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Gravitation and Unified Picture of lVlatter.

D. IvlnENKo

Uni,oers,i,ty of Moseow

l. - Introiluction.

The great'Galilean Jubilee offers an opportunity of discussing some

new possibilities of the unified. pioture of the world.. It is well known

that impossibility of the universal classical mechanical picture became

elear under some dramatic circumstances at the beginning of 20th century.

The programmes of universal electromagnetic or later of unified geome-

trioal picture proved. also to be too narrow in view of q-uantum treatment

of multitud.e of elementary partioles. In these days new interest arose

in the building of unffied. theory of < ordina'ry r mattenr including elemen-

tary particles and their excited. states: ( nesonons r, but usually gravi-

tation is as yet lefb aside.
We ruly point here some pssibilities of including gravitation in

unified picture of matten and dso enggest the necessity of taking into

account cosmological phenomena when trying to construct not merely

a local > but < natural r picture of the world. J. A. \Mheeler in his geo-

metrodynamics aims also at the construction of some < natural l unified.

picture; in somo points e.g. iT emphasizing importance of mutual transmu-

tations of ordinary matter and gravitational field, this programme is

not far from onrs.

2. - Nonlinear theory.

Starting from ordinary mat'ter we may draw attention once more

to non-linear spinor theory, being a generalization of d.e Brogliets fusion

hypothesis. It is especially important for applications'to gravid.ynamics

as in both cases nonlinearity is of genuine, primordial character and

not solely indueetL.by vacuum effects. There are many other attempts

aiming at unified theory e.g. Sakat'a model, octets, rotator mod.el of d"e
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Broglie-vigier_Takabaysi 
and. others, d.everoped. recently by yukarva and'

his coraborators (which partry;;;-'"se of o-o' ia*' of fusins minkowskian

andl isotopic spin sp-aces),. further also oyo'*it*t i*p"tt*at'ional

approach 1in spirit of Yang:y*, Sal.urai:od tthers;, reggesized d'isper.

sional treatment, more- tormJ-not powerful group approach' of coruse

there are many rinks between all them, e.g.-bebween compensation antl

so succesful SI/, groury'. 
rio^rrqsinn rf,'e oresent a gimple derivation of

iot entering" h"t" into discussion we tr

thc mas* .ni"f, i* oo" of chief problems of the whole theory' suppose

the vacuum is d.egenerar" ir 
-*pirality, 

due for instance to pairing of

particles of opposrt" -ni{fi tni* teaas to an energy gap in excitation

spectrum, *niin is consicLlrLA to corre*pooi-to tn"iucleonic mass' To

remove A"g"ou*cy adcl to L'agfangian a mass term

(2 .1 ) 9 'o :  9n*mYV;
gror: ?-t-m\FY '

leavingspiralitvconservat*:*yd,..::f *H:#;gt:*i#::ffi lJ;-
l;il33"*#?X'1":rff Tffi J#:*{:"*m';"""*'*?l'"#?i}"ff;
fgi*t:"#1"#1fr.'"r:fi {Titi,J*"Jp""i-gtoe'^,withaningoing
ffi;;il oitgoiog z lina, one gets

( c, q\ * t lSp sftg(O) :9+(r) x@)" 
- nL"q+(n) x@)"

or in imPulse space
Bi,lm f dn?

(2.3)  
f f i  -  

@^) 
'P6i r t  - - *z  -  4 ' '

Non-trivial solution of this equation happ-ens to coincide up

factor with tnu 
-r"sort 

of x=u,*too ,od ]ooa-Lasinio who

different consid'erations :

mzrr.(t + ffi: sz -t"#

to numerical
started from

(2 .4 )

Supp lementa rycond i t , i ons i<0(e f fec t i vea t , t rac t ion ) , -9212 I6n |3
were taken into account. coitiog ,t {':-*, 

we ge-b ml'-!3' 0; at'

g2:3m', ml,:5.75' These ;;1t- obtained in very simple manner are

practicalry coinciding with _"oo"io*ions 
of Heisenberg anct cotaborators'

who used complicated new tamm-nancoff *"tn"a ,o"d' iodefinite Hilbert

space metrics.'Although *" l,* 
"mphasizi;il; ""cessity 

of introclucing

new.typeofpropagator ' fornon] in"* , "qo*t ioo,onecal lseqt ,hateven
a simplifl.a qoroiizi,tion r.raslo qoautativeiy sa,tisfactory mads spect'rum

ofbar ions .Thegrav i tons" * tU" ioo* t * t t t i l i kepho tonsandapre l i -
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minary evaluation in analogy with derivation of fine structure constant
leads to reasonable value of gravitational constant. Of course for clas-
sification of particles a non-linea generalization accounting also inva-
riance under S[/, would. seem to be promising.

