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The field equations of a previous metric nonsymmetric theory of gravitation are considered for the interior of
a static spherically symmetric perfect fluid with a view to a study of stellar equilibrium. The equations are put
into a form of four first-order differential equations which are ready for numerical integration.
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I. INTRODUCTION

In previous papers [1-LII] a metric nonsymmetric theory of
gravitation has been developed by one of us and the solution
for a point mass source was obtained. The theory was shown
to be consistent with the four classical tests of general rela-
tivity (GR). In [2] it was shown that the theory is definitely
free of ghost-negative radiative modes even when expanded
around a Riemannian GR background space. In a more re-
cent paper [3] the conservation laws of energy and momen-
tum were established. Some application of the results were
made for a static spherically symmetric perfect fluid with a
view to future study of stellar equilibrium. This is the subject
of which we start developing in this paper. The sources of
the field are the energy-momentum-stress tensor Tyg and the
fermionic current density S*. For a macroscopic system this
current is taken to be

s* :Zafanauay (1.1)

where f, is the coupling of the fermion specie a to the geom-
etry, n, is its rest number density found, for instance, in the
description of the interior of stars (electrons, protons and neu-
trons) and u® is the common velocity.

In this paper we study the interior problem for a static and
spherically symmetric perfect fluid. Therefore, only the com-
ponent S° will survive. This will be focused with a view to a
study of stellar equilibrium. It would be interesting to analyze
what the modifications of the predictions of GR are for stellar
equilibrium and collapse particularly by the fact that, together
with the stress tensor, the matter current is also a source of
gravitation.

The approach is similar to the one studied by Savaria [4] in
the context of a different nonsymmetric theory. The equations
are put into a form of four first-order differential equations
which are ready for numerical integration. They are ready for
application to the study of white dwarf and neutron stars, to
discuss their stability as compared with the results of GR.

The set of four differential equations involve four quanti-
ties to be determined: the fermionic charge F(r) below the ra-
dial distance r, the two metric coefficients goo(7) and g1 (7),
the internal pressure p(r) and or the mass density p(r). The
system must be supplemented by an equation of state relat-
ing the pressure and density as in GR, and information about

Sana(r).

The paper is organized as follows. In Sec. II the field equa-
tions are presented In Sec. III we set their form for a static
spherically symmetric sphere. In Sec. IV the first-order equa-
tions are written down and in Sec. V the limits at the centre
and boundary are stated. In Sec. VI we present our conclu-
sions and highlight plans for future work.

II. THE FIELD EQUATIONS

The field equations of the theory are [1-1], with k = 8% G,

Uog + Ag(ap) = KT (ap) » 2.1
g@b)  1g(00) chy) 1 g(Po) %, - g(uﬁ)r&y) =0, (2.2
gl g = 4ns® (2.3)

and
Aglapy) = KT[aﬁ.y] : 2.4

We use the notation a(ug) = (dgp +apa)/2 and ajep) = (agp —
agy,)/2 for the symmetric and antisymmetric parts of aqp and
the notation AaBy] = Aoply T Ayal,p T By, 0 for the curl of
ajgp)- In the first equation

Uap =T{up).c — T

oo

18+ Tlop o) ~ Tlao Lo 25)

(o
symmetric because the second term is (see (2.12) below) and
containing only the symmetric part of the connection, is the
analogue of the Ricci tensor. A is the cosmological constant
and in the right-hand side we have the symmetric part of the
tensor

— 1
Tog=Top— Eg(xﬁT > (2.6)

with T = g“BTaB. The next two equations involve the sym-
metric and antisymmetric parts of g*® = \/—g¢®® where
g =det.(g4p) and g"‘B is the inverse of gyg as defined by

gaBgoc'y = gBagyoc = 85 . 2.7
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Equation (2.4) involves the curl of the antisymmetric part of
the metric and of the tensor in (2.6). The second field equa-
tion, (2.2), can be solved for the symmetric part of the con-
nection [1-I] giving

I
T = 58 (Sop + 52,0 — Sapa)
T P
with
1. s
c-lnt. 2.9)

where sop symmetric and with determinant s is the inverse of
g'%®) as defined by

supg' ™ =87 . (2.10)
Equation (2.4) came as the result of the equation
Aglap) + 1o p) = KT[uB] " 2.11)

where 'y = (Fgﬁ - Fga) /2= Fl[sam is a vector involving con-
tractions of the antisymmetric part of the connection. In de-
riving (2.8) from (2.2) we come across the relation

re

(o)

—g )

\/js ,Ol

which can be re-obtained from that equation. One then sees

that the second term on the right of (2.5) is in fact symmetric.
The Lagrangian density we end up with in [1-1] is

= (In 2.12)

