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Abgtract

ew experiments are propoged for testing the General Theory of Relativity. An

m

ntenna is described for observing gravitational radistion from the gun and stars.
Anparatus 1g congidered for posgible generation of gravitationel weves, Other ex-
neriments are provoged for studying the invariance of intervalg in accelerated franesg,
and thege therefore tegt the grevitstional red shift, Regulte of calculationg are pre-
sented, and it ig ghown thet some experimentg can be done at the pregent time while the

others require technologlcal advanceg to make them nogsible.
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Grevitational 'ave Experimentg

‘Tne General Theory of Relativity oredicts that accelersted mageeg ghould radiate,

ble for the gpherical waveg. No gravitationsl rediation hag ever been obgerved. guch

waveg might e generated from turbulence on the gun or by magses outglde the golar gyetem.
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e propoge now an antenna for detection of h waveg,
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Assume thet we have an ogcillating maeg quadrupole along the 2?: axigs (gee Pigure 1),

which ig radiating gravitational waves.
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Let the angular freguency be Uj , let the maxinmum value of the magg quadrupole moment
be the gpeed of light.

&

be Q , let (¥ be the congtant of srevitation, and let C
Imagine a test mass /MM, located at noint P with gpherical coordinates_/Liﬁl ¢ .
The radial force exerted on the magg by the weveg crn be calculated from General Relstivity
and ig ) - A
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Txzpregesion (1) renresentg an outgoing goherical wave, Iow imegine & gecond mags )1’)2,
close %o P (see Ficure 2). The nhese of the wave will ve glightly different at ™,
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and if M, ie locsted
’ 2

&

from itg value at "rnl. ag ghown the phege Aifference can give

rige to toroueg. If the magseg ere connected by & rigid rod which ig gugpended by a fine

wire we have an ogcillating torsion balance. Alternately we would mount /M, , and ryﬂlat
m, My

Wi re

apposite ends of & gupported gpring ag shown in Figure 3. The phage difference results in
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alternate comoression and exnangion of the gpring, and we have here a harmonic ogcillator.
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T
e energy which can be sbgorbed from a wave can be celculated in the following way. Ve
imegine the antenns coupled to an energy abgorber. We write a differential equation for
the motion of JY), and {TYEzamd from itg solution we celculate the maximum abgorbed
power for an optimum degign., The regult of the lengthy calculation is that for an aﬁerage
orientation the abgorbed power ig indenendent of the kind of sntenna and is given by
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In expression (2) L] ig the power per unit area in the wave, )\ ig the wavelength.
() states that the abgorption crogs section of all gravitational wave receivers averaged
over zll orientationg 1g the game and equal to a circular area whoge circumference ig the
wavelength. This result ig velieved to be new.

We place our receiver in a dark vacuum and cool it with ligquid helium go thei the
thermal fluctuations will not interfere with the meagurementg. Ve average over a time
-7-— o The minimum gravitational energy flux which we con detect ig obtained by setiing
the tiue averaged absorbed energy equal to the time average energy of one guantunm.

Accordingly we have
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In expression (3) N i Plenck's congtant, &7 1ig the freguency. Solving (3) for

UM; n gives usg
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Asgume Tor examnle that the wavelength ;\ & 10600 meterg, and the averaging time ]
ig one day. The minimum detectable flux is then, from (4)
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Practical congiderationg would meke the theoretical regult (5) herd to achieve, The
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ugeable gengitivity could be determined exmerimentally by electricelly charging the nagses

and driving the gystem with electric fieldg., If no gravitetional redistion 1s obgerved with
thege ingtrumentg, their !mown senglitiviiy would ensghble wmg to gay that the gravitstional
redistion incident on earth within certain bandg of frequencisg does not exceed a ceritain
limit, Pubture experimenters would lower thig limit. Zxpregsion (5) agsumes 2 sinugoidal
wave, actually wave noise would be obgerved, The random motion would have to be Fourier
alalyzed, Thig tipe of experiment can be done now. Either a pogitive or a negative regult
would give ugeful information.

It would be much better if we could senerate gravitational waves in the laboratory,
Vhen an émmonia nolecule undergoeg an iaversion transition there will be mags quadrupole .

rediation at 24000 megacycleg. A rotating molecule will also radiste gravitational weves,

Unfortunately the effects are very gmall.

OphAgue Box Opreue Bon

Congider Figure 4. TUe have two gets of apparatug, each one encloged in an opaque
box, 4 pulgel light gource exciteg molecular rotationg or vibrations ot the left. 1In
thege trangitions gome gravitong may be emitted. Thege may nenetrate the owaque box at the

right and excite molecular rotationg or vibrationg. These in turn may cause light to De

emitted and detected by the detector., It ig Cifficult to esccurately nredict the resgult
becauge coherent guentun stztes may be excited. The mogt pessimigbic calculation agsumes n

no coherence, At ontical frequencieg one graviton every 200 yearg would be emitted
However if coherence cen be achieved the result would be much larger, wverhaps several per
second., Ooherence effects at lower (microwave) frequencieg have been achieved by Dicke

end Hahn using electromagnetic waveg. If their methods can be extended to the optical

rezion this will become a practical experiment., Coherence in emiggion and cbsorption
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will Te needed. ‘e are gtuldying it further,

1.

