others 1s RCA with 115
Relay, a similar, 172 pound repeater Hughes Awrcraft too
1s working 1n the field and 1ts concepe 1s a departure from
that of Telstar Most satellites move around the carth
her orbits Hughes 80 pound Syncom sateilite 15 2 * 24-
hour,” or synchronous satellite

The laws of celestnal mechanics decree that the farther
from a planet its satellite 15 the slower it may move relatne
ta the planer Syncom wall go into equatortal orbit more
than 22 000 mules bugh and will appear stanonary 1n the shy
There are ymportant advantages to such a system Because
they are fixed and high three Syncoms can cover the carth
for communications And radiation harmful to solar batter
165 15 even less at this alutude than thar proposed for later
AT&T saellites

There are disadvantages too such as the annoying delay
m message transmission because of the long distance A syn
chronous satelhte introduces 2 half second lag o conyersa
tion, and requures the suppression of echo so the speaker & it
not hear this irrtating repetiion Proponents of the thirty
to fifty satellite system also say that 1t 1s wrong to put all
our faith m only three satellites since failure of one would
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%knock out one-third of the global network, while loss of one
out of thirty would pose no great problem Proof of the
better system must wat for comparatve tests of both, but
whatever the ulumate decision, solar battenes wall power
our communication satellites Waorldwide simuttaneous mes-
sages imply a worldwide language and perhaps Telstar and
1ts successors can succeed where backers of Esperanto, Io,
and other umiversal languages have histoncally failed

The use of solar power was not long bmited to orbial
fght Soon space vehicles were departing the earth on trips
to the moon and the planets Pioneer V was launched to
probe deep nto space and its solar-powered radio sent back
data from more than 22 mullion miles out Even this was but
a prelude, and our Manirer Venus probe used the sun to
send back information from a distance of 36 million miles

Light Talk

Having talked of solar powered electrome communica
tion let us turn now to the homely murror and 115 use of the
sun as a method of sending messages over great distances

As mentioned earlier, Hermann Oberth, pioneer space-
flght thinker, envisioned the use of signal mirrors for send
ng messages many thousands of miles We have developed
some tricky ways of using them to beam a message For ex-
ample, Telstar mounts a number of mirrors that send mes-
sages to watchers on earth

‘We have always been dependent on the sun for our most
important means of communication, without hight we could
not see or be scen But early in hus development man began
to experiment with light by t g 1t over frreat d 3
a first acadentally and then on purpose The glint of sun
from a watery surface or a smooth rock was noticed with
some interest When he had metal man learned 1o polish 1t
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Amsts concept of Manner spacecraft on us long poumey to
Venus

not only to see limself bur also to reflect 1 spor of hight for
fong distances

Sunlight surpnsingly has « military hentage too The
polished armar of soldicrs had an dded yalue beyond pro-
tection first as a disteactor of the enemy  ind then as 2
signaling mechod A canny warrior could biind an opponcat
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wath a flash from his burnished helmet or shield or call for
help at a distance with the same flash Archumedes 15 sad to
have developed an array of mirrors into 3 defensive weapon
that set fire to the sails of enemy ships at  the distance of a
bowshot  a feat duphicated by Proclus dunng the siege of
Constantinople  The hostile sailors got the solar message
much to their dismay when their ships burned

The use of glass mirrors more highly reflectuve than the
early ones of metal, came along 1n the Middle Ages and the
heliograph was slowly perfected Named for Helios, the
Greel. sun spint, the signal murror was refined to 1ts modern
form i the 18705 by an Englshman named Mance A
telegrapher, he developed the heliograph as an aid for the
Briush Army n India Also used by Roberts in Afghamstan,
the heliograph was of great use in several battles Later, m
the Boer War, Sir Robert Baden Powell found 1t helpful
when he was besieged 1n Mafehing His Boy Scouts have
perpetuated the use of the hehograph, and offer a ment
badge for 1ts use

In 1890 the Unuted States Army used the heliograph ex-
tenstvely 1 another land of Indians, the Anzona Terntory
General Greely was 1n charge of this project, which ulti-
mately saw the establishment of some 2,500 miles of
helrograph hines and the sending of many * hehograms ™ One
message was sent by the General from remote Bowie Peak
across a chain of stations to Prescott then by telegraph to
Washington DC

Using six-mch mirrors Signal Corps teams heliographed
messages m American Morse telegraph code for great dis-
tances m the clear Anizona air One remarkable ¢ flash’ was
made direct from Mount Reno to Mount Graham a distance
of 125 miles Our expression news flash, may well be an
outgrowth of this early term A more typrcal message was
sent from Mount Graham to Colorado Peal by way of

»
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Lookout Peak, with tts 97 words transmitted n 22 munutes
In one unusual expeniment messages were even sent by
moonlight, an eatly form of mght lerter!

The Boy Scout version of the heliograph, equipped with
2 key-operated shutter, 15 fast and capable of sending mes-
sages over creditable distances In sumpler form the hand-

%
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American Op 1za) Company

Sun powered laser which s expected to permic use of direct sun
Light to power a system for commumecating with satellites and
ather objects 1n space

held signal murror saved the hves of dawned fhers m World
War H and again tn Korea Itis standard equiproent 1n many
urvival bars, and stranded autotsts and catnpers often attract
attention with a rear-view murror or perhaps a shaving
mirkar, hastly pressed into service It this very stmpheity
of the heliograph that makes it such a strong contender for
the viral job of space commumicaion where bght weight
and rehability are of prime importance
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The use of hight rays for voice communication 1s an ex-
ciung 1dea that has been made pracucal by modern tech-~
nology There 1s a commumicanion system on the market
today called Sun Fone,” in which a solar batrery 1 used 1n
the recewver to change hight into an audible signal The sig-
nal 15 sent by the transmuer, a sumple mirror which 1
vibrated by sound waves spoken into the mouthpiece These
vibrations modulate the reflected Light, which must be aimed
accurately at the recewver, and thus convert the audible mes-
sage into a hght beam. Built 25 2 toy and designed for short-
range commumication, Sun-Fone nonetheless has important
imphications 25 an effitient commumication method
As 115 space programs began to unfold, the Aur Force was
aware of the problem of communicanon in space As part of
1ts research program, Wrght Air Development Division
gave a contract to Electro-Opucal Systems, Inc, to nvest-
gate the possibility of using solar commurication, m effect
a space-age hehograph The result was SOCOM (for solar
communication), 2 system which demonstrated the feasibil-
1ty of using a hight beam to transmit messages through space
for distances up to 10 million miles Ground tests were made
mn the Mojave Desert, using special hight-arenuaung filters
to simulate the millions of mles of space
SOCOM 15 a learned bg big brother of the Sun-Fone toy
A double murror system called a Cassegramuan array, gath. 1
ers the sun’s rays and passes them through a modulating
device and then through 2 hole 1n one of the murrors and
back to the recever Electro-Opncal has expernmented wath
a number of modulators for encoding 2 message on the hight
beam, and the operational version of SOCOM uses a
‘stressed plate shutter to polanze the hight beam The sys-
tem to be used for the actual test 1n space weighs n the
neighborhood of thirty-five pounds, incorporating special
bightw exght plastic murrors that weigh less than half a pound
per squate foot of area
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The solar communicatinn system s not yet perfected of
course The first message sent to test SOCOM in the desert
was 8 hat hath God wrought!  the historic message sent
on Morses telegraph SOCOM required five scconds to
cransmit this message a bat Jonger chan 1t 1akes to say the
words However further improvements should make normal
voice commumication possible and even faster transmission
of informaton by other techniques already tn use 1n radio
and telephone

As often happens other scienufic developments seem to
come along at the night ume The laser 15 one of these an
mnvennon by engineers at Hughes Atrcrafe for amphfying
a hight beam 11 much the manner that radio wases have long
been amphfied \lthough hght 15 an electromagnenc radn
tion as are radio waves it had not been possible to amphfy
this part of the radianon spectrum prior to the invention of
laser which 1s an outgrowth of the earher invennon of
maser Back 1n the mud 1950s Ruby Maser was a nime
many of the unenlightened must have taken for Miss Elec
tronics of that year Maser 1s an acronym for Microware
Amplification through Sumulated Emisston of Radition In
one application a ruby rod was pumped with energy and
emitted energy at a hugher level In 1960 Hughes researchers
found 2 way to perform an analogous operation on visible
light and the word light” took the place of microwave
to make the name ‘laser’

When a ruby rod or other suitable matenal 15 pumped
or pulsed with a proper light squrce hght waves are
emitted from the ends of the rod These sumulated radsations
have two remarhable properties i that the hight 1s both
amplfied and made coherent In other words the hight 15
transmitted “in phase rather than wath the hodgepodge of
frequencies found mn natural Lght The important conse-
quence of the laser 15 the emussion of a very brght, very
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narrow beam of hight whose rays are nearly parallel and do
not spread ot over 2 distance as does ordinary hght

As an example of the power of thus amphfied and coherent
hight laser beams have been used to burn holes m dramonds
and steel, to weld matenals varying from metals to the
cotnea of the human eye and to bounce a signal from the
moon This last feat 15’ something never accomphished with

unlasered hght The charactensucs of the new light bean
make it 1deal for communication, particularly m space

Recently the Air Research & Development Command
awarded 1 contract to Amenican Optical Company to de-
velop a specinl hand of laser—one pumped contnuously by
the sun The conventional laser of course 15 powered by a
more or Jess com entional source However for use m space
where weight 15 a vital consideraton a pumping source
weighing nothing would be highly desirable The American
Opucal laser, then uses the sun's rays to power a ruby rod
laser A large reflecung murror focuses sufficient blue and
green hight from the solar spectrum onto the ruby rod to
cause 1t to go wto contmuous oscillaon The resulting
beam of hight 15 some ten tmes 35 mtense 25 the direct sun
and 1ts extreme narrowness permits commurucation over
grear distances 1 space. RCA has also produced a sun-
pumped laser

A modulanon sy stem 15 mcorporatcd i the sun powered

laser, as i the SOCOM unit The advantages of the laser
communicanon m addimon 1o hght weaght and long range,
re smplicity and long life together with self contamed
operation  Of great mmportance too 15 the fact thar the
faser operates 2t much ugher frequencics and over a greater
bandwidth than radio These factors provide tugher trans-
mission speeds and more available channels for separate
messages

To reach farther out into space networks of lasers are
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proposcd. relaying messages from one collecting mirror on
to the next much as earthbound microwave systems do to
day Also proposed are more aggressive uses of the solar
laser, including an anu-ICBM weapon whose intense rays
could destroy hostile missiles 1n space

Oberth s fantasuc scheme of * death ray’ rmrrors hung m
space 15 ndiculed by Russian writers who have other 1deas
on how best to use murrors It has been suggested that they
could be used to hight up ciues at nught one expert est
mating that a thirty-meter mueror could provide as much
Iight for a town some twenty kilometers across as would a
full moon Not to consider the romantic aspects of such an
arpficial moon' Disregarding the wilder suggestons, 1t 15
sull obvious that there 15 much magic 1 mirrors and that
they can do many things with sunlight

Whether we continue to use radio frequencies for com
munication or change over to those of visible light or infra
red remains to be seen In all probability both types will be
used, depending on the job at hand and 1ts requirements with
regard to distance, message handling capacity secunty, and
so on Whichever way 1on goes, h , the
sun 15 sure to play a big part in the process and solar power
will be used increasingly to speed the word along

The Busy Sun

These are some of the jobs that solar energy can and will
do 1n space Besides reconnaissance ornientation weather
g 1on and astrc I research,
there are more mundane chores like the heanng and cooling
of space vehicles cooking of food growth of algae for food
punfication of air and water, guidance control and naviga-
tion We have discussed the reasons for the remarkable suc
cess of solar energy applications 1n space and some of the
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mtnguing possibilities for the future As was pointed out,
many of these developments catry corollary benefits for us
groundlings, who may one day be tapping sunbght the way
we now do natural gas

Parncularly granfying 1s the use by private enterpuse of
solar energy 1 a practcal space apphicanon Unul AT&T’s
proneenng commercial Telstar, it was pnmanly government
money that pressed solar energy research forward Al
branches of the military, and cvihan agencies like NASA,
provided the dollars to get solar energy off the ground
Hopefully this was but a prming of the pump, and power
from the sun will contmnue to flow 1n an ever greater and
ever more economical stream, not just for space applica
tans, but on earth as well

In the following chapters we will discuss 1 more detail
the needs for power in the space age and how solar energy
fills the bill It 15 a fascanauing storv and one with a broader
scope than most of us realize
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many pounds of expensive rocket fucl for each pound of
payload placed i orbie or launched as a decp-space probe
In other words to put 10 pounds of batteries in orbse might
require more than 100 pounds of fuel, fuel which has
weight 1self and uses up much additional power with no
useful return If we wegh a convenuonal 15-lilowan
generator wath sufficient fuel to run it for a year, and caleu
late the stze of a rocket big enough to lob 1t 1nto space the
resules are discouraging This 15 the reason for all the current
research into special power plants to accompany our new
and sophistscated space vehucles alofe

Three Ways to Go

Three bastc methods of producing electnaity are under
study for space appheations chemucal storage, nuclear
power and solar power All these methods and some other
unusual types have been used or are beng considered for
use 1n space power applications

First and simplest 15 the chemical storage battery i 1
many and varied forms A small satellte radio could be
powered with 2 flashlight battery but nichel cadmmum and
sther-zinc storage battenes arc more efficent and 1t s these
that are used A more adsanced barery 15 the much
discussed fuel cell, which recombines fuels such as oxygen
and hvdrogen to produce electricity directly Existing bat
tertes have conversion efficiencies of 70 per cent, fuel cells
potentially can better this figure But good as they are
both kinds of batteries require fuel which weighs concrete
amounts and which 1s exhausuble For a mission of only 2
few hours a chemical battery 1s obviously the answer for
power in space But if we want a supply for a week or a
vear the picture changes

Another power source a5 we might expect m the atomi¢
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age, 1s nuclear energy With atormc piles now delivenng
power for industry and utilities, 1t 15 natural to consider this
method for space Farthest along at the moment are genera~
tors fueled with radioactive 1sotopes such as uranium 233
SNAP (Space Nuclear Auxiliary Power) plants in several
configurations with varying outputs are being developed
However, while the radiosotope approach looked good at

Goodyear Asreraft Corp
Artists concept of inflatable solar reflector for space power plant
Plastic balloon 1s inflated with gas hot wire bumns away unwanted

part power plant shides out on telescoping mounts Mirror 15 45
feer 1n diameter

the outset, and the operation of small pilot plants has been
accomplished, serious doubt now ewsts that there 15 sufficient
material available to fuel an appreciable number of radio-
sotope power plants Since the half bfe of some 1sotopes
used 15 quite shors, the power plant rught akso have 2 rela
tively hiouted lue

More bkely to work are scaled down nuclear reactors
using more readily avalable atomic fuel Reactors for space
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are bemng developed to produce many kilowatrs For ex
ample, one Wrght Aiwr Development Division project
called SPUR (Space Power Umit, Reactor), 1s to have an
output of 300 kilowatts, and perhaps 1,000 kilowarts with
further development Thus the term megawatt or million
watt, 15 often apphed to the power levels possible with
nuclear power SPUR 1s designed to deliver about one kilo
watt per etght pounds of weight an amazing performance
compared with conventional power plants, however, this
weight does not include the necessary protective shielding
Shuelding 15 one of the disadvantages of the nuclear reactor,
as are waste disposal, fallout danger, 2nd so ont

A furore of sorts has already been provohed by the
SNAP III plant used 1n the Transit satelite The atomic
package was demonstrated to President Kennedy 1 the
White House, and many scienusts mcluding Dr Ralph
Lapp, protested that an accident could have killed those
within a sizable radius

We come now to our third basic power source for use 1n
space that of solar energy Here we have the mteresting
paradox that, while this 1s considered the most visionary of
all three, 1t 15 today the only power plant bemg regularly
sent aloft and this condition 15 ikely to prevail for some ime

Although space flight itself seems to have boomed solar
energy, there are mnherent reasons for the spectacular suc
cess of solar pawer mn space One 15 obvious—we use solar
energy 1 space for the same reason men clmb Everest, 1t 15
there In fact the higher we chimb the more solar radiation
we can mahe use of On earth there are roughly 1000 watts
of available energy per square meter of exposed surface In
space thus figure mcreases by 40 per cent Thus the solar
panel that develops 100 watts at sea level mght well delver
140 watts in orbir

Another reason s that the solar bartery functions more
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It costs a fortune to hit a satellite 1nto space, solar power
provides a way of geting the most for our large mvestment
1 space hardware Since solar power does away with fuel
weight completely, 1t 15 1deal for space mussions where
weight 15 a citical factor The longer the mission, the more
efficient the solar engine, and for probing deep imto space
1t really shines

To get a better perspecuve of how the three basic power
systems compare, let us consider an actual msssion A typical
project 1s 2 NASA unmanned probe to journey through
space to the planet Mars Thus mission requires 150 days,
dunng which time a power level of 100 watts 15 needed
Here on earth we burn 100-watr bulbs m our lamps wath
hetle regard for the amount of power they consume, but the
difficulty and expense of burning one contnuously for the
Mars tnp may jolt us somewhat

As we have seen power can be suppled through energy
storage or through a power conversion system Energy
storage mcludes the use of batteries or the not yet available
fuel cells Using the best storage batteries it 15 thought pos-
sible to make, power for the modest Mars probe would
weigh almost two tons! Discouraging as 1t seems, even bat-
tenes yielding 100 watt hours per pound add up to 3 600
pounds and the Mars project takes on the aspect of an ele-
phant carrying a transistor radio for 2 payload

When the fuel cell 1s available, with 1s hoped for 250
watt hours per pound we can cut the weight of our energy
storage system to a litle over 1400 pounds However the
prospect 15 sull not appealing since the probe s toral weight
can be only 300 pounds

Instead of energy storage which looks hopeless at thus
poing, let s consider power converston How about atomic
power? If a thimbleful o fuel can drme a steamship around

the world surely 1t won t require thousands of pounds to go
to Mars Happily 1t doesnt and for 2 weighe expendiure
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solar battery panel 15 also 2 power conversion system and
one to pravide us with the necessary 100 wans would weigh
zbout 20 pounds a bit more than half what the atomic plant
weighs There 15 no radiation hazard with the solar panels,
and they depend for operation not on the half-fe of radio-
1sotopes but on the somewhat Jonger life of the sun Pracu
cally speakung, 25 years seems a good estmate of the hfeume
of a solar panel This leaves but one factor to be consid
ered, that of cost Salar power conversion, we understand
15 quite expensive, but 1t comes as something of a surprise to
learn that the cost of our 100-watt plant would be $100 000,
or only one-fifth that of the atormc plant' And if the space
probe 15 recoverable, the solar panels could be used agam and
again, long after the radioactive sotopes flickered out ther
lasy heat

Such talk of 100 wart solar panels 1s commonplace today
Just a few years after Vanguard and 1ts one tenth of 2 watt
array And far from being just talk, such panels are a fact
and performing continually out n space The same men
who would have laughed loudest 1n 1958 when someone sug-~
gested such sizable pow er packages are now designing them
o satellites and space probes Outputs of up to 275 watrs
have been achieved, and panels on the drawing board make
these seemn Iike small test modules

The most ambtious proposal yet 1s tha of Westnghouse
Efectnic Corporanon's Aerospace Division—a giant panel
array generaung four kdowatts of electnety! Under con-
tract to the Air Force Westinghouse demonstrated the feasi-
bility of such a sohr battery power plant for use 1n satellites
This concept vaults far beyond earhier caunous talk of a
possidle onc Aifowate sofir battery panel

To produce 4 Wslowates 130 000 mndnidual 1 by 2 cenu-
meter stindard solar batteries are required  These are
mounted on hghew esghe metal biching Reflector channels
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concentrate sunlight on the batteries, doubling the amount
of light they recewve and thus increasing the power pro
duced Incorporated 1n the panel would be onentation

quip to keep 1t ly facing the sun for highest
efficiency Storage battenes would also be catnied to provide
power durmng dark pertods of orbit Certamly such a large
solar battery array would be expensive but balancing its
cost are such factors as igh rehability and long hfe Perhaps
most important 1s the fact that the solar panel 15 avalable
now

Cuttng the Price of ‘ Free’ Power

Thus far, and with good reason our attention has been
focused on the solar battery However, although it can pres
ently outperfornt even atomic energy i space 1t remains 2
very expensive means of providing power Letus therefore
tahe a look at other ways of using solar energy for space
power There are several which promise to be much cheaper
to use

Since 1t 15 generally agreed that electnicity 1s the best form
of power for space use our power plant should ulumately
consert 1ts output to that form The solar battery changes
sunbight directly 1nto electricity there are other solar meth
ods for producing electricity thar are nor this direct Ther
moclectnaity and thermionic conversion for example, both
use the heat of the sun rather than 1ts hght and require inter
mediate steps to do this

These are sull, 1n effece, direct conversion of solar energy
to electnicity i stanc  devices There are also  dynamic
solar engines fike those convennonally fucled heac engincs
we use on earth to gencrate power for industry and ouf
homes The turbogenerator 1s ane of these and because of
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its very Ingh overall efficiency 1t 15 a hikely candidate for
space power appheations

Under development now are dynarmie solar-powered sys-
tems for developing up to fifteen kilowatrs of power, varng
mercury rather than steam botlers

Another type of thermal-mechanical engine brmg dme.-
oped for space use 1s the Surhing-cycle enzine, whirs wor
mvented by the Reverend Dr Robert Surlng 11 Seorged
backin 1816

As we shall see 1n the following chapters, 21 these seen

ods are being developed for actual spece pover plomsr 2md
may provide cheaper electricity than doss the wp;&g: soler
battery

The Power of Concentration

By now 1t may be obvious that the solar.
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murrors and “searchlight quality 1s generally considered
sufficient for solar collectors for space power use Some
searchlight mirrors give concentranon ranos as high s
15,000, and 10,000 1s fairly common Standard searchlight
murrors are very heavy and fortunately these hugh concen
tration ratios are not necessary for solar power plants Using
searchiight mirrors as molds hightweight misrors have been
made of fiberglass and honeycomb materials Offenng ¢ff
ciencies of up to about 80 per cent and concentration ratios
of 1,500 to 2,000 these rcﬂcc;oxs weigh as lirtle as one
ound per square foot of area

qu;n E:i;wt nfrmi bule by Electro Optical Systems for a
NASA Mars probe 15 one piece made of thin nickel Elec
tro-formed and electroplated this excellent mirror 15 berter
than 90 per cent efficient and werghs muneteen pounds
Larger one piece murors do not seem practical for a num-
ber of reasons and designers must resort ta folding furling
and other devices This of course results m less efficiency

Bestdes the large unfolding and unfurhing segmented mir
rors hghmclght plasuc inflatable reflectors have been pro-
posed for use m space as solar energy collectors and the
feasibiliry of this adea has been amply demonstrated by the
successful launching of the huge Leho sacellite Even with
efficiencies of only 35 per cent the plasnic reflector 1s attrae
ve because of s very Tow weight

Early proposals dating bach scteral years suggested
using large nflared spheres one henmsphere of which was
silvered and served to focus sunlight within the sphere A
more saphisticated «dea consists of mflatng a sphere pare
of which actually adopts a parabohic shape This parabolic
sector 13 made ngid with 2 backing of foam thae sees in place
permanentdy and chen the rest of dic sphere s automneally
cut away with a hot wise Jeasin the required parabobe
reflector The advanta_es o such 2 scheme are et meduately
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obvious Mylar plastic 1s an excellent reflecuve surface and
1s about the hightest practical matenal known for such an
application It 15 also wexpensive and 1t can be packed
ughtly nto a small contamer

Another approach to the solar collector 1s the Fresnel lens

- 1

Electro-Optical Systems Inc
Small mflatable solar reflector bemng tested Plastic ss desirable for
space use becausc of light weight and easy packaging

This clever compromuse, long used 1 the optical laboratory
and i certain hghung fixtures 1 effect cuts 2 thick para-
bolic rurror or lens 1nto a great number of concentnic rings
and then flattens them 1nto a thin plate or sheet somenmes
of plastic Hobbyists are famihar with plastic Fresnel lenses
more than a foot in diameter and only about one sixteenth
of anmch thick capable of being rolled to fit 2 mailing tube
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Flattened out, 2 Fresne! lens 1n even this small size cat
generate temperatures of around 2,000° F Large metal ¢ mas-
ters” are turned on a lathe to 2 precision of parts of thou
sandths of an inch, and from these are produced thin murrors
or lenses of a size suitable for use 1n the Surhng cycle space
plant Since the Fresnel lens 15 flat 1t more easily solves the
difficule problem of holding each point of a large murror to
the extremely tight tolerances necessary Folding 1 also
easter, smce stmple hinges suffice

The scheme of concentranng sunlight would seem to be
a gaod one for solar batteries 25 well, and much effort has
been expended in this direction A fracuon of 2 square mch
of solar battery may cost ten dollars Micrors obviously can
be made for a much cheaper price so why not concentrate
twice the amount of sunlight on the cell and get twice the
outpur® Or five or ten nmes® It is an appesling 1dea and
Russia claims a solar panel of less than one-half a square
meter m area producing 150 watts of power, which 15 some
four tmes the output of American panels that size Thus was
done, according to Russian scienusts by increasing the sun
light on the solar batterses tenfold

In expenments carnied out 1n this country, such a high
concentration has heated the battenes so much thar they
cease to funcrion at all However by using a concentration
of only some two or three times, researchers have succeeded
in doubling the electrical power output of the cells and
effecung a shght saving in w eight as well

A solar collector pointed away from the sun 15 as useless
as a bucket withour a bottom and the matter of onentation
15 a disadvantage of solar- as compared with chemical or
nuclear powered batteries since 1t makes no differ nce m
which direction the latter pont

Where onentation of panels ta face the sun was out of
the question early mstallanons of solar batterses took care
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1

sumply by over-designing That 15, sufficient
2;‘;:{:,:: placed E)Zutyd\e surface of the satellite so that,
regardless of 1ts position, enough of them would always face
the sun_For maximum efficency the surface of the solar
bartery must be at nght angles to the sun’s rays 1t watercepts

e o - P
© L B

Thke Boemng Company
Engueers check accuracy of solar reflector made for use n space
This hightweight murror weighs only a few pounds

However, effiviency decreases only by the cosme law,
which means that a misahgnment of 25 much a5 thirty de-
grees degrades performance only abour 15 per cent

Some spmming satellites such as Tiros have their surfaces
covered with solar batteries Telstar's surface has seventy-
two facets, or faces, and thirty-src of these mount solar
battenes so arranged that some are always facing the sun
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After so much discussion of concentration and the P“’b‘
tem of facing the sun we come to the Togicd questi©!
what to do with a solar energy device when the sun goes

and for constant power output supplementary rechargeab
batteries arc N€e cd Such systems work cncellentlys 2