L =g (Usp + Tl p)) +2Av/—g +Lus , (2.13)

where Ly is the matter part of the Lagrangian. It is modeled
after the one of GR, containing here the generalized matter
energy-momentum-stress tensor T,g and the fermionic current
S%, as given by

8Ly = SL}, +4nS*STy, , (2.14)

where
SLI, = —K\/—gTaBSgaB )

As 8,/—g = gn0g" /2, we have /—g8g™ = 5g®B —
go‘ﬁgﬂvﬁg“" /2, and (2.14) can also be written as

(2.15)

8Ly = —«T 38" + 4nS*8L . (2.16)
Equations (2.1)-(2.4) can be re-obtained from Eq. (2.13) by
variations with respect to g“B, F?OLB) and I'y. The first one

gives Ugg + T'jop) + A8op = KT(XB, the symmetric and anti-
symmetric parts give (2.1) and (2.11), this last one leading
to (2.4). The second variation gives (2.2) while the one with
respect to 'y, gives (2.3).
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Together with the down-indices stress Tog we will be work-
ing (1-I) with the upper-indices T*¥ defined by the variation
with respect to gy,

SLL =Kv/—8T" dguv ,

as in GR. This second stress is related to the first one by

2.17)

Taﬁ = g(xvg,u[ST'uv (2.18)
which follows from the relation 8g,y = —gongBSgo‘B result-
ing from the variation of Eq. (2.7). It should be kept in mind
that Eq. (2.18) does not imply a rule for lowering indices be-
cause this operation is not defined for a nonsymmetric metric.
A better name for the upper-indices stress tensor would proba-
bly be S*V but we shall use the same 7 for both tensors. Notice
that the inverse relation is T4 = gHB g™ Typ and that both have
the same trace gO‘BTaB =guwTH.

We end this section by writing the matter-response equa-
tion. Working directly with 8Ly, [1-I] or going through the
variational principle [3] the equation is of the form

G(gn T g+ 810 TP g+ 2[0B, A T®) + T yS* =0
(2.19)
where
1
(0B A) = 5 (800 +82p.0 — 8ap ) - (2.20)
Now consider the situation in which we are are interested in,
dealing with a perfect fluid. Then it can be shown [3] that

T = (p+p)ut'u’ — pg""

p being the matter rest density, p the pressure and #* the ve-
locity.

In the next section we will see the form acquired by the field
equations and of (2.19) in the interior of a static spherically
symmetric perfect fluid.

2.21)

III. THE STATIC SPHERICALLY SYMMETRIC SPHERE

The static and spherically symmetric metric tensor in polar
coordinates x* =7, x! =r, x2 = ©® and x* = ® is of the form

goo = Y(r), g = —o(r),
gn = —r,  gu=—r’sin°®,
go1 = —o(r) =—gio, (3.1

and all other components equal to zero. The non-zero compo-
nents of the inverse matrix are then

o y

gOO = 5 g” = - 5
oy— oy —

1 1
n_ 1 B_
g 20 § 725in2@ ’

(0]
g()l — _ 10 (32)

oy— >
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We need also the inverse sqg to g(“B), whose non-zero compo-
nents are

ay— o oay— o
S00 = 11 = —
00 o , Sl Y )
§2 = —}’2 s §33 = —rzsin2® . (3.3)
The determinants have values
g = —(ay—?)r*sin’® (3.4)
and
212
oy — o
s= —Mr“sinz@ . 3.5

oy

From (2.3) we have S* , = 0 guaranteeing the conservation
of the fermionic charge. For the static sphere we have u' =
0 so according to (1.1) only the zero component survives in
(2.3). From (3.2) and (3.4) that equation yields

2

r
((XY—(D2)1/2 :F(f") ’ (36)
where
Z r
F(r)= 4m/oy— o?S°7%dr. 3.7
(r) . \/ oy redr (3.7)

is the conserved fermionic charge contained in a sphere of

radius r. From (3.6) we have
o’ F?
—_—= . (3.8)
ay F2+r

With this result and equations (3.4) and (3.5), we have s/g =
r*/(F? 4+ r*) and equation (2.9) yields

Cr=0n1 r(FZ_E’:) ) (3.9
where for short
£E= %23/ (3.10)
For future use we note that from (3.7) we have
F’=4m\/oy— 028°7° (3.11)
By multiplication by F' and using (3.6) we obtain
2/ — 8nws’rt (3.12)
and, from (3.10),
& = 2m0s°r . (3.13)

Let us go now to the calculation of the symmetric part of the
connections, from (2.8). Putting the abbreviation B = F2 4+ r*

578

a straightforward calculation yields (a/ =da/dr)

0 _ &r
Foy = zY‘* B
Yy | yF-gt
LY =
00 20c+oc rB
?';r
rl, =
1 20( rB
(1+8&)r
o, - -8
rsinZ@®
1—‘%3 = - o )
2 _ 3 (148)r
Ty = Ty =—F%"—>
I3, = —sin@cos®,

r<323) = cot®, (3.14)

and all other components vanishes. Using all this information
the nonzero components of Ugyg are

oy yF -8t
UOO_<20L+OL B >
Y YFPP g\ (o v 20487
+<Zoc+oc rB )(20: 27+ B

!