fn view of success of B I/, group one may prefer now to start not from
/tpt\

iso-spinors (rreisenberg) but from an unitary spinor ( ,, ) 
: vt whose

\tp"l
3 components may be considered as ( quarks r> of Zweig-Gell-Mann and
which possess further as components ordinary Weyl or Dirac spinors.
Tlre prefer however to take massless quarks and to arrive at masses by
the above sketched procedure. Ilsing some relations between bilinear in-
variants e.g.

(vi l '  :  t(QAt,p)'

(,tra-infinitesimal generators of SUr), we get for nonlinear supplementary
I-,agrangian

$'-  ( rprp) ' -  ( rpyurp) '

In this way one may hope to obtain by
all real strongly interacting particles
strange etc. properties.

3. - Tetrad theory of gravitation.

nonlinear a excitation, (or fusion)
with their old spin etc. and. new

The interaction of fermions with gravitation requires introduction of
tetrads, moreover introd.ucing of h,a instead. of gp, as potentials means not
a mere retranslation of equations of general relativity as some new sup-
plementary conditions are needed. and there can arise new invariants.
Compensational treatment of gravitation is based also on tetrads. So one
is inclined rather to speak about a kind of tetrad generaLization of
Einsteinian general relativity.

Let us introd.uce at' each point an affine repere (latin ind.ices). Then
for Lamdts coefficients

( 3 . 1 ) h | :  h u h o ; 9p,:  hl ,ho,;  A: d.et  lh"r l  :  {4

One considers two groups of transformations I A) arbitrary transfor-
mations of co-ord.inates, B) local orthogonal transformations of tetrads
which connect nonholonomic co-ordinate systems. Combined. covariant
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derivative read's

(8.2) 
*Yoilfat: ' i l(6'o+ f '"! e(a- Ao(ab)sfup)

Christoffel symbols' R'icci coefficients are equal

Ao,ur: C ou,u- C rtt ,c C ou' '

C o,r,: thr"(hl.r-hf,,,) 
- h'ohl' '" '

(3 .3 )

(3.4)

Variation of scalar crrrvature

(3.5) AR':2(AA'1o) '" + A(Aa'bcAb'ca - Aa'ba A''bt') :

: 4(ACa,".|)," + A(4C6'6e C'fb - Aa'bcQa'bc1

oYer tr,fl Yietds

(3.6)

Einstein equations in tetracl form

R* fu -+hn& i - ' { f  f  '

As a possible supplement'ary condit'ion

the < quasi-harr,nonic )) one

(3.8)
n - - ArocC'b"

which is scalar both for groups -A and B satisfying our

Then flelil' equations read

A*onrn : I * *  rT"*

we choose with V' I' Rodidev

quasi-harmonicitY'

A  n -
" n Q ' )vtt ',),, 

: o
(3 .7 )

with garantees the continuity of nonholonomic orthogonal system of

co-orclinates and goes ol* -in'knowo 
nrr*JiJ-de l)oncl'er conttition for

holonomi" ""pli"*l 
witn this quasi-harmonic condition we get

(3.e)

where lo* cbwacterizes en3rS{ of the gravitational flelct'

rn contrasr to generar retativity ir'i.n locally does not cl'istinguish

1) flctious field, duc to nlltationary .o-o'aio*t"*' 2) inertial fleld' due

to noninertial reference *v*t"*liigrr,titationfi"ld ""o*ud 
loy dist'ribution

of masses, now. the tetraa tor*"u*ir *oggu-t-; t 
"* 

po**ible int'erpretation

of inertia.



GRAVITATION AND UNIFIED PICTURE OF MATTER,

I-.,et us consid.er now the problem of enelgy, which as well known

up to no'w could not find any satisfactory generally recognized solution.

