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ABSTRACT: According to the theory of effective negative mass, published in the journal of physical Review
letters, If force is applied to a negative mass That mass is accelerating That it accelerates unlike the direction
Force applied. Therefore, based on this theory, the material can have both positive and negative masses. here we
show that negative mass has negative gravity and create curvature in spacetime which basis the shape of the
cosmos is after the big bang. The combination of two curves created by positive mass and negative mass basis

of the orbits of the planets is around the stars.....
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l. INTRODUCTION

According to the theory of effective
negative mass, published in the journal of physical
Review letters, If force is applied to a negative
mass That mass is accelerating That it accelerates
unlike the direction Force applied [1]. Therefore,
based on this theory, the material can have both
positive and negative masses. But the important
thing is that the acceleration of the positive mass is
opposed to the acceleration of the negative mass,
Thus, according to the theory of general relativity,
Albert Einstein, Given the two Hypothesis, he says:
1) Accelerated mass and gravitational mass are
both one and the same.

2) The function of the accelerator and the gravity
device are the same.

Therefore, we can state the theory of gravity of
negative mass It is proved with these two
hypotheses but for a negative mass, we must add
two another hypothesis, in general, with the
following three hypotheses so that:

1) we assume that the negative mass has a constant
mass (that is, it has size, volume and radius).

2) The acceleration that the positive mass takes due
to the force applied be equal to the acceleration that
negative mass due to the same force applied.

3) Accelerated negative mass and gravitational
negative mass are both one and the same.

4) The function of the accelerator and the gravity
device are the same.

Therefore, expresses gravitational
negative mass theory that the movement of a
smaller negative mass leads to a larger negative
mass, It is due to the curvature that generates a
larger negative mass in spacetime And gravity is
due to this curvature. (In this paper, for a smaller
negative mass, the negative mass of the substance
is smaller and for a larger negative mass, the
negative mass of the substrnce is larger).
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The Fields Equation Of Negative Mass

In order to prove that the negative mass in
spacetime produces a curvature, we know energy
impact tensor must be related to the spacetime
curvature. We show the energy density flux with
the symbol p and the hydrostatic pressure density
with p symbol. Energy impact tensor
is as follows:
™ = (p + p)utu’ + pg"’,

In the energy impact tensor, the energy density flux
and the hydrostatic pressure are the result of a
positive mass, and we call it a stress-energy tensor,
or a material-energy, which is a positive mass. But
in order to obtain a stress- negative Energy tensor,
we must have

™ = (pnm + pnm)uuuv + Pam 8",

where

T™": negative energy impact Tensor,

Pnm : Energy density flux of negative mass,

Pnm : hydrostatic pressure,

u*: Four velocity vector,

g"V: Metric,

Now this negative energy impact tensor
should have a linear relationship with the Ricci
tensor. If the Covariant derivative is zero for the
negative energy impact tensor and the Ricci tensor
is zero, then the problem is solved. But we know
that Albert Einstein in general relativity proved that
the Covariant derivative material-energy tensor is
zero, but the Ricci tensor, with the help of bianchi
identity, turned into the Ricci tensor and the Ricci
scalar In this case, the covariant derivative for this
tensor is zero. So, since Einstein proved that the
new tensor has a zero covariant derivative, here is
an negative energy impact tensor with the Einstein
equalizer, and since Einstein's tensor has a
covariant derivative of zero, here we should only
find the covariant derivative for the negative
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energy impact tensor to gain. If TV ,is an negative
energy impact tensor symbol, we have

T = (Ppm + Pom)U*U’ + pymg"’

where

utu'g,, =1,

u* = (c,0,0,0),
-2 000

gv=( 0 1.0 0)
0 0 1 0
0 0 0 1

We calculate the covariant derivative for this tensor
is the metric and the Covariant derivative is zero
for the metric tensor [2] (appendix A). so, gjx =
0,

We can also the covariant derivative vector u' is
zero [3] (appendix B). so: u' =0, and

so: T'"V =0,

We want to say that, as if the mass too
hight, it creates a curvature in the spacetime, the
negative mass if too hight also creates a curvature
in spacetime. Therefore, we proved that the
derivative of negative Energ impact tensor is equal
zero, and derivative of Ricci tensor that Einstein it
to turned to Ricci tensor and scalar Ricci is zero .
so, There should be a linear relationship between
the tow. Therefore should a side be geometrical
involving the spacetime metric, Ricci tensor and
Ricci scalar, and the another side involves the
negative Energy-momentum tensor of the matter
with negative mass fields multiplier k , Therefore
we use Einstein-Hilbert action, the difference is
that we here use Eistein-Hilbert action including
matter with negative mass.