A =W
lm:_<v+"5f
2y rB

—&r Y
(5 7) (5 3)

) , (3.15)

201+8)° (o | F2—rt 287
—_— =t 3.16
* B 20L+ rB ’ (3.16)
1 !
(28
o
r(14+€) Y’ o 2F2 —2&r4
- —t 3.17
a (2\(+20cJr rB @17
and U33 = U22 sin2®.
From (2.18) and (2.21) equation (2.6) gives
= 1
Tap = (P+ P)gavsyupue’ + 58ap(P—P) - (3.18)

As our fluid is in hydrostatic equilibrium we have

T (o) = (P+ P)(8(c0)8(B0) + 80} 2 (B0 1t 1"
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1
+58(p)(P—P) (3.19a)
Tiag) = (P+P)(8(a0)810p) — &(B0)&[0ay ) ut”
1
+5810p (P —P) (3.19b)
and, from u%ug, = 1,
O 1

From now on we will neglect the contribution of the cosmo-
logical constant as in GR. For the relevant components of
(2.1) we then have from (3.19a),

1
Uno = Sxv(p+3p) . (3.20)
1 2(p+p)e?
Un = sxa(p—p oy ) (3.21)
and
1
Un = Sxr*(p—p). (3.22)
On the other hand (2.11) becomes (with A = 0)
Tiop) = ®{(P+P) (8(0)8l0p] — 8(B0)&J00) ) u”
1
+580p) (P—p)}- (3.23)

Only the 0, 1 antisymmetric component of this relation is non-
vanishing, giving
I'y=—xo(p+3p) . (3.24)

The matter-response equation (2.19) acquires [3] the simple
form

1 Y 1w
= —— - ——I%S". 3.25
r=-5p+p) y 3G\ (3.25)
On account of the previous equation and of (3.13) this equa-
tion becomes

+ (3.26)

(p+3p).

X
N U

. 1
pP= *E(PJFP)

IV. THE FIRST-ORDER EQUATIONS

As in GR we can obtain from (3.20) and (3.21) a relation
involving only first-order derivatives of the metric by multi-
plying the first one by o/y and adding the result to second
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one. The calculation is delineated in Appendix A. After mul-
tiplication of the whole thing by B/2aur? we obtain

/

_r(l—|—<";)’+r(1—|—§)(l’ o F2 &

o o 2y ﬁ_r(FU—r“))

1
= E1<(p+p)r2. 4.1

This result would hold even if A were present.
Next we use Eq. (3.17) in (3.22) and add and subtract to
(4.1). After some algebra (see Apendix A) we obtain

1_4(1+E_.) 3(1+&)%4

o o(F2+r4)
Y gl mer @
and
1+ o (1+E)
gl O‘E") <2+y_(F2f)rZ ) =kprt. (43

Using equations (1.1), (3.8) and (3.13) in (3.11) we obtain

2

F(r) =4Vl + %)*‘/ 2Yofin, . (4.4)
Equations (4.2), (4.3), (4.4) and (3.26) are the equations that
define the behavior of the interior of our system. As promised
they constitute a system of equations for the two metric coef-
ficients y(r) and o(r), the fermionic charge F(r) below r,the
density p, the pressure p and the fermionic coupling-density
number fyn,(r) for each component. This last quantity to-
gether with an equation of state f(p,p) =0, as in GR, are
required for the solution of the system of equations.

These equations can be put in a more interesting form by
noticing that the last two terms on the left-hand side of (4.2)
can be condensed as —r(1+&)~!((1+&)?/a). Motivated by
the form of o in GR we then introduce the variable m(r) de-
fined by

(148)? 1 2Gm(r)
o ro

(4.5)

When § is null, that is, when @ is null this becomes the GR
relation with m(r) equals the mass within a sphere of radius r.
In terms of this quantity our four equations can be written as

m\r 2
= (1) (4mpr = 1= 222001 By )
& 3 2Gm(r)
(1 - 22, (4.6)

¥ F?
r§: —2+(1+§){1+r—4
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+(1—2GLr(r))—1(1+8nGr2p)} 4.7)
= o+ P)(1+8){(1 - 2 Va2 4 S,
2
—FZF?}#-Z;)E_\ (4.8)
and
F{r)=4nr?(14+8E)(1 - ZG#(”)*/Z
x(1+§)*1/22af§na. (4.9)

The coefficient o is obtained from (4.5) and ® comes from
(3.8)

o= A1+5(1 =22l e )

2
Having all this the total mass of the star can be calculated
from equation (5-10) of [3], which is,
Z

M= \/—g(TOO—T,»"—K—lg[O'?ro,,»)drd®d¢ 4.11)

where

1
T(xc = *(gochGV +gvochc) .

5 4.12)

We give the details of the calculation in Appendix B, quoting
here the final result. We have

2R A48

0 (1_M)1/2

r

F2
M =4xn (1+—4)l/2(p+3p)r2dr.
r
(4.13)
As it will be discussed in the next section, this quantity can
also be calculated from the continuity of o across the surface

boundary R of the star.