Applying Noether's theorem to complete or abridged. I-.,agrangians one
got either Msller-Mitskevid or Einstein expressions for the energy com-
plex; Irorentz complex obtained by variation oYer gu, yielded. vanishing

result. Now one clearly must apply Noether formalism not t'o g u, but,

to hi and. gets

(3.10)

(3.13)

go:  +  AG,

G : Aa,bs /b,ca - Ao,ob Ar.b"

i"*: - + Ch** zAo,t'o Ca,om*4}o,oo C2o**4Co,b'C1o*.

On the other hand. from complete Lagrangian

(3.11) 9o: + AR

we get another covariant quantity

(3.12) t17o : -+ R*-2Ao,bo c*,bm * zco''o ca,bm-

- 4 C a. ao 6 @'b) * * 2 goe Cl r*,n - 2h,@ ehn' o C' il,n .

We may remark that both energy complexes can be obtained also
by usual procedure of separating a, divergence in field. equations and
shifting remaining terms on the right hand. sid"e.

Both energy expressions can be obtained by means of superpotentials

A(ts* * xTi):

A(t',* * xT'*) :

fit^o*1n + zAAe,etohe'*) ,

fi {tc*,*).

Ilsing from beginning the quasi-harmonic condition we get by means

of field equations an expression

(3.14) lio: t la,ocQa'bcl'7o * 2 Ao'oo Ca,bm

which results also from t"" by applyrng this condition.
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sb2  r n n -

*Tor,r :  Kor,n:  Qroprt

*R : @woBr@ropnr'

1 r  -^ t  Ap t-  ATo*\ :Ld (urr)*(Ac' , fn)p*:  
) lOtA,(Ar '*a 

Ar i")  - -  
xcf  ' - -  /vsr

is an affine vector in respect to Lorentz transformations but a scalar in

respect to arbitrary trasformations of co-ordinates'

Applying i""rn"" for*#s* to local  -rotations we get angular

momento* of tL" fleld., .niJn *itn quasi-harmonic condition reads

(3.15)

(3.16)
L co**
ztc

whichexp la i r r s themean ingo fC"* * .Wesee tha t te t rad fo rma l i smled
alread.y to some interesting..oo"tosions in g"""iay"tt-"::lcl' its develop-

ment seems rather promisin;;;;""inq in farticutar. serious difficulties

in deflnition of energy, *"' known from'a'I previous investigat'ions'

4. - Non-linearitY and torsion'

At th is* ,*g"onecansaythat the-physica l rea] i tySeemstrgpg,n i fest
itself in dualisii. **oo"", fo"iog A"scrinl. fi **"* ;l 

i 
some nonlinear

spinor (ordinary matter) i,"a "'" 
the other-uiau by a tetrad gravitational

potential *ni"n also can be- put in spinor torm (which suggests introtlu-

cing of a kiJ of to*toinecl universal spinor)' 
rte with bosont-

on the other sid.e geo;""drnamics prefers to operate with bosonrc

geometrical fi.eld,s and ro,*Tu connection J' 
- 
e' wheeler' recognizing the

interest of nonlinear spioo" theory, pointed' the absence of geometrical

meaning of nonlinear term, which *oruooJ'*p**u**"t[ in his opinion only

i;;d 'f*1"tili",,tio,' must be p?:.d t-" :^11f.'I:":::[:*o[n#'l]-'
t,ries t,o entlow the nonlinearit,y *itr' geomet,rical meaning. I-,,et, us use a

general *mo"' connecti oo {ii'*O,t-"}^i: 
"""*V**etrical 

in lower indices'

rn $imprest case when torsion tensor i* t"uy antisymmetric (Galilean

metrics, geod'esics &re straight lines) we have

(4.1)

and curvaturo scalar

(4.2)



tr'or spinors in

{4.3)

{ ,4 .4)

generalizing

(4.5)

Using spinor Lagrangian
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spaces end.owed with torsion we get

v' :  v,o--*Bov

*Bo: L* Ao,ouT*yu l , i , IV"

well known coefficient of curved Space. In our simple case

*  Ao , r r :  @topr - t '

and. passing to pseud.o-vectors we get for action

t (4 .6 )

( 4 . 7 )

, : 
Its 

- b*R\ (dn)

r :I{fir*.r"Y,o-Yhv-Y)- (Y+y"Y) V" -

- (v+y*yuY)Q*+ #aOzl oa

Putting for simplicity electromag:retic potential gt:0 one gets after

variation oYer Q ̂ and. V+

TnY .n+ iA|(Y+ TnTsV)y*yuY : o ,

'i.e., the fund.amen,tal nsnlinear spinor equation (but as yet without

eventual BU, or other analogous reftnspents) moreoYer just with pseud'o-

vectorial term chosen by Ileisenberg from the point of view of group

properties among various nonlinearities pointed. by us. Anyhow a more

systematic study of torsion is suggested by this result eYen for the better

analysis of the ord.inary curved. space, where Riemannian connection can

be divided" in two mutually compensanting parts both endowed. with torsion.