Allison Dyisson of General Motors

Machuust polishing partern for Fresnel reflector for solar
ce power plant’ Grooves i this flat mucror approximate
conventional parabolic dish

wven with the extra wesght of nickel cadmium battenes the
complete solar power pichage 15 competitive on 2 power-to-
weight basis

Other sch have been proposed including the fuel
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Some years ago experts 1n the Signal Corps suggested ¢
regular tetrahedron as the simplest geometnic form that
would fill his requirement, and Space Technology Labors
tories has built just such a satelite The nny vehicle only
four inches along 1ts longest dimension and weighing but
one pound 1s designed for stmple nstrumented research
tasks A further advantage of this over-design philosophy 55
that while one face 1s directed toward the sun, the other
three are directed away from 1t and can thus radiate excess
heat as required to keep the solar batteries at the opumum
operational temperature

As pointed out, the other methods of genersang elec
tricity by using the sun s heat on thermocouples, thermiome
diodes or as fuel to drive a thermal mechamcal power plant
require much more accurate onentation A single degree of
error 1 a thermionic converter s reflecung murror, for ex
ample, would have the effect of wastng an appreciable
amount of power The Explorer and Pioneer satellites pio
neered the paddle-wheel idea mn which panels are unfolded
from the satellite proper on rotatng arms which are then
oriented toward the sun Strdes are being made the dt
rection of more precise orientation using gyroscopes, Jo-
yo' de-spin devices solar battery sun sensors and so on
Some advanced schemes simply use the sun’s heat for this
tricky problem

Energy Storage

After so much discussion of concentration and the prob
lem of facing the sun we come to the logical question of
what to do with a solar energy device when the sun goes
down Ths 15 a serious disadvantage of the solar power plant
and for constant power output supplementary rechargeable
batteries are needed Such systems work excellently and
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i space Tungsten bght sources were used and new sofar
batteries more sensitive to the blue part of the spectrum
were developed These tailored * blue cells” did the ek
Besides the light of the sun, simulators duplicated the ailess
cold of space, and solar battenies were tested not in earths
atmosphere as previously, but at “air mass zero ” Ways were
found too, for filering out much of the heat that degraded
the battery’s performance, and for dissipating that sull re-
cenved by the batiery In a vacuum, of course such un-
wanted heat can be removed only by radiation, instead of the
easter convecnon and conduction cooling possible on earth

A pumber of firms, including Bausch and Lomb, bwld
solar sumulators and the tesung of space vehicles 15 now a
relanvely easy matter The jet propulsion laboratory at Cali-
forma Institute of Technology operates a simulator 80 feet
fugh and NASA plans one for 1ts Houston faclity 105 feet
high Solar panels intended to operate near Venus where
the solar constant 1s far mare than tnat of earth can be ac-
Curately evaluated before they make the long trip into space
Aund for Mars, farther our and recetving only about half
the energy available at earth, designers are learming how
much addional panel area 1s needed

VYore Power to Us

Despite a rather lengthy hustory 1n Iiterature—mostly fic-
tonal-space power systems are acrually only a few years
old Some remarkable breakthroughs™ have been made,
though, to name the solar battery and the Bauelle Surhing-
Cyele engine as examples There may well be others im-
frunent that will make obsolete the best things we have on
drawing boards today

One scheme 15 that of powering satellites ﬂymg at alu
tudes of sicty to seventy mules with the chermucal energy
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solar batteries so much dead weight, there 15 a steady source
of infrared thar specxal cells right converr into electnaity

As we have noted, it 15 early yet to tell exactly how the
quest for power 1n space will be resolved There are some
obvious gwidelines, but the best solution may well be an
exonc approach sull vague 1 the brain of a scienust Ever
clearer, however, 1s the fact that scientists wall succeed 1n
the magic of pulling power nght out of the air—or the
vacuum of space s the case may be
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as the theoretical maximum for their new device, an out
growth of work with semiconductors particularly n the
transistor field Within a year they had doubled the eff
ctency of the early cells and were producing about 11 per
cent efficzency with the solar battertes they were also prov
ing their feasibility 1 an application providing power for 2
rural telephone Iine in Georgia Interesungly, the efficiency
of a gasoline engmne 15 mn the netghborhood of the 11 per
cent figure

In the years since, the figure has crept slowly upward to-
ward the maximum, with some 1n the industry clamed to
give 14 per cent effictency and rumors of freak cells yielding
as high as 18 per cent Wilham Shockley, who proneered
the transistor, 15 currently working toward mummzing of
the factors hmiting efficiency and he suggests that 30 per
cent may be the actual hmmue. With such a high conversion
pomnu:l 1t would scem that the solar battery s mechansm
mght be complex in the extreme and sts operation of a rather

pt d nature The opy 1s true The solar batrery
sumply sus quieely i the sun instantancowly turming us
rays into electnicaty Sa simple s the solar bartery that hun
dreds of youngsters have made their own unng smhcon
wafers supplied by the Inrernationa) Recufier Corporation,
chemycally treaung them and heaung them in small furnaces
More recently  Bell Telephone Laboratories has made avail
able a complete kit for thus purpose The solar battery has
no moving parts cxcept for the electrons or  holes  that
consatute the flow of current, and 1t apparently never wears
out Ir is in short something that approaches the perfect
conversion device~hght 1n weight efficient rehable and
long Ined Even at a price of thirty dollars a square inch
1t 15 the biggest power bargain availible for some applica
tors notably thasean space For example a § per cent selas
ba tery operanng fora L tle over 2 year delisers power more
cheaply than flash] abe bz tenier’
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As we have said, the solar battery 15 made of sermucon-
ductor matenal, a semcond bemng a sut e with
properties between those of a conductor and an nsulator
Thus phenomenon 15 exploited to make the semuconductor
diode or recufier, and also the transistor, which operates 1n

e o e ot G T

——

N My
The Boeng Compny
The vertical murrors on this solar battery panel effecuvely double
s output by mncreasing the amount of sunlight striking 'the bat

teries themselves This technique cuts cost and weight of space
power supply

amanner analogous to the vacuum tube The silicon matersal
1s much the same for transistors as for solar batteries though
the larter do not require as lugh a grade

Since silicon 15 sand, and sand the most plentiful matenal
on earth, solar batteries nught seem cheap with respect to
their raw matenal Unfortunately 1t 15 2 Jong and expensne
route from raw sand to the ‘single crystal ingor drawn



74 The Coming Age of Solar Energy

from a white hot furnace, the single crystal necessary for
the vital semiconductor action Processing the silicon thus
brings its cost up to hundreds of dollars 2 pound

Wafers of silicon are shced from the ingot and polished
smooth Then an impurity 1s depostted on 1ts surface Gen-
erally boron, this impurity creates a layer of p (for posi-
uve) materral, while the parent sihicon wafer 15 ‘n  (for
negatve) material This sandwich forms the famihar ‘p n
Juncuon that 1s the heart of transistor and solar battery
alike The layers are also called “acceptor and donor
That 1s the p layer accepts electrons, and the n layer gives
them up, to accomplish the flow of current

A properly made solar battery when exposed to light ex-
pertences a flow of electrons from one layer ro the other,
these electrons are dnven by the lighe striling them All
that rematns 15 to attach conducting wires to the p and n
layess and we have a source of power that will play a radto
drrve a motor, or charge a storage battery Early solar bat-
teries were round just as the wafers were sawed from the
mgot Today most are rectangular standardized to dimen
sions of 1 by 2 centimeters and 40 millimeters thick A
single cell weighs only two grams and develaps an ourput
1n mulliwatts ac approximately half 2 volt Just as flashbighe
batteries may be hooked together to give more power solar
batteries can be connected 1n series to raise the voltage, or
1n parallel to yseld more current  Shingled * modules of five
cells gve about a two volt ratung, twenty etghe-volt panels
are fairly common 1n space power applications

The silicon solar battery has improved over the years m
many respects In one techmque called grddmg addi
tional metal contacts are formed on the silicon to help carry
the current This reduces mnternal resistance and results not
only 1n higher converston efficiency but m higher voltage
output as well
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which were to be used under a simlar light source While
early atrempts were made to simulate the sun with tungsten
light, 1t was evident that the results were not satsfactory

et

US Army Signal Corps

Testing a new radiation resistant n on p  solar battery Such
mmproved designs can wathstand ten umes more harmiful radia
tion 1a space than earlier models

One harassed enginecr spoke out at a meetng on standard
1zauon of solar batteries to the effect that the only guarantee
of performance would be to send the tungsten light out 1ato
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space with solar barteries Happily the reverse was accom-
plished by using better simulators which effect brought
the sun down to earth New bartenies were designed 1o re-
spond more to the blue end of the spectrum prevalent m
space and thus yield more efficsency, s menuoned eacher

Despte all these smprovements there remains one senous
drawback ta the silicon solar battery It 15 very expensive
Present costs range from one hundred to three hundred dol-
lars a watt, and thus 1t 15 practical only for mted applica-
uons such a5 space vehicles Early publiaty on the solar
battery included opumusnc descriptions of homes roofed
with solar shingles supplying sufficient power for all house-
hold needs As yet no one has been able to afford the severak
hundred thousand dollars such a roofing job would cost, but
much research 1s being done to lower the price of solar
batterses

Other matenals than silicon have been used Gallum ar-
semde was one of the firsst however 1t 15 even more costly
than silicon and seems to have application only n high-
temperature scientific projects A more promising material
15 cadmium sulfide, and solar cells with efficiencies approach-
ing 5 per cent have been made with ths material It 1s
particuiarly interesting that faurly large area cells, up to
three inches square, have been produced Obviously a large
part of the cost of 2 sizable solar panel 15 1n the assembly of
hundreds or thousands of carefully matched cells So work-
ers with cadmuwm sulfide and other matenals are looking
fo;ls techmques which will permit production of large area
cel

Several such merhods ewist Thin films ’ can be deposited
by vapor methods spraying, and so forth, and some results
bave been achieved For example selenium cells six inches
square have been produced commercully though at eff
ciencies of fess than 1 per cent Tiny spheres of sibicon have
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been embedded 1n plastic to make solar battenes as large as
one inch by three inches and experimental work has been
done m rofling silicon 1nto thin sheets for making large-area
bartenies Thus far the rolling technique has not proved
pracuical and better results have been obtamed with the
growng of ‘dendnuic or whisker-like crystals Solar bat
tertes 2 foot long have been produced from these dendnites
of silicon, and raw crystals grown 1n lengths of up to thirty
feer The principle of operation of a solar battery made
from cadmum sulfide 15 different from one made of sihicon
Also the materal used 1n some experiments 1s transparent
and can antercept hght from all direcnons

Proceeding from the morgame matenals, researchers are
also doing work with solar batteries of an organic nature
Various dyes have been used with some success, and the po
tental here 15 a low effimency but very low cost bartery
producible m large areas QOpumism prevails and some re
searchers are tallang 1n terms of one dollar to ten dollars per
square foot of surface When that day comes, we wl be
able to roof our homes with solar shingles

Thermoelectricity

Wihile the solar battery then 1s the stmplest, most direct
conversion route from sunhight to electnic power, 1t 1s not
the only direct conversion method Next let s discuss that of
thermocelectric conversion the changing of the suns beat
1o electriaity The discovery of thermoelectnic conversion
dates back to the Seebeck effect 1n 1822 when a German
physicist by that name expenmented with hear and magne-
%M 10 vanows maremals Unfortwnately Seebech did not
believe what was actually happeming 1n his expenment
namely that hear applied 1o a juncuion berween two metals
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was producing electricry It remamned for others to spell
out what Seebeck had stumbled onto, but today most of us
are fammthar with the thermocouple Furnace controls are 2n
1l pl h to regulate a gas furnace

needs 2 current of electricuy, ongmally supplied by con-
ventional means from house wiring The 1dea of inserung a
thermocouple 1nto the pilot flame on the burner was devel-
oped and thermoelectntity generated safficient cucrent to
operate the controls withour the necessity of connecting to
the house wirmg and adding a transformer

The recent flowenng of thermoelectricity, like the solar
battery, owes wself o the develoy of d
materials Pioneer attempts at thermocouples yielded effi-
ciencies of 1 per cent or fess Today materrals hke lead
telunide and zinc antmony produce power at 10 per cent
efficiency and theoreucally can do much better What 15
needed 1n the ther ple 1s 2 high ‘ Seebeck coeffictent”,
that 15, a high ratto of power generanion to electncal re-
sisvaty and thermal conducnvity

The matenals mentioned above are binary alloys that 1,
they have two components Ternary and even guaternary
systems are being used, silver-anumony tellunide for ex-
ample, and Neelum which 15 composed of bismuth, tel-
lurum selemum and antimony

Direct sunhght 1s not sufficient to heat the juncuons of
thermoelectne thermocouples properly, so some means of
boosung the heat 15 nceded Several fold mncrease 15 suffi-
cent, and temperatures of 600 degrees are bemng used
successfully The greater the heat the greater the power
available however, thermoelectric matenals function effi-
clently only to certam temperatures after which their per-
formance begins to be sharply degraded A maxwnum of
abour 1,000° C holds for most matenals though expen-
mental work 15 being done at higher temperatures Mixed
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g .

The small alum num reflectors focus solar energy on thermo-
couples to generate power in this thermoelectric generator
for Aur Force usc 1n space veh cles

valence compounds of the transiton metals  samanum
sulfide for example perform wellat1100° C

With the solar battery such 2 smple device why do we
spend ume and money on developing thermoclectnie con
verters which seem far more complicated® For instance
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while solar battenes perform excellently without any kind
of rators, the ther ple 15 generally useless 1
the unfocused rays of the sun The problem of waste heat,
and mantanng sufficient temperature difference berween
the hot and cold ends of the thermocouple further comph-
cate the picture But there 15 good reason for all the effort
expended One 1s economic A square yard of solar batteries
rmghe cost 1n the netghborhood of fifteen thousand dollars,
exclusive of the cost of assembling them mnto a usable panel
In the thermoelectric converter, a solar collector with 2 yard
of area focuses this much sunbight onto thermocouples only
a few inches 1n dismeter resulung 1n a great saving of ex-
pensive converter material Since not 25 many wirng con-
nections are needed, the rebabiliy of the system increases
And radioactive and other high energy radiauion 1s not as
harmful to the thermoelectnic converter as to the solar

batte

Present work with thermoelectncity was sparked in Rus-
sta, even before the boost given by the developing serm-
conductor technology In the early 1930s, Dr Abram
loffe pioneered the field, predicung an efficiency of 4 per
cent for matenials then avalable The results were hqmd-
fueled thermoelectric generators powenng radios and ather
electrical equipment m outlying areas Thermoelectric re-
frigerators were produced commercallv in 1953 And 1n
1956 loffe developed solar powered 40- and 100-watr ther-
moelectric converters

In the United States, Wesunghouse has produced hiqud-
fueled thermoelectnic converters m sizes up to five kilo-
watts for the US Navy The Atomic Energy Commussion
contracted with the Marun C y and the M
Mining and Manufacturing Company for the SNAP nuclear
generatars, 1n which radioactive polonum 210 furnushes the
hear for a thermoelectric converter SNAP 111 produced
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Harultan Seandsrd Drussion of United Awreraft

“The small aluminum reflectors focus solar energy on thermo-

couples o generate power n this thermoelectric generator
for Asr Force use in space vehucles

valence compounds of the transinon menals, samanum
sulfide for example performwellat1 160°C

W uth the solar battery such a simple device why do we
spend ume and money on deseloping thermoclectric con
serters which scem far more compheated? For mstance
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while solar batteries perform excellently without any und
of concentrators, the thermocouple 1s generally useless m
the unfocused rays of the sun The problem of waste heat,
and mantaning sufficient temperature difference berween
the hot and cold ends of the thermocouple further compli-
cate the picture But there 15 good reason for all the effort
expended One 1s economic A square yard of solar batteries
rmght cost in the neighborhood of fifteen thousand dollars,
exclusive of the cost of assembling them 1nto 2 usable panel
In the thermoelectnic converter, a sotar collector with 2 yard
of area focuses this much sunhight onto thermacouples only
a few inches 1n diameter, resulting 1n a great saving of ex-
pensive converter materal Since not as many winng con.
nections are needed, the relability of the system increases
And radioactive and other high energy radation 1s not as
harmful to the thermoelectric converter as to the solar
battery
Present work with thermoelectricity was sparked in Rus-
s1a, even before the boost given by the developing semu-
conductor technology In the carly 1930s Dr Abram
loffe pioneered the field predictng an efficiency of 4 per
cent for materials then available The results were hquid-
fueled thermoelectric generators powering radios and other
electrical equipment in outlymg areas Thermoelectric re-
frigerators were produced commercually sn 1953 And in
1956 Toffe developed solar-powered 40- and 100 watt ther-
motlectric converters
In the United States Westinghouse has produced Liquid

fueled thermoelectne converters 1n sizes up to five kilo-
watts for the US Navy The Atomic Energy Commnussipy
contracted with the Martn Company and the Minnesorg

Mmmg and Manufacturing Company for the SNAP nuclear

generators, i which radioactive polonium 210 furnyshes the

heat for a thermoelectric converter SNAP Iy produced



82 The Comung Age of Solar Energy

more than five watts ar an efficiency of about § § per cent
and a rotal weight of only five pounds for the first space ap-
plication of thermoelectric power (It was SNAP III that
caused a controversy when 1t was placed on the President s
desk ) SNAP I-A alarger converter uses polomumn cerum
144 and produces 125 watts More recently, Hamilton
Standard Division of United Asrcraft has developed a solar
thermoelectric plant for Wnght Air Development Division
This system uses some 900 small 2luminum reflectors in 2
panel of 100 square feet to develop 100 watts of power This
capacity will eventually be increased to 1 500 watts

In addinon to 1ts work with hquid fuel thermoelectric
converters  Westnghouse has also bwlt units for solar
power using an 8§ foor reflector to focus sunhght on a bank
of 32 thermocouples Such a plant can develop 125 watts at
about 4 volts and Westinghouse esumates the cost of pro-
ducing electric power at from 7 to 10 cents per hilowatt-
hour, making such a system attractive even m areas less
remote than space

The General Atomic Division of General Dynamucs 15
another contender 1n the race for a solar thermoelectric
power plant Using a thin  sandwich’ of metalic sheets
about an esghth of an mch thick, the General Atomic design
15 expected to provide a kilowatr of power for as hittle weight
as twenty pounds

A distinct advantage of thermoelectricity over the solar
battery 1s that hundreds of firms are worhing with thermo
electric matenals compared with the handful producing
solar batteries The reason 1s simply thac just about any
heat source will operate a thermoelectric junction while
the same 1s not true for the solar battery Solar thermoelec-
tracity may well surpass the solar battery soon and find wide
application both m space and on earth
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Thermomc Conversion

‘We come now to a third method of converting solar en-
ergy durectly to electricity—that of thermionic conversion
As menuoned earher, this method entails the emission of
electrons from a cathode to an anode, so that the unit 15
generally referred to as a thermionie diode Thermiome
emission 15 the basis of operation of most vacuum tubes

Thermionic conversion 1s the most complex of the three
methods, 1t 15 also the newest The phenomenon was noticed
by Edison years ago m his mncandescent hght bulb, but st
was not untl recently that commercial units were avafable
Predicred m 1957 2nd developed m the {ollowing yeass by
General Electric, the first converters were the size of a silver
dollar and produced one watt of electnicity

The principle of thermionic conversion 1s sumple enough
The application of heat to a cathode causes the emission of
electrons and the generation of electric current The major
problem encountered concerns the * space charge” phe-
nomenon 2 cloud of negauvely charged 1ons that hunders
the free flow of electrons from cathode to anode There are
three general methods of fighung thi space charge, and

thermionic converters are bult as vacuum diodes gas diodes
of magnenc trodes

In the vacuum diode, the electrodes are placed very close
£ each other to minmize the space charge  Dimensions re-
quired are measured 1n fractions of thousandths of an mch
Introduction of 2 gas rather than a vacuum 1n the divde
chamber has also been found helpful m canceling the nega-
ttve space charge Cesum vapor 15 the gas most often used
and 1t has the added advantage of reducing the “work func:
tion* of the anode, thus boosung the flow of current
The magnetic tnode 15 an attempt to use magnenc fields
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more than five watts at an efficiency of about 5 5 per cent
and a rotal weight of only five pounds for the first space ap
phcanon of thermoclectnic power (It was SNAP I that
caused a controversy when st was placed on the President’s
desk ) SNAP I-A a larger converter, uses polonum cerium
144 and produces 125 warts More recently, Hamilton
Standard Division of United Aurcraft has developed a solar
thermoelectric plant for Wright Aur Development Division
Thus system uses some 900 small alununum reflectors m 2
panel of 100 square feet to develop 100 watts of power This
capacity will eventually be increased to 1,500 warts

In addinon 1o ms work with hquid fuel thermoelectnc
converters, Westinghouse has also built umtes for solar
power, using an 8 foot reflector to focus sunhght on 2 bank
of 32 thermocoupfes Such a plant can devefop 125 watts at
about 4 volts and Westinghouse esumates the cost of pro-
ducing electric power at from 7 to 10 cents per Lilowatt
hour making such a system attractive even in areas less
remote than space

The General Atomc Division of General Dynamucs 15
another contender 1n the race for 2 solar thermoelectric
power plant Using a thin sandwich of metallic sheets
about an eighth of an inch thick the General Atomue design
15 expected to provide a kilowatt of power for as lirtle weight
as twenty pounds

A disnnct advantage of thermoelectnicity over the solar
battery 1s that hundreds of firms are worhing with thermo
electric maternals compared with the handful producing
solar batteries ‘The reason 1s sumply that just about any
heat source will operate a thermoelectric junction while
the same 1s not true for the solar battery Solar thermoelec
tricity may well surpass the solar battery soon and find wide
appheation both 1n space and on earth
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Thermonsc Conversion

We come now to a third method of converting solar en-
ergy directly to electncity—that of thermionic conversion
As mentioned earlier this method entails the emission of
electrons from a cathode to an anode, so that the umit 15
generally referred to as a thermuonic diode Thermiomic
ession 15 the basis of operation of most vacuum tubes

Thermonic convetsion 15 the most complex of the three
methods, 1t 15 also the newest The phenomenon was nouced
by Edison years ago in hr- wncandescent hight bulb, but i
was not until recently that commercial umts were avalable
Predicted m 1957 and developed in the following years by
General Electric, the first converters were the size of a silver
dollar and produced one watt of electricity

The principle of thermionic conversion 1s stmple enough
The application of heat to a cathode causes the emussion of
electrons and the generanon of electric current The major
problem encountered concerns the ‘space charge’ phe-
nomenon a cloud of neganvely charged 1ons that funders
the free flow of electrons from cathode to anode There are
three general mechods of fighting this space charge, and
thermiomic converters are built as vacuum dsodes gas diodes
of magnenc triodes

In the vacuum diode, the electrodes are placed very close
to each other to minimize the space charge  Dimensions re-
quired are measured 1 fractions of thousandths of an inch
Introduction of a gas rather than 2 vacuum 1n the diode
chamber has also been found helpful canceling the nega-
e space charge Cestum vapor 1s the gas most often used
and 'l‘t has the added advantage of reducing the  work fune-
tion” of the anode, thus boosting the flow of current

The magnenc tnode 15 an attempt to use magnenc fields
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trodes such as tungsten and mckel are necessary, and the
Iugh temperatures gradually evaporate away the cathode
The thermiotuc converter thus does not have the hfe span
of the solar battery, or even the thermoelectne converter,
howeves, 1t 1s felt that improved design. and new materals

o,
Electro Optical Systems lne
Engineer pounts to thermionic generator at focus of lightwi

eight
nurror This solar power plant was developed for a NASA Mgars
probe

will increase 1ts life An added advantage 1s 1ts use 1n a solar
probe since 1ts ugher temperature operation would permmr
closer excursions than would the solar batcery with 1ts top
temperature of something lthe 175° F or the thermoelecmc
at abour 1,000° C

An unusual possible use of the thermiome converter 1



88 The Comnng Age of Solar Energy

thermionsc conyerter depends on the temperature difference
between cathode and anode If we heat the cathode to 2,000
degrees and the anode o 1 000 k. we may have an efficiency
of 50 per cent Naturally the anode tends to become hoteer
chan 1,000 degrees On earth we may cool it sn 3 number of
ways conducuon convection and radiaton In space, how-
ever only radiation 15 avathable to us So we must provide
fins suntable for radiating away the waste heae

One clever solunon to this problem has been effected by
the Mnnesora Miing and Alanufacruring Company and
Thermo Electron Engincering Corporation, m cascading
thermuomue and thermoclectrie comerters The thermionic
converter accepts heat at 1 440° C at us cathode The anode
rejects waste heat ar $00° C not to the amosphere or to
space bur to the cathade of a thermoelectric consverter!
There is a double reward in this cascading techmque i that
the onginal heat 1s used twice boosung both cutput and
efficiency of the compostte umr the final waste heat 1s aca
much lower temperature which simplifies the problem of
cooling the anode

Orber Systems

While we have discussed the major direce conversion
methads chere are of course some others Vlagnerohy dro
dynamics has been mentioned and solar powered MHD
space power plants are proposed Ton propulsion uses electnc
power and solar energy 1s a logical contender for the job
Republic Aviation has alresds bulr a small plasma pinch
engane that can be sun powered for example The storage of
electrical energy as cryvugeme magnensm to be drawn on
slowly or in fantastc bursts of pover for shore duration 15
under snvonganon by Umired States Naty sciennists and
others as mentioned earher

These 15 another hind of conyerter that changes sualight
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1nto electricary This 1s the photoemissive converter, and 1t
worhs 1 a manner simular to the thermionic comerter ex-
cept that 1t 15 unconcentrated light rather than heat, which
cawses electron flow  As photans of hght stnke a suable
photoelectric anrface, they dislodge electrons from the

Navonal 4. & Space
Artists drawing of solar thermtome power svstem An array of

four murrors futmshes power to thermionic generators at the focal
points.

cathode which then flow to the anode causing an electnc
current Emstemn s photoelectric law theonized on the photo
emussive effect m 1905 and m 1916 Mulhken proved the

y of Einstem s pred with actual expenments

Howexer, esploitanon since then has been quite slow
The sdvantages of the ph

converter are ob-
Vious since no concentration of sunhight 1s needed but there
are problems with the method too Some of these arc the
same 2> m she thermionic converter, for example space
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charge hampers operation and must be deale wath by close
spacing or the introduction of a vapor ke cesium

The United States Army Signal Research and Develop-
ment Laboratories have buil expenimental photoemissive
solar comverters which prove the feasibility of the 1dea
While the efficiency of the test models 1s quite Tow work
ndicates that 2 per cent converters should be compentine
with solar bateeries on a cost and weighe basis USASRDL
estumares that a wate of photoemissive electnieiy wall cost
about thirty dollars compared with about one hundred
dollars for solar battertes and that eighteen warts per pound
may be expected

Since 1ts operation s starc, long Ined, and basically
simple  photoerission seems excellent for space power ap-
Plicauons Dr Thomas Gold of Cornell Uniersity has sug
gested large area plasuc sheets generaung electricity through
the photoemissive effect Lven at relatvely low conversion
efficiency such hightweight sheets are attractve and cost
and weight figures should be very low Gald suggests the
possibility of developing 2 hilowatt of power for a hilogram
of converter weight This 1s roughly tu o-thirds horsepower
per pound a ratio which nivals the atrcrafr engine And
since a plastic sheet could be rolled eastly for storage there
15 further advantage to the system

On a more ambitious scale, a Marun scientist has proposed
a lunar power station consisting of acres of nets of photo-
converters generating the megawatts needed for a large
moon base Such a power plant may ultimately benefit us
stay on-earths too

Sunmmary

Man has come some distance down the road from his first
use of heat energy, and today most of his needs are nort for
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heat as such but for electnieity Happily the conversion of
heat and light to electnaty can be accomplished directly
Thus 2 gasohne flame or the heat from 2 radioacuve pellet can
be changed through the magic of thermoelectncity or
thermionics to nstant electricity for running a multtude of
devices we have come to rely on Even more fortunate, the
heat or light of the sun can do the same task Long after the
fast of the shale oif 15 burned, and even when the last atomic

fuels are expended, there will sull be solar energy available
for conversion to electnay



5

Steam Engine n the
Sky

The solir  paddic wheels on the Pio-
neer sarellize h1y e sometimes g en the erroneous impression
thar the suns energy was gctually churning che probe
through decp space much hike an up to date version of 3
Mussissippt side-wheeler  Although an even more fanciful
concepr may soon be propelling space vehicles solar paddie
wheels unfortunacely do no paddling at all In fact solar
batterses may be too expensne to be used as propulsine
power for any sizable spacecraft

it 15 true thar many thousands of solar batteries have been
stacked up to provide hundreds of watts of poswer for com
municinon  drning smail equipment motors and the Like
But t gene~are hlowares of power i thuis manner wil be
very costly A proposed four hilewart power plant of solar
bacreries would cost milhions of dollars and 15 we progress
to greater power the necessary panels quickly becorre not
only paceless but unwieldy as well As space schicles be

9
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come bigger and more sophisucated, with greater power
requirements designers are turming to other solar energy de-
vices than battenes Since the use of solar heat for mdirect
conversion to electrical power looks very attractive wew il
soon be launching  steam engines 1nto space!

