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2l wd Tl Boumay Coowk AU noon 18 G0N miles nesrar
Le oeun boen ak antipoedal clock at smadnigzht, The differenas
tn gravitatiorel pntential dus to the sun csusss s red shify
of order 8 x 10‘]3, but Luls is almost exsctly cancelled by
the centrifugsl sffect, However, any significent shielding
or focussing of solar eravity by the earth would affect the
gravitational but not the centrifugal red shift, and so might
be delseoted, This would be a test of gravitationsl anielding
for a nen-racoanical phenomenon apd thus a new test of Lhe

rrlneivle of eguivalenae, among other thirgs,
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S el g ~aocks el antipodal points on the eguator at the Time of
&n e s 30 thet when cne clock s at loocel noon wWith the su: cireculy over-
15 ( ey sany e et tooai amxdnerht,  Then the poon elock will he some

i ]
RO nilss ..caer to t.e sun, Tierelopre, since the -ravitaticnal rotential due
i3 Lhis scve {or poith clocks, ine noun elock will ve at & lower

to e #
graviiatioa. poterniiel than ths midnight clock,

A ook, caleulaticn gpoows that this difference of gravitaticrel neien-

tial orres o nns 1o & red BEIfL of the moon cloek relative to the nidright
cloek of orudé
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Ateuic ¢lo.k8 &re slready accuratz o better than crne paru in 10'|‘2. and
wa pan look Uoreard te sierdficaut irervemges irn the precision of time measure-—
ment, [hus we are emboldenel to propese the experiment of comparing the rstes
of the weon 2nd mlinight =locks,

But reflection showzs that the at 2 calerdatici was too camty., TFor the
oot Clock, being closer Lo the sun, has & smellsr orbifal velscity than the
midndght ciock, This csuses a chenge in the relative frequencies of the
siocks that may be attributed tc the second order Uoppler eff=ci or, more
interestingly, tn the dlfferencs in the Tcentrirugal potart . £1% of the two
clocks, Woer we celeuleie the cemtrifial effect we find ther 1t almost
exactly csnesis ths ghovs purels grawitalicnal cred shift, leavirg a resicnal
ghif't of the srder yu~<? ., Nor does tabing account of the duraal rotetien of
the sarit significartly slcer the situstiou,

This resuly 1s so disgypeiotivg tict we are tempied %o reandon tre oropopsd
experiment rortiwd th,

Bat o, further s{lection we ses L al thes arperiment cen vre'd lhghly
significant ‘nforvetion atont gravitationg ara indeed that il can do se irres~
pective ol whetler Lhe solas gravitationsal and centrifugsl sirects almost
caneal or not.

For in the steove celculations we assamezd there was no gravilatiora!
anialding — we use tne word in its broacdest passidble meaning, Yet O maeeive
miles of eurth syw interposed between the midnipght clock aca the sun., There
1s nc a nricrd retson woy gravitstionai shielding shiould be ‘mpossible, Or tha
contrary, toe fact that Lha fleld squatiuns of the gereral taecry of re.alivity
are ron-.icear ghows Lhet, sccording toe Lhst theory, thore wusi be gravivabiona.
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gTay \LLonal 3 the sun and the ssril together is not equal to I.A&: ST

of thelir individual flelds, Admiitedly, theze non~linear genersl relativiiy

ey fuets

are extremsly small x_x.:m., iu the situsiion envisaped, well pelguy

ragent limits of measurabilify; and they are of a different wature {rom -« “Fewieo

elertromuznetic shielding effects which erise from the existoncs of agutieed of
both eipgne and do not decend on ng 4-‘-1;‘;1@&“{” But they ghow there s nothing
inherenily iwpussible siteout the idss of gravitationsl shielding ol wome sori,
gven 1f negative gravitationsl mass doez met exist., If sigrdficently lerger
shielding effects th;ax‘ ma general relativistie ones were experimentelly
detscted there would b2 important reperrussions, not thae least of wirich would
ve tne nzed to revamp the genen-al taecry of reiativiiy, and perhaps even to
replace 1t, '

Tha success of the Newtordan theory #ead LY 1S ‘ beey
W smg,gesw;)t?,ﬂ ?I‘QV" tat;oml shiﬁldﬁng effects ars Wtre*&ely ams

>
O

s aountof—pevriteatiensl—oa e Tor ely m’mh.anical nnenume@m, fut the
gzsence of the princi ple of eq'¢1va»mce 13251 sitein's bold extrapolation from
the purely mechaniecal aguivalence of uniform aeceleration and uniform gravite-
ticn to tasir oowpleie eguivalence,

