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Abstract: The present article has systematically solved the problem of galaxy formation and some significant cosmological puzzles. First a mistake with Einstein’s equation of gravitational field is corrected, next space-time is proved to be infinite, cosmic expansion and contraction are proved to be in circles, the singular point of big bang is eliminated naturally, celestial bodies and galaxies are proved growing up with cosmic expansion, for example Earth’s mass and radius at present increase 1.2 trillion tons and 0.45mm respectively in a year, in response to which geostationary satellites rise 2.7mm. 
Key words: Background Coordinates; Standard coordinates; Geodesic. PACS: 04.20.Jb, 02.40.−k, 04.20.Cv
1. Introduction. 
[image: image1.wmf] 
  Though general relativity obtains considerable success, some significant problems such as the problem of singular point,
[image: image2.wmf]the problem of horizon, the problem of distribution and existence of dark matter and dark energy, the problem of the formation of celestial bodies and galaxies, as well as why celestial bodies burst and earthquakes take place, always are not solved reasonably and satisfactorily. These problems can remain today implies strongly that the fundamental of general relativity has flaw and needs perfection further.
[image: image3.wmf]For the purpose, the present paper begins with the definite solution of field equation in the background coordinate system, then by correcting rationally Einstein’s field equation get these problems solved radically. 
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2. In background coordinate system the static metric of spherical symmetry.  


[image: image5.wmf]According to general relativity, when gravitational source (celestial body) is static and spherically symmetric, in the standard coordinate system [1, 2], the correct form of invariant interval outside gravitational source reads 
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Here
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is proper time, M is the total mass of gravitational source; 
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 is called standard radial coordinate, doesn’t have clear physical significance and only in the far field is approximately viewed as true radius.
[image: image10.wmf]In order to describe clearly motion of particle and enable general relativity to link up with other theories of physics and to compare results, it is necessary to
[image: image11.wmf]transform (1) into the form expressed in background coordinates. Hence we take 
[image: image12.wmf]()

llr

=

. Here 
[image: image13.wmf]r

is background coordinate [3- 5] and refers to true radius which are said and used usually. 
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 are standard coordinates and can also be viewed as background coordinates, which represent true time and angle.
[image: image15.wmf]In the following we try to determine 
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 by the introduction of an additional transformation equation, and such operation is allowed is because metric tensor satisfies Bianchi identity and if a metric is a solution of field equation in one coordinate system it is also a solution under arbitrary coordinate transformation. 
According to general relativity the dynamical equation of particle outside source is geodesic
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where 
[image: image19.wmf]0

xt

=

, and indexes
[image: image20.wmf],,,,,0,1,2,3

v

lmsab

=

. Proof: according to 
[image: image21.wmf]2

2

0

dxdxdx

dsdsds

mab

m

ab

+G=

, we have

 
[image: image22.wmf]222

2

222

()()

dxdtddtdxdtdxdtdx

dsdsdtdsdtdsdtdsdt

mmmm

==+=



 EMBED Equation.DSMT4  [image: image23.wmf]2

20

2

()()

dtdxdxdxdx

dsdtdtdtdt

mabm

ab

-G

, in addition,


[image: image24.wmf]2

()

dxdxdtdxdx

dsdsdsdtdt

abab

mm

abab

G=G

, and adding them together yields immediately Eq. (2) 

When a particle of mass m is moving along radius in the static gravitational field of spherical symmetry, giving consideration to the speed, in the far field (weak field) the radial component of Eq. (2) should reduce to relativistic dynamic equation
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where m refers to relativistic dynamic mass, namely 
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. Why the radial component should reduce to (3) is that (3) stands for the equality of gravitational mass and inertial mass and also stands for the speed of light is the limit one. In order to enable it to reduce to (3) 
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 and 
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should satisfy
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The correctness of Eq. (4) will be seen later, and it is the transformation equation which is introduced to determine 
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 and is equivalent to a coordinate transformation of 
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.The solution of Eq. (4) is given by 
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Here constant 
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 is decided by the continuity of 
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on boundary of source, and (23) can give out the boundary value 
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denotes source’s radius. Now from (4) we see 
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. Under transformation of Eq. (4), (1) becomes following (5) which is an exact external solution expressed in background coordinates
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Note that now 
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 is already a specific function of 
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, which is determined by the solution of Eq. (4). 
In the far field, line element (5) gives out 
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 and introducing them into (2) and putting 
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which is just Eq. (3). Proof: assume 
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, compare with (3), we see 
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 Consequently, we conclude that (5) is the right line element which satisfies requirements completely
    In addition, as an emphasis, we must point out that using directly
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 in (1) gives another exact solution, namely the following (7), which is often used in practice,
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However, in accordance with (7) the corresponding geodesic can’t reduce to (3) in weak field, instead it reduces to
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Proof: from (7) we have
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 and substituting them into (2) and taking 
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, this equation obviously reduces to Eq. (8 ), which isn’t Eq. (3 ).
[image: image82.wmf]It is easily found that Eq. (8) not only goes against the elementary principle of equality of gravitational mass and inertial mass but also
[image: image83.wmf]leads to incorrect conclusion that gravitational field becomes repulsive one for a particle whose speed exceeds 0.58c.
[image: image84.wmf]Hence Eq. (8) must be wrong, and implies (7) can’t describe high speed and has shortcoming as compared with (5). 
 