We are all familiar with the sun’s heat, stay too long at the
beach and the result may be a panful burn Roll up the win-
dows of your car on a hot day and you create a solar oven
of sorts And what feature writer 1 need of 1ispiration
hasn t used the frymng of an egg on the railroad tracks w0
fill space® Unwittngly we make more use of solar heat than
we realize since 1t warms our houses 1 winter Unforta-
nately 1t warms them even more i the summer but we will
not pursue this thought at the moment

A simple economical solar reflector can deliver as much
as half the available energy to its focal pomt This repre-
sents an efficiency of 50 per cent, and better reflectors asn
the case of the SET system yicld rates of more than 80 per
cent Ler us move out to space for a moment, and see what
this means Esghty per cent of the avadable 1 400 watts for
cach square meter represents more than a kilowatt of power
And a lalowatt, remember 15 more than ene horsepower
Thus for each yard or so of area we can collect heat worth
one homsepower n the market Of course, unless we are
heating 2 house, or frymg eggs heat energy 15 not particu~
farly attracuve to us, we must convert 1t mto some other
more practical form This 1s generally electnaity But today
the wrboelectnic generator, using heat as a source 15 the
most efficient converter known running at rares which m
some cases approach 50 per cent Thus with hear collector
efficiency of 80 per cent and elecineal conversion 5O per
centof that we sull end up with about one-half horsepower
for each vard of collector area

An overill comversion effimency of 40 per cent 15 cer-
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quarters to provide aruficral gravity He also des;gnedha
power plant 1n the form of a parabohc murror focusing the
sun s rays onto boiler tubes Electriaity was to be generated
for immediate use, and for storage dunng dark penods Since
this concept was advanced m 1929 we must credit Noor-
dung with much foresight

More recently, space authonty Wernher von Braun de-
signed a space stanon for the Mars Project concept His
book published 1n 1952 describes a wheel-shaped vehicle,
also with a large parabohe mirror for contentrating sunlight
onaboiler

Certamly not all authonties have agreed wath the solar
power plant sdea Willy Ley, a recognized expert i the
field, announced 1 a bool. called Rockets, Missiles, and
Space Travel, published at sbout the ime the first satellites
were beginming to venrure mto space, that ‘the power
will not be denved from the sun as was onginally visual-
1zed,” because a solar plant would simply be too heavy Our
government apparently does not agree with Ley enurely,
and so today we have a number of solar-powered mechan-
1cal plants under development, and m only one major respect
do they differ from fanciful early proposals The boilers of
these solar engines will contain not steam but mercury,
subidm vapor, or some other exonc flud because of the
different environment encountered 1n space

With the exception of the vacuum and no gravity condi-
tons of space and the means of heating the bouler, the design
of space power plants, like that of terrestrial applications, 1s
a job for the thermody and h 1
Some years ago government agencies contracted for research
and development work on a number of thermal mechantcal
plancs to furmsh power for space vehicles, as it had been

demonstrated that these were going to work and would need
asource of electrical power

3
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Sunflower

Prior to 1960 the Tapco Group of Thompson Ramo
Wooldndge Inc had proved the feasiility of a unit called
SPUD a one kilowatt Solar Power Unit Demonstrator The
prototype ran successfully for 2,500 hours, and TRW got
another contract for Sundower, a three kilowatt plant that
could fit 1nto Saturn and other boosters The concept fea
tured an unfurling thirtv two foor mirror a mercury boiler
and a Ranhine cycle turbogenerator

Designed to operate 1n space for a mummum of one year,
Sunfower 15 expected to be available by the middle of 1964
As a space power system 1t will be folded and pached into
the nose of the faunch vehicle In orbit the petals of Sun
flower will open and latch into place Once the aluminum
reflector has opened the power conversion system will be
at 1ts focal point some twenty feet from the reflector With
the solar reflector properly pomted toward the sun prob-
ably by an mnernia wheel system collected hear will be con
centrated on the hiqwd mercury in the borler The heated
mercury vaporizes and will then dnve a thurty pound turbo-
generator to produce the three hlowatts of electnaity This
turbogenerator 1s a modified version of that used m the
nuclear powered SNAP 1l space engine

After drang the rrbogenerator the mercury flows
through a farge condenser-radrator which raduates heat mto
space to quefy the vapor for return to the botler Stnce
Sunflow er wall be 1n the shade for part of the tme provision
15 also made for stonng encrgy 1n the form of heat

Aswe have seen the matter of power storage 1s very im-
pottant and 1 some cases more than doubles the weight of
the compere power system VWhile the solar thermal
mechaucal engine comerts heat to electnany it can also
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store part of the heat for later conversion This seems to be
a smpler, hghter, and more efficient method than storing
electricity and much work 15 beng devoted to perfecting 1t

There are several ways of storing heat, but the “heat of
fusion’ method 1s most efficient An early application was
made ;n MIT’s solar house when contamers of Glauber's
salt were used as the heat storage medium  The advantage of
this method 15 that certam maternls require a great deal of
heat to melt them and thus absorb and store a large amount
of heac per pound As the substance resohdifies, it gives off
the stored hear Lithwm hydride 15 used in space apphca-
tions since 1t has the highest known heat of fusion This
compound can store more than three hundred wartt hours
per pound, compared with about twenty watt-hours for the
rechargesble battenes now wsed Thus a storage system
weighing only 2 fraction of earlier designs 1s possible

Despite the size and complevaty of Sunflower, this proneer
solar space power plunt will wesgh only abour seven hundred
poands We accep revolutionary concepts like Sun-
flov er so readdly today thar perhaps we mus the accom-
plohment such 4 power plice represents In addinion to the
oroblems or vacuum and the lack of graviry mentoned

arhier, the space plant 1 subjec to the strun of alternate

heaung and cooling as 1t passes from hignt to shadow Also
the problem of lubricaton of a hugh speed turbogenerator 1
compounded 10 sprce since ordimary technique are not
saustactory  he generator has therefore been redes gned to
smplify lubrication requirements

Hor Ar and Sunshme

The idea of runming an engine on sunbeamns 15 apt to be
dismussed as a lot of hot air, and i one case at beast, this is a
very accurate apprasal One of the mo<t advanced of the
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modern thermodynamics, Carnot stated that no heat engme
can be 100 per cent efficient, since some heat 15 always
wasted Joule, Kelvin, and others went on to develop the
theories that Carnot had mitiated, but Stirling was not
hampered by any of Carnot’s laws
We are all famshiar with the nternal combustion” en-
gine Surling s hot-air engine was an “external combustion
engme 1n which heated air expanded outside the cylmder,
rather than within 1t The Stirling engine also had a re-
generator that ‘saved” heat from one cycle to the next
Theoretically 1t had an efficiency of 100 per cent
Thermodynamieists today pomnt out that the mventor
made some exaggerated claims about the efficiency of hus
engines, however, we may forgive Surling for this since the
rules had not yet been formulated, much less wntten down
It is a matter of record that his engines were more efficient
than exisung ones, yet, as often happens the Strling engmne
owed 1ts wide popularity 10 a lesser quality In the old days
steam boiler explosions killed hundreds of people a year
Sice there was no botler needed for the hot-air engmne,
there was no danger of explosion and 1t was for this reason
that thousands of Stirling engimes were sold
This 1 wself was not bad but somewhere along the line
the mam advantage of the Surling engine was dropped The
amazng regenerator the young gemwus had ivented was 2
source of trouble because of material farlures so that many
engineers simply removed it The resulrant trouble free
quier and safe engines sansfied them even if thewr efficiency
was not nearly what Surhing had in mind when he bl the
prototype Some of these metamorphosed Sturling engines
actually operated close to 1 per cent efficiency!
Despite these changes the Surling engine hung on and
as late as 1939 was produced by the Kessler Company 1n
Chicago Of course much had happened in the field of heat

o
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engines i more than a century, and even though some of the
hot-air engines continued to operate, they were generally
conceded to be obsolete and interesting only historically and
theoretically In fact, at about the time the last Surling was
being built, a thermodynamics text had this to say about the
hot-air engine

Much work and some very clear thermodynamic thinking
was done 1 the early development of the hot air engine It 1s
worthwhile to know of the principal ones actually bwlt and
operated even though they are today obsolete

Over in the Netherlands at about this same time there was
a group of engineers cunously digging o every possible
1dea they could find for engines The N V Phulips Labora
toties of Findhoven had decided that even the best engines
avatlable at the nme were none too good and wanted to
develop a truly igh efficency engine So eager were they
that they even resurrected the old Sutling cycle, the obso
lete ‘external combustion engine And 1n the years that
followed they did some amazing thungs that would have
gladdened Surling’s heart

By 1958 Philips was producing a vanety of Surking cycle
engines that delivered power at clamed efficiencies up to
40 per cent a figure which while not close to the 100 per
cent theoreucal mavimum was sull far betrer than most
engines Along with hugh efficiency went the other advan
tages of safety and quer operation Internal combustion
engmeers actually consider the Surhing engine eenly quier
In 1958 remember Vanguard 1 and 1ts proneer solar cells
wentnto orbit And that y car General Motors Allison Divi
sion signed an agreement with N V' Philips Laboratones
for further development of the Surling engine including a
three Lilowart solar pow ered space engine for NASA

The Albson space engine will produce the same amount
of power as TRV s Sunflower For use in space the Surling
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engine has undergone some changes from s land-based
counterparts Furst the engine must be sealed for operation
1 the vacuum of space Tn addinon the working medum s

£

fE3
53

-\
Battelle Memorial Insutute

James A Eabling studics model of Surling cycle solar engme A
version of this engine 15 being buile for use 1n space

not arr but helum or perhaps hydrogen In place of the
Sunflowers thirty two foot parabolic mirror the Allison
engine relies on a mincteen-foot flat Fresnel refiector which
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The ennre engine 1s packaged for faunching 1 a cylinder
about 8 feet 1n diameter and 7 feet long The large curved
murror 15 erected with the techmuque described in Chaprer 3
Once 1n orbit 2 plastic balloon packed m the cylinder 1
inflated and the 42 foot section adjacent to the engine 1
formed mto a parabolic shape and suffened with foam Next
2 hot wire burns off the unwanted portion of the balloon
and this 15 blown away Now the murror 15 extended on
telescoping arms untl 1t 15 the proper distance from the cav
1ty which traps solar heat, onentation toward the sun 15
accomplished, and the engine begins operanion

An 1dea of how much power 15 kilowatts represents can
be gained from studying your electric bill A typical home
mght use about 1,400 kdowatt hours a month, or two con
tnuous kilowatts, so a 15-kilowatr plant would serve seven
or eight homes on your block Obviously 2 15 kiowatt
power plant in the sky can deliver power for a good many
uses—there are lots of Lirtle foreign cars driving about with
no more power than the equivalent of 15 kilowars!

Earlier we compared the solar batrery approach with
other methods of powering a 100 watt space probe of Mars
Now 1t will be helpful to use the same technique 1n evalu
ating the vanous solar energy approaches to find out which
1 the most attractive  Moving from the modest 100-watt
power plant to one of 3,000 watts or 3 kilowatts 1t 15 10
teresung to see that the solar battenes which came out so
well in companison with more conv entional systems here tic
for last place with other solar energy conversion methods

Wesghts are gnen for 2 complete power system, 1nclud
ing astorage system for pow er dunng dark periods controls
to onent the solar collector toward the sun, and so on The
fheaviest system 1s the thermoclectne at 1,376 pounds Next
15 our old reliable solar battery method at 1 350 pounds The
turbogenerator or Space Age steam engine shows 2 dra
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matc slash 1n weight to only 848 pounds, and weighing even
fess than that at 799 15 the solar thermiome generator
Beyond the saving n weight that seems possible with
solar power plants other than solar batteries 15 the saving
1n dollars Since thermoelectric thermionic, and thermal-
mechanical generators operate at much higher temperatures

p.E.4

£5EH

Goodyear Aweraft Carp

Assembly of 45 foot solar reflector This inflatable foam ngidized

collector 15 part of the Air Force Advanced Solar Turbo Electric
Concept (ASTEC)

the actual converter matenal 1s much smaller m dimensions
than the solar panel Instead of a thirty five-foat panel of
expensive solar batteries the other systems use 2 metal or
plastic collector of smular size which costs only a fraction
asmuch Thus not only can we generate sizable amounts of
power with solar energy but we can even 4fford to do 1!
Antedatng the developmental work of these solar pow
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claimed them to be Even 1f a parchwork of murrors or a
curved metal collector did manage to focus 25 or 35 per cent
of the available heat onto a boiler, this was only the begin
ning of the attriion The heat engine 1tself was of far less
efficiency, and friction losses lopped off stll more of the
wanmg power The practical solar engine had to war for
better matenals and better design

The space race has accelerated the development of these
requirernents, and engineers are already nvaling the effi-
ciency of the admittedly sumpler solar battery with thermal
mechamcal engmes With the goal a rempting figure some-
where near 50 per cent of that available one horsepower per
yard of sunlight, engines that * run on sun” are here to stay—
1 ever increastng numbers
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same motive power Basking n the sunhght, 1t seems 11-
concervable that these gentle rays could drive a spaceship
weighimg many tons on a journey to the moon, much less to
the more distant planets Granted that a hughly sensitve
balance scale can weigh the mmpact of a flashhight beam, the
strength of that beam 1s sull barely percepuble and cer-
tamly not i a class with the rocker fuels in use today
Hydrogen and hiquid oxygen the solid fuels, and other more
exonc kinds m prospect, develop energy with an explosive
force measured sn millions of tons of thrust It 15 casy for us
to visualize harnessed atoms doing prodigious tasks when we
recall the huge mushroom clouds, 2nd the devastation atomic
bombs have caused

If indeed the only way to make fhights into space was by
finng a vehiele directly from earth to 1ts targer we could
immediately rule out solar energy—at least in the direct sense
we have been considering up to now--as a contender for the
Job of fueling such trips Such a cannonball, quick-and dirry
approach to space flight 15 surely possible, bur 1t requires a
fantasuc amount of power An alternative method 12 1o loft
the spaceship inta orbit with a smaller explosive charge and
then to launch 1t on its way from this intermediate way-
statton 1n space Qur first exploration of the moon will most
likely be made by a double verston of this technique Apollo
wll be placed 1n carth orbit and then hurtle for the moon
Otbiung the moon, 1t wall dispatch a smaller ‘ lunar bug’
for the actual landing The bug, when 15 exploranon 1s
complete, will blast off the lunar surface, not for earth, but
for a lunar orbut rendezvous with Apollo which wll then
teturn to carth

Such an spproach has another ment besides the econom-
1cal aspect The big bang  shot requires ternfic accuracy
to hit 2 target perhaps millions of miles away Use of the
orbital techriique and a subsequent fresh stare on the second
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phase permits correcung for any ersors made i the first
Thaus 1t 15 possible to save nor only fuel but Jives as well a
fact much appreciated by those who first take the giant step
mnto the empty reaches of space

Incidentally using ch i rockets imposes an
condinon on the spaceshup Once the Atlas or Saturn or
whatever booster we are using 1s ignsted, the crew does not
have the option of throttling back or shucting down and
fater restarung For maneuvering 10 space i 15 preferable to
have a more flexible power supply one that can be easly
controlled

Here 15 where the use of solar energy—or nuclear energy,
of course—comes 1 Once 1n orbit our spacecraft can be
swung out slowly n an ever-widening circle that will
eventually take it where it wants to go in space Whle 1t
might sound at first heanng that such a long-way-round
route would be hopelessty slow and on a par with the milk
tramn or a siow boat to China, actual caleulatons of trips to
other planets with low acceleration propulsion compare
surpnsingly well with rocket propelled ‘straight hine ' tnps

44 3

Sun Power for Space Journeys

The notion of space fght 15 quite old the first lunar voy
age having been described sn Lucian s True History, wntten
m 120 4p A vanety of propulsion methods have been used
m fanciful tales that followed ncluding even wild swans
but 1t remained for Cyrano de Bergerac 1o power one of his
spaceships with solar energy Fis Voyage dans ta Lune and
Histosre des Etats et Emprres du Soleil were written about
1650 and whale they are as unscientific as mught be expected
of 3 man hving before the discovertes of Sir Isaze Newron
and James Watt the concept of solar energy is startmg
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Cyrano also powered one of hus craft with rockets appar-
ently covering all possibilities for space flight

Three centuries later, almost to the year, other men began
to write about space voyages using power from the sun But
these men were not writers of science ficuon In 1954 Wil-

The Boemg Company
Model of solar powered Martian Exj
Company s Program for A 1

peruments Concerning Space This unmanned vehicle 1s a prelim
nary design study

plorer part of The Boemng
R h and S fic Ex

ham Conn who had butle a number of solar furnaces for
laboratories and mdustnial plants wrote a short note mn a
scientific journal suggestng the use of a solar collector to
focus heat for deronating the rocket fuel of 2 missile Two
years later Krafft Ehricke, 2 German rocket scientist who
had come to the United States delivered a paper utled ‘ The
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most perfect concentrator of solar rays, so perfect m fact,
that 1n thus case the remperature would be too hugh Why
not, Ehricke ﬁgured, make a sphenical reflector? This would
mve the same amount of total heat flux, or energy, but
spread 1t over more arez

Next he struck on the 1dea of using, not an open * dish’
reflector but a full sphere A 128-foot reflector of metal
would need so many braces and guy wires as to be im-
practical But a sphere, say a balloon of light plastic, would
support itself

A plasuic balloon 1s hardly a solar collector, but sivering
balf the huge bag made 1t one Alumimzed Mylar, one-
thousandth of an inch thick and hughly transparent, trans
muts 90 per cent of the sun’s rays, and the merallized
hemisphere would reflect them onto the hydrogen heaters
with an overall efficiency better than 70 per cent, Ehnicke
calculated A low pressure of 001 pound per square inch
would keep the bag in proper shape, and diffumion of the n~
flaung gas through the thin skin would help keep the plastic
cool Tiny holes made by cosmic dust should not be dam-
aging larger holes could be patched in flighe

With a gondola for the crew mounted between the bal-
loons, and the rocket motor nstalled, the total weight for 2
two-man spaceship would be only 16,000 pounds—about the
weight of a fighter plane Two smaller solar collectors
would provide electric power for auxilary equipment The
enure assembly would pivot so that the reflectors could face
directly toward the sun no matter in which direction the
spaceship was moving When 1t was operating in the shadow
of the earth or moon, stored power would, of course, be
used 1n place of solar energy

Ehnicke realstically pointed out a number of drawbacks
to the solar-driven spaceship Furst, 1ts acceleration 15 ve
low, being only a fraction of that achieved by the chemical
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racker Besides ths, control and ahgnment of such a craft
would be quue difficule Mamrenance of the plasuc bags
might also be a problem However, despire the difficulues
he felt the weight consideration made solar power very at
tractive and discussed spheres as large as three hundred feet
mn size It 1s mteresting that i the few years simce hus pra
posed design the plastic communication satelbee Echo, one
hundred feer 1n dumeter has been successfully launched
Designed for an entirely different purpose 1 nevertheless
demonstrated the feasibility of the solar reflector Ehncke
suggested

A large number of solar powered spaceships and probes
sumlar 1 concept to Lhricke s have reached the drawmng
board at least, and it seems safe to say that spon one will
make good 1ts promuse n space One hkely prospect 15 2
French satellite called Phaeron after the Greek who was the
son of the sun Phaeton 15 2 madest-sized satellite with space
traveling ambinions Designed and to be built by the Socséré
d Etude de la Propulsion par Reaction (SEPR for short), 1t
will weigh only abour 150 pounds and fold to fit wnto the
nose cone of 4 standard French three stage rocker SEPR,
which has working artangements wath North Amencan
Aviation s Rocketdyne Division and the Thiokol Company
mn the United States selected solar power rather than nuclear
becanse of 1ts sefatis ely Jow cost

On reaching 1ts trutial orbit via rocket booster, Phacton
will spring free of the nose cone and unfold 1s 13 foot para
balic murror lts solar power plant 1s similar to NASA’s Sun
flower and the Jarger Sundstrand engmes with a mercury
botler and lithtum hydnde heat storage to give 24 hour op
eranon A 10 cylinder engme develops 2§ kfowars of
electncal power and this electriciy rather than coneen
trated sunlight 15 used to heat hiqd hydrogen o 3 000° h
The hydrogen then passes through nozzles to drive Phaeton
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Socsete d Erude de la Propulsion par Reaction

Phaeron 2 solar powered space satellite A turboelectric gen
erator will provide three kilowatts of power to drve the
satellite from 2 low 1mtial orbit to a final very high orbr

1nto an ever higher orbit Power 1s also used for the record

ing mstruments that are Phaeton s mun purpose In several
weeks the satellite 15 expected to lift itself by its own boot-
straps as1 were from an alutude of about 400 males to more
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than 22,000, at which position it would be 2 24-hour satellite
standing sull over aspot on the earth

Phacton's engine daffers from the Ehncke proposal in that
1815 an arc-jet hy drogen rocket, a more sophisucated design

ng the turbog, to convert heat to elec

tricity While the arc jet has a hugher specific impulse than
the simpler solar thermal scheme, the onginal concept 1s sull
attracuve enough so that Electro-Optcal Systems Inc 15
making a study of 1t for the Air Force

The Electric Spaceshsp

While Ehnicke suggested his ship primanty for short tnips
such a5 to and from the moon, another ex German scientist
had bolder 1deas Dr Ernst Stuhlinger proposed a different
type of solar-powered craft capable of voyages through
outer space This gmded mussile expert designed a much
larger ship propelled by electrostauc force! Tom Swift
couldn’t have imagmned such a craft

Stuhling d that a Jarge, interpl y ship would
begn its erip from a satellite and land on a hke station at the
end of the journey Fuel for 1t would have to be 'ferried
from earth to the satellite burning up perhaps 170 pounds
of fuel for each pound delvered at the satelliee Obviously
cost and scarenty of fuel could make long space flights pro-
hibitive

The electrostatic drive uses matersals Iike rubidium and
cestum as fuel When these strike an incandescent plannum
surface they cause an ton flow which 15 accelerated by a
negatively charged electrode to create an electronic jet or
blast This emission creates a tiny force simiar to the flow of
10ns 1 the television picture tube, and 15 called electnic pro
pulsion by scientists and nonsense by the unimuated

Besides the cestum or rubidium large amounts of electric
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power are needed, and for this Srublinger would tap the sun
His plans showed forry metal reflectors, each fifty feet i
diameter, arranged 1n 2 butterfly shape about the central sec-
uon of the craft Obviously such an unwieldly assembly 1s
suitable only for free space, away from strong gravatational
ull

The metal refiectors, unlike Ehnicke’s, were parabolic n
shape to generate high temperatures for bonlers at each focal
paint These boilers operated turbogenerators of 200 kilo-
watts each Stuhlinger pointed out that the large number of
reflectors would guard sgamst crippling loss of power m
case of meteor hits Another reason, of course, was the diffi-
culty noted by Ehricke 1n trying to build reflectors of huge
size

A colossal 7,500 kilowatts of power would operate the 1on
drive, with enough surplus for auxilary equipment such as
pumps, and electric and radio gear The ton streams would
be emitted from a th d propul hambers atranged
1 a honeycomb shape

The enure collector was designed to rotate so i could
contmuously face the sun and ndwvidual reflectors spun
slowly to aid 1n curculation of the liqmd used m the botlers,
Tnumpauon on Stuhlinger s pare of the zero-gravity prob-

em

As with the solar * balloon ’ there are disadvantages mn the
Stublinger design It 1s complex and as a result suffers effi-
ciency losses and 1s hard to maneuver Stuhlinger hoped that
improvements in the solar battery in the future might permit
15 subsitunion for the refiectors, bolers, and generators
But a solar battery panel producing 7,500 kilowatts 1s sull a
mad dream today

Handicapped as 1t 1s and with even less acceleration than
the Ehnicke design an electrostanc spaceship sull offered
tremendous weight saving that shows up even more 1n
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1 seconds Chemical rockets delver specific impulses up to
450 mearung that 1 pound of fuel will produce 1 pound of
thrust for 450 seconds Watching an Atlas, or berter yet 2
Saturn blast off we are awed by the fantasuc power dis

played yet the rochet’s 450-second specific impulse 15 made
pathetic by even the arc-jet to be used 1n Phaeton Its spe

afic impulse ranges as high as 2000 And 10n propulsion
as proposed by Stuhlinger and others ranges up to a fantasuc
100 000 some 200 umes the efficiency of the best chemical
rockets!