The red sidit ie nov & purely mechanical effect, This is particuliacvly
clear in Binstein'!s early derivation of the red shifi on the basis ¢ the
principie of equivalence, For there, in the accelerational case, the chirt
arises a2 g first order Dgppler effect in the light transmitied from the tep
to the bottom of Einstein's hypothetical elevater,

17 the principle of sguivalence failed for non-mechanicel phepomens, we
eonld no longer rely con ocur previcus rasvlt that the =zolar gravitationsl and
centrifupgal effects on the roon arnd mididght cloeks alwmost exachly esncelied;
for neither the Fewbtonisn nor the Binsteinian theory would be & safe guide,

The non-mechaid cal aspects of the principle of sguivalence have been testéd
by obzervation of the selar and cther red shifte and of tae bernding of light
rays by the sun, Fut néither of these’cffects hzs been verifled really K pettaacm™
satisfactorily: t{hus the solar red shift has the expected valuz only ab the
edge of the sun's dise; and while a dellection of light definitely o'""u'sp its
dependence on 1/r is by no means established, Moreover — and this is signifi-
cant —— none of these axperiments is ¢ test of gravitational shislding. hor
are the recent terrestrial red shift seasurements using the Pfossbauer affect,

ner, to any gignificant axtent, T%)\ nmpcsed satellite expsriments,

Suppose that the "saielding' were of such a nature as to cavse a
focunsing elfeect - of gravitation, not light., Iu the case of the deflection
of light rays by the sua the effect of tne sun's ealf«-f‘acussing might well be
negligible, Hut with the spnerical earth Jecussing the locally almost uniform
gravidational field of the sun outo the midnight clock the sflfect cuuld be
significantly different-— just as the cpticel effect of a glass sphere is
different on radial rays leaving it frcm what it is on paraliel rays tragl-
verzing it.
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We elreedy kuow that light oas vpagpected zravitationsl propeciles; 23 witussas

the 1/2-%uctor mwmalies decovered by Tolman and dascribed in ais bool:
Ralativity, Thermogynamics end uosmlm'z Sucpoae there wera & alerdficart
gravitalicnel sile EaIrp or fosassine effect on the optieal, non-mechanisal mrt
of the noon-=eit pht red shilt experimert, amounting to, say, one rercent of tha

enlewlsted g"'n'“af ioral effect on the midndght lm:k. Suena an eff:-r't would not
essentlally alfar tha centrifugsl contritartion to the frecuency zn.lG, There

ors There woold Le an ePiect of ordar mn—a XA would ot he hopalensly

tevond the raue of fNutnre detection,

ne exnerinent wald not be easy, Signalling brtwesn 2ntivodel points wouid heve
to bs by meens of coexial cable, or, fniling that, by redie greund wave, to
zvmd ti“w gigt-r4ion due to vefleetions of the rir wsvs, wa- the mv‘it.at*cm;
fTect of tre WO {which is almost ametly sancellsed br {ta cemtrifugel effact) is
o- erder LxX0°L0 | pny terPostrial chislding of the moor's gravitational field will
yleld only &bout ons hundredil of the red ehilt protuced by terrestrial shdeldng
£ the a.lar eravitaticnsl field, Difterences in the halights of tha clacks aboeve the
geold = an equipctentisl surface clossly sporoximating Lhe ghepa of ths earth -
can be correcied vy performing the experimsnt st 12-howr intervais, and other
sxtranecug efecin ecan be allowed for experimentslly bvw compariug resulte with thcse
for the oA M, -GP M, caue, whare there iy mo differince in thne terrestrial
ﬂr‘ﬂh silvg aof the twn clocks, Tidal distortions ol tha eartils shepe can be
neglecte! since mot only are they small vt they 2ot ¢4 ralse (or lower) both cincka
by mubstantisallir the sare amount,

Evan if the zxperinsat were to yield mo measurable red shift it would still be
glogrd ficam since it wonld demonstraie that no pravitetioral shielding or focuseing
e!‘l acts hs.d beea om‘rvaﬁ in a nom-meo m:i cal arperiment s osaBldreabpean

o i — R R PRy B, 0% 1f 2 deflinite red shift vare
obstrr" ed t.'mt eculd net be ac..ouﬂteu for by a.““’mr' means, the wcxoeriment wonld sssume
{ranscandental ieemtemrms wortance o rvidance fof the ervigtencs o7
gravitationsl nhislding,

The great difficulty with experiments on gravity is that the previtationsl
ferea is intrinsically sociremely weak, But tha sarth is 2z mmsaive "ody that gereratisz:
relativaly large gravi?m,.r_nns' £ uld.v, ard the prennead sypard war:t rhows bow w8 egn ves
it ns a plese of sperimentsl soraratus in an ipvest uz d.ﬂ'l e® the poegdnility of
sravitationza]l shisldinz or fne ,nsar_.n-z oy non-mesoaniezl | hanometa,