5. - Gravitational transmutations of elementary particles.

Gravidynamics in tetrad form can be quantized. along the same lines

as ord.inary form based oL gp, and. Iead.s to canonical and. covariant com-

mutation relations between hf and. Ricci's coefficients plying the role

of mome,nt'a e.g.

(5.1) (h,(t) ao"(t) -  a(t)o'h,(u)) :  th
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one can establish arso relations of the type of <individual> e rors discussing

some < Gedankenexperirrsnl; 
o in th; 

- 
spirit of previous considerations

d;*nf;Tf3"#il1;';"X"TJJli"p*"*u, we mav apprv the resurts

of quant wart,ion in linearuppto"i*1;1ion to some important processes

above aII to 
"*i"or*tion 

of 
-Jt"n-ntrttv 

of 
-transmutation 

of ^ pafu of

fermions in 2 gravitons. m"'p"**iu'ity of ych transmutations suggested

by us was discussed tater f,; ;;"y".r1n"t* (A' A' sokolov' I' Piir'

J . A . W h e e l e r , D ' B r i l l ' M ' " K o r k i n a ' J ' S ' V l a d i m i r o v ' J ' t r ' e y n m a n t
J. weber). There arise in graYittynamics.some supplementary diagrams

d.ue to nonlinearity, when';;;;;ting with electrodynamics'

In nonr"f*tit'i*tit ti*it Ez'- m'' > P'

wt2x2 Cdo : 6tr6,+ ua

Apply ingqual i ta t ive lysuchcalcu lat ionsalsotohighenergieswe
obtain

xzUz '3 sin2 20 +2 sina o)d"J2 '
do : l -zs(srz) ' t

( 5 . 2 )

(  5 .3)

we remark that cross-section of photon-graviton annih'ation tend"s to

constant Umit (at such extrapolation)

O a,' fQ-oe glaz
(5.4)

at the energies of the ord'er

n,-l lU *t '
l r s

the cross-secdon of photon graviton,- two-graviton -and' 
two-phot'on anni-

hilation of a 
^;J 

"i 
particl"es are of the same ord'er'

rn view of the some renewed. interest in torsion we have quantized'.

this fieltL, prritiog t'he t'orsion tensor in the form i L/

(5.5) S o F y : +(w+w+w
get t ingthecorresponding-quanta:<tors ions>and. invest igat ingthei r
interaction with *pioot and other flelds'
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6. - Compensational treatment of gravitation.

We draw attention to the fact that gravitational fleld. can be naturally
connected with other fields allowing ( compensational > treatment and
realizing dynamically some conservation laws. Requiring invariance
under some group e.g., ofisotopic rotations, but with parameters d.epending
from co-ord"inates, one must introduce a compensating field to restore
invariance (Yang-Mills, Sakurai and. others). In the same sense inva-
riance under localized gauge group

(6 .1 )

required introduction of electromagnetic vector potential

l l

I
I

(6 .2 )

(6 .3 )

(6.4)

, z , oo\r)
& p- sp f -OnT

It seems that some predicted. in this manner particles were recently

discovered. as ( resonons ). The whole method. seems to bring new argu-
ments in favour of more narrow connection of Minkowskian and. isotopic

spin spaces (external and internal degrees of freedom) (suggestion of
Pais, Brod.ski, Sokolik and. ,ourselves, Yukawa d,eveloped by d.e Broglie-

Vigier et al.)
Without entering into instructive history of compensational treat-

ment of gravitation (Utiyama, Brodski-Ivanenko-Sokolik-Frolov, Kibble'

Schwinger) we may consider the full inhomogeneous Poincard -Lorentz

group. For an arbitrary group f connected with co-ordinate transfor-
mations, the compensating derivative has the form

h"*8* p- r{* MTQB

.f-

I
Iofl-generator of that representation of -l'und.er which is transformed.
tJne field Qe. In general case one needs for compensation two independent
compensation field"s .dT and hi wlnich. will be connected by means of

equations of motion.
.&om compensates terms arising at local transformations of 8e and. the

field. hfl compensates term due to local transformations of coord.inates
und-er l-.