Progress 1n clectrostanic propulston has been slow because
we have committed ourselves to a crash program 1n space
Chemical rockets are available and we are using them rather
than awaitng development of the electrostauc propulson
that will surely supersede chemical fuels Funding for elec-
i propulsion unul now a technological stepchild with
only thirty million dollars allocated for 1963 as compared
with one hundred and sixty million dollars for chemucal and
one hundred million dolfars for nuclear propulsion wll
surely mcrease and the government 15 planming on solar
power for some of these sophisticated space devices Once
we accept the 1dea of using low power for long pertods
rather than a great big bang all at once we appreciate solar
energy It 1s free and 1t doesn ¢ weigh an ounce

Solar Satling

Even hydrogen drives electrostanc engines and other
such space propulsion systems pale when compared with
what 15 perhaps the most daning scheme ever proposed—that
of solarsailing

Man has known for a long ume that sunlight exerts a phys-
1cal force on objects 1t mmpinges upon slthough not m an
amount calculated to set any specd records using photon
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impact for propulsion The force exerted by bright sun
light 1s something Iike one pound per hundred acres, and 1t
was not until 1951 that 1t was mentioned seriously as power
for space flight

When the 1dea was first broached, hearers were prone to
assume that the speaker himself had stood too long m the
direct rays of the sun and that photons strikmg his head had
affected hus bram How ever, more and more hardheaded sci-
entists continue not only to discuss the 1dea but acrually to
declare 1t 1s a workable one

Vindicanon of the possibility of solar sathng came with
the displacement of Vanguard I by the effect of sunlight
The tiny six inch sphere, hardly an efficient sal, 15 moved
about a mile 1n a year according to scientists keeping track
of 1ts orbit A mule a year seems pisfully small buc sail pro
ponents pomt out that Vanguards performance at least
proves the theory

Solar saling was firsc suggested i Astoundng Sctence
Fiction, but 1t moved quickly o the learned journals Sei
entists at MIT, Sandia Corporation, Lockheed Missiles and
Space Division RCA, Westngh Space Technology
Labaratortes the Unwversity of Californua, and elsewhere
the Unuted States and abroad, proved mathematically that
solar sathng was not only possible but haghly desirable Just
as the electrostatic drive was better than chemical rockets
50 the solar sail was better than the electrostane because it
had a hugher work capacity per unit weight

Briefly, solar satling 15 comparable to sathng a boat on
water or 1ce or a windwagon across the prame On carth
molecules of air strike the sail and Newton s laws and aero-
dymamics take over In space there 1s no air but Newton's
theories have stood up quite well when put to the test If a
photon of hghe strikes a solar sail some of the energy n the
bight 1s transferred to the sml While this may seem ke




122 The Conung Age of Solar Energy

trying to drive a golf ball with a fashlight beam, the basic
1dea 15 sound and the implications are of great smportance

Man has saled his boats for three thousand y ears or more
but it was less than a hundred years ago that the theory of
the pressure of sunlight was evolved Now the technology
has caught up with the principle and many scientusts say that
solar sailing 15 not pure science ficnon—though surely 1
makes adventurous subject matter—but a distmer possibility
With no embarrassment NASA reports on furure space
travel talk of solar suling

One of the men vitally interested 1n solar suling 1s Dr
T C Tsu an aerodynamicist at Westinghouse Research
Laboratories Dr Tsu descnbes the famihar technique of
placing his proposed vehicle m orbit with con entonal
rachet power Then however the spacecraft rakes on 2
weird configuration The gondola carrying crew and equip
ment unfurls 2 monster parachute shaped sail of plasuc or
aluminum foul 1,600 feet 1n diameter

Dr Tsu makes an interesung companson of the solar sail
approach with the conventional, chemcal rocket power
method To send a one-ton payload to Mars by rocket all
the way would require more than eighty tons of propellant
round trip Obviously a thin plasnc solar sul even one 1,600
feet across 1 not gong to weigh anything like eighty tons
Despite 1ts huge size the sul will weigh only 1,000 pounds
and with 2 good sun can tow a payload of equal weight!

Added to this economic advanrage 1s the fact that 3 solar
sail should be cheaper than any other power plant for space
flight It also requires no new knowledge since light fugh
strength plastics are common at fow prices today

Exen when 1t comes to speed  the solar sail 15 no slouch
25 Dr Tsus figures show W hile 1t would rake us about 260
days to travel through space from earth to Mars with 2 big
bang chemucal rocher power supply the suling tnp de
spite a slow start would take only 118 days' Since chemmeal
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rochets can't be started and stopped at the crew s lessure
that approach 15 much less fleuble than solar saing Thus
the Mars trip would require an ellipucal trajectory and

W estinghouse
Dr T C Tsu and model of tus solar sail spacecraft

fght to the far side of the sun and return before reaching
our neighbor planet Since the solar sail can be furled or
tached  to plav sunlight against graviey control m space
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15 possible, and 2 more nearly straght hne np could be
made Andin case we happened to muss the target we would
not be doomed to orbut 1 space, but could perform the
spaceman s equualent of coming about and maling an
other try Dr Tsu suggests that the very size of the huge
sail would make 1t valuable as 2 radiation swecper or perhaps
as an antenna for long-range communication

The most important possibility may well be the ulumate
speed of the solar sailboat While acceleration 15 obviously
very slow and a hot rodder would dic of boredom on a short
trip, the speed constantly increases with ume The hmie
would seem to be the speed of hght iself 1n which case the
sail would speed along on the crest of the light waves hhe 2
surfboarder who knows his business Nautical shippers can
sail their boats faster than the wind It mighe be enhghtening
to se¢ what happens to the theory that says hight 1s the fastest
speed possible, and that no other substance can achiese that
186 000 mule a sccond rate  Scientists are conservative on
this pomnt, and cauniously menuon speeds of about 2000
mules per second

1f we are alert as we constder this 1 600 foor sail rgging
our space capsule along 1 bnght sunhght we wll reaize
that 1t 15 another potential source of power—clectrical
power Schemes for using the photoelectrrc effect on thin
plastc films have been proposed and figures of ‘a kilowatt
per lalogram' have been quoted as goals Thus our solat
sail rmght also develop many kilowatts for use in operaung
auxibary equipment in the space vehicle or for dnving an
1on propulsion plant

The Sun s Steadying Influence

There are other less dramatic but nevertheless important
ways that solar energy can help in space flights Navigation
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and the ortentanon of the space vemcle are examples Both
are obviously necessary to the satisfacrory completion of 2
mssion There would be hittle point 1 sending a probe oul
lions of miles mto deep space 1f 1t did not go where we
wanted 1t to go and pome self 1n the direcrion required to
do the job at hand The sun can step 1n here and not only
power our spaceships but guide and balance them as well

The notion of thinking big 15 nowhere more evident than
1n the breathtaling concepts of our space scientists surely
the 1dea of solar sailing o erleaps most space fight proposals
Yee this challenging use of the sun s encrgy seems to have
come first and the more routine appheations tag along be-
hind A recent paper i the Amencan Rocket Society
Journal mentions solar sathing proposals and goes on to say
that 1t thus seems reasonable that the pressure from the sun
could be used for an atuitude stabilization svstem

The implications are very important when we remem-
ber that carly satellites simply tumbled through space and
thus required far more solar battenes than if they had
onented themselves with respect to the sun By the same
token, camera equipped and otherwise mnstrumented satel
lites and probes are worthless unless they am this equip
ment 1n the proper direction Thus far this onientation has
been done with mertial sy stems using gyroscopes  yo vo’
weights, and other fairly complex stabilization means In-
corporanon of a light and mexpensive “solar sal  would
obviate the need for a-mechanical system saving weight and
money too

Far simpler than a solar sail 1s the proposal of one scien
tist that even a sphencal satellite surface can be stabihized
by making parts of 1t reflectve and the rest absorpuive of
solar rays So well established 1s the business of solar pressure
that Goodyear Aurcraft has d d a plasnc

uion satellite that 1s solar pressure proof This clever sphere
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maintains a ngidly fived orbit with no dnft caused by the
pressure of the sun Once pressunzed, the satelite’s plasuc
skan 15 hterally eaten away by sunlght leaving thin nbs
that reflect radio waves only

The Solar Comipass

Navigation the business of knowing where we've been,
where we are, and where we are going gives direction to
solar propulsne power, and 1t 1s fitung that the sun handle
this phase of space travel too Man has long used the sun
to navigate about the face of the earth, and the manmners
noonday fix’ remains one of the most effectne and fool
proof positon finders available Once we leave the flar of
earth though we add another dimension to our navigatien
problem Postion finding i space mvolves three dimensions
and there 1s another factor to mahe 1t tougher than terrestrial
navigation—that of the distance scale

On earth go as far as we can we are never much more
than 12 000 miles from home base On a voyage to Venus
or Mars millions of miles are involved and techmques used
on earth fall down Of course we can use fong range radio
and astronomical tnangulation but cumulanve errors are
likelv to result in rather smprecise ‘fixes  Of great help
would be some milestones n space teling us where we are
wath relation to some absolute base The sun may be the
2.swer

Assuming that 1t 1s helpful to know how far our spaceship
1s from the sun we search for a way to ascertam this dis
tance easily The answer 15 not hard to come by when we
recall that the sun raduates 1ts energy m all directions equally,
and that energy decreases by a fixed amount defined by the
law of inverse squares The farther we are from the sun the
less the intensity of 1ts radiation A solar battery for ex
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ample, will not pmducc as much electncity on Mars as on
earth because Mars 1s farther from the sun’ And here 15 the
secret of our solar navigaton system, of course With an
accurate radianion measuring mstrument, we can tell how
far we are from the sun This does not give us our focation
at a point 1n space, to be sure, but 1s somewhat like the -
formanion the marmer gets from his noonday observation of
the sun The angle he reads i hus sextant tells im his Jan-
tude, he needs hus watch to tell him his longitude So our
space navigator will need another reference to combimne
with his distance from the sun to pinpoint himself i space
Earth 1tself would be a handy reference, and he knows the
earth sun distance at all imes Measuring the angle between
sunt and carth, as observed from the spaceship, he can com
bime this information with the sun distance the radiation 1n-
strument gives, and get a “space fix "

The radiation method loses accuracy as the distance from
the sun ncreases, and out as far as Pluto the error could be
as Jarge as three and 2 half mihon miles This s hardly “pin-
pont” navigation Fortunately, for tnips to Mars, Venus,
and Mercury the accuracy of the solar radiation system 1s
about the diameter of the planets concerned And any naw-
gator who gets within exght thousand miles of Venus should
have lirtle difficulty wath the remaing distance!

In addiwon to solar propulston, stabilization, and naviga-
tion the sun 15 also effecuve 1n space commumication, as we
saw in Chapter 2 In fact, there seems little the sun can’t do
for the space explorer Fitnngly, then solar power may
carry us on our journeys about the solar system
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Earth’s Place in the Sun

So far we have focused our atrennon
on solar energy and 1ts uses m the new and booming space
fronner Admuttedly this 1s now the big field for solar en
ergy, 1t 15 more glamorous and excing, as well as more
rewarding for the engineer and the manufacturer of solar
energy components There 13 need for solar energy i space
such 2 need that if 1t were not svatlable the enure effort
would be seriously hampered For these reasons solar energy
will continue to be exploited most 1n space applicanons for
some ume yet However there 1s anather area where solar
power will in ime be of even greater consequence Not many
of vs, even in fifty years, will be journeyng mto space and
needing solar bartenes or other such devices Most of us will
remain here on earth And the greater that number the po
tentally greater the place of solar energy mn our future

‘We have talked of dwindling energv supplies, and the
factors that accelerate that dwindhng including the wags
predicuon that 1 three hundred years there will he so many
of us that standing room only will be the order of the day

e
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The squeeze 15 bemg put on our fading supphes of fuel 1n
two distinet ways First, there are more of us Secand, we
each require greater amounts of power as me goes on Like
increasing taxes the demand for power 1s an upward curie
that 1s contnuously steepening

Once we rode horses to get from here to there, and
scrubbed our clothes with 2 washboard and elbow grease
We Lt our homes with candles and lamps and when 1t got
hot we simply suffered and complained about it Today the
prcture has changed and cach of us uses thousands of lalo-
watt hours 4 year 1n our homes alone Add to this the
amounts of energy we burn up m automobiles, arplanes,
factories, and elsewhere and we see a prodigal nauon Those
Qs of energy with the Q also standmg rromically for a
question mark, are bemng cut 1nto ever more rapidly, though
some of us say that there will be no pinch 1n the next cen
wry or so Even af true this 15 an exceedingly short view,
and a view that will be a dim one for those comng along
belwnd us

There 15 another point worth considerng Aware that the
world 15 using up energy at such a ripidly increasing rate,
we sometimes forget that 30 per cent of the people are using
85 per cent of that energy In other words, there are many
more ‘have nots’ with respect to power than there are
‘haves The goal of soctety 15 to bring all 1ts peoples up 1o
the highest level not drag them down to the lowest If such
2 goal were to be realized i the next fifty years with each
of the inhabitants using energy au the rate the power-nich
now do, our reserves of fossit fuels would prabably be gone
forever'

There seem to be two possibilinies on the horzon One of
these 1s the harnessing of nuclear fus;on—dupllcanng the
solar process nght here on earth To do this we must deal
with temperatures of millions of degrees and forces that so
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constructed near Phoenrx, Anzona, by the Association for
Applied Solar Energy In this home winner of an interna
tional architectural competition the heat collectors were
parabolic trough louvers automatically turned durmng the
day to follow the sun The swimmung poo! acted as a storage
tank for heat

A solar home-heating plant 15 costly, and few buyers
care to ‘nsk the extra outly for a solar plant over a
conventional gas or electric heatng system However, the
Thomason houses incorporate 2 modestly priced solar aur-
condinonung system which its nventor thinks will repay
the difference in several years

In the Thomason house part of the roof acts as a heat
collector through which 1,600 gallons of water are circu-
lated Heat thus transferred to the water 1s stored in a tank
1n the basement, surrounded addiionally by rock heat stor-
age Ingemously designed despite uts sumpheity and low
price, this system heats the house 1n winter heats water the
year round, and even helps cool the house in summer To do
the latter, water 15 circulated from the storage tank to the
roof where 1t cools by evaporation during the night This
water 1s drawn on duning the day to cool the house

Because of the possibility of a long pertod of ume with
msufficient sunshine to heat the storage tank, the house 1
equipped with a standby ol fired furnace Seemingly an
adnussion of defeat this 15 a more or less standard design
philosophy that has evolved for solar space heating
While 1t 15 posssble to provide all the heat necessary with
solar coll 1t 15 not 1 to do so as we move
farther north In sunny chmates at low lantudes a small col
lector and storage system will provide all the necessary heat
To do this 1n New England or Canada would require a huge
collector and a huge storage area There 15 thus a pont of
d g teturns and find 1t wise to plan for
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only a percentage of the total heat needs with solar energy
To carry over through long cloudy periods or continued
very low temperatures, supplementary conventional fucls
are provided

Washington 1s just at the edge of the solar belt ’ almost
at the 40th parallel of lautude, and would thus seem a mar-
ginal location for the use of solar heating How ever, Thoma
son reports using only $4 65 worth of supplementary fuel
for an entire season' To make the system even more efficient
he also heats a swimmung pool wath solar energy Some
further bonuses are an emergency water supply for drink
g mn case of disaster or for fire-fighting’

The sun can refrigerate a home as well as heat 1t and
many experts think that cooling actually offers a greater
potential for solar energy since the supply 15 at its peak
when 1t 15 needed most This 1s just the reverse of the situa
tion when sunshine 1s used for hear Solar refrigerated homes
have been built and the feasibility of the systen: has been
d rated, the ec remain a bling block It
1s sull far cheaper to air condition 2 house with electricity or
gas For example one expenimental cooling system ncluded
a copper roof which cost several thousand dollars' The an
swer lies i paning costs to make solar energy methods com
peutive The field 15 new and great advances have been
made A breakthrough i matenals or perfection of evst
tng designs coupled with wide demand could mahe solar
air condinoming pracucal in 2 few y ears

Agan situations dictate developments Just as solar panels
at a quarter of a million dollars may be a bargain for a kilo-
watt of power 2 thousand mules out 1n space a solar re
frigerated and highted home a thousand miles from the end
of the nearest railroad or highway might also be 2 bargain
While a ¢ "lon of ol may give us 100000 Bruss for just 2
quarter 1f 1t costs us a doflar to haul in that gallon the econ
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omy takes a decided plunge and solar power at a capital cost
that looks at first glance like a hopeless extravagance scems
a better buy

Water Heatng

At least two homes have included swammng pools 1n the
solar heating system, bur hundreds of pools are being heated
separately by homemade solar collertors or one of several
commercial models on the marke. Ahile a large collector
area 15 needed and sometimes poses architecrural problems
the attractuiveness of the scheme  obvious when it 15 re-
membered that 2 gas heater may ¢ several hundred dollars
and require forty dollars a mérnith to uperate

‘While solar energy does ;  yet heat a great number of
homes, or even swinnfig ools domesuc solar water
heaters abound Flornda has 7 esumated 25,000 umts in
operation, heating water for { rate residerces aparument
bulldings and even laundnes Tfus suce- s depends on sev-
eral factors Furst 1s the large arot rr of Sunshine available
Improved designs compeutzy~ e of operaton and ag
gressive manufactuning “and Saules orgamzanions add to the
natural blessing of the state to put the sun n business

The solar water heater has been with us for many years
and 1n some southern states aging pioneer mnstallations can
sull be seen 1 operation Californza in particular took to the
solar heater and 1ts rooftop glass-covered heatng coil But
techncal progress and financial aftuence outmoded these
early power savers and they have only recently begun to
appear agan In present mstallations standby electnic or gas
fuel1s called on when the tank temperature drops too low In
the meanume, appreciable fuel savings are realized

Mountain cabins and remote camp sites would seem
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loprcal customen for solsr water heatens pechapn portable
umits may soon be avalible for campers Already campers
ate pung anothes solar enerpy device to heat not just waree
but food aswell

Solsr Cooking

Thete are several ty pes of reflector cookers on the mar
ket Perhaps the mowe popular o the Umbroder  an um-
b clla ke reflector equipped with a gall Eauly packed in
a box for transporung 1t can be set up in 3 mimute or so
and in about fifteen minutes 1n bnght sunbght can boil a
quart of water or broil hot dogs or hamburgers

Although as y et campers have not deluged the f.
turer with orders the solar cooker 11 2 pracucal piece of out
door gear It will brod steaks or cool bacan and eggs before
a bed of charcoal ean be burming well For tnps, there i no
need to take along fuel of any hind which s a saving of
money and space No matches are needed and there 1 no
bothersome smoke Also attractive 15 the fact that the solar
stove 1s far safer with respect to forest fires than are other
means of cooking

Alin to the reflector stove s the solar oven Also portable
this unit 15 hight 1n weighe and deli ers temperatures as hugh
15 450 degrees Lquipped with folding reflectors to increase
the amount of heat trapped the oven wotks on the  green
house prnciple Heat goes in through the glass top but s
not reflected back out More comnpact and casy to handle
than the reflector stove the ot en need not be as accurately
pointed toward the sun Some ovens have been equipped
with special contasners of heat storing chenucals and can
cook for several hours after sundown The obvious disad
vantage of solar coolers or ovens 1s their dependence on the
sun Acmight i the shade or durmg aran they are of hrdle
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use, though camp stoves are generally intended to be used
during day hight and 11 good weather

Besides uts applicanons for cooking food and heaung
water, solar energy can refnigerate food and make 1ce as
well In fact the trend of thinking now seems to be turning

solar cooked hamburgers 1n Anzona

strongly 1n this direction There are some good psy chologi-
cal reasons for this paradox In India Mexico and South
America where solar coolers have been tried, there 15 resist
ance to them simply because 1t 15 sull possible though per
haps difficule to round up fitewaod, ammal dung or some
sort of fuel for cooking Ice on the other hand cannot be
obtamed i such a prmitive manner Thus many think that
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the nattve who does not seem much interested n the solar
stove would look more favorably upon 2 cheap refrngerator
run by the sun 1n which he could keep mulk and other per-
wshables Expenimental work has been done with simple
absorption cycle refrigerators regenerated daly by solar
energy for two hours or so Here too the disadvantage of
darkness does not apply since the refnigerator will stay cool
during the mghr

Water Distillation

As we run out of space we also seem to be runmng out of
fresh water for drinking and irrigation Already the disulla-
tion of sea water has been resorted to in many locations m
the world, and here again 15 2 broad area of pussibility for
solar energy Disuling water requires heat, tne most easily
obtanable form of solar energy When water evaporates
the impurnites are not takén up mn the vapor Thus when the
vapor condenses on an approprate surface it 15 pure and
switable for drinking wrngavion industrial uses and so on

The solar sull has been mennoned in the small emergency
type as used by downed awmen Large-scale sulls too are
not new and back in 1872 a Chilean solar sull delvered
6000 gallons of fresh water a day Built of wood and glass
1t served for many years with litle maintenance and per
mtted economic operation of a mine m an area with no other
fresh water available With mproved materals like plastics
available more efficient and more economical stills are pos
sible today ana much work 1s being done in this direction

The Office of Saline Water, Department of the Interior,
has for some years sponsored research in solar sulls along
with 1ts other research 1 the field of disullanon Bateelle
Memorial Insutute 1s among those active in this work witha
research stanon at Ponce de Leon Lighthouse Reservanon
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near Daytona Beach Flonda Frankln Insntute Georgi
Insttute of Technology, New York Univemsity, B)orlmen
Research Laboratores Inc, Dr George Lof, and New
Mevico Highlands University are also domg research for
OSW Massachusetts Institute of Technology and the Uni-
versity of California mamtain research programs, and are
also working on solar sulls of various designs The mam
problem 1s to get the cost of disuillation per gallon down to
a COmPCtlthC pnce

Cheap fuel 15 the solar sulls compention Conventionat
distllation plants produce fresh water for thirty cents per
thousand gallons, and solar plants are nowhere near this
figure However the Office of Saline Water feels that prog-
ress 15 being made 1n 1ts tests with deep basin,” ‘ ulted
wick,” and forced convection types Imitial costs are hugh,
particularly when construction 1s of concrete and glass for
long life Saving money with plasiic covers instead of glass
has been accomphshed, but hurricane Donna wrecked a
promsing air-supported plastc stll in 1960 Tt 15 of nterest
that the sull withstood the gale unul power for the airr pumps
failed, however, and that far heavier structures were also
wrecked by the storm

Reporting at the Rome Energy Conference in 1961, }
Strobel of the Department of the Interior gave estimates
for a 100,000 gallon a-day solar sull based on work with
pilot plants Such a st} could cost ene million dollars and
delsver fresh water at a cost of §1 22 per thousand gallons,
several umes that of conventional distiflanon methods

The solar sull 1s not attracuve from an economucal stand-
pomt today for several reasons First, mtial costs are high,
though this disadvantage 1s offset by long life and low mamte-~
nance Second the sull requires a very large area compared

with conyentional sulls Finally, the price per gallon 1 sull
tugh by a factor of about four
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It 15 nice to know that the solar still will work however,
and that we can provide ourselves with fresh water 1n the
future when conventional fuels are gone Even paymg 2
premium will not be much penalty since water 1s one of our
cheapest needs Solar scientists are constantly seelung 1m

ALY AL
Battelle Memorial Institute

Solar fresh water stll research station operated by Bateelle Me
mora) Institute for Department of Interior Deep basin still m the
foreground with plastic air inflated stlls beyond

proved methods Recently a student at the Unnversity of
Arnizona designed what seems to be a much better sull and
one which might drop the price ro a figure close to that of
convennonal plants

Solar Electriceey

Moving from the use of solar heat we come to apphica
tions ivolving solar generated clectnicity  Oddly, most of
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us are more famihar with what solar batteries are doing
space than with their accomphshments here on earth Whle
the total kilowatt-hours produced by such terrestraal appht
canons do not add up to enough to worry unhity companies
greatly, there are quite a few devices now drawing token
clectric power from the sun

Solar powered radios in a vanety of shapes and sizes have
been mentioned from tmy transistor madels using one solar
battery to long-range commumcation equipment powered
by large panels Solar battenes are being used 1n Afnica and
South Amenca, and experiments with * hstenung stations 10
remote areas show promise Solar-powered emergency sig-
naling stanons along lughways and freeways have been
tested and 1t 15 ponted out that since such unus are self-
contained and require no pow er lines and little maintenance,
they are economically attractive even now

International Recufier Corporation, a suppler of solar
bartenies for the space effort, has developed a broad hine of
educanonal lats featuring solar batteries Such efforts stem
from two reasons Production of high effimency solar bat-
teries for space satellites delivers a byproduct in the form of
lower efficiency batteries In other words, a thousand mass-
produced solar battenes may range i cfficiency from 5 per
cent to 14 per cent The space effort demands only the top
bracket of 12 per cent to 14 per cent Other apphications
take lower efficiency say 10 per cent to 12 per cent Those
lower than 10 per cent must be disposed of elsew here if they
are not to reflect a total loss and consequent increase of the
top-grade cell price Educanonal and hobby kits, commercial
radtos and so on, are the answer At the same nme such ad
vertising 1s hopefully building a broader market for the
solar battery against the day when economical medium-
efficiency types may be used to power an outboard motor or
even a complete house For the moment however the solar
battery would scem to be of pnme importance to the science
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of electronics of whuch 115 such 2 recent offspring In addi-
tion to radios phonographs have been run on sunlght, as
have clocks, electric shavers, sewing machines flashlights
and beacons 1 highthouses and arrways markers

PN ‘
Internsiional Rectsfier Corp

Youngster Listens to transstor radio powered by solar bac

tery m top curcle

The use of sun power for transportation has been an 1dea
reserved for the scrence ficnon wnrer and the suspect sci-
enast. Toys have been powered with solar cells of course
Trains, boats and autos, are among these The propelless of
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model airplanes have also been mrade to whirl reabsucally,
though not to pull the craft through the air But any sug-
gestion that sun power could actually drive a man-carrysng
vehicle has been met with Joud snorts of derision even from
the solar scientists themselves When a sporung goods firm
displayed an artist's conception of a solar-powered outbozrd
motorboat even solar energy experts advised agamnst  buy-
1ng stock 1n any such idea  And the noton of automobles
driven by sun power was ikewsse flayed Yer within a few
years both these impossibilities have come to be

