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Recently a new model of gravity involving propagating torsion was proposed
by A. Saa [1]-{5]. In this model a special type of Einstein-Cartan geometry is
considered in which the usual volume element \/=gd*z is replaced with new
one: e73®, /=g d*z - covariantly constant with respect to the transposed affine
connection VT, hence the name transposed-equi-affine theory of gravity [6]. As
a result the torsion vector Sc, = Sag turns to be potentlal Sa'= 0,0, O being
its scalar potential . o

Because of the exponential factor e=® in the volume element Saa’s model
has a very important feature: it leads to a consistent application of the minimal
coupling principle both in the action principle and in the equations of motion
for all matter fields. These equations are of autoparallel type and may be
derived via the standard action principle for a nonstandard action integral:
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Aiot = A + Amr = Z/ Lg e ®\/=gd'z + %/ Lyre ®/=gd'z, (1)

where Lg = —-%R is the lagrangian of the geometrical fields: the metric gag,
and the torsion S,5”, R being the Cartan scalar curvature, ¢ being the speed
of light, and Ly is the usual lagranglan of the correspondlng matter fields:
scalar fields ¢(x), spinor fields ¥(z), electromagnetlc fields Aq(z), Yang—Mllls
fields Aq(x), etec.

But this property not held for .the equatlons of motlon of classical partlcles
and fluids which turn to be of geodesic type [6]. Most probably this inconsis-
tency leads to the negative result obtained in [8]: Saa’s model is 1ncon51stent
with the basic solar system gravitational experiments. ;

Then having in mind to preserve the good features of Saa’s model and in
the same time somehow to avoid this problem we are forced to try some further
modifications of the model. The simplest one is to use the Saa’s modification
. of the volume element only in the action integrals like (1) and the usual volume -
‘element in all other physical, or geometrical formulae [6]. This leads to the

action for a classical spinles particle in a form: : :

An = ——mc/e"seds ‘ R (2)
where m is the rest mass of the particle and ds = y/g,pdz>dzP is the usual

four-dimensional interval. The correspondmg action integral for spinless fluid

(See for details [6]) is:

1 : i -
A, = -c-/ L,e %/ Zgd'z = -——c—/(ycz + pll) €7/ =gd'z, ‘ -(3)

p(z) being fluid’s density, Il being the elastic potential energy of the fluid.

1 We use the Schouten’s normalization conventions [7] which differs from the original ones
in [1]-{5). 3 0buCaLetugndl BLITRTYY
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+ "This situation calls for a-new curious“inter‘pretation of the torsion poten-
t1al O as a quantlty which describes’ the* space—tune varlatlons of the Planck
constant” accordlng to the law = ; :
 h(z ) h 639(3) o (4)
h berng the Planck constant in vacuum far from matter..
Indeed, according to the first' principles we actually need. lagranglans and
action integrals to.write down the quantum transition amplitude in a form of

Feynman path integral on the histories of all fields and particles. In the variant
of the theory under consideration.it has the form:.

D (ol S22, 9Ae) H() Aule), Ao g2t
N .,eXP(‘h—l' (/d“ﬂf@j‘sa(?)(LG + Lur) ﬁmcje—seds)) L)

Now it is obvious that the very Planck constant h may be included in the

factor es@ (@) but more lmportant is the observatlon that we must do, this,

because the presence "of ‘this umform factor in the formula (5) rneans that we
actually 1ntroduce a local Planck ”constant” ‘at each p01nt of ‘the space-tlme

Indeed, if the geometric field O(z) changes slowly in a cosmic scales, then'in’

the framework of the small domain of the laboratory we w1ll see an effectlve
constant” h(x) Foo 639(""‘"”“'"’”) = const k. '
“Inp presence ‘of* splnless Inatter only an Elnsteln—Cartan geornetry ‘with semni-
symmetric torsion tensor Sap™ '—‘S 05«, appears and the followmg equatlons for
geometrrcal ﬁelds are obtarned -

L Gw+V V.0 ewﬂ@— (e P = pgi)

VS"=D@—~—?~—(6+3P) o 6)
where G, is Einstein tensor w1th respect to the aﬁine connectlon Vs K bemg
the Einstein gravitational constant, ¢, p and u, are the energy density, pres-
sure and four velocity of the relativv‘isti‘c perfect fluid [6]. Using the standard
variational principle for the action (3) one can obtain the equations of motion
for the. perfect fluid; . Do o

e+ PV pue = (B ) Vop+ Fa (D)

where

.,.f-—2(e+p)( — ua?) V0

is the torsion force as defined in [6]. - ) B
This nonzero value.of the torsion force shows that in the present- model with
varlable Planck ”constant” (VPC model) the matter equatlons of motlon are
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not of autoparallel, nor of geodesic type in contrast to all equations for matter
fields whicli are of autoparallel type. This inconsistency of the model is not
enough to reject it immediately as far as the very requirement for all dvnamical
equations in theory to be of the same type is not founded on a well established
principle, nevertheless it seems to be necessary for validity of the corresponding
gener al]/atxon of the equivalence principle in spaces with torsion [91.
The main- purpose of this letter is to investigate the consistency of the
VP model with basic solar-system experlnlental facts. To do this we have
to consider the motion of a test particle in presence of a metric and torsion
fields. The standard variation of the action (2) vields the equatlons of motion
we need. but it’s more convenient to investigate directly the corresponding

1Iamilton-Jacoby equation: -
¢79,59,8 = (111.06'“"6) . (8)

: b io% 2 (=) - - . .
The conform transformation g,, — 9..= ¢ g, yields the effective metric
w u Gy

53,,,, and the following form of the equation (8)

* UV 2

8 9,50,8 =mi¢ ; (9)

~ which is well known from genelal relativity. Thus we'nay consider the mot]on

of a test particles precisely as in general relativity working with the ntetric J,,,,
Therefore the simplest way to compare the predictions of the VPC model with
the expeumental facts is to consider post-Newtonian expansion of the metric

g‘,,, in vacuium in vicinity of a star like the Sun.