We know Einstein-Hilbert action including matter
is [4],

I=1, 41, :
(1)

Now if a matter be with negative mass equation (1)
changes to

I=1Ig + Iy,

Therefor in continuum mechanics, the action is the
(flat) spacetime integral of a lagrangian negative
density . so,

I = Ig + I(m*)
1
= Ef [—gd4XR + f,[ _gd4XL(m*) y
Where

Lms » Is the lagrangian negative density for
matter with negative mass,

We have proved that the negative impact
energy tensor derivative is zero and We know that
the Einstein tensor derivative that obtained from
the Ricci and Ricci scalar tensors is zero so, We
use Einstein’s experience and postulate the
equation for matter with negative mass field
(appendix C)

As
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RM — Zgh'R = —KT'WY,
2
)
where
T "V:negative impact energy tensor.
In the Einstein equation, the constant k is to be
determined. Earlier, when we obtained the
Newoton’s equation in the weak and static field

approximation, we had found that [5],

g44=1+zc_<zb=1—2GM

@)

The Newotonian theory in the presence of matter
gives poisson equation [5],

;)2 ¢ = 4nGp ,

(4)

We know that in Newton’s law of gravity
the force of gravity between two positive masses is
with the product of two masses direct proportion
and with square of distance two masses reverse
ratio [6]. This law also applies for a negative mass,
but to make proportions equal to that we must
multiply the negative mass gravitational constant
that’s it showing with symbol G, ,(appendix D)
so, we have
Fnl =Fn2 = G, (M*1) (Mm*2)/( r?).

So, based on the first hypothesis, we can define
Newoton’s equation for negative mass, so that we

had found that
29’ =1— 2Gpm (M%)

c2r

gu =1+ 2r ’
(®)
where

Gnm :gravity constant of negative mass.
So, the Newotonian theory in the presence of
matter with negative mass gives poisson equation

220" = 4Gy, (Pm) :
(6)

where

G, :gravity constant of negative mass.

Now we define equation (6) gravitational
potential of negative mass and show it with 2 2’
,We want to express the gravity theory with the
negative mass, so that the negative mass produces a
curvature in spacetime. Multiplying the equation
(2) byg,, and denoting T'*" g, ,by T', we find R =
k T, Then, this equation can be as

I 1 !
Ruv = _k(T pv EguvT ) '
(7) o
Compare this equation with (6). We know that 4-
velocity u* = % .u* (x), and also
g.wu" u’ =1 ,Therefore, using the result that the
metric g, ,is covariantly constant, we have
(guvu”u");}\ = g (u'uf +uhu’) = 2g, utu} =
0.
Leading to
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u,uy = 0.

(8)

Introduce a scalarp,, (x), so that p,,,, u*, gives that
flow of matter with negative mass and negative
density, as ppm u'\/—g, and p,, u*/—g,
respectively. Then the conservation of matter with
negative mass is gowerned by

0y (Pom (X)uty/~g) = 0.

(9)

Expanding

6u(pnm (X)u“\/—_g) = au(pnm (X)u“)\/—_g +
(Pam (XU (0,4/—8) =0,

Using

o = 7= 0,/=8),

The above equation becomes

V=8{8 (P COU) + T, (P (XM} =
\/jg{Du(pnm (x)uu)} =0,

That is

(pnm (x)u“):u =0.

(10)

The matter with negative mass has an negative
energy density p,,, x)u*u*,/—g ,and momentum
flux ppm (X)u'u'\/—g ,and if we take

T = ppy (O uMu” ,
(11)

Then,/—gT"*, gives the negative energy density
and the momentum flux. Thus this T'*V, is the
negative energy-momentum tensor for the matter
with negative mass. We use this T'*Y

,In equation (2). We have to

verify T'"Y = 0
T’;Li/v = (pnm (x)uuuv);v = uu(pnm (x)uv);v +
(Pom CODUUY, (12)