The Solar King’ panel built by Internavional Recnfier
Corporation was used to dnve their Baker electric car
Mounted on the roof of the antique 1912 auto, this large
solar panel charged the storage batterses i the car and after
sufficent exposure to sunlight the car could be dnven for
several rles, actually on sun power' Of course the 1dea was
ademonstration, and there has been no rash o solar-powered
electrics blocking traffic on the freeways

The solar powered boat buile by the Agency for Interna
uonal Development for use m South Amenca while not as
racy looking as the outboard mentioned above, actually 15
powered by the sun, and the fact that 1t ended m a con-
troversy detracts nothing from the concept An educared
guess as to the future of transportation 1s that it will be
electrically powered—with electncity quite possibly gener-
ared by solar energy though not necessanly on the roof of
the car 1self Perhaps the car will be plugged tnto 2 wall

sochet 1n the garage to charge up from a large collector on
the housetop

The Solar Furnace

There 15 an even smpler use of solar energy mn the form
of heat Instead of changing 1t into electnaty or steam or
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whatever, the heat at the focal pownt 1s used as bear An ex-
ample 15 the solar furnace, one of the most spectacutar appli-
cattons of solar energy A favonte trick of public relations
people—though 1t must depress the scientist—1s that of shov-
g a two by-four mnto the hot spot’ where 1t takes flame
almost mnstantly With a big enough furnace a steel beam

International Recnifier Corp

Dr Charles Escoffery developer of this solar powered Baker Elec
tric car chats with ske{mcal Central Park policeman Four by five
foot solar bartery panel on roof charges storage bartenes for cars
operation

can be subsututed for wood These artennon gettng feats
are amlogous to using a telescope to ook 1nto bedroom
windows but perhaps they arc worth the sciennsts angussh

Archimedes used the concentration prineiple to produce
fire at a distance the saientific or industnal solar furnace 1
focused closer at hand and 15 thus 2 more controllable tool
After World War Il with the upsurge 1n hugh temperature
research for fast flving aircrafrand missiles screnusts turned
to the solar furnace to produce the elevated temperatures
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needed There were plenty of them avatlable, 1 the form of
surplus searchlights The searchhght mirror 15 designed to
reflect the hght boiling out 1n all directions from the carbon
arcn a tudy parallel beam The parsbolic shape of the mirror
has this property, and of course it works both ways The
parallel rays of the sun stnlung the mirror are reflected to
the focal pomt of the murror The better the mirror the
smaller the spot and the greater the remperature

Even the aging searchlights did 2 commendable job and
many aircraft firms and others i the field mounted make-
stuft furnaces on the roof and worked out tracking nigs to
follow the sun The brght spor of light at the focal point
mughe be several thousand degrees Fahrenherr, and all man-
ner of materals were melted or oxidized, or burned, unless
they survived the temperawre A few furnaces, some as
large as ten feer in diameter, were specially made for the
purpose, but for 2 really large solar furace 1t was necessary
to look to France

At the end of World War 11, scientist Dr Felix Trombe
iterested the French government in building a solar furnace
for research There was an old fort at Mont Lows 1 the
Pyrenees, high enough for the arr to be clear and loaded
with sunshie Ir was, Trombe felt, an wdeal spot for solar
research The government agreed and with amazmngly mod-
est funds Trombe and his fellows built what remarns today
as the largest solar furnace in the world

Spanning thurty-five feet, the huge vertical parabolic col-
lector 15 composed of thousands of planc mirrors accuratély
curved with tny adjusting screws and all focused at one
pomt Some distance away a large flat murror called a heho-
stat 1s mounted 50 that 1t can move horizontally and vern
cally to follow the sun Thus duning dayhight hours the sun
1s reflected by the heliostat onto the parabolic mirror and
thence to the focal point

Developing seventy five kilowatts the furnace is not used
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both for rescarch and hmted industnal use  The French
furnace used for research and production 15 an example
Ar Swanford Rescarch Institute Amencan scienusts are
using a solar furnace to invesugate the as yet unexplotted
photochemustry field and have shown promusing though
low-tfficiency conversion by means analogous to plant con-
version of hight into encrgy

A modest sized furnace can be buile by 2 hobbyst, and
these have been used for tashs rangang from the finng of
cerares 1o the branng saldering, and welding of high-
temperature metals Do-it yourselfl furnaces delver tem-
peratures of about 2000 degrees Fahrenhew sufficient for
a numbes of appheations, ncluding the burning of fingess
Even with these small furmaces 1t has been found wise to
wear darh glasses to pratect agamst the white hor glare of
the focal poine

In the laboratory the solar furnace finds use as 2 measure~
ment too} for temperature, emissivity melung potn, thermo-
clectnciry  thermiomic emussion  evaporation rates, and
radianon standards It 5 also soed for such rasks a5 the
growing of single-crystal matenal sa which purity 1s of prime
smportance zone refining, and so on Interesungly, you will
remember that the solar battery uself 1s a product of single-
erystal technology Perhaps the solar furnace can produce
tigher punty materal for fabneanon of better bateeries
Another use of the solar furnace 1s for high temperature
welding s an wnert atmosphere Welding of thermacouple
beads curtng and yorung of ceramue materals and so on
are examples of ths technique

4 suggested use of the solar furnace n space exploranon
15 to obtamn water that may be found entrapped i the rocks
on the moon It may be used m such lunar explorers as
Surveyar which will land on the moon and make spectro-
graphic analy ses of matenals
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Largest solar furnace 1n the Umited States the concentrator
of the US Army Quartermaster Corps high temperature
furnzce The 180 concave murrors produce 5000 degree
temperatures sufficient to melt steel I beams

Like any other solar device the solar furnace has inherent
disadvantages At might 1t 15 of no use although scientists
have used moonhght to perform certain tests on the furnace
mirror  Understandably the solar furnace 1s hmited to
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the hours of sunhight and 1t must have clear air to generate
truly high temperatures Areas where the arr 1s smoggy or
atherwise polluted are not good locations for solar furnaces

Ratn or other precipitation, haze, fog, and clouds are also
undesirable Even wind can detract from the effectiveness of
the furnace, since orientation 15 a cnncal factor and high
wind loadings may cause sufficient deflection to spoil the
accurate focus of the sun's rays into the desired small spot
Further murror surfaces must be kepr clean to prevent
losses of efficiency This presupposes a protecuve cover,
and we find that the solar furnace has become something
iike the astronomucal telescope, good for only part of the
twenty four hours, best at high alutudes and requiring an
evpensive housing to protece it from the elemenes

These disadvantages can of course be overcome and
General Electric s desert facility near Phoenix wich shding
roof 15 an example Perhaps the hundred foor furnace will
never get farther than the drawing board but this does not
mean that two or three fifty footers won t be bult and do
an excellent job both for research and for industry

Power

Use of our rooftop to gather heat for warming or cooling
our home 15 a not too-far ferched idea to most of us A trip
to the atuc 1n summer 15 proof of the amoutit of heat that
finds 1ts way even through a roofing materul designed to
keep 1t out But the use of the roof a5 a power plant for
generanon of electrieny for domesuie highting cooking

o1 entes and Nancous pawer
needs for mowing workshop and so on 15 2 more challeng
ingdea

The heat falling on our home 15 sufficient to warm 1t 1n
winter and cool 1t in summer Beyond that 1t ys enough to
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provide all the other energy needs of the house, as described
above, with a good margin of safety—1f we can learn ways
of availing ourselves of 1t Back mn the early days of the solar
battery, the solar shingled roof vas an eye carching 1dea
A roof 20 feet by 40 feet converung solar encrgy to elec
tricaty at 10 per cent efficiency, would provide sufficient
Yalowatt hours to service a home on only 5 days of sunshine
amonth! The obvious fly m the omtment then, as now, was
the price of the solar shingles At current prices such a roof
would cost hundreds of thousands of dollars and would take
many hfeumes to pay off even with no maintenance costs
or replacement

For 2 time the solar roof was the butt of nidicule, and 1ts

rop were d of averselling solar energy More
recently, however the idea has moved from adverusing
brochure to scientific journal, and learned treauses have
been wrntten by scientists and engineers proposing these
rooftop power plants One writer even suggested tying in
the home power plant with the public uulity Then, when
the roof was receving an excess of power this surplus
would be carned off by wires for use elsewhere The watt-
hour meter would 1n effect run backward at these tmes to
fower the houscholder s bill Appealing as this ar
might be to those of us paying the electne bills 1t has been
decmed unecononucal by other experts 1n the power field
Why suffer the losses 1n the transmussion hnes they argue
‘Why not build storage facthities into each house and have a
self contained power plint on each roof> No longer would
weneed unsightly poles and wires that are also a hazard and
an expense And electrical power would be no more costly
1n rural or even remote areas than in town

Despite the increased opumism of scientists the cost
factor 15 still against the solar shingled roof although some
progress 13 being made International Rectuificr Corporation s
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‘Solar King™ 15 4 by 5 feet, gving 20 square feet of area
Thus panel was bunle for about $15,000, and our 800-square-
foot reof would stll cost $600,000' However, the firm feels
that st could produce such panels in quantity for as htde as

g e o Wew oo

Bell Telephone Laboratorses

First commercial use of sofar batterzes on Bell Telephone System
ar Amencus Georgia Tests proved the feasibility of the 1dea but
1t 15 not yet competiuve with conventional power

$2000 thus dropping the roof price to $80 000 Lven at
this bargamn figure, of course, not many of us are going to
swing to solar power just yet A 20 foot panel for $2,000
grves us solor power for about $100 a square foor Experts
ate talking of $1 to $10 a square foot as a realsnc price thar
will make the solar raoftop power plant an actuality
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Generally the mdustry 15 hopeful, and serious scientists
talk of solar “mats” four by eight feet suitable for roofing
matenial and wired together m series-parallel combinanons
to provide smtable voltage for power supplies

A rooftop plant could take care of our home power, but
there will always be a need for larger central power gen-
eration Many fanaiful drawings have appeared showing
huge solar mstallations producing megawatts of power and
taking care of sizable towns These are dreams as yet, and
despite talk by Soviet scientists about a large solar-powered
steam plant being built in Tashkent, 1t 15 only recently that
the Russians have been able to produce a pracucal solar
engine of even modest size

Even the optimists 2mong solar workers feel that m the
Umited States solar electricity on an industrial or unlity
basis 15 decades away, although its use 1n remote areas may
well be economical long before that It also seems that, bar-
nng a sudden breakthrough in solar battery technology, the
solar mechanical pawer plant wall be first in practical opera
tion 1n the underdeveloped areas of the world

The National Physical Laboratory of Istael 1s 2 hotbed of
solar energy development There 15 good reason, since 1t 1s
located 1n a land of plenty as far as sunshine 1s concerned
and 2 land of not so-plenty otherwise The Tabor turbine
operating on solar energy m Israel 15 an excellent example
of this type of solar converter and teday 1s attractive from
a financial basis not just as an amazing odduty of science
Even assuming a Iife of some 5,000 hours for the solar tur-
bine, the Israch workers show a cost for electric power of
only about 3!; cents a kalowart hour, 10 000 hours of op-
eration would drop thisto 134 cents

A small steam turbine cannot operate mare efficiently
than about § per cent so Tabor subsututed a different work-
ing medium He uses monochlorobenzene, whose high
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molecular weight permis the specully designed turbine 1o
deliser an efficiency of between 15 per cent and 20 per cent
at an opcrating temperature of about 1507 C. The turbine
runs at 18 000 rpm and drives a 50-cy cle aliernator

Since npid metal collectors that follow the sun are ex
pensive the Tabor plantis equipped with a stanonary plaste
collector this 1s 2 long transparent tube coated with
aluminum on half us circumference and inflated under low
pressure Three of these plastic collectors prosvide heat for
the aurbine and they require ulung to follow the sun only
ance a weeh Despite the delicate appearance of the plasuc,
air inflated tubes chey can withstand gales of sixey mules an
hour and ate expected to last a mununum of ste y ears

Another bet for the low power solar engine field for
terrestrial use 1s the Surling hot air engine the first of which
may well operate i space hundreds of miles from earth Be-
cause of the ssimplicity and efficiency of the improved engine
developed at the Battelle Institute workers there and else-
where fecl 1t will make ats mark n terrestrial applicanions
along with Dr Tabor s turbine

Also being developed for small scale power plants are
thermoelectric and thermionic converters currently figur-
ng i space apphcations Radio Corporation of Amenca
engineers have designed and tested thermoelectnc con
verters using metal reflectors to concentrate sunliglit and
produce small amounts of power for use in rural areas Such
power plants can pump water and provide electncrty for
lighting and communication refngeration and other uses

Hamulton Standard Drvision of United Aircraft has taken
2 more expensive but sumpler tack and built a hundred watt
power supply for the United States Army Signal Corps us-
ng solar batteries Compact, light and foldable for porta
bility, such a power pack might alsa be of use for engineers,
explorers and others 1n remote areas Westinghouse s
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developmg such thermoelectric comverters and General
Electric considers that 1ts thermionic converters for use in
space could also generate economical power for tesrestrial
uses

France, with the worlds largest solar furnace, also lays
clam to the largest thermoelectric generator Built near
Toulon jomntly by the Society for the Study of Industral
Apphcauons of Solar Energy and the African Investment
Burean, a 170 foot prototype has been studied to pave the
way for a 700 square-foot generator now under construc-
tion Thus 15 about the size we need for our rooftop power
plant, incidentally

Trutial eost 15 the obstacle with solar energy mnstallanons
In the case of the Tabor solar turbine and symlar plants, the
turbine or engine 15 comparable 1n operation and cost to one
using conventional fuel The fuel 15 replaced by the solar
energy collector, and thus the economy of solar power
hinges on the cost of the collector In the case of the Tabor
solar rurbine, the plastic collector represents some 75 per
cent of the total imtial cost The cheaper the collector, the
closer we approach free power from sunshine Some of
the most nteresting solar energy apphications take this ap-
proach the idea of cutung collector cost drasucally

Many years ago some engineers were aware of this eco-
nomce fact of solar energy and proposed sumple collectors
consisting of shallow ponds of water glassed over The 1dea
was good but not good enough It has taken time for betrer
concepts and better matersals to make such 1deas pracncal
One of the better 1deas 1s that of the Isracl scientists in
adding chemicals to solar ponds to increase heat absorption
of the water progressively from surface to bottom, present
ing normal convection of heat and stormg 1t more effec-
tively A better maternal than glss 1s plasic which 1s
cheaper lighter, more easily handled and more transparent
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to light As a result, a large solar pond propesly designed
and constructed  1ll trap a high percentage of the energy
the sun showers on 1t and *hus energy 1n the form of stored
heat may be drawn on to furnish electic power on a
twenty-four-hour basis Ponds are being rested in the bibl-
cal city of Sodom

A simular 1dea but one which mav offer far greater
potenual 15 the sea thermal energy plant, called STE for
short STE works because of the temperature difference be-
tween the water near the surface and that near the bottom
which 1n some cases 15 as great as 40° F The 1dea 1s not new
having been tnied by the French scientist Claude many years
ago But agan it has had to waie for better techmques and
betrer materials

The sea represents perhaps the cheapest collector of solar
energy available and since the sea covers three-fourths of
the earth s surface 1t recesves most of the solar encrgy reach
ing us In coastal areas in semutropical regions the idea of sea
thermal energy 1s appealing and much research has been
done toward such mstallanons The Clearing Division of
United States Industries Inc  has worked out detailed de-
signs for an 8 000-kilowatt plant to cost between $2 5 and
$3 mullion Thus 15 about $350 per hulowate and competinve
with a convenuonal plant in such an area In addinon to
electric power the sea thermal energy plant produces fresh
water and could also recover salt and other valuable minerals
in the process

We are famahar with the heat pump which operates in a
manner stmilar to the sea thermal energy plant or solar pond
Although not gencrally appreciated as such the heat pump
1s truly a solar energy device since 1t draws on solar heat
stored 1n water air or canh While conventional electne
beat pumps require about one equis alent umit of commercial
power for each three units of heat they reclam from the
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working medium, chey are tighly desirable from the stand-
pomt of conserving our natural fuels The possibility of
furnishing the required operaung power with a sofar engine
has been proposed, and may represent as efficient reclama-
tion of solar energy as 1s possible

Sunmmary

Already the sun has demonstrated that 1t can hear our
homes and cool them It can cook food and heat water, dis-
alling the water first 1f need be Solar heat 15 avalable ar
high temperatures and at a punty unmatched by other
sources Solar electricity 1s here although not yet at a penny
akilowatt hour

Beyond these methods of recovering solar energy are the
more exotic propasals of ‘energy farms 1n which plasuc
films covenng acres convert sunhghe 1nto electricity, and
the extraction of fuels ke hydrogen, nitrogen and ammoma
from the atmosphere by using solar energy

There 1s another terrestral use of solar energy we have
mentioned only briefly so far but 1t 15 one wath tremendous
umplcations Food 1s as big a problem as water, perhaps a
bigger one Research i the producnon of algae suggests a

means of pp: ing scanty sup r‘ of mud“y
grown foods This 1s photochemistry one of the most m-
tnguing ph we have d Plants have been

using solar energy since the beginming of ume and now man
1s prying mto this mystery 1n an effort to use the sun better
Photochemustry 1s such a broad and interesting subject that
we wll devote the nexe chapter tot
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Photochemistry Light
Magic

All of the stored up fuels man has i
hented on earth the coal and o1l that nature has srockpiled
slowly through eons of ume are products of a single phe-
nomenon that of photosy nthesis Logically then 1t would
seem that as man began to consere solar energy into power
he would look to nature 1n an effort to copy this method
that produced all hus fossil fuels and also the food thar heeps
himalie

Strangely man has done least 1n harnessing sun power
with the method used so successfully by nature We have
talked of electrical or mechanical conversion and pomnted
our that these have been developed to 2 farr degree of
efficiency These are phy sical meshods that find no counter
partin natre surcly not in the phenomenon we will con
cern ourselves with m this chapter that of photochemustry

A defimtion of photochemsstry s simple and derves &
rectly from the two words making 1t up It 1s the study of

18
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chermical reactions produced by light, including the near
uleravioler, the visible, and the near infrared There are two
common photochemical reactions man profits from photo
synthesis and photography In photography man has done
something nature does not do, 1n photosy nthesis the opposite
15 the case Since nature 1s the real thing, the model for the
photograph there s indeed httle reason for her to indulge
1n anything as secondhand as photography Man, however,
would dearly love to duphcate the process of photosynthests
and does not only because thus far he cannot

While the defimtion of photochemustry 15 sumple, the
process wself defies man s detectve work, to analyze it Itis
a tughly complex happening which man can describe, 1n
terms including ph Planck s and even “ein
steins of light but which he cannot explan

Plant hfe 15 lerally a hving example of the conversion of
solar energy toa usable chemical energy A wheat field soaks
up the sunshine bathing 1t and changes the ight into calories
of heat energy  the plant This energy 15 stored for
months or even years, m huge silos 1s finally made ito
flour, baked nto bread, and eaten by us humans to provide
the heat energy to power our bodies for their vanous tasks
With the apathy accorded the commongplace we look with
hittle wonder and scant respect on the growing plant forget
ting that 1t 1s sophisticated beyond our scientfic comprehen
sion The conversion of sunlight mto elecmaty m a solar
battery 15 much more exciting to most of us

The great part that photosvnthesis plavs in hife on earth
comes 1nto better focus when we consider the magmrude of
the work plants do each year It 1s no mean feat, combiming
150 billion tons of carbon and 25 billion tons of hydragen
mto energy-nch hydrocarbons, and producing 400 billion
cons of oxygen 1n the process’ And if these clever and busy
green plants were to disappear 50 too would lfe as we
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know 1t Man needs heat energy to live and 1s constanily
bathed 1n such energy from the sun But he cannot convert
sunbght into food humself Man 1 space could not exst
without stored up food he can on earth simply because hss
plants work for him to tum sunlight nto a source of energy
compatble with his body structure

Many authonties, including Dr Farnngton Danels feel
that photochemustry, of which the photosynthesis of plants
ts nature s pnme example, 15 the ulumate hope of man n
putung the thus far wasted energy of the sun to pracucal
use

Photography, an aspect of photochemsstry that man ha,
more or less mastered has a long history of study but not as
long as that of photosynthesis Even priminve man was
aware that the sun made his crops grow, although for thou
sands of years he was content merely to accept that fact and
make an occasional sacnfice to the sun god As sciennfic
questioning supplanted cult and magic, men began to study
the relationship of sunlght and plants Dynng the seven-
teenth century, a Flemish chemust named Van Helmont con-
ducted the first scienufic studies of plant growth and made
the astonsshing discovery that the needed matenal did not
come from the ground as had been thoughe Instead, 1t must
come directly from the ar and from the sun In 1727 2
paper titled  Vegetable Staticks * was published by Stephen
Hales it was the first of the formal hrerature on photo-
chemstry

During the esghteenth century Hales's work was conun-
ued by Priestley Ingen Housz Senebier and de Daussure
In 1845 von Mayer was able to state clearly that sunlight
provided the energy that effected plant growth and the
equally mmportant consideration that this sunlight was ula
mately recoverable from nature s photosynthetic products
Ths concent hinged on the tossing out of the false * calonc
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theory of heat and the establishment of the principle of the
conservauon of energy With the photosynthesis concept
firmly lad down, scienusts started to work n the field of
quanntative photochemstry

In our century scientists have begun to pin down the
“quantum” effiency of photochemustry and to dig into the
nddle of how chlorophyll changes hght mto chemucal en-
ergy But even with nearly two hundred and fifty years of
myestigation, and a large body of formal hterature, there 1s
little known today of how the plant achieves this decepuvely
sunple transformation of energy from light to chemucal
storage

Essenually, photosynthesis consists of the reduction of
carbon dioxide to form a sugar, and the splitung of water to
praduce oxygen One writer Itkens the process to a hand-
cranked mll, into the top of which 15 dumped water and
carbon dioxide The crank ss-urned 1ts energy being anal-
ogous to that of sunshine and out the bottom come sugar
and oxygen This marvelous machine unfortunately 1s
something ke the goose that lays the golden eggs, for when
we cut 1nto 1t to see how the trick 1s done we nun the won-
derful mechanism and learn nothing for our pans Thus the
scientist has had to treat photosynthesis largely hke the

black box' of tus electromc brethren 1 winch only snput

and output are known

We can of course ranonahize this lack of progress in
duplicating aruficually the photosynthesis of nature Al-
though the growth of a plant 1s miraculous 1t 15 also™very
low 1n efficiency Corn 15 about the most efficient converter
of sunshine but 1t does this at a rate of about 0 3 per cent
Only because of the suns effectiveness n producing
energy 1s there nearly enough food for all the billions of us
on earth Some plants hike wheat are fess than half as
efficsent as corn and the average 15 perhaps between 0 1 per
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cent and 02 per cent So, for all the magic of chlorophyll
man nught well wonder if the secret 1s worthwhile with 2
return of such low magmtude The solar battery remember,
converts as much as 14 per cent of the total solar energy 2
whopping percentage when compared with corn s tny %10
of 1 per cent Such rattonalzing is of course ific and
shortsighted and so biologusts chemusts, and more recently
solar sciennists are eagerly studying photosy nthesis

Photosyntbesss

The fanciful tale of Jack and the beanstalk has an appeal
not just for youngsters but also for those concerned about
feeding the hungry population of a rap:dly growing world
The 1dea of dropping a seed into the soil and jumping back
to avord being Lifted heavenward would seem to have lutle
chance of ever being more than just a dream but there are
some mteresung developments to ponder

Normal crop producnon 1s unlihe Jacks magical beans
and 1s about three tons per acre per year Despite tales of
plants flourshing to music or well intended prayers, the
main thing that makes them grow 1s sunlight combwmed of
course with water and carbon diovide Thus 15 indicated 1n
laboratory expenments producing freak plants that shoot
up at a great rate because they are being force fed But
almost beyond belef 1s the fact that, theorencally 1t would
be possible to grow three tons of crops per acre m a singl
dayl

Such a yield would make Jack s beanstalk seem a lazy pot
plant and throw our Agriculture Department subsidy ex
perts snto a tzzy Of course no such bumper crap as chss 15
msight but when we recall thae plants convert only about 2
thousandth of the energy available and that an acre normally
produces about three tons annually the figure does not seem
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so unreasonable In fac, scienusts have already begun work
m the direction of producing more food per acre by giving
nature a helping hand The object of +his photochemustry
research 1s the alga chlorella pyrenordosa

1n 1951 the Carnegre Institution of Washington engaged
the firm of Arthur D Lattle, Inc  to demonstrate the pro-

RELE H T O,
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A D Lite Inc

Rooftop mstallation of first large scale algae culrure program Sun
hgbe trapped i oval plasnc tanks causes rapid growth of the
ﬂncru-organm

duction of algae on a commercial scale Work had earlier
been done with laboratory growth of these microscopic or
ganisms, but this was the first attempt at building what was
mn effect a pilot plant

Algae are more famibiar to most of us as scaweed, or as the
green scum growing on ponds Their use as food 15 not par-
ueularly appealing, at first glance, but then the tomato was
considered to be potsonous for many years before it was
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first tried and accepted as a food The plant that Arthur D
Laittle built n Boston was a spotless installation and produced
1ts algze not 1n open air on a scummy pond but 1n the chimeal
sterility of closed tanks

A large plasuc tank, lud out 1n an oval covered six hun
dred square feet In 1t 1200 gallons of water were circu
lated by 2 centnifuga! pump and cooled by heat exchangers
since the algae refused to grow above certain temperatures
As the microorganisms circled their bug racetrach air con
taung § per cent carbon dtovide was fed into the plastic
tube Thus sunlight was gotten to the algae more efficiently
and far more carbon diovide than nature s provision of 03
per cent was available

The plant operated for about three months and in thae
time produced some 75 pounds of dry algae For 1acre thys
converts to 20 tons per ycar compared with about 3 for dry
land farming of the comventonal type Man  despite hi
mability to understand how photasy nthesis takes plice was
able to better nature appreciably n the first quantitatie test
of algac culture Based on prlot plane work a 100-3cre plane
was next studied on paper A yicld of 3§ tons per acre was
estimated because of mprovements to be made and ourpur
for the plant would be more thin 6 tons a day at a cost of
about 2§ cents per pound

Japan has done extemsive work with algae culure, both in
clmsed airculition anks and 1n shallow open tanks The
lazter system has the advantage of low cosr and the do
advan 1gos of contaminanon and evaporation The Japinese
esmare of the cost of producing a pound of dry algae wn
2=anngly ¢l me to those of the Lattle researchers and was
guen = 79 8 cenrn Thu put the algie protemn prce 1t abaue
twice thr of soybeam half tha of egg and one fifth that
of Ik

