verting cravitational enerpsy into energy of other kinds., The aistory of sravi-

nal radiation thieory is briefly outlined, and recent develonments, w
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shoy wneambiguously that gravitational radiatlon does exist and wiicn exhibd

effects, are explained. Some siumle nodel devices for absorbing enerygy Ifronm

crevitational veves and converting it into lheat or worizc are Cegcribved, Lirections

v v

for futuvre develonment are sy

jE

A orincipal difficulty in the leruessing of srevited

on is the wroblem of re-

lersing stored sravitotional energy in a way which vwould nake it vnossible to convert

the rele=ged energy into 2 usable form, such as heat, In this essay wroblem

of

relensing crovitational energy ig discussed in the 1i-hvh of recent develomments in

2 =
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crevitetional radiatlon, The imnortance of these develonments is tl

they show unarbiguously what was hitherto uncertain, namely thet gravitstional waves

do exist, thet tliey cen be rigourously defined, and that they can carry energy.

Tlesge develonments show also the charecteristic differences betvween grevitational

rrdiation and other inds of radiation, and so noint the way to the discovery of

effective methols for the conversion of gravitational radietion energy into mechani-

=F - eyl Ta s
cal energy or heat.,
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The theory of gravif had a rather confused history. Very
Y r 2. i 5 N f [P —— -+ - 47} 3 5 L R ~ >
cariy in wne aevelopuent of general relativity theory, a number of zonrominmote cal-

culotions reloting to svevitational woves vere ucle™, bt it was oot until slLout

tventy yeers ago thot any exact investigotions seem 10 Lheve bteen ublished. In

] o

~

1987, linsteln end Rosen® investisated certain tynes of solutions of Zinstein's

sravitetional field equations, and concluded thet cylindricel grovitstionel waves
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ovld exist, althoush neither they at the time, nor RZosen lster® found what sources
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wizht oroduce guen weves, Av the sene tiue, Rosen™ inve 2t e

w

ct

[=5
19

nlane-noiarized
gravitational waves, and came 1o the conclusion that these could nof exist. This
conclusion ancears to be mistaken, Dbecause ceritain assuwmpltions uade by Rosen were
unnecessarily restrictive., This will be discussed further bvelow. It had been known
for 2 long time that there were no spherically s;umiesric sravitetional waves.

Thus in 1937, it seemed that gravitetional waves of some sorts existed, bulb
otliers 4id not. How erxactly graviietlonal waves should be defined was never nade
entirely clear; what wes done wags o seel solubtions of fingteinls gravitetionzl
ecuations resembling wave-type solutions in Tlectromegnetic theory. Then in 1938,

Einstein, Infeld and Hoffmann develoned thieir new apnroximation method for solv-

ter that tlie situation hecame wore confused.

By

ing the gravitational equatvions, and a

Yave-lilkte solutiens could De found, but it anceared tuat they could be elimincted

q

by

»
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suliteble cliznze of coordinate svs vhich is always peraltted in general

relativity theory. A zreat deal of work by 3che deﬁﬁcr7, Coldbﬂrig and others left
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re yhetlier gravitetional radiation really existed or not. The implicati

S

:tional weves were gpurious, heving

no real shysical significence.

Yow toe difficulty about these apnroaches to tlie nroblem was that they were

cmevlism. However, tnere are cucracteristic differences Dbetween tne two

tuneories. Some of ti:ese, lilke the essential non~linecrity of the

rield ecuntions, were recognized, but the situation remasined obscure. “le immort-—
ant ciffervence of vhich account needed to be talten ig the difference beitwveen the
whysical effects of the different sorts of fields. This difference ig enitomised in

o

tie orinciple of equivalence, according to which the grevitstional field at any noint

nay be eliminsted by emnloying a suitebly accelersated reference frame. This is not

true of other flelds., Another way of stating this difference is to say that not the
srovitetional Tield itvself, but only its varistions from nlace to pikse produce aob-

solute ohysical effects, f we cre to exhlore umeens of controlling gravitational
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rediation, it is to these absolute effects wnich we must lool.

iifferences
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roriations in the gravitational field show up physicelly as

in the accelerctions of free marticles in different (2lthoush neardy) places. Une

-

cate these features in terms of the greviteilonsl Tield cuentities,

N
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cannot investi

as is done in electromegnetic theory, but only in terms of the Riemann tensor, waich

Gegcrives the variations in the field in an absoluie way. ~“he wresent vwriter has

© - . . . . . . - . g
trected the uothematical detalls of this idea elsevhere.”

-

Hoving this inveriant descrintion of the veriastions in the field, it is a short

step to the descrintion of reodistlon. One Las oaly to assume, as is naturel, that

gravitetional radiastion is propageted vwith rowiich ig defined
by the null cone. A couplete cheracterization of graviitetionel radistion in terms

of the Kiemann tensor ioen becomes possible, hen tne interaretztion of the Riemann

tengor &8 tlhe variation in the field shows how grevitatlonal radlation affects the
iotlon of small nerticles., It is found that the relative sccelereations of two such
narticles, vhich renwresent the difference in grovitetionel force beltween tlhenm, whow

ciharacteristically different features in the sresence o rodlation. It is these
reletive accelerations which wrovide the key to the »nroblem of encrgy trensfer.
To show the connection, we shall consider o simple molel absorbing device,
Two Iree narticles by tlemselves ore of no use, as there is »o way of extrac
from vaei wviatever energy they mizht absorb. But consider instesd two marticles
connected Ty e soring, If they receive different accelerations, as they will do 17

will be eitier 2 comopression or a tension depending on tic Girectlons of e accelera-—

tions. Any actual eori: not being merfectly elastic, will heat un vhen it is com-~

o

(‘:

oressea or extended, and this Leat rey e used for any desired purnose. O course

we mey envigese a veriely

of otler power—genevating devices —— tlie two nal

ES

might he connected by rods to a cylinder end Histon

4

'

sugposed nerely to be a simple wmodel, showing {the possihility of extracting

L]
r')

from & cravitaetional wave; the actual eposeratus used on a large scale would Gouwntless

te more commliceted,
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vaves have recently teen carried ouw by H. ordlla these confirm the general expects

tion Gescribed above, nemely thet energy unay be extracted from graviitetlonal radie

tion by devices of the sort mentioned. It is this calculation which contredicts

he place wrves iavestigated by tondi have no sources, in tle sane way as :lene

18

electromaymetic waves neve none, he question of enerating
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tnerefore not sclved b this wor':, Hovever, L. Marder™™ has carried furthe
work on crylindrical waves, aund nas celculated the loss of energy from a cylinder

thig cese, ulerefore, the manner of generatlon
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and the absorpntion and conversion to other
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It is own ag £ result ol reCeny worik Tasy ZJraviseilonal energy

way ve trensferred U ENer—
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G el LEe gugored oYy fulriuoole deviceg ol ConvertveQ 1nto el 0% vioer Ancts, A

sene: theory of erergy generation and of energy balance are siill o be develoned,

but elready the controlled ftronsfer of rovitational energy aphesrs in »Hrincinle
mogsitle.
Aslcde from tlie enginesring nroblems of and sbsorter

otlier more thieoretical —rob
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IC is to be hosed that much 1icht would Le throvn on iiie wiole qus

wechenics were better understood, Tle exset
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Gefinition of gravitationel is now pmossitle, Leg bee
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ease the difficulty of exploring this relatlonghin.
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balance theory are being carried

tie relotion between
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