In above, the first term on the right side vanishes
by (10) and the second term vanishes if the
elements of the matter with negative mass move
along the geodesics.(flow u“u;"H =0,and
ut =%. ) now we use equation (11) we have
T’:guv{pnm (x)uuuv} = Pnm (X) Sinceguvuuuv =
1, Then (7) becomes

1
Ruv = _k(pnm (X)) {uuuv - Eguv} ,
(13)
As we want to compare (7) with (6) with later in
the Newtonian case, we consider weak
gravitational field by expanding g, , as
8uv =My +hyy s gt =" —h*,

(14)
Then,
1
F\tlp = gW\ va,)\ = Egm{avgp}\ + apgvk - a}\gvp} =
1
ET]M {thPA + aphvl - akhvp}- (15)

In the expression for
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R,y = (aprfv - avrjp + F(fp Iy - ngFgu) ,
The terms involving the derivatives of I's are

retained. They are, using (13):

0pT, = 2P (3, Oyhya + 9, dyhy — 0, O3hy)
(16)

And

1
0,Tf, = (0, 0,h),
(17)
So,

1
Ry = Enp)\ (ap auhvk + ap thW\ - ap alh“") N

1
2 (av auh)’
(18)
We have considered weak field approximation. For
static approximation, (16) gives
1 1 ’
Ry = gﬂp)‘ 0, 0rhyy = 2y ? hyq.
(19)
Now we use consider (13) in the above
approximation. In this case u* = (c,0,0,0),
and g44 = c® ,Then, the (44) component of the
right side of (13) is
1 1
_k(pnm (x)) {CZ - Eg44} == Ek(pnm (x))czv
Then using (19), we have
;) ’2h4’4 =—Kk(pnm (X))Cz7

h= nplhp)\ )

From (5), h44:2%

4
Andso =2 @' = — (%) (pm (),
When compared with (6), k is determined as

_ 8nGnm
-
And equation (2) becomes
RV — lg“"R _ snarm T/
2 C

(20)

The left side (20) is geometrical involving
the spacetime metric, Ricci tensor and Ricci scalar.
Once the spacetime metric is given, the left side
can be calculated and in this sense it is geometrical,
property of spacetime. The right side involves the
negative energy — momentum tensor of the matter
with negative mass fields (nongravitational).

CNCLUDE

The substance has two positive and
negative masses. Given Einstein's relationship,
(Assuming space time if flat) If a positive mass
increases, it will curvature in spacetime (figure 1).
We also proved that the negative mass also
increases, It causes curvature in spacetime (fig 2).
Assuming space time if flat, The curvature of
spacetime in Einstein's relationship is due positive
mass, Different from the curvature of spacetime by
negative mass according to equation (20) Because
the acceleration that takes two positive and
negative masses of a substance is in the opposite
direction. Consequently, the curvature of spacetime
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by matter, consequence is curvature of spacetime a
positive mass and a negative mass. This means that
the combination of these two curves together,
Causes cut off the space-time lines of positive mass
and negative mass. The result of this intersection is
a groove that Surrounded by a material that has
curvature in spacetime. Here is an example of Earth
and the sun. We know that the mass of the sun is
greater than the mass of the earth Therefore, the
curvature of the space-time created by the sun is
more than Earth When the Earth is on the slope of
the curvature of the Sun's spacetime The motion of
the earth toward the sun is the same as the positive
mass motion in the gravitational field of the sun At
the same time, the negative mass of the Earth
moves to the gravitational field by the negative
mass of the sun, Two positive and negative masses
of the earth go up to the ridge. if the mass be large,
the groove getting closer.( so, the mass that going
up on the slope, it causes the groove to move
toward itself that this displacement depends on the
size of the mass.) But in the groove, Positive mass
encounters an obstacle Which is the curvature of
space-time generated by a negative mass And the
negative mass also hits the barrier That is, the
curvature of spacetime is a positive mass Here, two
positive and negative masses can only have
rotational motion Which is the transition of the
earth around the sun But the movement of the
positive and negative masses is in the opposite
direction. Finally, the groove is the planetary orbit
that orbiting around the stare. (fig 3).

FIG 1. space-time curvature is created with
positive mass and this slop same gravity of center
mass.(garmsiri).
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FIG 2. space-time curvature is created with
negative mass and this slop same gravity of center
negative mass.(garmsiri).