One constructs locally invariant l-,agrangian by multiplying with

A: detlhorl and extending the ordinary derivative by compensating one

9@): AL@(Qi l ,  Q*p)
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ForLagrangianof thecompensat ingf le ld . i t ,se l fwehave

(6.5) 
9o: Alo(g"f\

with

(6 .6 )F*d ' :h " ' . i l d tu " -h 'u ' i lP ' '+ ' i l y (he" ' "wh"o - t r ' u i " t ' ! ' h i \ *c f * ' i l ' n i lT '

one get,s the fle}tt equation* by variat,ion over pot,enl,ials tr,[ and il y

E9,  :  - "Yg
8-A,"- 

'"  8"i lo*

Y&: -  n ' { '2 '-8w - Dho"

(6 .7 )

(6.8)

with our well known coefflcient's -f : (Fock-Ivanenko)'

rlence 
t 1 09' 'agd'

a O9o : Agprn: A.goPrn I xA{(q)rn:(.-_; 7u;"- z{v *l '

(6.e) {n" t6-; 
oet

a ge- .-t=nzgo: - xAT r', 
-- -h?,?tot +mQo 'r '

(6.10) Fr! {g*f 
- 

2'"P- "

In thecaseof ' inhomogeneousLorentzgfouph, , 'y : ,Lame'sreperes '
& Jt -ni"ri'* 

"J"m"i"ot*' -poilili-io 
to'sl tf," g"o""ators'of corresponding

representations of the rrorentz4Soup *" 
"JJ-"oou'ti1y1 (compensating)

tLerivativ"* to" vectors et"' Foi spinor "f"";; 
in this marrner a rrew

(6.12)

Y p:  W,V ,o-  T*V

coeffrcients I, (Fock-Ivanenko)'

9o: + ARTJRIJ

;" ;,"es with ( o.1g I *. ::".:f:jff*"-t.J-TiT# :$HHtlLTij:#
r#.Tff:r#-},#]ii"*,:r":r;iiff*l'.;;tin"*pioof 

theexternar

Kku - -|tsU, * htos$r") '

d.erivation

(6.11)

with our well known

For I-ragtangfan

fi.e1tl

(6 .13)

(-
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tr'or longitudinal part of the compensating fielcL we have

(6.14) ,ilY\* (r ldhTa;I'p au{"

or-some number d.epending from a given representation of 0U{. In the

case of I-,orentz group one naturally takes tetrad.s hao fot al/.

Although the development of compensational treatment of gravitation

is by no means flnished. and raises many problems, for instance of eventual
generalization for torsion, we see that the basic theory is powerful enough

to give an important reinterpretation of ord.inary General Relativity and"

to contribute to its present day tetradic generalization.

7. - Cosmological remarks.

Aiming at a construction of some kind. of < natural > unified, pieture

of the world and not only of local theory one must carefully take into

consid.eration all possible links between cosmology and elementary
particles.

In this connection starting from well known empirical fact that

r3

(  7 . 1 )

t  l . ) , l

( i . + ) I t r :  l to :

* "  - ,  YN :  a  x7$ '7a_ ,e  r
d'e d'g

(flv",, rrLx-masses of electron and. nucleon, oc correspond.ing flne structure con-

stants) one may try to proceed. further and build with D. Kurd,gelaidze

corresponding masses for the case of Fermi interaction (mr: o,an,N 10-40 g)

and for the gravitation

( 7  . 2 ) l l l g :  o , a g  N  6 ' 1 0 - 6 6  g

If one supposes gravitational fleld. in some manner endowed with such

mass one can compare the wave equation

fn 
_ (tf)'lrtp,: o

with linearized. form of Einstein equations supplemented by cosmolo-

gical term Ao. One gets then for Hubble constant

1 ffigcz xa,zc
- - 1 4

\/, h \/2h 
- 4 .10-18 sec- l  ,

in good. agreement with observational value (cf. also Gomide).
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We may tlraw at,tent,ion furt,her t,o a tempt,ing Pos*i]:irity 
to connect,

the observear, overhelming.c"*;;;;ion 
of p"iirt"* in our part' of universe

with it,s expanil;, ;-"o1oq'in*t 
to" 