The Jipanese bave pone further wy b armn! haman oon
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sumpnion of algae, and compare them with other powdered
products like green tea and seaweed Since they have a strong
aroma and taste of fish, algae are best mixed with something
that goes well with that flavor Noodles and nce crackers
are suggestions though the dark-green color of the algae
darkens the food quite a bit and may not be acceptable The
powder has been successfuily added to candy, cake and soft
drinks
A soybean soup called 7150 15 a staple breakfast stem with
the Japanese and algae have been mixed about one part m
eight wath thus soup Ice creams and fish flakes were also
tried Algae seem to have about the nutriuve value of yeast,
but even less taste appcal The Russtans, mn fact, object to
them as a food for human beings except indirectly as when
they are fed to anumals raised for meat
More recent work with algae does not seem to have low
ered prices, and some researchers feel thar fifty cents a
pound 15 2 more reasonable esumate of product cost mn the
marketplace They state that this price wall not be econom-
weally jusufied untl 1t can be shown that there 15 special
nutrniive or other value to make algae more than a simple
food substitute Interesuingly, algae are now being grown
with deuterium, or heavy water, waste from atomic plants
subsututed for hydrogen The resulung sohds may well be
of the spccial value to make the algae phase of photo-
synthetic research pay off
Proponents of algac culture sull clam they are on the
nght track pomung out that there 1s room for much 1m
provement i the annual yield—perhaps to a figure as high as
100 to 110 tons—and also that methods may be made more
economucal as for example, by using strains of thermophilic,
or heat-tolerant, algae so that cooling of the warer wall not
be necessary Beyond this 15 the undenuble truth that
arnificsal photosynthesis' like the algae culture that has been
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achieved 15 quite possible on land otherwise unusable
for agriculture It 15 also quite hkely that when we run out
of food we will be more than willing to pay a premmum for
methods-that will produce ten uimes the normal yield

The 1dea of using photosynthesis to produce power—mn
effect short term  fossil fuels '—1s mtriguing, even though 1t
seems doomed by anthmeuc Food may of course be con
sidered a fuel, since 1t provides the mouve power for our
bodies Gasoline produces calories n the mternal combus
tion engine 1t 15 intended for, a stack of hotcakes does the
same thing for the human machine The calories we heavy-
weights count so worriedly are essentially the same as those
that drive a steam engine, they are heat energy There 1s a
big difference however in natures production of the
hydrocarbon fuels we use and the food we eat Sufficient
food 15 grown currently and continuously the bulk of our
fuels have been produced over millions of years and only
those like wood are of the income’ vanety

There are ways of converting woody products to hquid
or gas fuels for example, the Fischer-Tropsch process This
mght take the thirty five tons of algae grown on an acre
and reduce 1t to from six to mne tons of fuel Trying to
adopt a simpler farming concept, 1t has been suggested that
we simply grow more wood as fuel Unfortunately this
pleasant solution 1s more naive than 1t sounds, a forest of the
fastest growing trees known and covening the enure world
would not do the trick’ Suggesters of the 1dea apparently
couldn t see the woods for the trees Even the more efficient
algae culture method of converung sunlight to fuel would
not work If we bumned all our crops to produce fuel as has
been done on a small scale duning wars we would sull be
short to say nothing of hungry

Quite recently however there has been a2 new develop
ment which may change the outlook for algac culture dris-
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ucally Scientists have produced what they call bio power
or electnicity from Iiving cells and such an apphcation may
Iift photosynthes:s into a possibility as a power source

The * Bug Battery”

‘We are used to the notnon of Inmg things turmng sun
light 1nto matter and accept this phenomenon on fath

p hh‘ei‘.xg:n‘

LTt
Unt eruty of Ari-ona
Open tank culture of algze a simpler method than the plastic tanh

though we don t know quite how 1t comes abour Nature s
creatures also convert sunlight to electricity generally 1 an
mdirect enough way for us to mss the sigmificance Gaham
and his frogs proved the ewstence of electric current 1n In-
Ing things and the electric ecl does not shock many of us
the figuranve sense Most of us know that our own brams
operate on feeble electric power but the idet of producing
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apprecuable amounts of power with lving things s rather
new

In 1961 Dr Fredench Suler of the United States Geolog
scalSunvey gavead tation of his bioch I fuel cell
1n which decomposing orgamic materl from the ocean bot
tom produced electriciy Sisler now 15 2 vice president of
General Scienufic Corporation of New York and his firm
has operated a radio transmutter povered by a bug batrery
over 3 distance of fifteen miles V3 hile the test biocells con
vert sea water to electnaty—two volts of it—~Sisler has also
proposed using algae to convert sunlight into electric power

Stientists at General Scienufic and also at Magna Prod
ucts of Califorma, feel that the potennal in biopower 18
great The president of General Scienufic Dr Robert Sar
bacher, stated “this biocell introduces an er2 in which bac-
tera and other microorgamisms may be harnessed to supply
the power needs of entire communitics  Proponents of bio-
power feel that eventually such ‘power plants may pro-
duce electriciry at a cost of only one mill per kidowate hour,
making 1t compeuuve with nuclear and even conventional
power plants With 2 maximum cfﬁcxcncy far greater than
the heat engines operaung today, the bug battery 1s surely
one of the most intnguing possibtlities on the henzon for
solar energy

Man as Photochemst

Photosynthesis 15 only one example of the conversion
and storage of solar energy Fortunately there are other
simpler photochermeal reacnons Scienusts hst eight pn-
mary processes formation of free radicals, electron
tmnsfcr mmmolccular rearrangement photo 1somerization,
duction 1n solids, ph 1zed

;
di d 1, 1 (N ‘. \
p of and photophy
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processes such as fluorescence, phosphoresccnce, and so on

Not all these reactions appear feasible basic requirements
for a pracuical photochemical reaction are that 1t be “endo-
thermic ~that 1s absorb heat dunng the conversion process
rather than give off heat—and that it be reversible Many
demonstrated photochemical reactions are not reversible,
many of them are all too quickly reversible A major prob-
lem 15 preventing this reversal unul the stored energy 1s
needed The following requirements enhance the attracuve-
ness of the photochemical converter

1 The device must be cheap and easy o build

2 Trmust have low operating costs

3 Fuel produced must be easy to separate

4 This fuel must be capable of generating electniciry
efficiently

5 The device must convert a high percentage of the
available solar energy into chemically stored energy

The two processes generally considered most likely to
succeed m the economical conversion of solar energy are the
formation of free radicals and the transfer of electrons In
1937, 2 big jump forward was made in photochemistry when
the English biochemust, Robin Hill found that the chloro-
plasts 10 green plant cells evolve oxygen from water when
illuminated in the presence of certam fernc compounds In
the Flll reacuon hydrogen and oxygen are separated
when water 15 placed under ultraviolet hight Krasnovsky in
Russia achieved a similar reaction wath chloraphyll extracted
from the chloroplasts

Other researchers ncluding Fugene Rabinowitch and
Lawrence Heide of Massachusetes Insticute ofiliephnblugy
have demonstrated photochenucabrebctionsuf watrbus types
1t has been shown thav ferdoust ulnanyrair tithitared
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have an electrical potenual between the ilumnated hquid
and the dark portion Ths 15 1n effect a battery that converts
hght to electricnty sc hat like the d; solar
battery

Hetdt worked with solutions which had the property of
decomposing water into hydrogen and oxygen when tllum
nated by ultraviolet light While the reaction has been ac-
complished only on a laboratory scale, the 1dea 1s promusing
cenough that designs have been made which couple Hedts
reaction with a fuel cell 1o produce electricity At the same
tme the hydrogen and exygen would recombine and the
water be re used for further photochermeal conversion

Heidr refused to late on the possibiliies of his
photochemical reaction as a power converter for industry
However he could foresee no reason for beheving that the
process could not become econonucally mporeane Others
have faith 1 the idea and much work has been done 1n this
direction, with hy drogen suggested as a substicute for our
present llquxd fuels ile gasohine and kerosene

To the uninitiared this may seem a mere laboratory curt-
osity untif 1¢ 15 remembered that both oxygen and hydrogen
are fuels, and that both are stable and storable Here 10 a
sudden breakthrough was a potential way of converung
sunhght not into elecrnaty that must be used smmedtately
or stored 1n 2 battery but 1nto gaseous fuels which can be
eastly handled and stored or transported over great distances
Of prime interest 15 the fact that one type of fuel cell 15
powered by oxygen and hydrogen So compauble are the
rwo discoveries that a solar photolysis—fuel cell closed sys
tem has been proposed as a power plant for space flight In
effect 1t would be fueled by water used over and over again
and capable of storing energy for later use Sunlight breaks
down the water into hydrogen and oxygen which are then
—or later—rccombined 1n thie fuel cell to produce electnicity
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and water the latter being returned to the solar collector to
be broken down agan

Researchers ar Oklshoma State Unnversity m 1962 pre-
sented 2 paper detatling therr work on nvesngating the
feasibility of energy storage by water electrolysis and high
pressure storage of hydrogen The report suggests high-
pressure tanhs on automobiles which would use hydrogen to
drive fairly convennonal internal combustion engines Fuel-
cell work 1s developing rapidly and tests have been made
with farm equipment dnven by electneity generated in the
cells One happy byproduct of such work would surely be
alessering of the smog problem’

Although photochemical reaction thus far has resulted 1n
the forming of only small amounts of fuel gas, feasibihry of
the 1dea has nevertheless been demonstrated Other labora-
tory work suggests a conversion efficiency for some photo-
chemical processes of 60 per cent and higher, compared with
the fraction of a per cent found m nature It would seem
that the researchers are on a hot scent bur much further
work. 15 1n order to refine experiment to practice

More recent work has been done n photochemistry using
other solutions Hydrogen perouide mtrosyl chloride and
atongue twisting triphosy d cifully
called TPN for short—are among these Expenments with
nitrosy | chlonde are especially pronusing with the reaction
producing nitric oxide and chlorme  Laboratory work at
Stanford Rescarch Insuitute uses 1 small solir furnace to
provide the hight necessary for the reaction and efficiences
as high as 1 7 per cent have been demonstrated

It has been suggested that 2 photogalvamc battery 15 a
possible solar converter In this device sunlight would strike
a colored solution contaming electrodes Released clectrons
reach the electrodes and can be made to go tnrough an ex
ternal circmt Another type of solar battery using acridine

1 1
pyndine
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dyes and a reducing agent, porassium borohydnde, charges
1t the Light and discharges when placed 1n darkness
Twoengineers working for the Boerng Company have pro-

Associanion for Appx:d Soler Energy

Photochemical use of solar energy to produce hy
dmgen and oxy gen from water 1llummnated by hight
1n the ultraviolet region

posed another type of photochemical sofar converter Called
a solar concentration cell  the device would make use of
the inversion of stercoisomers by ultraviolet radation The
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cell would have ac1d 1n each of its tw o sides, and hight stral.

ing one would create an electrical potential between the two
sides This could be used as generated or stored for later use

Potential advantages for the ration cell are its Jow
cost as compared with silicon solar batteries, and the ehmuna-
ton of heavy storage batteries Further, 1t has a potennal
efficiency of 100 per cent since both conversion steps, solar-
to-ct 1 and ch I-to-electncal, p d at a theo-
retical ratio of one to one

Swmmary

Photochemical conversion 15 considered by some scienusts
to be of the greatest hope for man m the forre By nearly
all 1t 15 conceded to be one of the most difficult problems
Fortunately many factors are working to the advantage of
the photochermical process In the near future, space flight
will require systems wluch photochemistry umquely fits
Photosynthesis for ple may make possibl
voyages of several years by providing not only food and
power bur also water, fresh air and the necessary waste
disposal A photoch ! system that sep water mnto
ts consuruent gases 1n sunhght and recombines them in
darkness to produce electricaty 1s 1deal for orbital flight 1n
which part of the ime 1s spent 1n darkness

Qver the long haul, we earthlings must look to photo-
chemustry wncluding the photosynthesis of food and perhaps
fuel to support our evergrowing and mcreasingly hungry
population The prospect 15 opumisuc As one scientist
points out only a small amount of money has been spent on
photochermical research for the promising resules obtamned
The problems he concludes are human and not techmeat
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The Users of Solar
Energy

The present boom 1n space, both mih
tary and cvihan has afforded solar energy the iggest op
portunity of uts long struggle Prior to 1958 the money
spent on solar research and development 'was a tiny nckle
but since then many mullions of dollars mostly government
money have been mvested 1n harnessing sunlight

Historically the use of the sun 1s tied to the military be-
gnming with the signal mirror  in the nadvertent glinung
of sunshine from the polished helmets or shields of soldiers
In mythology the sun has often been called down to destrov
and the solar mitrors of Archimedes represent the first milt
tary use of the sun as a weapon of destruction

However despie Hermann Oherth’s warning of huge
murrors tn orbit about the earth not only melung 1ce floes
and warming fields for agriculture but razing whole erties as
well the anly practical military appheanon of solar encrgry
untl World War 11 was the heliograph This solar signal

174
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system definitely figured 1n Briush and Amencan military
operauons

In World War 1f the sun was put to use to help save the
hves of fliers downed at sea Coleridge s hine about  water,
water, everywhere nor any drop to dnnk” was brought
cruelly home You just can’t drnk salt water and survive
As 15 often the case solar energy came to the fore i a re-
mote” area without conventional means of providing fresh
water Dr Marta Telkes mavented plastic stils small enough
to pack away 1n a survival kut, and yet big enough to con-
vert about a pint of sea water a day nto something dnink-
able In operation, the nflated plastic bag 1s placed on the
water and a small amount of sea water poured mn The sun
raises the temperature mside the bag sufficiently to evaporate
water from a ‘wick, and fresh water candenses on the
plastic surface The salt, of course, remamns in the wick
Periodically the fresh water 15 draned from the sull and
more salt water added

Thousinds of these sulls were produced durmng the war
and they were standard equipment m lfe-raft kis More
recently improved models have been developed, including
one humorously called a ‘sit sl When the sun 1s not
shiming 1t can be warmed by being placed beneath the user
bike a cushion

Important as such an application 1s 1t represents only a
iy effort on the part of the military Much more ympres-
stve 13 the work done under mulitary contracts power con-
version with sofar energy The solar battery was developed
by Bell Telephone Laboratories and first tested as an’ in-
dustrial or unlity device but government agencies interested
1 space flight were not long 1n adopung 1t and other solar
devices

The steady rise of the efficiency of batteries stems ar
least 1 part from government contracts callimg for basic
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research on the problem The switch from p-n to n-p bat
teries for use in space was the result of Signal Corps nvest:
gations With their translation facihines government agencies
ate better able to Leep up with foreign developments in the
field the n p battery 15 an example, being a Russan 1dea

With 1ts growing emphasis on space the Air Force 1s
active 1n solar energy projects Small solar-powered radio
transceivers have been developed for aviators survival kats
The advantage 1s obvious Solar batterses can be stored for
an indefimite time with no loss in power and when called on
will continue to function indefimtely For high temperature
research Air Force scientists investigated the solar furnace
and at one ume planned to bwld a grant 100 foot mirror n
New Mexico We have discussed Awr Force researcht into
light commumcation methods for space use sponsoring
work on the SOCOM system and also with a sun powered
laser And while nobody 1s yet talkang about an Oberth type
death ray 1t 15 a safe bet that the government has mnvestt
gated the possibility of the solar-powered laser as a space
weapon The first plasma engine powered by solar energy
was developed for the Air Force, 1t 15 a mudger developing
one hundredth of a pound of thrust At the other end of the
scale 1s the fifteen kilowatt solar powered plant ordered
from Sundstrand In additton the Air Force 15 underwnung
continuing studies of solar batteries and other phases of
solar energy application An cxample 1s work farmed out
by the Cambridge Rescarch Center of the Air Force to sc1
entsts 1n Israel

The Army too 1s interested 1n solar energy and has put
1t to good use 1 many appheations It was Siygnal Corps
people who produced the pioneer solar radio for Vanguard
Work continues m solar battery research into radation
damage birge area cells andso on On the ground the Signal
Corps has used large solar panels to transmut radio messages
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over long distances and smaller umits sn helmet radios for
soldiers Lest our traops be far-weather soldiess, chargeable
storage battenies are added The Quartermaster Corps oper-

Unrersity of Wisconsin

Closeup of the 35 foor solar furnace at Mont Lows m southern
France This 1s the world s largest such mstallanon—note man on
Yadder

ates uts twenty eight foot solar furnace for lugh temperature
research and mvestganion of nuclear blast effects Actual
testing of matenals for use in such environments 1s accom
plished as described 1n Chapter 7
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The Navy 15 interested not only i solar sulls bue also the
use of solar battery power supphes for buoys and other 1n
stallations requiring a self-contamed power supply One
advantage of using solar power over possible nuclear packs
1s the safety factor This 1s an important consideration, as
one buoy washed ashore in Nicaragua was hacked open with
a machete by nanves' Fortunately 1t was powered by chem
1cal battenies

Telstar was hardly well established m orbit before 1t was
announced thar the Defense Department was interested 1n
using 1t for military communications A system of such satel
lites would grve the services dependable global
von and will undoubtedly be lobbed mto the sky shortly

In 1877 an amazingly prophetc writer named Ldward
Everett Hale published a story called The Brick Moon
Thus was actually an artifical satellite fired into space to be
used for more accurate celesnal navigation' The accuracy
of the concept 15 demonstrated 1n government developed
satellites sent aloft for the same reason Since the alntude
and coordnates of such an artificial satellite can be calcu-
lated and set down in a list of tables navigators could

shoot” them w ith a sextant 1n the same fashion as the natu
ral celestial bodies The day may come when the flier, or
the mariner, can look up and see landmarks in the sky and
plot his position accurately and quickly without relying on
radio accurate uming and so on A string of such satellites
could lead 4 navigator 1n much the same way as the coded
airway s signal hights that cnisscross the country now

As with many other scientific developments government
underw niung eventually pays off for us all and not just
mihitary security Radar was developed largely m World
War Il and work with 1 and with other electronic equip
ment undoubtedly hastened the advent of television for the
cnvilian world While most of the billions spent in deselop-
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g the atom bamb and the hydrogen bomb must so far be
called military expense and experiment there are already
some corollary benefits 1n medicine, industrial power gen-
eration, and other fields The same will be true of solar
energy

Nommbtary Government Work

Lest the foregomg make 1t seem that the government 15
exploiting solar energy only for its milirary worth, let us
consider the Nanional Aeronautics and Space Agency which
1s charged with most of our space programs NASA. projects
represent the bulk of current effort in space, and the gov-
ernment has actually been erticized for stressing nonmilitary
work and the expenditure of billions of dollars for the ap-
parent purpose of simply puttng 2 man on the moon Bear-
ing out the preponderance of litary applicauons, for
every solar battery produced for the mblitary 1n 1962, three
went to nonmilitary projects

NASA s many laboratones support a vanety of solar
energy programs Dozens of vehieles mountng solar bat-
tenies have been launched, and another two dozen or so are
scheduled for the near future NASA scienusts point out
that solar energy 1s with nuclear energy, the only funcnon-
ng power plant in space, and that this will conunue to be
the case for several years yet

Pracucally every NASA space vehicle launched 15 fitted
with solar panels many of them using thousands of solar
battenes each In addition work 1s supported on other typ=s
of power plants such as the thermal mechameal Sunflower,
and a solar thermionic Mars vehicle power plant NASA 15

sponsonng development of 10n and plasma space engines also
powered by solar encrgy
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Apart from the space effort the government 1s mnterested
n other solar programs The largest by far 1s the devclop-
ment of solar stlls for conversion of sea water, sponsored
by the Department of the Interior s Office of Saline Water
With water covering most of the earth s surface we are not
faced with a shortage of H O But as both populanon and
per capita use of water increase we already have aress in
which fresh water 15 10 critscally short supply

Solar sull research parallels the work carned out with
stlls fueled by conventional means and chus far capital costs
of sun powered stills have not been low enough to make
them economically competitive with ol fired sulls How
ever as improved methods and matenals become available
solar scientists are hopeful of a breakthrough that will pro-
duce fresh water at a cost less than ane dollar per thousand
gallons

The Deparument of Agriculture 15 mnterested 1 solar
energy too and conducts research and testing The Bureau
of Mines and the National Bureau of Standards have also
been mvolved 1 solar energy work

Qur foreign axd programs have furmshed solar powered

listening centers’ to be tested 1n undeveloped areas of
South America and Asia The International Cooperation Ad-
mimistration 1s behind the hstening center 1dea AID has also
tried to brmg the blessings of solar energy to backward
areas though its programs have met some obstacles The
solar powercd boat for use on the Amazon 15 an example

One phase of solar energy research—that of studying the
sun iself—historically has had an easter ume of it The gor-
ernment sponsors programs hike those of the High Alutude
Observatory m Denver New Mexicos Sacrimento Peak
Observatory and the newly completed Kaet Peak facility 1n
Arizona—the largest such mstallaton 1n the world The

huge katt Peak telescope will give an image of twice the
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size of earher telescopes and permit studies not previously
possible

These important studies and the poneenng efforts of
men hke Langley and Abbot, aided by the Snuthsoman In-

Assoctation for Applied Solar Energy

A Somor solar powered pump produced in Traly for use m irnga
tion The large collector panels follow the sun for greater effi
clency

stitution and other government agencies are the basis for
successful apphcations of solar energy

Industry

Government alone cannot carry on the development of
the science of solar energy and many private firms are -
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vesting their own money 1n such work The Association for
Apphed Solar Energy lists many industnal firms among 1ts
membership There are dozens of manufacturers produc-
1ng solar devices or the materials for them

Bell Telephone Laboratones invented the solar battery,
and a number of firms have been licensed by Bell to manu
facture the batteries among them Hoffman Electronics
Corporation, International Rectifier Corporation, Helotek,
and several others Hoffman and Internanonal Recnfier both
market solar radios and the latter firm produces electrical
Lats featuring solar batteries

J W Fecker Company has built a2 number of solar fur-
naces including the Quartermaster Corps twenty eight
foot mrror, and many others for mdustry Dupont has
developed more efficient and more durable Lightw exght plas
ucs for solar energy applications Corning Glass Worls and
the American St Gobain Corporation are among those
working to develop solar house heaung RCA, GE, and
Wesunghouse are working on the conversion of solar en-
ergy to electricity

On a modest scale, small manufacturers are producing
solar reflector cookers for use by calnpers picruckers, or
i the backyard And some novelues and toys like eigarette
Iighters and radiometers are being turned out

‘While home heating has not progressed past the test stage,
solar water heaters are big business 1n Flonda and in several
foreign countries Solar pool heaters too are finding aceept
ance and are bemg produced commercially A recent solar
application 1s the plastic tepee or  Wig Warm  Imvented
by the young daughters of solar home builder A W
Thomason the Wig Warm 15 hight and easily portable and
offers warm comfort for campers hunters and others dur
g winter days
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Institutions

Sciennfic groups have done much to advance the state of
the solar energy art Among these 15 the Amencan Rochet
Society, whose members would hardly scem wnterested in
use of the sun's cnergy  Although 1t seems akin to treason
rocker authoriues suggest using solar plants for awxhary
power and even for the propulsion of the coming spac.
vehieles

The use of solar energy 15 simply the use of heat 1n many
apphications and 1t 15 natural that thermody namicists and
others pracuicing 1n ndustry are interested 1n the sun and 1ts
potential The Amencan Soctety of Mechamcal Engineers
has 1 subcommuttee on solar energy and many of 1ts mem-
bers are active i the new field

Because of the great potentil for solar energy in therr
fields the Amenican Society of Heatng Refrigeranon and
Atr Condsoning Tngineers and the American Insutute of
Archutects are also interested and acuve

Tt was not unti! 1954 that solir science got us own so
ciety In that vear the Assocraton for Applied Solar Fnergy
was formed 1in Phoenin Anzonat The AFASE was formed
by agroup of 1caderme mdustral finnaal and agriculroral
lenders sn the Southw est to stmulate research leading toward
grevter ubhzamon of solr energy The locanon i the Valley
of the Sun scene of solir expermments half 1 century before
wis 4 fiting choice Henry B Sirgent was the Assoennon s
first president

Stanford Rescarch Institute nd the Uniersity of Anzona
helped the mfant organizmon find s footng, and m 1955
the AFASF organiced the first World Symposium on Ap
phed Solar Ererey Tewis W Doughis wis charman and
Mernre Kastens of Stanford was vice chairman wath an ad
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wvisory commuttee including scientsts Charles Abbot of the
Smithsonsan Insutution, Vannevar Bush Godfrey L Cabot
Dr Mana Telkes of New York Umwversity, Frank Lloyd
Wright, and other leading solar scientists

Regstening for the conference n Tucson and the sym
postum in Phoenix were 900 representatves of the sciences,
educauon, government, industry, and finance In addition to
scientists from the United States there were delegates from
36 countries who came to present papers and to demon
strate their projects at the solar engineenng exhubir This
tigh spot of the symposium shawed more than 80 salar de-
vices ranging from cookers and steam engnes to radios
powered by the solar batteries invented only a year earlier

Commung as 1t did on the threshold of space use of solar
energy, the AFASE World Symposium set the stage for the
new era of solar energy In the years since, the sponsoring
orgamization has weathered the storms of growth and con
tinued to funcuon as a cleannghouse of informauon on solar
energy worh around the world It has sponsored other con
ferences and symposia, including one 1n 1958 for youthful
scientists has bwilt a solar heated home and introduced two
publications which detail progress in the solar field  The
Sun at Work 2nd the Journal of Solar Energy Also
published have been authortative volumes on solar research

Brigadier General Harold Walmsley ret s now the
president of AFASE. The orgamzation s locared at the
Anzona State University and has s offices on campus at
Tempe Carrying out the original internanonal aims of the
association mternanional secretaries have been appomnted n
Russia England Chile Inda Australa Japan lealy and
Canada A formal internaienal branch has recently been
formed for Austraba and New Zealaind Fne recently
elected councilors are Dr Froddy Ba Hli of the Union of
Burma Applied Research Insutute Dr Athan D Haraila
Ludis of the Hellenie Seicnnfic Society of Solar and Acolan
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Energy, Greece, Dr Mostafa M Hafez, Narional Research
Center of Egypt, Dr Julao Hirschman, Universidad Tec-
nica Frederico Santa Mana, Chile, and Dr Gerald T Ward
of Brace Research Insttute, McGsll University, Canada

Present memberstip in AFASE numbers 670, n 41 states
and 52 foreign countries It ncludes scienusts, engineers,
mdustnabists, educators and students, with the last-men-
tioned entitled to reduced membership and dues AFASE 15
aided financnally by the Nauonal Science Foundation

Many research organizations throughout the country are
mvolved with solar energy projects Among these are
Stanford Research Insatute, Battelle Memoral Institute
Arthur D Lattle, Inc, National Rescarch Corporation
Franklin Insatute, Bjorksten Research Laboratones, Eppley
Foundation for Research, General Motors Research Labora
tonies Charles F Kertenng Foundation, Mellon Insutute of
Industrral Research, Mmneapohs-Honeywell Research Cen-
ter and Yellote Solar Energy Laboratory