[image: image85.wmf]Note that the angle of orbital precession of Mercury described by (5) is still the same as that described by line element (7) [2], it doesn’t change under the transformation of radial coordinates. In a word, (5) is the correct line element expressed in background coordinate system 
3. Correction to gravitational field equation. 
It is seen from the above discussions that in the case of weak field approximation, 
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 in field equation
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Note that the following discussions are carried out in right-angle coordinate system. Therefore, for weak field we may assume 
[image: image102.wmf]gh

mnmnmn

h

=+

 and 
[image: image103.wmf]1

uv

h

<<

, here 
[image: image104.wmf]00

1

h

=-

，
[image: image105.wmf]112233

1

hhh

===

，
[image: image106.wmf]0

mn

h

=

(
[image: image107.wmf]mn

¹

). Then 
[image: image108.wmf]1

()

2

ggg

xxx

rarbab

mmr

ab

bar

h

¶¶¶

G=+-

¶¶¶

，
[image: image109.wmf]hh

mmr

brb

h

=

，
[image: image110.wmf]hhh

mmr

mmr

h

==

. Omitting the terms 
[image: image111.wmf]2

()

oh

 we see [1] 

[image: image112.wmf],,

R

ss

mnmsnmns

=G-G=


[image: image113.wmf]1

2


[image: image114.wmf],,

h

al

mnls

h

+
[image: image115.wmf]1

2

(
[image: image116.wmf],,,,,,

hhh

ls

mnmlnnsm

--

) . 
May as well assume 
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   Differentiating Eq. (9) with respect to 
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Using 
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it follows that 
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For static field it holds that 
[image: image147.wmf]0

0

j

h

=

 in view of (3), and substituting 
[image: image148.wmf]0

j

h

 and 
[image: image149.wmf]h

ll

 into Eq. (9) gives 


[image: image150.wmf]1

4

ji

h

=


[image: image151.wmf]ji

xx

¥¥

òò


[image: image152.wmf]222

1100

222

[()()]

()()()

ijk

hh

xxx

¶¶¶

+--

¶¶¶


[image: image153.wmf]ji

dxdx


where 
[image: image154.wmf]123

,,,,,

ijikjkxxxyxz

¹¹¹===

. And again, Bianchi identity can give out in weak field the conserved law [1- 3] 
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That is to say, 
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 we easily infer from (10) a very useful result
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which can be regarded as the form of pressure in weak field if 
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 is homogeneous. Obviously it is too subjective to take pressure for zero before, and in fact, by serious calculation we see that pressure is negative where matter exists,
[image: image175.wmf]the place where matter exists turns out to be so-called pseudo-vacuum[ 6. 7]. This is a new important result which isn’t in agreement with traditional opinion. 
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To sum up, we can conclude that in any coordinate system gravitational field equation is revised as
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where 4 replaces previous 
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4. Applications and tests of Eq. (11) in cosmology. .
 With 
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 as standard radial coordinate, Friedmann-Robertson-Walker line element is given by [1, 8]  
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Substituting the metrics into (11) and using the co-moving coordinates yield
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Consequently 
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[image: image189.wmf]Here n represents the density of particle (galaxy) number. Since 
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 is assumed homogeneous, we may use the weak field condition
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which implies cosmic density and pressure don’t change all along and the singular point of big bang did not exist. In addition, (13) indicates the mass of galaxy increasing with cosmic expansion since 
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where 
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 is a positive constant. So far cosmic expansion and contraction are proved to be in circles. Now we compute the relation between distance and red-shift.
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 denotes the galaxy’s invariant radial coordinate. In view of luminosity-distance [1, 2] 
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As
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. The situation described by the curved line agrees well with the recent observations, and strongly indicates Eq. (11) is correct and the modification is quite successful. Note that current observations show [10 - 12] 
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 The spots in the figure [1] represent galaxies (reference 9),
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Next we calculate “our” cosmic age, namely the time from last 
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which agrees with observations [13] . Besides, we can also solve how a galaxy’s mass changes with time. Writing a galaxy’ mass
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which shows that galaxies can grow up without mergers, and conforms recent observations [14]. When (18) is applied to the earth of today, the increase of the earth’s mass 
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As for the motion in a central field,
[image: image238.wmf]from Newton’s law one has 
[image: image239.wmf]22