"oot,,*]t.a 
*oa"t one must pass to

anti-particles.'" il*Jo* rutrr", as yet *9^'* links bet'ween cosmology

and micropny*i-J, *"-must ;;*; $"* 
*i*" J"t"'esting consitlerations

about the *";;; of t'ime 
"io";il ""*:; 

r{ogarth)

"""#1""-"J"rT",#"1i1""t*o;ffi 
,"'#::ffi JH##l*oi"*poiotand

mutual t"rosirrt*tioo*- u,tt 
-*"t* 

to be p"o*i*iog io- est'ablishing funda-

ment'ar new' "ur"iool Y::;"*#Hlt" -qhll--m:g:" :T
minarv "oosid'"'at'ions 

n9t*-:l:1.fi#;t*i***tt will even prove t'o Do

ffiH;tr*##1"'.'"'JH.":J;J#-T'1"f 
Tffi '"-L"'"gicarreat'ures?

""':::#J;"-:i"::##'d-fl ?Tj'J"-T",1;H1-J1+::1H":qhiid-l:;r'
woulcl bo in ?"'"""'r ""1-.:"^"-;f effective o"r, #Jril";*motogi"al"fore' 

clifferenuy on

".n""iri*:l--Ti;,il,?'$:imml":it":ffi XrdJ'llffi-{"3IH':J#
Partiolos ano

6y Fith-crooii-ro'a- tt::" ::11""" with D. r,ru,ffi *o" -:1-,-*; rocont interost'ins

1i#?n";;"ssii?It"T*T1i:'']ti$]fl;ffi fiiy$rr*1"*nr#":"ff'"1
pr o cruce d. or'*i" orpu, *,'s-u, -"J ffi *nffi ""I' "#* ;f p;;tptffiTT: !id+ " "'
Iogioat viewpJiif ;*- *T^tl'r. 

ru^a to infinity--*o"togoo*ty 
to weII known paradoxon

"l'-r"y:,llTH#?-;:T;'of Nowtonrt

R E F E R E N C E S

r u r H,J*y":V;;,,,?:"ff4::,1$ffitr" 51v1T'"I#h iJ"'*3i;jif 
'';"S#TTi:ffi

,',-t#h"{i,:r'fh'"'t'ff ffi l;:;+**t*rpgrt'u'x1n',^#
swppl' ; -;;; c;;'ny' ?';;;i;'; ; ; t rytt:Ni'!*: Xlli ii ?f{:l;-;t,'
verlag. u1"wtJ*"' g"tli"' 1e58); D' Kun;:'"i;'" 

c'y:\

80,'u.'lJ" ;jji:v: *&.Tr,rf:r|#_ii;:;',3!if ':':::]
D. rvaNnsr'-:::,^'o;;"i,tat. conlerence (w?:Y?I#ii.""i*i"rira vi,ssch. shko-LvH * t*## r*.', ** ?{. #*!{ni** x{; lii(university Ed' Hoo*"I',ip-.o-Tror. phat 
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INTEBYEI{TI E DISCUSSIONI

- J. Tnnupn:

The question < What the gravitational potentials areg-the 10 I uv or t}rt

16 components of the tetrad.s? D is very important for general relativity. If

the 16 tetrad.-components are going in the gravitation-theory, free rotations

of the tetrad.s are not possible. The relative orientation of the tetrad.s are

flxed by the physical conditions. Weyl has pointed out that no physical

meaningful causes existed. for this fi.xation. But for the theory of the inter-

actions between gravitational fields and. Fermi fielcls, the introcluction of tetrads

is necessary (.). But, if we have no causes of the meaning that only t'he gp

have a physical meaning, the Einstein-I-,agrangian is only a degenerate com-

bination of the 3 Lagrangians which are giving second-order-field.-equations

for the < gtavitational potential , h?,. These three I,agrangian are t'he liagran-

gians of Weitzenbrick (Einstein and Mayer have worked. with these Lagran-

giansl. Generally, the Weitzenbrick Lagrangians are giving 16 field. equations.

Only the Einsteinian combination is giving only 10 equations for tb.e I0 g r,.

- A. Lrcminnowrcz:

Je crois que nous tombons dans le qui-pro-quo parce que d.eux choses

d.iff6rentes ne sont pas suffisamment d'istingu6es.