Colleges and umversines are actve n solar research pro-
grams, and on some campuses special courses are given per-
taming directly to solar energy The following isung wiule
not complete, 1s representauve

Anzona State University and University of Arizona both
have been active 1n such work and at the laer nstrution a
solar laboratory has been heated and cooled with solar
energy

Uniersity of Califormas Department of Agncultural
Engineering has done work with solar heated farm buildings
and pools At Berkeley the school s radiation laboratory -
vestigated organic dye solar batteries which would be
cheaper than silicon and the College of Engineering worked
with solar sulls and power systems utibzing the difference
of temperature 1n the ocean which, of course 15 a form of
solar energy

The University of Flonda under direcuon of Dr Ench
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Farber has an acuve solar energy program and has done
much work on behalf of heaung and ventilaung engineers

Massachusetts Insttute of Technology has developed
solar house heaung over a long peried of tume and also re
searched many phases of photochemistry

Michygan State University s Agricultural Engineening De
partment has conducted studies of solar energy availability
collection and storage for farm use In progress are studies
of roof orientation for best solar energy exposure and the
design of solar air heaters

Minnesota University s Department of Mechamical Engt
neerng has worked on the design of solar collectors and the
utilizanon of solar energy for drymng

New Mexico Insutute of AMiming and Technology
vesugated the use of solar furnaces and solar pumps

New York University s College of Engneenng Research
has studied solar heat collectors low cost disuilation meth
ods and the use of solar furnaces 1n high temperature coat
mngs

Purdue Unnversity s Agricultural Engineering Department
has worked on solar-pow ered fence chargers and solar re
frigerauion of hvestock shelters

The Unnersity of Wisconsin has long been interested 1n
solar energy and irs applications and special projects there
melude work with the design of solar cookers and their
testing m the fiddd absorption cooling  solar sulls and
encrgy storage methods Dr Farnngton Damels of Wiscon
s 15 one of the worlds authonines on solar energy and
co author of the book Solar Energy Research

Around the W orld warh the Sun

The United Nations has long been interested i the de-
velopment of solar energy parucularly with respect to
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applications in the under-developed lands of the world In
1961 the UN sponsored the Umfed Natons Conference on
New Sources of Energy in Rome Representanves of some
sixty countries were on hand to hear papers by specialists in
thirty countries on the use of solar energv, wind power, and
geothermal power Solar energy was the main event of the
conference and of particular interest was the revolutionary
Battelle Instirute Surling cvcle solar engmne, and the five-
horsepower solar-powered turbine NATO, too has con-
cerned ntself with solar energy, and 1n 1961 cosponsored a
conference held in Greece

Since the solar belt extends completely around the world
solar research and development 15 of course not Limited to
the Umited States Russta for example, 1s very actve m the
field As part of the space program Russian solar battery
work 1s lughly advanced While the United States i ented
the device Soviet scientists were first to use the n p type
which we quickly adopted for 1ts much greater protection
agamnst radiation

Onginated in 1950 the Hehotechnical Laboratory has
turned out precision reflectors used for welding and cook-
ers used by the hundreds the equnalent of a 600 watt hot-
plate One clever device 15 2 solar baler that folds up
compactly nto a smtcase VWater heaters of all sizes have
been developed and are used not only mn Tashkent but m
Ashkabad and Tbsth as well The most ambinious 15 a large
heater at Tashkent which boils 500 liters of water dady In
the capiral of Uzbekistan a solar boiler 15 used to produce
130 Lalograms—about 300 pounds—of sce And at the labora
tory i Tashhent another ice making machime produces 350
Llograms n a day

The Russians have designed a large solar beder to be buile
m Soviet Armena This plant would produce two and a half
million Lilowatt hours per year but since 1t would require
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some five acres of murrors to reflect sunlight onto the boiler
1t 15 doubtful 1f anything more than a pilot plant will ever
be bailt

s -0

z .:M.: L3 3
TAssociation for Apphed Solar Energy

Thus large reflector heats tubes to generate steam tn Russian
solar power plant

While progress with large rural power mstallatons re
mains slow Sovier scientists are moving faster with the
newer and more sophisticated conversion techmques For
example using a six foor mirror to focus heat onto a semt



The Users of Solar Energy 189

conductor thermoelectric generator, they clam to have
produced one horsepow er

It was the Soviet scientist Abram loffe who sparked the
recent revival of thermoelectncity, and Russia butlr solar-
powered thermoelectric converters many years ago Dr
V A Baum has gutded Sovict research as director of the
Solar Energy Laboratory of the Power Institute of the
USSR Academy of Sciences

The Japanese are also acuve proponents of solar energy
The Kobayas: Insutute of Physical Research at Tokyo and
the Government Industnial Research Insutute at Nagoya
are two centers of such acuwity Since Japan s a leader n
electronies production and her scienuists have tvented such
advanced semiconductor devices as the revolutionary tunnel
diode, 1t 15 not surprising to find production of solar bar-
teries among their accomplishments These are put to pracn-
cal use 1n remote radio msallanons and in hghthouses where
they function for long pertods with little mantenance The
Japanese people love baths and i Japan the solar water
heater 15 mass produced More of them are used there than
11t the rest of the world combined By 1960 there were 250 -
000 1n use and an annual saving m coal of one ton per heater
15 estmated by the Japanese The heaters range in pnce
from mine to eighty dollars

Solar cookers are produced i a vanety of shapes and
there are industrial and research solar furnaces n opera
tion A more unusual solar energy application 15 1n the pro-
ducuion of algac in plastic tanks The Japanese cntically
short of food have done mare work in this direction than
any other country and Jong ago produced chlorella food
supplement powders commercially An acre of pond area
produces about tw el e tons of algae v early

Other research and development projects range from the
use of solar heat to disull sugar cane juice to the heanng
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and cooling of residences One clever invention combines
the inflatable life preserver wathasolar sullt

United States screntusts feel thae Istacl 1s doing some of
the most interesting and productive work 1n the solar en
ergy field Headed by Dr Harry Tabor worhers at the
Natonal Physical Laboratory of Israel have produced five-
harsepower turbines * fucled by mflated plasuc reflectors,
tighly efficient heat absorbers for use in heaters and power
plants using solar energy and a promising 1dea called the
solar pond ' 1n which a large pond 15 treated chemically to
store the heat of the sun then covered with plasne Aftera
certan period the heat stored in the water 15 used to power
a steam engme Stnce this type of energy collecuon and
storage 1s cheap and simple 1t 15 fele that there are great
possibilities for the solar pond 1dea

At the Isracl Institute of Technology Nathan Rot
has developed water heaters coolers sulls and drniers The
leading solar encrgy product of Israclss the  Miromt solar
water heater a umit so efficient that the country s electnic
utiliies have been forced to drop their prices to compete
with the sun Ths 1s perhaps the first ume that solar encrgy
has been economically compentive with consenuonal power
on carth and thus marks a big breakthrough n the tech
nology The heaters are being produced at the rate of four
thousand a y car and sold in Isracl and four other countries

The Israch scientists are domg work for the Cambridge
Research Center of the Umited States Air Force on  sclec
tive surface  heat absorbers Dr Tabor and his colleagues
have developed the most efficient blachened collectors
known for trapping solar heat These surfaces have a high
absorption but a low emssnity and thus hold from 80 1o 90
per cent of the heat strikung them

Under the leadership of Dr Felin Trombe France con-
tinues to honor its proud heritage of solar energy leadership
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The big thirty-five 1oot solar furnace at Mont Louws re-
mans the fargest 1n the world, and surely the most actve and
productive, since 1t operates contmually both for rescarch
and mdustrial smelung Not resung on bus laurels, Trombe
has begun a truly huge furnace at Odeillo This grant wall
use a murror 115 feet by 165 feet, which will actually form

Assocuation for Applied Solar Energy

Arnsts drawing of solar heated house built m Casablanca
by the Assaciation for Apphied Solar Energy Hot water 15
also furmished by the sun

the side of a laboratory building The Odeillo furnace will
have an output of 1,000 kilowatts makmng 1t the first solar
installation sn the megawatt or mullion-watt range

Algena 1s actve in solar energy research perhaps as a de-
fensive gesture since much of her territory hies m the Sa-
hara Desert One logical am 1s the air condtioming of
desert houses using solar hear Bur Algenan scienusts have
done much more sophisucated work The third largest solar
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furnace in the world 15 situated ar Bouzareah Tt has been
used for photochermeal rescarch and for nitrogen fram the
atmosphere Also under study are thermoelectnairy  photo-
clectricity, selectv e surfaces, and sofar batteries  Radiosol
water heaters are produced commeraally

Burma is fortunate 1n having one of the most aggressive of
the solar scientists Dr Freddy Ba Hh has bule Jow-cost
coohers heaters and sulls and expenmented wath use of
solar energy m salung fish Now he feels that a solar-pow
cred refngerator would be of more value 1o bus people than
acooher

Canada has builr at feast one solar heated hause, despite ns
far north location In scarch of warmer chmate AMeGill
Unuiversity has opened the Brace Experiment Stanon
Barbados West Indies to do solar research

Ceylon swcltering i the heat 15 researching the use of
solar energy far refngeranon Also, in 1955 saienusts there
performed a service to the world by measuning solar radia
tion duning an eclipse

Chile was the scene of large solar sulls in the last centory,
and engineers are agam propostng such instatlations Cur-
rently the sun 1s bemg put to use only 1n evaporaung pits
for chemical companies but research 1s being done on heat
ers, cookers furnaces and solar batteries

Like the Japanese the Chinese are active in the solar en
ergy field This applies to both Nationalist China and Com-
munist China On Tarwan the population has doubled since
1946 and estimates are that local fuel resources wall fast only
another forty years at present rate of consumpuion There
fore work 1s being done at Tarwan Normal Universv to
produce cookers space heaters water heaters and furnaces
for island use to save convennanal fuels

On the manland 1t 15 reported that about exghty Red
Chinese factones mostly in Shanghat are turming out heat-
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ers and cookers This work began 1n 1958 and has been so
successful that solar energy 1s now used 1n food preparation,
distllauon stenlizing, water pumping shower room nstal-
lanons ovens and driers
It was 1 Egypt back m 1913 that Shuman and Boys set
up the world s largest solar steam plant rated at one hundred
horsepower  Today scienusts there are invesngating sea
water distillation solar heaung drymng baling pumping,
and so on
England though quite far north has done a fair amount
of solar research Many of 1ts scientists are pessimustic about
the possibiliuies, but Professor Harold Heywood has been
quite active, and worked with Theodor Finkelstein on the
early models of the revolutionary hot air engine described
elsewhere i this book
Germany has a few exponents of solar energy Dr ] H
Danntes has been active n solar heaung, cooling, drying,
and even extracung drinkang water from the air with solar
energy As early as 1935 he built a solar refngerator, and
recently tested unproved designs in the Negeb Desert m
Israel Friedrich Tonne is interested n proper use of the sun
;rchuccturally Some algae culture research has also been
orte
India has excellent solar scientsts n Dr M L Khanna
and others and has developed practical solar cookers snlls
and heaters The problem has bee 1 that Indians exther don’t
have the money to buy them or won t take ume to learn how
o use them With the Nattonal Physical Laboratory at New
Dell as headquarters current work 1s gomg forward on
solar refrigerators and solar power plants for villages
Solar research 1s conducted n Iraq at the Al Hikman
Umversity and Baghdad University
Traly host to the United Nations conference in 1961, has
bult water heaters and space heaters among other projects
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for that area would indicate The most recent developriient
15 the installation of a 12 foot solar furnace on the Kensing
ton Campus of the Unnversity of New South Wales The
furnace develops about § lilowatts of heat and has reached
temperatures hotter than 3,300° k. Production of salt from
the sea water 15 another solar energy application and expert
ments are betng made with sprayng the brne through the
arr to speed evaporanon The World Power Conference
held n Melbourne 1n 1962 featured many papers on solar
energy

South Africa has done conunuing researct on space heat-
ing water heating, sulls and solar furnaces

In Spain there s a Special Energy Commussion  which
carnies out work 1n solar encrgy research

Outside of cheese making there 15 only about one thing
the Swiss could use solar energy for and they have done
just that The Advanced Research Divssion of Patek

Phlhppe Company produces and markets solar powered
cloc's

Whether they subscribed to Galileo or Prolemy the an
cients had to admit that somehow the sun got around It
sull does and 1ts blessings fall on everyone except perhaps
the pengumns and Eskimos Not all of us have oil or nuclear
materials not Il of us have fertile sml or fresh water Bur
we all have hine, the single c with
which we face the furure and 1ts certan shortages of many
linds We can beg borrow or steal almost everythmg else
but sunshine doesn t lend itself to such appropriation Thus
the sun may well be the great equalizer that will one day
break down the barrier between the haves and the have
nots It was with great wisdom that the Lord said  Let
there be hght
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legend conunued this 1dea 1n Apollo and Phaeton with the
sun atself a fiery chariot dnven across the face of the sky
Drutds and Aztecs, aceans remaved, worstuped the sun
Around the world, then and down through the ages man
has lifted his eyes to the sun First with awe and fear that
prompted human and other sacnifices to the god in the sky,
and more recently with complacent gratirude and even
curiosity

In 1875 Padre Angelo Sechr’s book, The Sun, commented
onman s atntude toward that body

Several peoples of antiquity worshipped the Sun, an error
perhaps less degrading than many other simce this star 15 the
most perfect ymage of the Divine the mstrument whereby the
Creator communicates almost all his blessings m the physical
sphere

The sun has been both blessing and challenge as far
back as Icarus and Daedalus who dared fly too near the sun
and pershed Somewhere along the line myth and legend
begn to give way to fact Surely temple fires were hghted,
and doors swung open, by sunlight, but something more 1m-
pressive happened n 212 B¢ the year i which the great
Greek thinker Archimedes 1s supposed to have set fire to
the fieer of Marcellus, the Roman when 1t attacked Syra-
cuse

De Temperamentis 1s the earhest wning to mention this
seienufic fear of Archimedes  Whth burning glasses, says
Galen, ‘he fired the ships of the enemies off Syracuse
Histonan, Livy and Plutarch make no mention of this use of
solar energy, though they do note other highly sophisticated
weapanry devised by Archumnedes to fight off Marceilas
Unfortunately the Roman lad siege to Syracuse and i
the end he captured it and had Archimedes Lilled

It remamed for ewelfth century author Joanms Tzetzae
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have brought our It was Lavosier’s musfortune to e dur
ing the Revolution, and his fate to die on the guillotne be-
cause “the Republic had no need for scientists ™ With the
lopping off of this pioneer s head work with solar furnaces
died too and 1t was more than 2 hundred years before men

Energy
Solar furnace built by Lavowser tor high temperature research

Lenses A and B were hollow glass shells filled with wine The
€autious stientist 15 Weanng dark goggles

agan sought elevated temperatures using optics ana the
sun s ravs

Power from the Sun

‘We have mentioned de Caux and his primutive solar en
gine that used hot air to pump water While 1t would be
many years before a more sophusticated solar fired hot arr
engine would be developed hot air engines 1n general are
interesting historically Almost ten years before James Ware
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Historical Soctety i Philadelphiz By 1875 Encsson had
bult eight different models of his solar engnes, but whale he
claimed high efficiency for the designs none of them was
practical In 1883 he made one last try, building what was
the second biggest solar engine of that day Measuning 11 by
16 feet, the 1 gular parabolic coll drove a piston
with a 6 inch bore and 8-inch stroke Designed to work
with steam or air, the engine was conected to a 5-inch pump
and Encsson claimed 1t delivered one horsepower for each
hundred feet of collector, or close to two horsepower with
the collector he used

Discouraged with the immediate economuc prospects of
solar energy as 2 competitive fuel, even though he felt “the
field waiting 1t 15 almost beyond computation,” Encsson
cleverly converted hus solar engines to run on coal or gas
and dried his eyes on the way to the bank More than 50,
000 Ersesson hot air engines were sold all over the world,
repaying the inventor several nmes for the expense of his
solar research

In 1876 shortly before Ericsson built hus big solar engine,
2 man named Adams put together an amazing forerunner of
today s huge solar engmes Built 1n Bombay, this 23 -horse-
power steam engine was heated by a huge henusphere
formed of 10- by 17 inch murrors, a collector measuring 40
feet from edge to edge! This solar giant was used as a pump

In France about 1880 Abel Pifre built the first solar
engine used 1n a commercial venture His steam engine fired
by a 100 square foot parabolic collector, generated two-
thirds horsepower and Pifre put st to work runming a print
g\g press The paper understandably was called Le Journal

oler]

Shortly after this achievement anather Frenchman
Charles Albert Tellier buile 2 solar engine that was unique
n more ways than one Instead of using a focusing collector
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much the same manner except for some refinement mn the
way the product 1s gathered and handled There 1s of course
2 byproduct to the producnon of this salt—that of fresh
water In some areas this commodity 15 m cnucal supply,
and 1n 1871 a huge solar stll was busle by an American
named Charles Wilson 1n Las Salinas, Chile, to provide a
mine with drinkable water Another such sull was operated
at the Oficina Domeyke nune The Las Sahnas snll pro-
vided 6 000 gallons of water a day and operated successfully
for forty years, yet today there 1s little on the spot to mark
the location of this pioncering use of solar energy Indeed
the method had been forgotten and had to be remvented
some time ago by French engineers who won a prize offered
by their government for a means of providing fresh water
from salt or brackish supphes

Thresbold The Twentseth Century

Just before the turm of the century, there was a reawak-
ening of interest 1n the United Stares and a number of fairly
large solar engines made their appearance One was installed
at the Pasadena, Californa ostrich farm to pump water
The thirty-three foot apparatus ss attributed to A G Encas
and a band of Boston capitalists* who apparently did not
have their heads in the sand Later, these designers moved to
a location where the solar engine had much appeal, the degert
land of the Anzona terntory

The Arizona Republ a Phoenix paper, carned

this deseription of the strange device 1n 1t5 1ssue of February
14 1901

‘The umique feature of the solar motor 1s that it uses the heat
of the sun to produce steam As no fuel s cheaper than any
fuel the saving to be effected by this device 1s evident When
the solar rays have heated the water 1n the boiler so as to pro
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the handle of the umbrella ought o be This bailer 15 the focal
poine where the reflection of the sun 15 concentrated i v'i‘r(u
reach a long pole up to the boiler 1t instantly begins to smoke
and 1 a few seconds 15 aflame From the boiler a flexible metal-
hc pipe runs to the engine house near at hand The reflector 15
thirty three and a half feet 1n diameter at the top and fifteen
feet at the bottom On the whole 1ts appearance 1s rather stately
and graceful and the ghttering murrors and shimng borler make
1t decidedly brslliant

In the mormng the machune 15 thrown mto focus by a few
turns of a hand crank In about an hour the gauge mn the engine
house ndicates 150 pounds of steam pressurc The engne may
then he started and allowed 1o run all day without attention
A clockwork arrangement keeps the reflector following the
sun around automatically the engme 15 self oiling the water
passes back from the condenser to the bouler so that the latter
15 always full The present model runs a ten horse engine and
Uifts 1400 gallons per minute equal to 155 muners inches,
tweive feet from an underground tank

It 15 expected that under the nearly vertical rays of the sum
mer sun the present model will develop from fifteen to twenty
horsepower But this 1s by no means the it since several
reflectors may readily be grouped about a central engine and
made to produce 100 horsepower and perhaps much more The
solar motor 15 simply the cheapest possible means of producing
steam because 1t saves all expenditure for fuel and labor It 1s
avatlable for use wherever steam power 1s needed It can be
used to generate electniaity and the power then stored m clec-
tne batteries Other and cheaper means of storage may be de-
vised 1n ume  Any attempt to predict possibihites m this field
would be mere guesswork but it 15 safe to say that solar power
will be one of the great influences of the new century and wall
make the and regions of the west and other parts of the world
the theater of the greatest industral revolution of the future

Eneas holder of a patent on the solar engme, and a num-
ber of bachers operated 1t at several locations and apparently
successfully pumped irrigation water A price of $2,500 to
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$3 000 was quoted for the solar devices bur alas for the
bright dreams of mventors, promoters, and editortal wrters,
the solar engines fizzled out for a varety of reasons Me-
chanical troubles and accidents plagued the installations, and
a wind storm finally destroyed one completely
Amud rumors that an engine had been sold to a European
concern and a larger one ordered for Egypt, there was
desultory nterest 1n solar power n the desert country for 2
few years In 1907 a promoter named Albert Carter was
stll pushing shares of stock 1n the Solar Furnace and Power
Company ~ $2 per share now, next year 1t may be $10, or
maybe $15 or §20' * Carter even had a model engine on dis-
play Ir was not a steam boiler type ke that of Eneas, but
the old faithful hot-arr engine fired by a large collector
mounted on a track to follow the sun
Desirable features claimed for Carter s engme beyond the
fact that st ran on nothing but sunshine and air were thar 1t
couldn ¢ blow up or explode, and that 2 ten year old boy
could run 1" Prces started at about $650 for a five
horsepower plant But buyers scemed to have decided that
the whole thing was hot air, or perhaps it was just so hot 1n
Arnizona that no one was interested 1n an engine anyhow
At any rate only very recently has there been any more
mention of solar engines making the desert around Phoenix
bloom as the rose
Independent of the ostrich farm capuralists two men with
their own 1deas for solar engines began expeniments in 1902
with the flat plate collector that Tellier had ntroduced 1n
France H E Willsie and John Boyle Jr built their early
engines i Olney Illinois and St Lowms Aissoun In these
engmnes heat was trapped 1 water flowing through shallow
glass covered basins and used to dnve water ammonia en-
gines Such a collector was obviously cheaper to build than
the complicared murror ty pes that followed the sun
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By 1905 Willste and Boyle headed for the land of sun-
shine and set up shop in Needles, California, 2 town then
featuring sand, solar energy, and lirtle else Using abour 600
square feet of collector area they operated a shde-valve
engine that ran a water pump, a compressor, and two circu-
lanng pumps In 1908 a second and larger plant was built at
Needles Ths one had 1,000 feet of collector area and could
store heat for later use The solar heat generated a boter
pressure of 215 pounds and drove a sulphur-dioxide enginte
clamed to develop about 1§ horsepower Estimated cost of
coustrucnon for the plant was $164 per horsepower, sall
about four tmes the cost of  conventional steam plant But
sunshine, after all, was free

Kilowatss for Carro

Abour 1907, 1n Tacony, Pennsylvania, an mventve engr-
neer named Frank Shuman was beginning a career as the
solar energy mussionary who came closest to making the
grade A hardheaded realist, he espoused the |
flat plate collecror sdea used by Willsie and Boyle His test
engme had 1200 feet of collector area and produced a

datable 3% horsep Emboldened bv success, he pro-
posed not an engme bur a huge solar steam plant that would
cover four acres' To cut costs the collector would be
sumply the tract of land wself rolled level and formed into
shallow tsoughs A layer of asphalt waterproofed the trough
which was then filled with about three inches of water
Over this, Shuman proposed to pour a thi film of paraffin,
apparently to help trap heat in the water The whole area
would then be covered with glass leaving a suc-inch air space
berween glass and warter This monumental project would
stare heat so chat low pressure tarbines could be run con
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been worked out and show 1t would have paid off 1n three
years

But good an engineer as he was, even Frank Shuman
wasn t good enough to make solar energy suck Eastern
Sun Power Company, Ltd, had been formed to provide
power for irngation from the Nile, 2 job tradiionally done
by some 100,000 fellaheen, or Egyptian laborers Caught 1n
an advance skurmush of the battle of automation versus man-
ual labor, plus economics and the confusion of World War
I Shuman’s marvelous solar power plant was abandoned
and fell into disrepair It must have crushed the ventor,
surely 1t laid the entire solar energy field low for a long
time

Dark Years

In the years that followed, scattered reports of solar appl
cauans made the news and kept the idea alive In New
Mexico an engmeer named Harrington hghted a mme 1n a
remote area with electricity produced by solar energy n 2
novel fashion Dunng the hours of sunlight a concentrator
focused the sun's rays onto a boiler whose steam drave a
pump to hit water to 2 storage tank some distance above
ground Water falling from the tank drove a dynamo to
provide around the clock power output

Dr Abbat persevered wath his solar work both research
into the radiation of the sun and zpplications of this energy
He recewved 2 number of patents for his cookers and boil-
ers, models of which are now on display in the Smithsonian
Insutution His designs are the only indirect cookers i
which the cooking unit can be removed some distance from
the solar collector This means that cooking could be done
inside the home nstead of in the backyard an important
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consideration  Abbot also encouraged another solar energy
enthusiast in his work

In 1919 a scienust duing research and development 1
another field made mention of the use of solar energy as an
ad to that work Dr R H Goddard who would one day
be saluted belatedly as the father of modern rocketry pub-
Iished a modest paper called * A Means for Reaching Ex-

Arsociation for Applied Solar Energy
Two of the huF: reflectors 1n the Shuman Boys 100-horsepower

solar engine built 1n Egypt and tested 1 1912 The reflecrors auto-
maneally tracked the sun

treme Alntudes’ This means of course, was with chemical
rochets, but m fus paper Goddard touched on the use of
solar energy to md in getting a rocket to the moon

In 1924 Goddard filed for a patent for an ‘Accumulator
for Radianc Energy ™ By 1930 he had applied for 2 total of
five patents pertaming to solar energy and his solar power
plant described i detailed drawings m 1929 fooks for alf
the world like the pracucal designs bemg bwilt today for
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use 1n space Goddard wisely knew that the storage of heat
was an mmportant part of the solar engine and his patents
covered effictent means for doing this Present day  cavity
flux traps look Iike Goddards early designs and bis use of
a quarez window for pernutting sunlight to enter directly
1o the chamber of his vaponzer anticipates the work of
Battelle Memoral Insutute scientists and their improved
Stirhing cycle solar engine

Clumng an efficiency of 50 per cent for his solar power
plant Goddard foresaw tremendous possibilities for solar
energy parucularly on farms Moving up from the earth he
envisioned solar powered arcraft—the fuel was weightless
he sard—and even space travel accomplished with sun energy
An iteresung proposal was a solar powered dingible To
get around the lugh weight of a large metal mirror Goddard
cleverly proposed a thin layer of hight fabric coated with
tughly polished metal foil  This was amazingly close to a
deseniption of the alumimized plastic presently being used
for that very job

As early as 1907 Goddard had hinted at solar energy for
clectrostatic space propulsion’ Agan in 1911 he discussed
the usc of solar energy 1n space eravel It 15 a remarkable
coinctdence that the man who proneered the rockets that
are now blazing trails into space should also concern himself
with solar energy And it 15 unfortunate he did not hve to
see the two streams of science converge that day in 1958
when the Vanguard [ blasted off with the firse solar bateeries
aboard

