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A gravitational intersetion between matter and antimatter
is sonsidered that vould preserve symmetry between the signs of
eleotric charge, and weuld allev this symmetry also to apply to
the large seale distridutions of matier in the umiverse. 4
repulsicn between unlike types of matter is then required to
allew & sorting into galaxies of cme type or the other %o take
place, and sush sorting is essential to aveld wholesals
annikilation, Whaile this law of repulsion womld vioclate the
prineiple of squivalenos and the prineiple of covarianse, it
would do so only in eircmmstances where doth types of matter
ave sigaificantly invelved, JNo experiment has yet beem ocarried

out vhere this is the case,
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The principle of Huivalsnes betweeon a losal gravitational

field and & uniform scesleration hes besn made ths axiomatie
foundation of the Usneral Theory of Relativity. The relatiem

of this prinsiple to0 the sfries proportionality detwesn inertial
and gravitational masss Mg/iy = const, fs evident, Nepivheal
verifioatien of this relatien hes been gerried out $o a precision
of about ome part per millien for the various components of masss
nucleon rest mase, ¢lectron rest mass, and dinding energy
{mslear and atomic), The verified ocnsequences of the Gemeral
Taeory of Relativity rest essensially upen the Prineiple of
Bquivalense, and this in turn upem the stringent tests, in
sxperiments of the Mtvds type.

I8 is apprepriate %o ask, espscially now in view of the
non=oonservation of Parity, vhether such a eloss empirbeal
agreement is indeed the mark of a universal lav, or simply a
elose epproximation in the available conSext of the experiment,
Gme con mote that the experiment has been carried sut in an
enviromment that may be highly special. Antimatter which,
according %o cur pressns understanding of chargs sonjugatiom,

{s repressnted on an squal footing in the physieal laws, is

‘sx0luded $0 a very high precisien doth frem the experimental
apparatus, and from any of the masses that exert significent
gravitational forces in 1is neighborhood,(such as the Jarih,
the Bun the galaxy), The relative errar allowsd by the



experiment is far larger than the proportion of antimatter thed
mey be offechive, 3% s the accuracy with vhich the imeviial
masa squale the grevitational mass pivhaps conditionsd by the
sgourasy with vhish antimatter is exsluded fm the expertmms?
Cosmologicel mnquiry leads one to pursus sush s possibility,
It 4s often asswmed that all the utt& in the uiwm is of
the same type, Whilst it is legitimate to comelude that normal
galaxies inoluding ours could not be mede of & mixbure of
matter and antimatter, for reasons of viclent amnibilation
provesses that would be umﬂndﬁ suoh an argement cannst be
used for the universe as a whols, Fo present obssrvational
evidense m be used to show that galaxies are not of two sarts,
Their contant with ench other and with the intergnlaetic gas may
Yo suffisiently slight %0 avold gross effests at the boundaries,
Grevitational, inertial, aid eleotromagnetic phenomena would de
alike in both types of matter, and the astronomical ebservations
could not make the distinetion.® It wuld be necessary to sample
the matter, such as perbaps by the smsmination of heavy cosmie
ray nuclel or the neutrine~flux, or to obssrve characteristic
effests of annihilation processes, Indesd there are some
distant objects, of which MB7 is the mout conspicuous sxzample,

® Nore rigoresmsly it could be argued $hat the non~conssrvation
of parity wvoeuld allow the pessibility that antimatter seuld be
distinguished electromagnetically, by showing a preferenss for
ene or tha other sorev-sense in some sireular polarisation,

Present theory would make any such effect very small,



which appear $o derive large amounts of snsrey from yet unknown
sources, It 1s not $0 be excluded that annihilation processes
play o role in sush sxtraordinary phonomena,

