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Ths thecry of Gamow, acsording to which the fundamemtal procesz of gravitaiion
is ths emisslon aud sbsorption of syetem cf two neutrinos beiwesn ihe interactiag
bodies, 1a descridbed, and crigiaal developments cf it are praesented. This gives us
the only hint at present of the esssntial nature of gravitational ferces dstween
atomic nuclsi. The prodblem of finding & gravitational irsulator is thex reduced %e
that of fipding sn abscrher for nsutrinos, and a plen of reseerch to this end is
outlined,

BRABR NG ERE TSGR TURR

it 12 uselesg to discuss the probiee of insviating gravitation antil 1¢ is
clsarly understood of what gravity consfsts, For this purposs there have been de~
signed several theoriea, cf which that of Einetein is the most famcus. The key to
cur provlem, howsver, 1iss in the interacticn of gravitetion with individusel atoms
snf atomic nucled, and 8o far it has proved impossible to bring Tinsteln's thoory
down to thie microzcopic level, Altuough the theory descrides ths effects of grevity
in the large, it tells us 'ittlie adout the essential nature of gravitons, the parti-
cle—like ertitlics responsidle for graviitsticnel interaciion, other than that they
move with the welocity of 1lght., To consider furtiheyr how these gravitons intsract
with nuclei, and hance how gravity interacts with mattier, one muzt appeal to the
nedern quentum theory ¢f elemcntary particlies,

T™his theory teachss us {hat sucsh perticles sffoct each cther by means of a
fleld which 1tsalf is ccmpoaed of particles. Thus, for example, it is suppused thei
nucleons (protons and nautrons) in & nucleus interact via « field which itself gives
rise to particles which may be idertified ag mesons, Similariy, eleciric charges

interact ©y means of sa elsctromsgnetic fiseld whioh itself 1s compcsed of partisle~

like eu%itles called photone, and bodles interact by means of & gravitaticnal field -



Tt wes roirted cut “y lamow ia 1647 ruat those sroviions way be made to fit

very nicely iris tne scheme taat nas teen fGevised Lo lescrite nuclear forces. Tnis
te tue only nin% we have =6 %o tre maturs o7 i tuncamertsl procens thai is invelved
when hailec uffect each nstrer Uy ecravity., The “lheory is fuzt & craviton cursists of
the s rerposidiicn Ty utrires, particles postuwiarel by FPaull and Fermi to des-

critefd- radisactivity, l.e, tre spontanecus emission -f an electiron or a pusitror hy
¥

a pucieus, “he existence of veatrinos 1s now well estatbiiehed ~Ard lie idee tnat a

eravitvational field ts ceormosed f them is very frultful. It not only reia2tes our

orotlsn o tie woole siohese of rpuclear phyelcs ~ut n~leo enables us ts understand the

Tundamertal vrocesges, upon tae nuclear scole, respovnsible for gravitational dinters
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nepwlouy thing like gravity Dvecores the

srerlem of srhlelding o uinst <re much more clesarly understood neutrincs.

wTotor or aeutron, or indeed the nucleus cf any atom,

by s 2loud of ussors, slectrorns, and nearyinos, and taat another nucleus

%111 nave 1ts wotion affected 1f 1t moves intc vids clowd. ExcLange of snergy tetwesn
+

two gwrh ruclei tiren ocours when a particle from the oloud mrournd cne of then attachas

irsely to the cloud sround tie other, £ meson cxchange g.ves rice to rnuclear forces,
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o eszctron ard nectripo exchange is simply the smission of e.f? narticle and its

a
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altimate shgorption by anctner rucleus., Couservaticr o7 *tie angular momentum tells
a8 Sret an oadd nuuber of neufrincs cannct te exchangsed, and that the most lmportaat
possibllity 18 that neutrinos bte erclanced two atl & time. Swuwh an exchanse uay dag—
cribte gravitetion.