Dr Abbot by now the dean of she seience continued his
work pauenth with solir applicanions and by 1936 had
produced a solar steam engine which produced one half
horsepower This en,ine was cxhibited at the International
Power Conference 11 W sshington and cawed a flurry of
teres prucelily when i furnshed the power for a
ranonwide rad o broadeast
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In his definitive book on the sun, Iralian physicist Georgro
Abetts mentions his countryman Antonto Pacinott ex
pounding as carly as 1870 on varons sophistcated solar
energy uulization projects These 1deas icluded using the
sun to decompose chemicals for drving gas engines buld
ing heat absorbing pipe systems for the Sahara Deserr and
exploiung the difference 1n temperature of deep sea waters
Even thus last 1dea has been mvesugated and shows promise

From 1925 to 1935 the French scientist Georges Claude
better known for hus work with acetylene, conducted ex-
permments m tapping sea thermal energy In this perod
Claude spent a fortune of his own money mstalling and tesc-
ing 2 submarine cold water pipe from a power station off
the coast of Cuba and a 1 rncal pipe from the floanung
Tumisia power stauon He was successful in operaung a
steam turbine on the temperature difference from top to
bottom of the ocean but performance was disappomnting
The French government has carried on his work and in
1948 formed Energre des Mers for connnued sea thermal
research, mote recently other groups have proposed simlar
schemes

Exen the generation of electric power from sunhight has 2
fong hentage Way back n the dim past of electniciry
1822, Thomas Johann Seebeck discovered that a magnenc
needle held near a circur made up of rwo different con
ducting matenals was deflected when he heated one part of
the crrcurt We have seen that Seebeck misread what he had
discovered and refused to think of the effect as electrical and
not magnenc For a hundred lost years the thermoelectric

Stebeek effect was a laboratory freal unused for any
practuical purpose Even when Jean Charles Peluer discoy
ered that he could reverse the Seebeck effect and create heat
by passing 3 current through a prrticular circuit and even
ke cold by reversing the direcuon of current flow no one

rumbled to the wdex of making electrieity from hear It wys
~

v
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not unud the 19365 that Abram loffe m Russua began to
mahe progress with thermoelectniaty and even coupled
solar collectors with tis generators to produce clectneity
from sunshine

The pharovoltaic sotar battery too has a long history and
one almost as misunderstood as that of thermoekctnay In
1839 Antome Becquere! found that sunlight caused a weak
current in certan matennals n this case the electrodes of an
clectrolyre solution Forty years later Adams and Day ob-
served a sumlar effect in a soltd matenal, selenum The
exposure meter using selenium cells and elecne eye’
apphications were the main uses of photovoltaic conversion
with the converted electricity too feeble for anything except
mahing a needle move on a scale or acuvating a swatch in a
contra} operation

In 1931 Dr Bruno Lange demonstrated photovoltaic
salar power at Kaser Withelm Insntute His invenuon was
a sandwich of copper oxide, siver sclemde and a thrd,
secret ingredient Exposed to sunhight the battery powered
a small electric motor mdefimrely Professor Colin Fink of
Columbia Unwersity developed a simlar power convertern
1935 This device consisted of layers of copper and copper
ovde

But despite the fact that semconductors were known
cven to Seebeck far earher 1t was not until 1954 when Bell
announced 1ts revolutionary silicon solar battery that solar
electriciey really came of age

Where the Sun Now, Stands

W e hnow the sun wself has been around a long ume but
it comes as 2 surprise to reahze that men have been trymg
for so long to harness 1ts energy There have been many
factors against an early victory even when some proncers
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must have felt they had it surely i therr grasp First was a
lack of knowledge, and when men acquired know ledge they
sull were short of the rechnology to apply st Most frustrat

ing of all must have been the apathenc lack of interest by
therr fellow men n this bounty from the sun The onetime
abundance of cheap’ fuel whipped solar energy m the
marketplace But the sun 15 pauent, 1t has nme More ume
than does man as that individual 15 begmning to rea'ize

Solar energy science will progress faster now Maybe one
day we will pay a lirtle belated homage to those who helped
1t aong 1t first faltenng steps
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The Conung Age of
Solar Energy

In the preceding chapters we have se
that solar energy despite a long heriage and 2 present fan
actve and healthy life s sull an infant with regard to
apphcatons VWhat can we tell of 1ts future and how do
such a prediction tie 1n with a prediction of man's future
general®> A wise man has said that we cannot envision fifty
years hence simply by multiplying the last twenty five years
by two or even by muluplying the present year by fifty
The conditions that prevail now obviously will not at the
turn of the nexe century so we can make only wise guesses
as to population power needs and environmental conds
uons Spealang stnictly of solar energy and its probabiliuies
then we cannot make clear cut extrapolations to arnve at
future performance Just because the solar battery has im
proved from 4 per cent to 14 per cent 1n about ten years for

Je we cannor antelligently predict 2 like 10 per cent
jump n the next ten Nor can we say 1t will increase 3}

N
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tmes or 14 divided by 4 Ten years hence 1t may remain at
14 per cent It may drop to § per cent because of degrada-
tion by man made radianon from atom bombs or 1t may
jump to SO per cent through the use of new techmiques or
some starthng breakthrough nivaling the ongmal invention
We can only set some end ponts, knowing that these are
far 1n excess of what may be achieved but at least they rep
resent 2 Limit beyond which we cannot go The dream of
successfully garnering all the energy 1n sunlight—2 continu
ous one-and third horsep per square yard of area—
15 2 dream only Even a tenth could make us all iich wath
Tespect to pawer

‘We mav, of course, have no need of any more solar en
ergy than what nature doles our mn her own sweet nme
Nuclear power may solve this worry for us by reduemg our
present three billions to a uny fraction of that most of
whom will huddle 1n caves and forget about electric power
for ages However being optimisnc—or pessimistic depend
ing on our views—we may look for as many as eight billion
human beings on earth in another centary This 15 what 15
meant by population explosion # teemung increase that some
say will have each of us standing 1n a square foot of area in
three hundred years unless something 1s done Perhaps man
will become even more prolific for one reason or another
and there will be sixteen tillon The eyght tithon figure 15
based on a growth of about 4 per cent a year and 15 felt to
be as realistic an estimate as 1s possible 1n the atomme age

Even with the qualificanons we make on predicting actual
values we realize that 8 billlon people are going to need
more energy than 3 tillion of us now do When Columbus
first came to America there were only a2 few hundred thou
sand red men here But even this relam e handful as com
pared with our present population density had saturared the
land It was not capable of supporting anv more Ines with
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the low efficiency methods the Indians had 4 their com
mand We will pass over the question of whether that many
pastoral and contented beings are not better off than 170-
000,000 harned and hurried ones \Vhatever1s 1s even of 1t
1s not necessarily right

Generally, a higher y1eld of food or fuel per acre requires
the expenditure of more energy And standard of livng ap-
pears to depend on available power With much of the
world s three billion populatton i danger of starving today
we realize that eight billion will require 2 much more mech-
anized way of hife barely to stay alive Rather than a two- or
three fold increase of energy needed, the factor will in all
probability be much more than that Proof of the difficulty
of assigning exact numbers lies 1n the esumates now made by
evperts One says that our eight billion souls will be using
twenty tmes -he power we use today Another says fifty
tmes

W e talk of one world 1n various fones some of us wist-
fully some scoffingly R it in nature we always sec a tend
ency to equalize 1o level off Temperatures and pressures
try to stabihize at one pont rather than remamning ac differ
ent levels This 1s the case also with human beings and their
demands for power parucularly as the world 15 shrunk
drastically by increasing world trade commumications and
social and cultural mingling One wnter has deplored the

suchung of Eslimo pies by Balinese dancers during mnter
mussion, bue such are the facts of hife Whether or not Coca-
Cola does any thing uphftng for us has nothing to do with
1ts wide acceptance all over the world And the wants of the

have nots estend past candy and soft drinks to television
and refrigeration to home hghung and mechanied travel

Although the United States uses half the worlds total

power and produces half the goods and services it mry sur
prise and embarrass us 1n the United Stares that we are not
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the most conspicuous indivadual consumers of power That
honor goes to Norway, with a yearly per capita use of
power of about 6 800 kilowatt hours Canada rates second
with 5,400 and the Umited States 15 third with 4 500 Bur
compare these figures with those at the other end of the
scale Some Asians use a shimpy 27 lalowatt hours per
person less than half of 1 per cent as much as the Nor
wegians An earhier chapter pomnted out that the power
richest third of us uses about 85 per cent of earths total
power And the poorest sixth uses only 1 per cent With the
present accent on aiding undeveloped countries we should
be concerned about helping others bning up therr power
standards Whether we are concerned or not 1t will gradu
ally come about Such a leveling would jump the need for
power 1 the world bv a factor that starts at seven and goes
on up, depending on which expert you choose to consult

What does this have to do with solar energy? If the world
needs more power surely the coal operators oif companies
and electnic uthities will be happy to oblige them the more
the mernier at so much 2 kilowatt hour Unfortunately this
15 not the case There 15 only so much coal to be dug and
thats all The same holds for o1l This ‘ capital energy 15
huted and 1t 15 not being replaced fast enough to be of any
help whatever Old Mother Nature has provided us with a
handy stockpile of energy, but she has done so at a ternbly
low efficiency rate and over a considerable span of vears
We dont have those millions of years to wait around for
coal and odl and natural gas to be replaced

How much do we have left at present® Estimates vary
but one set of figures gives us about 27 Q one Q as we
know beng 30 billion tons of coal This ss a pessumsnc
outlooh according to other authorties and with known and
evpected reserves they estimate as much as 200 Q n the
bank At a recent sciennfic conference ane speil et reported
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handy stockpile of energy, but she has done so ar a ternbly
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that there was lutle to fear since for the next cermry ac
feast he foresaw no shortage of clectric poser’ This takes
care of the neve three generatians perhaps we awe no mare
to postenty

CH umportance 1 the fac that while there 31 snll fosmd
fuel left we have already gone through the cream~if we
may shife metaphors—and are now working on the skimmed
muth with the bottom of the bottle embarrasungly viuble
Surely there s more coal and sueely there s mare o We
just hase to duy deeper or haul farther or process more But
1t tahes energy (o mine 2 tor of coal and when that energy
approaches what 18 contained an the coal 1sell we are
tronble and had better leave the stuff in the ground where
atleastaewill presenracave in

Heip from the Atom

Malthus stuch bis nech our a few hundred y ears back and
predicted that manlind was running into 2 mathemaneal
barner against further growth Tle based tus g{mm) fnn:czs(
on the fact that popul t

was -Ill]
while food production was fixed to an amhmeuc scale
Theorencally he was nght but technology stepped 1n and
produced food more efficiently to break the populanon
tarmier Today many powne to the discosery of atomic
power as a similar omely and providential intervention Cer-
aainly the power of the atom has been proved in bombs and
there 18 some progress i converting that destructive power
tnta uscful pawer for indusery But there 15 a flv in the ome-
ment agun fust as coal and ol are limuted sa are the atomic
marerials They are alsa difficult to process and as the supply
dwindles they hecome more so

Reserves of uramum and thonum used 1n atomic piles for
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the production of heat which can be converted to electnaity
are estmated vaniously at from 50 to 175 years Proponents
of atonme energy, however, were severely jolted to hear

American Bosch Arma Corporanon

Artist s concept of the construction of 2 solar powered space
staton Enure structare forms collecung murror to focus
heat onto power plant (Frank Tinsley drawing)

that perhaps there may not be enough suvable radioactve
1sotope material to make atomic power plants, even in small
sizes, for space use The fact that there 15 urenium 1 the
amount of a few grams 1n each ton of gramite 1s quesnonable
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good news Granted that this nny amount will give a pawes
equal to 50 tons of coal how many tons of coal may be
required 1o extract the grams from the ton of granite?

There 15 the possibihity of fuston power The power of the
hydrogen bomb a2 small scale capy of the sun as 2 matter of
fact far outstrips that of the old fashioned fission bomb
The hydrogen bomb 1s even more devastating than the atom
bomb and when and if hamnessed, 15 power may well be of
great use for industnal and wulity power producnon Bur
there are problems Nuclesr physics has been accurately of
unkundly called ‘unclear’ physics For one thing st 15 easter
to make bombs than to generate power construcuvely One
reason for this 1s that the fusion of hydrogen takes Plncc at
ahout 100 mithon degrees Cenngrade and may be just too
hot 1o handle

Many bilhons of dollars have been spent on atomic and
nuclear development Although mdustrial power 15 being
produced taday 1t 1s not fair ta say that it 1s economical as
yet consdertng the development costs Fuston power gen
erators though promusing cheoretcally have so far been
discouraging as to actual results A breeder reactor takes a
fair amount of 1ts own power to run uself Fusion may do
the same Even opumustic forecasts do not mention practical
production of fusion power for the next rwenry five years

Even if fusion were to be perfecred 1n a year or so and go
mto large scale production of power, it would snll not solve
once and for all the matter of energy requirements Al
though some starry eyed rooters for fusion clam that sea
water would be a lrmucless reservorr for the heavy water
needed other more sober proponents feel that there ts
sufficient deuterrum only for some five hundred years
Couple this news with the estimate of a fifty fold merease
power consumption in the next century and even fusion
power 1s scen to be houted Certanly wath space travel a
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reality the expenditure of fuel can be expected to nise ever
more steeply A gnmmer prospect 1s nuclear war, or even
‘conventional war, fast using up stockpules of fuel that are
irreplaceable

Bésides these disadvantages of the nuclear fuels there are
the more familar dangers Even though sndustral plants
hopefully will produce no widespread fallout there 1s the
possibility of accidental blowup Personnef working nearby
would be constantly exposed to danger, and there 1s the
ever-present probiem of what to do with radioactive waste
Even burying it in the sea or fining 1t out into space are not
final answers We might succeed in contaminaung both
those reaches kiling off plant and animal life and making
space travel even more dangerous Disposal m space 1s par-
ticularly questionable First, such expensne garbage truchs
would be wasteful of fuel And there would be the possial-
ity that the stuff mght not go mto orbir and come down on
us 25 fallout 1nstead

Another, and for this discussion final drawback of the
at first glance so promising atomie fuels 15 the fact that they
are geared to fuge instaffanons Nobody 15 advocaung a
pocket-sized nuclear power plant for shipment to a back-
ward village m Afnica or Asia The nature of the beast sug-
gests 1t will be a mulumegawatt operation and ned to power
lines which waste an appreciable part of the power sent
through them

Summing up nuclear and atomic fuels are dangerous
costly and most ymportant they too are exhaustble Even
if the opurnusts are nght and there 15 fuel for one thousand
more years, what happens then? If we look at the problem
with some detachment we realize that future generanons
may well wonder why man spent so much tme and effort
exploming indirect power before turning—as he must eventu-
ally—to the surest source of supply the sun itself
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Where Do We Go from Here?

It has been esumated that today man 1s using about 2 per
cent direct energy, thac amount of his power comes from
the sun 1n the form of wind water or through the burning

gy
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Associanion for Applied Solar Energy
Proposed 100 foot solar furnace The heliostat on the right follows
the sun 2nd reflects its rays to curved murror at Jeft

of wood and other quickly replaced carbohydrates Use of
salar energy directly, as with solar batteries 1n a satellite, or
as power for a furnace represents only a tiny fraction of the
total There are many reasons why we can ¢ switch to sun
energy overmight Yet onc authonty suggests that within a
hundred years dircce solar energy rmust make up 40 per cent
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of the total supply Starung from a standstll then, how do
we begin to put solar energy to work?

The man who can buy 2 gallon of kerosene for a quarter
and burn 2 million calories out of 1t 1snt too interested m
building a solar collector that won t be nearly as handy to
use and may take ten years to pay wself off Solar energy, at
1ts present state of development can’t often compete with
cheap fuel Profit for the power uthties i this field s
decades off, and perhaps large cities can never be adequately
served by direct solar energy alone

‘We have mentioned the importance of the boost given
solar energy by the space effort Unul this happened the
amount of money spent 1n research was pathetic, even a
modest bull for ten muflion dollars had never been favorably
acted on by Congress So the space ¢ffort amounting to mil-
hons yearly for solar energy, 1s a great shot m the arm Just
as government sponsoring of the diesel engine and war de-
velopment of radar and atom bombs have eventually fltered
down to the general public i the form of transportation,
television, and benefits to cancer pauents so space race
solar developments will one day pay off for carth as well

The advance of solar energy will be two pronged, how-
ever Juis attracnve 1n the exotic field of space exploranon
mainly because no other source of power 15 available the
spaceshtp can t pull up to a filhing stauon and refuel There
aren t many filis g stations in the undeveloped areas of earth,
either and few electnic power plants It 1s here that a wedge
may shortly be dnven wich small power packages like those
of Dr Tabor and his co-workers m Israel and others
around the world

After the conference on new sources of energy held
Rome during August 1961, the United Nations made this
report on the affaic held under its auspices
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One of the most signsficant suggestions comung out of the
f d the establist of pilot centers and
expenimental stations n less-developed, energy poor states
which are, however favored with plenuful wind and sunshine
These seations or centers would serve several purposes Thev
could undertake such tasks as distnbution of solar and wind
measuning mstruments supervision of therr use dissemmation
of information about aite sel and equip adap
of equipment to Jocal needs and generally contnbuting to clan-
ficanon and solunon of technological problems under actual
condinons of operation The projects would also enable an m-
creased exchange of rescarch workers
The pilot stanons would be more than techmcal centers
They would be n a posinon to demonstrate possibihities of

savings and to act as intermed for technical and fi {
a1d and be path breakers for actual apphicanon under conds
tions prevatling 1 less developed areas by providing a better

understanding of the sociaf and economuc problesms connected
with tneroductian and mameenance of these new enetgy apph

cations ranging from solar cookers to ice making machines
pumping and other power operations at the level of individual
households and the village

Building a nuclear plant 15 2 vast undertaking presuppos
g strict government contsol and the expenditure of mil
lions of dollars Bur the sun shines everywhere and as yet
no one owns it There are no do-it yourself atomic energy
projects~or sa let us fervently hope—but by us nature solar
encrgy 18 avallable to any hobbyist 1 his own backyard To
buld 4 power lhine may cost several thousand dollars a mile,
but a natnve 1n Asia or Africa or South Amenca with an
acre of land could set up a solar engine of 2 few horsepover
and 1ake care of all his needs A village could do the same
tiung

One autharity feels that solar energy will serve another
purpose too—that of bndging the mental gap betw een us and
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those peoples with no way of comprehending the complext
ties of the civilized atomic world Closer to nature than we,
they should more readily accept sofar energy applications
and move at least a small step toward meeting us on common
ground

Scientists 1n Incha ate making detailed studies of rural hfe,
and the pow.er needs of such people Solar cookers are an
actuality 3f dsappoinungly few mn number Windmills are

National Physical Laboratory of Israel

The Tabor § horsepower solar plant being assembled 1n Jerusalem
Cyhndrical elements collect heat to drive turbine

a distinct probability n aveas of steady winds and solar
engines seem to be the answer for small scale pumping
water heaung electricity and even refrigeration Tt has been
mentioned that this last may be of even more smportance
than heating in villages which now must waste scarce food
for lack of ability to store 1t

The Chilean solar sull that functioned for forty years was
perhaps the most pracncal use of solar energy to date To-
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day the sun 15 being put to work 1 evaporating ponds for
the production of salt m Chule Special dyes are used to
achieve more efficient use of solar heat, and appreciable
quanuues of ol are bewng saved Scienusts m that country
have proposed a modern solar plant which will produce
4 500 gallons of fresh water a day, and alse 50 Milowates of
electrical power Along wath producton of the water will
go the reclamanon of salt and other minerals which wall
make for more efficiency in the solar plant The nyestment
cost 15 estmated at about $200 000 abour $4 GO0 per kalo~
watt This 1s about ten umes that of a conventional plant
but 1t should be remembered that the cost of stupping fuel
to the high regions of Chile would be exorbiant and also
that the water produced enhances the value of the project

Bounnful as the sun 15 we may feel some pinches n the
process of learming to hve on our income  of solar energy
A L A Reynhare of Velsen, the Netherlands points out
some interesung things about a society subsisung entirely on
solar energy  He sees man squeezed for the most part mnto
2 narrowed ‘solat belt berween the thirty degree parallels
north and south Food sufficient only for a popularion den-
sity about twice that of Japan today will be avatlable world
wide and this would feed only four iflion people~far short
of the expected six to eght allon

Reynhart goes on to show that since much of the carth
ss water man will be hard put to produce sufficient food
and pow cr for lumself even with solar collectors and engines
of 10 per cent efficiency  He pornts our that man may have
1o decentralize and suggests learming more about natures
process of photosy nthesss This rcalls the suggestion that if
nature could more efficiendds convere the energy recened
by an acre of ground the crops would amount to abour
three tons a day VWork wath chlorelly arnficnally grown and
with added amounss of earbon divade has boosted the ton
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nage to some tw enty tons a year but we are a long way from
three tons 2 day

Challenge from the Sea

There 15 2 clue 1n the statement that most of the sunbight
falls on the sea rather than on land Many authoriuies have
fong msisted that we must exploir the sea and ts fish and
vegeration 1f future generations are to eat well The same
philosophy has been adopted by some power experts Solar
thermal energy (STE) 15 a challenging prospect of unhzing
solar energy It has a long sf so far not highly encouraging
history We have seen that Claude spent huge sums of his
own money 1n 2 project off Cuba and wath the floating sta-
uon Tibmsia 1o penerate power from the heat of ocean
water Through his expenments and follow up projects by
the French government the feasibility of the 1dea had been
proved The French might have put such a plant nto opera-
tion off the African Gold Coast except for the bringing m
of cheaper hydraelectnc power to the area

The advantages of such a solar energy apphcation should
be apparent First 1t operates around the clock so that there
1 1o problem of storage of energy Second it draws on a
vast area provided by the ocean 1tself and saves the expense
of an artificual collector Such an economcally ateractive
scheme may someday boom the semutropical countries as m-
dustrial sites

Asa E Synder, vice president and research director of
Pratt & Whitney Company, Inc  ponts out that STE offers
some 370 #rillion dollars yearly m equivalent energy wathin
the ¢ thermal-difference belt of 20 degrees north and south
Tautudes This 1s about the same as 131 hillion tons of coal
or more than 4 Q of energy and far more than the total
consumption of the entire world
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Another sea thermal energy proposal 1s to float large flat
plate collectors on the ocean and heat quantities of water to
a hugh temperature Then the difference berween the heated
water and normal sea water would be used to operate 2 solar
engine

Worl going on 1 Israel on the so called * power pond
has been described One scientist has proposed such a solar
plant with one square mile of area Covered ingemously with
one piece of plasuc, this huge heated pond would deliver 92
million kilowatt hours per year at a cost of less than half-a-
cent 2 kilowatt hour

An even more imagnative solar energy application has
been suggested for the Libyan Desert Wasteland below the
level of the sea would be reached by tunneling through
higher ground, and filled with sea water through this tunnel
Evaporation would then constantly lower the level of this
artificial lake and thus draw water through the pipes and
this moving water would be tapped for hydroclectricity’ A
roundabout method to be sure but solar energy nonetheless
And with electricity 1n that area seling for 8 cents 2 lalo-
watt hour, and water at $14 per 1,000 gallons solar energy
would be not only attractive but competiave

Dr Farnngton Damels has suggested the creanng of
power or storable fuels using nothing but solar heat and the
atmosphere available 1 the deserts of the world In the first
step water would be extracted from the air using absorbers
and solar heat The water would then be broken down nto
hydrogen and oxygen agamn by solar energy and these
gaseous fuels could be recombmed 1 a fuel cell to make
electricity or burned to produce heat or power An alterna
tve plan would also reclaim nttrogen from the atmosphere
with a solar furnace and mix the nitrogen with hydrogen to
produce ammonia which could be easily transported as a
fuel
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Smilar schemes for use on land include those in which tall
vertteal wind machines utihze the energy from solar-heated
arr rushing through them Here again the need for expensive
Iight reflecting collectors 15 obviated The shape of the solar
energy engine of the future then, may not be anything like
the polished reflectors or glass hot-boxes that have thus far
taken the eye of the solar researcher Whle the solar roof
of semiconductor matenal may well take care of domestic
needs large mdustries may not be able to afford mules of
collectors 1n the desert and will resort to 1deas analogous to
the heat pamp, draming the energy from huge volumes of
air

Perhaps the most breathtaking solar encrgy concept yet 1s
that of Russian Nobel prize winner, Nikola: Semonov, who
envisions a fantasic powerhouse in the sky m which the
moon 1s covered with semiconducting matenial to convert

sunlight nto electricity which is somehow transmitted back
to earth!

Conclusion

The exacr shape and form of future solar energy engmes
1s not known But we do know with some assurance that
they must one day be used, and perhaps the sooner the
better The space race has provided the mital mpetus, and
development of backward areas should keep the ball rolling
The first real use of solar energy 1n the energy rich nations
will 1n all probability be for air-conditioning Space heating
represents a big 25 per cent of our total fuel needs, and the
sun can do this job very efficiently We can even add re-
frigeration to heating and save ourselves much more elec-
tricity or gas Rural electrificanon and perhaps eventually
mdependent power supplics for ndividual homes even in the
city may come next
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grow things but merely goes to a cave and unearths ts of
food put up by someone else long ago If nature had not left
us a legacy of coal and oil, we would today be drawing en-
ergy full ume from the sun Dr Valentn Baum, of Russias
Heliotechnieal Laboratory makes an mteresung comment on
the situanion

Just smagine for a moment that mankind had based hus power
mdustry on solar radution not fuel and then the proposal to
use different kinds of fuel was put forward Probably there
would have been very many objections One could jmagine that
one of the most mportant arguments in defense of solar
energy would be formulated 25 follows Solar radtation 15 2
noble form of energy and it was under 1ts influence that hfe
onginated and continues to develop on Earth therefore 1ts use
no matter on what scale could represent no danger or mcon
vemience for esther the flora or fauna of the world The use of
any other kind of fuel would inevitably be connected with the
porsorung of the atmosphere water and land Fuel should be
used only where there are no other possibilities of obtamning

energy, and in the sunny regions of the world the energy of
the Sun should be used

The sun s radianion here on earth 1s not hike another kind
of raduation we have become pamfully aware of lately
Neither does the sun give off the noxious fumes that cause
horrors like the four thousand deaths in London m 1952
The sun brings bife and not death

It may well be 2 blessing that man 1s ar last bemg forced
to make use of solar energy directly And as we stand on the
threshold of the age of solar energy, 2 new age of plenty
made possible by this most noble form of encrgy, how
fortunate ) 15 that none are hid from hus heat
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