If sll matter in the universe vere in faot of our type
only, then this asymmetry weuld play a majer part in mama&}
theory, Ome would then wish to give a reason why thoss physieal
processes that gave riss to this matter 414 not shave the symmefdry
vith respect Yo charge that we now ocbserve in physical laws, Bu¢
11 both types of matter are equally rerressated so that on &
large scale the world is charge-symmetris (and thevefors mirver-
sysmetric), some process must have separated the twe types inte
different gnlaxies with great presisien, This cculd be thought
of as a dynsaical feature of the unknown process of oreation,
as has besn suggested elsswhere, Any less postulational approsch
to sosmology, particulerly the steady-state cosmology or almost
any version vhere matisr is surrently created would imply a
presently-valid mechanism of separatiom, ﬂm the lerge-soale
processes of galagtic condensation are wm;af;\{r gravitationnl
force, ome may attempt to modify the lawv of universal gravitation
in the minizum degree %0 maintain consistenay with other major
physisel postulates, dut emough to guarantee the sepasation of
matter and antimetter., In the next section, we ocutline the
arguments required for consiteney, and we present the Newtonian
1imit of such a theery, In this theery il nucleons and
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anti-znoleond mutually repel gravitationally, 11) eseh kind
sttrasts 1te on kind, sl  111) other ferms of enevey
(omtrmn. puitrm. rhotm. binding snergy) sre wutually
attraated, in the oraiury way, both %o pusleons and ta anbi-
mlom.

Sach a theory ragquires Rd'il, net to be & universal
constant, and therefere contrediots the postulational basis of
General &htiﬁﬁr. .&pnui Belativity, Sos, i contradicted,
a8 1% 18 by other eravitational theories. Both of thess
eonflicts s beyond the preseat experimental test, vut are in
prineiple verifiadlse, If is at this point that our hypethesis
ncumi the muhiu made by several authors (Peaslee,
Borguenn) vho dadnse from the prineiple of equivalence snd the
transformation laws of relativity theories that nusleons and
snti-mucleons canmot repel gravitationally.

In such & case there would seem 'tn‘ result no exsessive
ameunts of aunihilation radisticn during the sorting process
even if, as in the steady-state theory, tho matter started
generally ia int#pluﬁa space and em.m from there into
golaxies, Very rarely s econdensation could posssss o

sufficiently high pesuliar motion te overcoms the repulsien
and collide vith an sppositestype oondensatiss,
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fonditiens on the Interaction

Ist us ezsmine the conditions set on. the gravitational
{nteraotion of musleons with anti-nucleons, and of both with
energy (oleotroms, kinetic energy, dinding snergy, stc.) vhioh
is net iﬁ anoleon form, Consider an ordinary wuniform
gravitational fleld, in which a belt passed over an 1deal pair
of pulleys permits the werkefree motion of two counterweighted
pens up and dovn along the lines of force: a “dumbwaliter.®
If in ons pan we plage an atom, and in the other an identiocal
atom, no work is done if the belt carries both pans with their
‘iom!t around s somplete turn, But if one atom is excited, it
will weigh more than its counterpntse, and fall, releasing

energy W
LR U N (1)

viisrs B is the excitation ensrgy, AV, the potential change »
€ x Gistance of fall, If nov we ds-exoite it at ths bottom,
the nlm quantum may travel esut ia the fleld, and be
Te-absorbed by the counterpolse atom, restoring the initial
eondition, 4 oyole has been campleted, amd ihe vork ¥ of (1)
eained, This is inadniseible, and from this we may conelunds
that & photon is red-shifted in such a field, 8o ¥hat the
enitted photom arrives at the counterpeise position with an
energy less than the exelitation energy dy ths amount
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™his is the ordinary red-shift of Minstein.

¥ow we repeat this experiment, but in the two pans we
plage matter of the cppoiito charge to that cansiang the uniform
Tield, Ve assume nov a repulsion, not an at¥raction. The
argussnt goos exactly ms before, sxcept that for a red shift
we will find a yiole$ shift required for the photon.