The asymptotlcally flat, static and spheucallv symmetric general solution of
the equations (6) for geometric ficlds in vacuum is known [11], [12]. In isotropic
comdmates it’s given by a two—parametel ~(ro, k) family of solutions

‘ _n\#a o\l AROED
= (5 £) " ear- (l-—) (rrz) (@ +7%42) . (10)

A+
= Ell(ll)_

where p(k) = \/3(1» ) 41 1. In'the VPC model under consxdelatlon the

wlole geometry (metric and torsion) causes a gravitational force (of pure geo-
metrical nature). The parameter k presents the ratio of the torsion part of this
force and its metric part. In the case when k = 0 we have the usual torsionless
Schwarzshild’s solution and r, = 4rg is the standard gravntatloual radius.

-From equations (11) we obtain the effective metric (1,,,, and the effective
four-interval

w2 | -\ s =3k N[ N
ds = ( r-) (Cdt)2-—<l__%) (]_ﬁ) (({12+12({S22)(]2)
”
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The asymptotic expansion of the metric in (12) at r — co gives

’,.'dgzz (1 _.4‘1‘0(1 - 3/€)A+ 8rg(l — 3k‘)2) ‘(‘cdt)2 _ (1 + dry ) ((11‘2’-}- r?dﬂz) (13)
a p(k)r T

| p(R YT o(F) |
In the asymptotic 1‘egion r — co we must have Newtonian gravity.v Conse—
‘quently the mass "seen” by the test particles is '
21‘0(1 hand 3k)
p(k) : :
Therefore we may represent the effective four-interval in the asymptotic forin
. C2M 2\ ’ 1 2MY 2 o
A8~ [(1-"2 4 2M (cdt)? — (1 + —-) (dr? + 1‘2dQ2) . (15)
T T 1-3k r |

From the above expression it immediately follows that two of post—Newton‘ian

M= (14)

parameters corresponding to the effective metric 9, are )
—. (16
e (16)
As it’s well known, solar system gravitational experiments set tight constrains
on post Newtonlan parameters [14] :

ﬁz 1, ;;:

Boll<1#107, [Folj<2e107 (1)
Therefore to av01d contradictions with the basic eXperlmental facts we must

have

3k
1= 3k
In order to spec1fy the theoretlcally poss1ble values of k we mist mvestlgate a
model of a star. As a simplest basic model we may consider a static spherlcally
symmetrlc star Puttlng the metrlc 1n the standard form

ds? =e (cdt) d (dﬁ2 +sin (0)dn,9 j -
_we obtain from the general field equations (6), (7) the following complete system
of ordlnary dlfferentlal equatlons for the star s ﬂlIld equlhbrlum

s 5+(252*)5 3Se~f(s+3p)

<2*10-3 o (18)

i . X)_S - 352 (‘5 +3p)e

Galss (
& = (1 22 - ,\")) = 3¢S, + 2(e + 2p)%€
AI

N §+52——_3S'——,\'s +3S2—2(6+2p)
p=—(e+p)(€~ 35,)

p = ple) (19)

where f =1/, S =0, p=ple) is the matter state equation, ¢ and p are
the energy dens1ty and the pressure The prime denotes differentiation wrth
respect to r. : ,

The regular at the center of the star ( =0) solutlon corresponds to the
initial conditions [13]: : S

£(0) =0, 5 (0) =
As we see the first two equations of the system (19 comcrde Then by v1rtue
of the same initial conditions for £ and S, we obtain equal solutions ¢ ='S,.

Hence, in VPC model the only possible value of the parameter k is £ = 1.
This means that in this model the torsion part of gravitational force equals to
the metric one in magnitude. As a consequence it is impossible to fulfill the
condition (18). Moreover, if ry > 0 the value k = 1 leads to a negative mass of
the star (See equation (14)) L

This result shows that the interpretation of the Saa’s model as a theory
with variable Planck’s constant is lnconslstent w1th the well known solar system
gravitational experlments R ‘
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DkcnepuMenTH B ConHeuHol cucteMe H HHTepnperauus Moxenu Caa
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Tlokasano, yTo NpeToXeHHas HeAaBHO HHTepnpeTauus Moeni Caa rpaBHTalHH
C pacnpOCTPaHSIOMIAMCS KPYYEHHEM KaK TeopHs C HEPEMEHHOH «KOHCTaHTOMH»
Inanka HecoBMecTHMa C OCHOBHBIMH rpasmauuouﬂumu 9KCMEPHMEHTaMH
B ConHeuHoil cucreMe.
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