1) L,introduction de repdres orthonorm6s (ou tetrad.es) en un point est

n6cessaire. Ces repbres d.onnent ltinterpr6tation d"e grand.eur physique, en un

point de I'espace-temps relativement aux d.irections dtespace et de temps

qu'its d.6fi.nissent. Les cord.onn6es ne servent qutd, la cartographie. Ces repdres

sont utiles pour une bonne d.6finition des objects spinoriels (.).

2) L,introd.uction de champs privit6gi6s de tetrad.es est une chose diff6-

rente, grave et sur laquelle il convient cle refl6chir. Personellement, je n'y suis

pas favorable pour beaucoup d.e raisons. En fait Ia th6orie correspond-ante est

iort 6loign6e d"e la relativit| g6n6rale. Elle est trop riche; elle est une parti-

cularisation et pas une g6n6ralisation.

-  H. Boxnr:

Do I correctly und.erstand. your attitude to tetrad.s if I say that two spaces

(*) Rentark ol laanenko: as shown by A. Focr-D. Ivn'Nnuro ancl H. Wnvr,'

t5
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to which he has arrived. So much for the id.ea in broad, outline the details

are sumnarized in Table:

Taean - Attalogy between the K\ein.Gordon equation and, the de Witt equation.

Klein-Gordon cle Witt

System under consideration
Configuration described bY
Key equation in classical theorY

Quantum wave equation
<, Square root I

The de Witt equation has the form:

,-115/Df(o;t1gtg<tixr,u(8/8goo; g-IV - 7t<u3r1<u9) :0 .

To take the square root of this equation in this sense of Dirac will lead, not

to a spin or part,icle of mass n1,, as in the case of Klein-Gord.on equation, but

to a spinor f,ietd, of zero rest mass. It is of great interest and importance to

know whether this spinor field, has any correspondence with what we know

of neutrinos.

- C. Molr,nn:

f should. perhaps make a few remarks about the d.ifference between Iva-

nenko's point of view and my present view regarding the use of tetrads in

general relativity. Up to the fall of 1963 I tried. to find. an expression for the

distribution of the energy in gravitational field.s and" for this I found it necessary

to regard. the tetrad.s as true fieltl variables which should. be d,etermined. uniquely

up to a constant Lorent z rotation. Since Einsteints field. equations determine

the metric, only, they had to be supplemented. by six further covariant equa-

tions. fn view of the arbitrariness involved, in the setting up of these supple-

mentary cond.itions and also because it seemed- so difficult to imagine how one

could- measure the gravitational energy content in a small part of space f came

to the convinction that Einstein's old. point was right and that only the total

energy and momentum of an insular system can be regarded. as a measurable

quantity. From this point of view we d"o not need. to fix the tetrads com-

pletelv antl the problem of setting up supplementary equations does not arise.

Onlv in the case of a completely empty space one has to assume that the tetradls

form a stationary vector field. in ord.er to avoid. the Bauer difficulty which

is the most disagreable feature of Einstein's energy-momentum complex.
Jforeorer. in the case of an insular system one has to assume certain boundary

conditions for the tetrads at spatial infinity. Apart from that we can freely

rotate the tetrads ind.ipend.ently throughout space-time and it can be shown
that the resulting total four-momentum Po as well as the asymptotic expression
for the complex T! at large spatial distances are invariant und"er these rotations

Particle

fr

P p P P l m z : 0

n v * f f i ' r r t : o
f  p A p V  *  w t t l t :  g

Geometry
(s)E

(Tr lc)z - Tr ftz 1 tarft: Q
See below
To be written out by analogy
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sational treatment, in a natural w&yr though it is not necessary. Anyhow one

is led to account explicitly the absence of torsion as does e.g. Cb. Moller in

his report. Also we may d.raw once more attention to Bod.idev's theorem

showing that parallel displacement of spinors in a space end.owed. with torsion

lead.s to a nonlinear term in Dirac's equation (cf. also B. X'inkelstein, A. Peres,

Sciama).
In view of importance of sbme kintt of nonlinear spinor equation in the

unified. theory of matter this result must be consiclered with some attention.

Perhaps one can even guess proceeding in this way some prelimi4ary link

between unified" theories of nonlinea or fusionist spinor type and geometrized

theories of J. A.,Wheeler.

[Alla d.isoussione parteoipb anohe G. WEta'aurN.]
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