FIG 3. spacetime that is black (color online),
created by positive mass and located a larger mass
at the center, and a smaller mass at the slope of
curvature. spacetime that is blue (color online),
created by negative mass and located a larger
negative mass at the center, and a smaller negative
mass at the slope of curvature. A combination of
two spacetimes, causes two grooves around
negative and positive mass becomes central and
small masses fall into these grooves, so that the
small negative mass in the lower groove rotates
around the central negative mass and the small
positive mass in the upper groove rotates around
the central pocitive mass. The direction of rotation
of the two smaller masses is opposite to each
other.(garmsiri).
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Appendix A:

We calculate the covariant derivative for this
tensor is the metric and the Covariant derivative
is zero for the metric tensor. so:

— p p
8ijk = 8ijk — 8pjTik — BipTjk ’

(A1)

gpj‘[?k = [ik, j], giptrk = [jk, i )
(A2)

8ijx = [k j] + [jk i] ,
(A3)

[lk, ]] + []k' 1] - [lk']] - []k' l] =0 )
(A4)

Appendix B:

We know that 4-velocity u* = ddi: Ut (x), and

also

guwu" u' =1, Therefore, using the result that
the metric g, ,is covariantly constant, we have
(Buuu’), = gu(u'u + uju’) =
2g,yutu} =0,
(B1)
Leading to
u,uy = 0.
(B2)
Appendix C:
We know Einstein-Hilbert action including
matter is
=1, +1, ,
(C1)
Now if a matter be with negative mass equation
(C1) changes to
I=1Ig+ Iy
Therefor in continuum mechanics, the action is
the (flat) spacetime integral of a lagrangian
negative density . so,

I= Ig + I(m*) y

= if \/—_gd4XR + f\/—_gd4XL(m*) y
(C2)
Where
Lm.) is the lagrangian negative density for
matter with negative mass,
We vary the above action with respect to the
metricg,,, (x) ,and write

81 =—-[ d*x8(/—gR) + 8 [ /—gd*XL (),
= fd4X8Lg +8 f A/ —gd4XL(m*) y
(C3)
Whit
1
8L, = -{(8/-g)R +,/-g8R},
(C4)

Since R = g"'R,y, We have

8Ly = 5 {(8/~8)R+ /838" )R, +

—gguvSRpv, (C5)
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We have 8g = gg"'8g,,, ,and so
1 vV

8\/ B T3V _ggll 8grtw
(C6)
And know that form g"'g,, = 8 (8g"")g,, =
—g"(8gy,), from which we have
8g" = —g"°g*"(8g,0),
(C7)
Substituting (C6) and (C7) in (C5), we find
8L, =

g

1 (1

E{E Vv —gRg“"(Sguv) Y _ggupgvoRuv(sgpc) +
—88UvSRpy, (C8)

Now We need to examine8R,,, , We know that

— P P P [
R,y = 8,T5 — 8,Tf5, + [0 TS, — TA TS, ,

(C9)

And so

8R,, = 8,(8Iy,) — 9,(8ry,) + (8T8 )T +
r;’p(sr;v) — (818 I8, — I (813,). (C10)

We help from (C7), we have

8IY, = 8(8° Ty a),

= (Sgpl)rwl + g")‘(Sl‘w’A),

= (8g°)gao T + 8P (8T ),

= —g"*g"(884p) 80Tl + 8°*(8Tya),

= —gP*(8guo)T + 3 8°M0,(88w) +
ovéguA—90Asgnv. (C11)

Consider

%gpl {(ngl);p + (Sgul);v - (Sguv);l}:
(C12)

Asg, is a covariant tensor of (rank 2),8g,, is
also a covariant tensor of rank 2. Then, using
the covariant derivative of rank two covariant
tensors. So the above expression is

38°M{8,,(88) — T (88p) — T, (88pv) +
ovéguA—TuvpdgpA—TAvpSgpu—0Adguv+Ipi

pSgpv+IvApdgpu=—gpAluvpdgpi+12gpAdn
8gvA+0vaguA—dASgu.