V.  CONDITIONS AT THE CENTER AND BOUNDARY

Because of divergent terms at r = 0 we expand the equa-
tions around that point. This will permit to perform the nu-
merical integration from near the center on, all the way up to
the radius R of the star.

Starting with (4.5) we see that m(0) = 0 to have o.(0) finite.
Thus, from (4.9) we see that F near the origin goes as r°> be-
cause F(0) = 0 from (3.7).Then, from (3.10) it follows that &
goes as 2. Then (4.6) tell us that m goes as >, p(0) being
finite. Next, from (4.8) p goes as p(0) plus a term of order r2.
Finally, (4.7) tell us that y goes as Y(0) plus a term of order 2.
We fix now the coefficients. Calling

4
ny = §zaf3na (5.1)
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we have
F(r) =nor’ +0(r*) , (5.2)
3 2.2 4
&(r) = Sno"r" +0(r%), (5.3)
_ (A o’ 4
m(r) —(79(0)—%)r +0(r"), (5.4)
Y=70)(1+br)+0(r), (5.5)
where
b:4TtG(p(0)+%p(0))+%n02, (5.6)
and
p(r) = p(0) —er* + O(r) (5.7)
where
1
e =27nG[p(0) +p(0)][§P(0) +p(0)] (5.8)
1 2
—3"0 (2p(0) —p(0)) .
Having (5.3) and (5.4), equation (4.5) gives for a.(r)
a(r)=1+ (%p(O) +2n02) 2 +0(r). (5.9)

At the surface the parameters p, p and S° or & all vanish.
Having o.(r) inside, the mass of the star can be calculated from

the continuity at » = R. We have
(R) = 0U(R) ey - (5.10)

The exterior value is determined by the solution obtained out-

side in [1-1II],

F*(R)
R4

F(R)

= )72 (5.11)

U(R) oy = (1+

VI. CONCLUSIONS

The field equations of the metric nonsymmetric theory of
gravitation developed in [1-L,II] have been analyzed for the
interior of a static spherically symmetric perfect fluid with a
view to a study of structure of stars.

The field equations have been reduced to a set of four first-
order differential equations which is ready for numerical inte-
gration.

The obtained set of equations is appropriate to the study
of the behavior of white dwarf and neutron stars. It will be
interesting to see what the modifications of the prediction of
GR are for their state of equilibrium.

Another topic for future work would be to establish the
form of the field equations for a non-rotating perfect fluid aim-
ing as a model to the study of stellar collapse.
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APPENDIX. A:PROOF OF (4.1)-(4.3)

After multiplication of (3.15) by o/, a differentiation by
parts of its first term gives

2 g AN/
%Uooz <Y+F§r>

2y rB
Y P28t 201488 o ¥
+(ZY+ rB ) B 200 27)' (A1)
When added to (3.16) we obtain

o 2r3(14-Ey

§U00+U11 =75

200+8)r° ¥ o F*-&
T Gtew W

From (3.20) and (3.21) we find, using (3.8),

4
%UO(H—U“ :m(pJ’Tp)r . (A3)

Using (A2) and multiplying the whole thing by B/20? equa-
tion (4.1) follows.
Next, from (A3) and (3.22) we find

B o

202 'YU00+U11) T+ Uy = K}’Z{g} .

(A4)

Using (3.7) and (A2), equations (4.2) and (4.3) follow.
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APPENDIX. B: PROOF OF (4.13)

In our case only the g[®!! component survives in the last
term inside the parenthesis of (4.11). From (2.21) equation
(4.12) gives

T(xG:g(ow)(p +p)uu’ — pdy, . (B1)

Thence, for our hydrostatic fluid, Tj 0— p and T; i— —3p.
Next, using (3.8) in the last relation of (3.2) we have

F2
8[01] T ot (B2)

Taking this together with (3.24) in (4.11) gives

z

2
M= J=g(p+3p)(1+ %)drd@dq) . (B3)

From (3.4) and (3.8)

2
V=g = Joy(1 + %)_l/zrzsin®. (B4)

Using here (4.5) and taking the result into (B3) equation (4.13)
follows.
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