S0 far we have assumed that ‘nci - {nx‘ o only the sign
of my changing betveen matter and antimatter, Nov we can test
thia assumption by placing a pair, ens atom and one anti-atom,
in a single pan, The dumbwaiter iz then in neutral equilibrium,
But §f, say, the atom is ewcited, it will be heavier, and the

m will fall, De-sxcite it, trensferring the energy to the
sntieatom, Now it will have a higher walus of i%s mass, assuming
that ng| = !"fl . But it S repellsd dy the ordimary fisld.
Then the pan will rise, After the rise, again transfer the
excitation to the atom, and the cycle is complete, dut with
net work done. We teke 4% that any process that can be made
into a oyolic one that gemerates energy indefinitely is forbdidden,
and we have thus demonstrated that ve canmot assign the relation
‘:" = !nz} if we assuns that there is gravitational repulsion
between charge aonjugnte nusleons,
Jat we ¢an s$ill maintain consistensy and chapge-aymmetry.



We need %o nswume that the gravitational mass divides inte

tvo kinds: one the nucleon mass, one any other formn of mass or
energy. The mucleon maea wonld be a "gravitatiomal charge® that
oan bs of either aign and thus be elther repelled or atirasted
by other nucleon or anti-nusleon mass, The remainige mees musé
be attraoted by ordinary metter, as experiment shows; for
symmetry 1t must also be attracted by snti-matter, The mucleon
"sravitational charge® would be eudjest to 2 conservation law
similar to the electric charge, which would sgree well with the
observed conservetion of nucleens, A non-relativistic scheme

of attraction end repulsion of this sort lesds %o overall
repulaion of charge-conjusate matter, dut to complete equivelence
of inertiel amd gravitational mess as long as only one kind of
matter is investipgated.

In the present scheme the products of meleonwenti-nuoleen
annihilation wonuld show a lhiﬁ*diffarent from the shift of
products of other rediative or decey processes, 2 pair of
obgervers in the traditional rising elevator would be able %o
dietinguish detween a gravitationsl field and 2 uniform eccelera~
tion., The observer using nucleons wounld see, say, his matter
falling; his anti-observer, the opposite. It imy moreover, trus
that & single observer could seleet a preferred inertisl frems
by purely mechanical observations, BHe would choose that freme
veloelity in the extra-galectic spase at vhich the difference

’kzero spift 1t no electromagnetic mass were involved.
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between the free fall of particle mnd antieparticle was a
naximum; all others would inp@y a higher velooity with respest
to the mass &iitribatiom in the wniverse. In general, the
division, essentisl to the theory, Betwesn rest mass and dbinding
enorgy B, camnot be a covariant one; this expresses itself in
allowing the gravitational cholce among inertial fremes, It is
clear that all these effects are messursdle iz prinsiple; in
practios, there is 20 little anti-matter arocund that, sven wers
the nearest galaxy to our own made of pure anti-matter, its
antiegravitations) effests would sffeot the relation my &by

by less then & part in 10%,

The intrinsio perfection of the Uensral Fheery of
Relativity cannot eansily be dismissed as meaningless accidant,
In the present case it would represent the valid gravitational
theory gm all but the largest sesle. Dat on the largest seale
when both types of matter are represented in different galaxies,
a %hoary' of groater gemerality would have to apply. I¢ should
be noted that on thls ssale the actual motion of matter definmes
a preferred freme at each point, for exmmple the frame from
which the motions of all galaxies appear the most symmetrie,

It would net be inappropriate if in this more general theory

the requirement of covariance disappeared, making it unneceseary
to introduse a postulate liks that of Weil to account for the
astual state of motion of the matter,
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W conclude that the antiugmvibaﬁmi forces suggested

by the cosmological arguments ®ould be real without having yet
mifo;tu themselves in any experiment, We would argue
strongly thut_ the apperent suscess of theoriess, like general
rﬁlatiﬂ.iw, in vhich no such forces cen oeccur, ought not to be
allowed to prevent the experimental and astronomical dnguiries,
which alone can seitle the problem of whether universal gravitation
is genuine, or merely a conaequence of the near-universal
prevalence of nucleons in our effective world of observation,
It is possidle that antiegravity exists and that it could be
demonstrated on Eerth, While this would profoundly affect the
structure of physics it is not clear that there would need %o
be any amxfiiet vith astual expeiineatal data.
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