Substituting the expression in the curly bracket
in the right side of the above in (C11), We see

1
8TS, = 787 {8y + (881) , — (S8w), }
(C13) Expression SI‘l‘fv , in terms of the covariant

derivatives. Thus SI‘l‘fv , is a mixed tensor of
rank 3. It is to be noted that thoughtl‘l‘fv ,isnot a
mixed tensor of rank 3,8I‘l‘fv, is. This result
allows us to counsider the covariant derivative

of Srﬁv, as the covariant derivative of a mixed

rank 3. Then it easy to see that
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(SFL?V);O' - (Srifa);v = 8va-

(C14) We have from term of 3 in the right side
of equation (C8)

v _gguv(SRuv) =/ _gguv{((srgv);u -
(8T'poo);v=—g(gnvéruve);c—(guvdrnooc);v,
(C15)

\/—_gg“"(SR"v) =0, (\/—_gg“"(SI‘;l’v ) -
3, (V—ge"(51%))

Which isa total divergence (the difference of
total divergences). In the variation of the action
integral, such terms vanish when we integrate
over all spacetime. Or, such total divergences
will not contribute to the classical equation of
motion. Then the remaining terms in (C5) are
8L, =

x5 V—ERE" (88,) — V88" 8" Ry (88p0) )

= G (38R~ R™) (5gy).

With this, the variation of action becomes
1 /1

81=[ -85 (; g"'R - va) (8gu)d*x +

Sfﬁ _gL(m*)d‘LX.

We introduce the’negative energy — momentum
tensor’T'™ , for the matter with negative mass

fields by
1 mv
8[/-8Lmnd*x = _EfT "V (88,w)/ —8d*x.

So that for arbitrary variation the classical
equations are given by

R — 2 ghR = —KT'™

Appendix D:

we can by supposing tow negative
masses and it is proved that force of gravity
between tow negative mass, by the
multiplication of tow negative masses, the ratio
is direct and with distance square of tow masses
the ratio is indirect.

Ll H j
\U»

there are two spheres, then, according to above (fig
4), the following assumptions are available:
Two spherical surfaces = AHKB, ahkb ,

FIG 4. (garmsiri).
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Diameter of circle = AB, ab,

Circle center =S, s,

Two particles located along the diameter =P, p ,
The radius of negative gravity force emitted to the
particle = (PK, PL), (pk, pl),

As can be seen in the figure, when the negative
gravity force radius are emitted to the particle,
some arcs are obtained on the circle:

The arcs obtained from circles = HK, hk, IL, il ,

Hk = hk,

IL=il,

(SE)-L (PL), (se) L (pD),

(SD) - (PK), (sd) - (pk),

(IQ) L (AB), (ig) - (ab),

(IR) L (PK), (and) - (pk),

Location of intersection =F, f,

Now if the following lines which collide the
particle at an angle, simultaneously approach zero,
we will have

(PL, pl) — 0, (PK, pk) — 0,

Because,

(DS, ds) = (ES, es),

The following lines can be considered equal,

(PE, PF) = (pe, pf),

DF = df,

Because, as said above, when the following angles
simultaneously approach zero, their proportions
eventually equate to each other.

Angle DPE — 0,

Angle dpe — 0,

So, considering all the conditions stated above, we
can write:

(PI) /I( PF) =(RI) /( DF),

(Pf) /(pi) =( DF) /(ri),

By multiplying the two above terms and
simplifying the product, we have

(PL.pf) / (PE.pi) =( RI) /( ri) = arc (IH) / arc (ih),
(D1)

This means that the negative gravity force emitted
from the surface of the sphere affects the particles
outside the surface of the sphere. It is directly
proportional to the surface of the sphere.

Again, we can have

(P1) /(PS) =(1Q) /( SE),

(Ps) /(pi) = (SE) /(iq),

By multiplying these two terms and simplifying its
product, we have

(Plps) 7/ (PS.pi) =( 1Q) /( ia)
(D2)

By multiplying equations (D1), and (D2), we have
(P12.pf.ps) / (pi2PF.PS) = (HL.IQ) / (ih.iq),

From the above result, it can be said that the arc of
the spherical surface, where the negative gravity
force emitted from the surface of the sphere to the
particle, is inversely proportional to the squared
distance between the sphere surface from which the
negative gravity force emitted and the particle.
Since the negative gravity force is directly
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proportional to the arc, as proved before (Eq.(D1)),
the negative gravity force is inversely proportional
to the distance between the sphere surface and the
particle. Then the negative gravity force between
the two masses can be equation as follows:
Fr1=Fn2= Gim (m*l) (m*Z) /( r 2 )l

where

Gnm : Negative gravity constant,

F,: negative gravity force,

M*;: Negative mass 1,

M*,: Negative mass 2,

r . The distance between the center of negative
mass 1 and the center of negative mass 2.
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