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SIMMARY

Within the fraework of Cartan's generalization of Einstein' theory
of gravitation one can achieve a unification of gravitational and weak
interactions by appropriate choice of the parameter which couples spin
and torsion. The proposed spin-torsion coupling has nenlipihle cosmic
effects except at stages of evolution when 1081 nucleons are confined
to a sphere with a radius of about one astronomical unit. For a single
nuclear particle the gravitational effects of mass and spin halance at
8. radius of about one percent of its Copton wavelength. thus stabilizing

it against gravitational collapse.
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Over half a century ago Elie Cartanl pointed out that Einstein's concept
of gravitation as a geometrical feature in a Rierann space free of torsiouns
is unnecesgsarily restricted. The lines of reasoning that led Einstein to his
field eqiations can be followed through even 1f one aims at concelving
pravitation as a geometrical feature in a wore general affine space (the
"Cartan space") which ad.its the presence of torsions. In the resulting
theory of gravitation, which was rediscovered and given its odern form
by Kibble2, the field equations

[1] G, = w7t

ik ik

which specify the part played by the matter stress tensor lrik as a source

of gravitation. are complewented by a second set of equations
':' Ij
[2] Cle = 07 g
which recognize the matter spin tensor in as a source of torsion. The

K
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tensor Gik in equation [1] differs from the corresponding tensor Gik in

g
Binstein's theory by terms linear and quadratic in the Cartan tensor C
2

:
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and on accoint of the equations [2] the theory of Cartan and Kihhle amounts

( ) ik’
E y
T = G + v
Cik ik oc

to replacing Einstein's field equations hy

, (®) _
[3] Cie = » (Tt k)

1k is the symmetrized matter stress tensor3, and X is a tensor
] ik
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where T

ik ’
This theory will rediuce to Einstein's theory in absence of materiml spin

pfovided the coupling parameter in eqguation [1] is the usnal

(4] W = &ch-u = 2.08 X lO-LB kg™t m T sec2 .

If the covupling parameter governing the relation [2] is accepted lo have the

same value [4], then the spin correction to Einstein's field egualtions

described by the last term in equation [3] is goins to be exceedingly small
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for spin densities encountered in wmatter of any bubt the most extreme densities.
As Trautmanh has shown, an asgsembly of lOL30 spinning nucleons must be confined
to a sphere of about 1 cm radius to yield a gravitational spin effect of the
same order of marnitude as the gravitational mass effect. Kibble's assessment
is most sucecinct:"...it seems impossible that [the terms in ;ae] wonld leed
to anv olservable difference hetween the predictions of the two theories.
Hence we must conclude that for all practical purposes the theory presented
here is equivalent to the usual one."

llow, as has hbeen pointed out by several authorsz's’ , the term Xi1 in
equation [3] for the case of a minimally coupled spinor field has preciselv
the form of the fonr-fermion contact interaction familiar from the theory of

weak interactions., In particular, for axial coupling one has

T4

1l

1k = By Drgy D) (Frsmd)
where 5
3nGH -95 5 -2
A 3.79 X 10 kg m~ sec
2c

On the olher hand, the experimenteally ohserved exial coupling constant of

the weak interactions is
—62 S _2

g, = 1.01 >< 10 ke m sec

A

The enormous mismatch between 8 and qA
32
AL 267X 1007,
o

seems to preclude the possibility of identifyings the coupling of spin end
tbrsion as the oricin of the actually observed weak interactions.

However. there is no compelling reeson why¥ the coupling parameter governing
eqration [2] should he the same as the coupling parameter governins eqiation [1].

This fact emerges when one reconsiders, without prejudice, the standard
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derivation’ of the fleld equations [1] and [2] from an action principle with
the ILagrangian density
-1 »
A= x *#+ L
mn
where . 1s the curvature scalar densitv of the Cartan space,.l.'.m the scalar
-1 -1
action density of the matter field, and k a factor of dimension kg L m sec2
vhose numerical value is completely undetermined at this stage. The field

equations [1] are obtained upon variation with respect to the basis vectors

e of the Cartan space,

They acquire physical content if one mskes the identification

S
h‘.{”? e = detleykl

where O is a dimensionless scale factor which acknowledces the proportionality,
not the eguality, of inertial and gravitational stress. Accordingly, the

coupling parameter 3 in equation [1] should be written

W

X ko
and it is this produect only which must de given the value [4] to yield
arsreement with observations.

Similarly, field equations of the type [2] are obtained upon variation with

i
respect to the contortion tensor K {. of the Cartan space,
)

They acquire physical content if one makes the identification

R
1k Skl

J
where B is another dimensionless scale factor which acknowledres the



proportionality, not the equality, of inertial and gravitational spin.

Accordingly, one should write the field equation

J r
2! C = T
(2] % - F 7 ax

where the coupling parameter is the product

/
Y = kB .

If that is amccepled. equation [3] is modified into the form
(m)

(3] G,
ik

= (T, + x'X )
il ik
and a unification of gravitational and weax interactions can be achieved by

, -4
choosing on account of equation [5], v =8nG'ec  so that

!
e ~ ?2 ’ "l]. "'l - 2
(6] M= 2,571 X 10 i.e. x=5.55 X 10 ke, m b sec

|
v

eliminates any mismatch “etween gé:BﬂG‘%2/2c2 and. Ep -

Althousrh thisg proposed coupling between spin and torsion is strones enovgh
to yield observable effects in the microcosmic domain. it is still not strong
enough to yield observable eflfects on a macrocosnic scale except under
conditions o exlreme materisl density. TFor examwple, in the case o spining
dust eqgraltion [3'] amounts to replacins in the Mewtonian approyimstion the
nsupl law of cravitation \72¢=hﬁG9 by a law of the form
[7] *ﬂgézhnG(?-sﬁwg)
where 7 is the spin densit: of dimension kg m-l sec—l. When used in conjunction
with the Euler egnalion

(dv/at)+(ver)vy = - Vd
and the conservation laws of mass and spin
(hﬁ/B)?quM 3 (hn/3)¢R3=S

in the cnntexgéf classical cosmology. characterized by the homogeneous



velocity field
v=@/Mmx ;5  g=x(%)
one obtains for the scale factor R(t) the differential equation

.2

.. G 3G» S
Ro= w4

R e

An exact solution of this equation is

1/3
2 g9 ’ /
.- S R
\ 1470 2

[ 3+'S
R( L) =

Evcept for the replacement of u_by;a'this result is formally identical with

i
the result of Trautman o™tained by a differen!. method.It means that a sphere

containin~ I particles of nuclear mass (¢ and spin M/2 has & minimum radius

’:’\IME Y l/%

= w1
min 6l 1 f

018 /3

o 9
, 51 .
Thus, a metaralxy of 10~ particles must be confined to a sphere of about 10 m
radius, i.e. about one astronomical wnit, if the spin-torsion interaciion is
to become dominant. At densities prevailing in the 'niverse, at the present

time,; the effecis of spin-torsion interaction are obviously quile negligible.

s
llowever, the quasi-anti,raviteting tende1cy of this proposed spin-torsion
interaction, as indicated by equation [7], mav possibly be the origin of the
stability of so~called elementary particles against gravitational collapse.
Fof a nuclear particle the radius at which the gravitational effects of mass

density ¢ and spin density ~ are in balance is

2 371/3
' . >< }{ e 10—2 >< -._24.-_

o \lﬁnﬁ / e ALC

73
r
i.e. at about one percenl of its Compton wavelength.
The proposal otlined above amounts to introduction of the dimensionless
K = kfﬁc2c3%-l

as a8 new universal consgstant of nature.
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