He now show by reneral arsuments, w.tlou!l ~4¥ine detailed czleoulations, that
this procees le quite capable of des ridire +.e chlef vroperiies of gravitation, In
the firet place, neuvirinosg, lixe tre uwotons wiidh compose the slectromagretic fiald,

are without any rest-magg-———thelr energy Lo due erntirely to .nelr motion, which takes

place with the velccity of light. This sravitetlion is :reypazated with the welocity of

iight, in agreement with Einsteir's theory.
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Secondly, this common characteristic of photons and neutrinoaz leads lmmedistely
to Counlombl!s law, cn the oae hand, and Newton's law of gravitation om the other. 1In
the case of two interacting electrically charged particles, for instunce, the force
betwsen them iz proporticnal to the product of their charges € 6 <&, and could depend
on r, the distance between them, snd perhaps even om ¢ (the velocity of light} and h
(Plenck's constant). Since the photon has no iutringic mass there is no other physical

quantity upon which this force could depend. Thus the electrostatic force is
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where x,y,% are upknown. Since the follewing dimensional arguzent does uct take

scount of possibdle numerical factors lilke 7T we have written ~ instead of an squality.

Substituting into (1) the dimensiomns of the physical quantities involved
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which is Coulomb!s law, Similarly alsc *he gravitational force between two nucleons

of mass M is - Vi
|t ~o (L—[-\io-—-
Vs e

(2)
where G is the gravitatiocnsl constant,

In Femi'sﬁ» ray theory, however, one postulates the existence of ar interaction
corstant ;3 » ¥alch may be determined from measurementa of the intensity of {3" ray
spectra, ;nd which plays the same role in the production of neutrinos from nucleons
that the electric charge plays in the production of photona from charged particles.

~ AT 2 .
The dimensions of ? are //'/L 7 Ard 1te malue 1s°
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One may show that the force betweexn twc nucleons due tc exchange of nsutrino pairs is

71

proportional to ? » although the electrostatic force vetween two protons is

propertional to 6’2 . The &ifference is due to the fact one may think of the latter

as due to the emission and absorption of a photon (%wo processes)] while the furmer is
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dus to the emisaion and absorption of tvo neutrinos (four processes). In adidition

the force bdetwstn two nuclsons may depend on h, N, and ¢, previously defined; 80 that
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Gempering (4) witk (2), wo see that to reszard this forcs as a gravitational force re-

goirzs ag o write
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a viry raxarkable relation between gravitetional and nuclear corstsasts., ¥Witkt the

numerical values
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we have ;?rv /e 'ﬂiﬁfnfn{g » %hick ghould Ybe cowpared with (3), Cornsidering ihs
encrEcws nuwbers which sappesr ia tue numerical evaivation, ead the fast that extre
numerical fectors 4o pst show up i3 a QAimemgicnal argument, the faci that the valuos
ars ever. of ithe sems crder of magnitude is mos! remarksbdle, Furiber, sincs Fermils
theory ie #3ll ssiablished for'ggJ disintegration, one may ask the question, *If the
force (4) derived from Pavail’s theory iw not grovitatiosn, what is i%9%  1I¢ campot bo
discarded ae "mxall¥ for 4t 4e¢ a2 force like gravitation and, va the abeve rough argw-
zonte, eren wirongsr than it.

¥e are now in the pesition to taskles or & mash ecunder baeia the proviem of in~

saiating againet gravity, for on vha abowe argumont, tho root of the prodlem is to



study the intersction of _eutrincs with matter. Any wobstance that avaorhs nsutripos
will absorb alsc the affect of gravity, scd sllow us to insulabe against it,

Yo already kmow that nentrincs pase very easily through ordinary matier, wilch
ccrregponds, of course, wita the fact {hat gravity pesses aleo, But the Tact that
ceutrines are produced means also that they car be abegorbed, end it is known that tnis
absorption increases with tne dersliy and trhickness of tha absorbar. We may therefore
sugeest the following vian of resemrch
(1) to take accurate measiuremsnts, with a Wardea or cther type gravimetsr, of the

acealeration of gravity when the densest yosgible alloys are used as a shleld,
tc aee if rhis ahieldirg effect can be detscted.
{2} to measura the valus of gravity near g very strong (gi particie emitier, to see
if the accompanyling neuirinos affect the rsalirg.
(3) to neesare the graviteticnal force tetwesn two f?w particle emitters
{4) to investizete furthsr, Ly protographic plate or osther techniques, the absorption

of neutrinng by ordipary mmitter.
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to attack the prodlesa of producing =lloys of zreater and greater density, with
the Witimate aim of preducirg substances ax denss g that feund in write dwar?
stara.
{6) to develop tne above theory quaniitatively, including all numerical factome,
If this theory etands up to &ll teats ihat can pcasgiily »e nmads of 1y, we shall
understand definitsly the fundamentel process of pravitation, & necessary step in the

solution of the problem of how to insu.iale curselves from this ubiquitous forcs.
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