Hase quadrupole trangitiong aleo occur in nuclear physics. “e calculate that
nuclear trangitione of energy ten million electron volts might give one graviiton wer
minute ner gram wolecular weight (incoherent emigsion). Thig avnesrg promiging, but an
experiment would Ve extremely difficult to do. e are congidering a kind of Cowasn Rienes
experiment in which gravitong from a nuclear reactor make the reaction wiich produced them
&0 backwards.

Red shift Isxmerinentg

]

Ve conglder now apnaratug for obgserving the General Relativity red shift. It hag
been gugzested © setellites be equinped with etomic clockg for gsuch meagurements.

Terrestrial meagurements are more degirable and we therefore conglder experiments which wou
would he done in the laboratory. The equivalence princivle guaranteeg that an accelerated
frame ig equitalent to 2 certain gravitational field. Sunpose we crry out experimentsg

on a rotating platform, ''e then have accelerations and if the law of invariance of four
dimengionel intervelg is vealid, we should expect red ghifig.

It 1g worth noting that verification of the red ghift only tellg ug that atomg are
natural clockg, It may be thet the quentization of the interacting matter, electromegnetic
gravitational fields, and the vpalr fieldsg will mredict thet an atom ig not exactly 2
nsbural clock., If = red ghift experiment disagrees with Eingteinlg predictions, this
caunot be resarded ag crucial until the quantization of reletiviity i1g bebtter undercsioocd.
Nonethelegs guch experiments are worth doing.

Firgt congider the arrangement of T'ijure 5., Here we Lave an atomic clock C:% which

ig mounted on a turntable which can be rotated, The output of the clock ig a periodic

electrical gignal wvhich ig trangmitted to an antenna or glip rings at the center of the

o

Figure; 5
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vheel. Let the vheel rotate with angular velocity,_jfz_ . 'Then the line element can
be shown to be (cylindrical coordinatesg)
si(cr Qo) drta Dard gt -d rrae gt Sardet
(8)

In expression (6), 951 S and ¥ are neagured in the roteting freme, The gymbol
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fers to coordinate time which ig wmeasured by gynchronized clockg which remain

Let the frequency with the turntable at rest be 27, . General Relativity agserts

thet the four dimengional interval cﬂ:s doeg not change when the clock ig rotated. In

N

hig cose we are concerned with the interval between ogcilliationg. It therefore followsg

b
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from (6) that the new frequency '2{2 ig glven by

- /o - ’ '@ 2 . P ﬁ—w
UL /= jb o 2 ! S
C= e |

According to (7) the fractionsl change in frequency is
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If wve ageume (X =120 T vsdiang ner second (3600 rpm.) snd A = 100 cns.,

(8) veconesg

Vo -V 42,
~

s

(2)
Expreggion (9) steteg that in a mracticsl experiment a frequency shift of 1 part in
12 » - —t 2. 4u ol nl
10 can be ovtained., During the next ten years we can expect frequency gstandards to

become aveilable which will be gtohle enoubu to do thig,

4 different experiment which giveg a wuch larger effect 1g the following. 3ee
. o - 0 - i ‘
Figure 8. Here azein we have an elecitrical ogciliator , mounted on a turntable,

.

However the period of thig clock ig controlled by a feedback loop and energy circulate

around the loop in one direction oaly. The period of the ogcillator ig controlled by

the propagation around the loon. In this case when we rotate the turnteble we do not

agguie J¢ 2 @ in expression (8). Ve are dealing with null intervalsg gince the propa-
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gation of electromesmetic waveg around the loon for a change in fé of «2 TTcontrols

the ogcillator. e con therefore write, integrating (6), that

O = =J21}f,3 <JCL A nyf” -— 2 {2~" (23 ,)<H77” ST e 2

(10)
solving (10) for ef 7 gzives
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wxpregsion (11) giveg rise to a frequency shift vhich ig approximetely

2 e (12)

In (12) e note that the peripheral velocity A~ is equal to.f) /Lo so (12) becoreg
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7 ‘ c. (13

e congider expreseion (13) and

u

thig experiment to be ilmmortant. e are goying

that an experiment can be done which teste the ideag of invaerisnce of intervalsg in

accelerated frameg. It gives obgervable frequency ghifte which are linear in =

-

Thig 1s a2 congequence of the fact that we are gending rediation

not having it reflected back. If (L 221207 radiang wer gecond (3600 rm,) a

in one direction only,

U =100 eng. (13) becomes

1L -y , A
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(34)
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Oscilletors can be conatructed now with gtability of 1 part in 10°. IExpression (14)
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vredictys readily obeservable effects with present technicues. In thig emveriment also
we are ageguming that the clockl!s sismalg are delivered to an antenna or slin rings at the

center of the wheel. A nunber of medificationg of thig exneriment are poggible. For

exarmnle we can build a "high U toroidel resonstor and excite it by a "Bethe Hole Couwdlert
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0o microwave trovelling wave modeg in one direction only., UVhen the anparatusg is rotated

we should get o regonant frequency g¢hift.

Conclugion
e conclude that it is poseible, at pregent, to tegt the inverisnce of intervalg
in accelerated fromeg in the leborstory by =t lesst one method, and to get an upper
limit to the grovitetional wave flux incident on esrth from outer gpsce. The other
experiments are not unproniging and nay become feagible in tne near future. Ve hone

to gtrrt these exmerinmentg goon.