2

4

rGM

Tr

p

=

, where r is the radius of orbit, T is the round period, 
[image: image240.wmf]M

is the mass of central body. And hence, due to the change of centre body mass 
[image: image241.wmf]M

, from 
[image: image242.wmf]t

 to 
[image: image243.wmf]tt

+D

 the round radius will change
[image: image244.wmf]

[image: image245.wmf]()2()

[1]

()3()

attatt

rrrT

atTat

+D+D

D=-+D

.                   (19)
For geostationary satellite round Earth of today, neglecting 
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To sum up, it is seen that (18) and (19) determine the formation of celestial bodies and galaxies, and of course, some details need further complements. 
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5.
[image: image251.wmf]Exact interior solution of Eq. (11) and mechanism of celestial body’s expansion. 
In the case of static spherical symmetry, inside a celestial body (gravitational source), with 
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 as standard radial coordinate the exact interior solution of Eq. (11) is easily given by [1, 2 ].
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in which 
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[image: image269.wmf]In order to determine the interior form of (20) in background coordinates, Eq. (4) is naturally extended as inside gravitational source 
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 Obvious under the transformation of Eq. (21), line element (20) turns into 
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Here 
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[image: image281.wmf]00

dgdr

must be zero, from (22) one has     
[image: image282.wmf]0000

0

dgdg

dl

drdrdl

==


[image: image283.wmf]11

()

2

()()

()1expC+()1

e

lr

l

dlll

flfldl

drll

ww

--

éù

æöæö

=++

êú

ç÷ç÷

èøèø

êú

ëû

ò

, 
which indicates
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, the solution of Eq. (21) is easily given by
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 Though
[image: image292.wmf]r

, generally speaking, isn’t constant, we may take its average value in practice for the convenience of calculation. For example, on the surface of Sun 
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Similar to former calculation, the deflected angle is given by
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On the other hand, the conserved law gives out 
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On the boundary the gravity acceleration should be continual, according to (2), using (4), (5), (21), (22) we have
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And after simplifying further, this becomes 
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which is the boundary condition that
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must satisfy, the condition determines
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negative within celestial body. 
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  Next let us consider a small volume 
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which determines how matter density changes locally. It is seen from (26) that when celestial bodies expand with cosmic expansion its density may be unchanging if 
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So far, we deduce that bursts of celestial bodies and earthquakes originate from the unceasing accumulation of inside matter and the change of its distribution; and it is the negative that leads to production of matter.
6. Natural solution to the problem of dark matter.
  The invisible negative pressure is an important part of gravitational source, and it is the negative pressure that appears as the form of dark matter and leads to the phenomenon of missing mass, this is easily proven as follows.
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According to (2 ) the gravity acceleration (or gravitational field strength) within the galaxy is given by
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, and  
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may be positive or negative since pressure is negative, the negative 
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 indicates the direction of acceleration is towards centre. And according to (2 ) the corresponding round orbital speed 
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 From (27) it is seen that when 
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 can become high, too, and this explains so-called missing mass. Again, from (27) we get 
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which is the condition that a typical spiral galaxy with a halo satisfies. May as well set 
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which indicates it is impossible for 
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 begin to increase. Of course, it isn’t easy to observe the speed between 
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The curve in the right figure 2 describes the situation predicted according to the (27) and (29),
[image: image369.wmf]and it is in conformity with recent observational results from gravitational lens and other experiments [ 11- 14],
[image: image370.wmf]and implies the negative pressure is a profound concept.

 So far, we deduce that so-called dark matter is just the effect of the negative pressure, and the dark matter [ 15- 17] puzzle has naturally been solved.
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Of course, so-called dark energy’s problem is now solved too since cosmological constant becomes zero again, and the concept of dark energy is unnecessary in present amendment
7. Conclusions: celestial bodies and galaxies are growing up gradually with cosmic expansion; Background Radiation is the result early celestial body’s mass approached zero, which implies early cosmos was filled with radiation, and only the temperature of early cosmos was higher than that of today but its density and pressure are unchanged all along; and it is the invisible negative pressure that acts as the role of dark matter and dark energy and leads to the phenomenon of missing mass and the expansions of celestial bodies and galaxies as well as cosmos. We expect that deepening research of the negative pressure will realize the unification of four interactions.  
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