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Abstract: In expanded universe, we found gravity field equation and solution. We found Schwarzschild
solution, Kerr-Newman solution in expanded universe. Hence, We found new general relativity theory-
Cosmological General Theory of Relativity(CGTR).
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1. INTRODUCTION
Our article’s aim is that we make Cosmological General theory of Relativity (CGRT).
At first, Robertson-Walker metric is

1 dr*

dr’ =dtt - —Q* ) [
c? 1— kr?

+ #dQ)Y] (1)

Accordingto ACDM model, our universe’s k is zero. In this time, if ¢ is cosmological time,[2]

k =0,t=1t >>At, At isperiod of matter’s motion (2)
Hence, the proper time is in cosmological time,

dr® =dt’ —%92 t,) [dr’ + Fd Q]
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In this time,
dt =dt,dx = Q )dx,dy = Q¢ dy,dz = Q¢ )z 4)
In Cosmological General theory of Relativity(CGTR)’s differential operators are
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Hence,
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2. NEWTONIAN GRAVITY IN EXPANDED UNIVERSE
Newton’s Gravity is built in static universe. Hence, for making our cosmological theory, we modified
Newtonian Gravity in expanded universe.

At first, Newton’s gravity acceleration is
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In this time, if Newton’s gravity potential is
— 1 GM
b =0¢ =— (10)
Q) Q)
Eq(7) is
F=i0t)=-——Vp=-Lz 1 (1)
Q) r Q)
If Newton’s gravity potential is
- 1 1GM 1
F=p o=t (2
Q) 2R Q)
Poisson equation is in expanded universe,
= 1 . Yo,
Vg = V¢=4nGp, p= (13)
Q) Q)
Newton force is in expanded universe,
F=md=maQe)=FQt) (14)
3. COSMOLOGICAL GENERAL THEORY OF RELATIVITY
Einstein’s geodesic equation is in expanded universe,
Chy —a ,=p
ax r, ax (15)
dr dr drt
Schwarzschild solution (vacuum solution) is in expanded universe,
—2
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Hence, Newtonian approximation is by Eq(11)
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Hence, the gravity field equation of Einstein in expanded universe,
- 1 - 872G =+
R,uu - Eg,uuR - C4 T//U

In this time,

(18)
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(19)

0

Einstein’s general solution- Kerr-Newman solution is in expanded universe,[1]

g 2c°GMT —kGQ* - a sin” 0
ds? = g, dX“dx” = —c* (- == ;i 2 )olt2—2(2c21\4/Gr—kGQ2)aifli cdid g

c'Y
r’ —c’2GMr+a’ +kGo

—dr’ +2d ¢

L _ 2251’ 0
+s1? O[F +a° + Qc’GMT — kGO 2)%]&02
C

Y=r’+a’cos’ 0= (€ +a’Q’ ¢ )cos XY )

=X ), Z's r+a ey ¢, )cos’@ (20)
Hence, Kerr-Newman solution is expanded universe,
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Robertson-Walker solution is Minkowski space-time by Einstein gravity field equation in CGTR-

International Journal oaf Advanced Research in Physical Science (IJARPS) Page | 24



Cosmological General Theory of Relativity

Eq(18) in expanded universe.
ds® = —c’dt’ + [dr’ + r’dQ°’]= —c’dt’ + QO () [dr* + £d Q] (22)

Eq(22) is equal to Eq(3). Eq(1) is derived by normal Einstein gravity field equation.
According to this theory, the distance traveled by light is changed by cosmological time.

If x is the distance traveled by light during the time ¢ — ¢ in present cosmological time ¢,

-4
Qt)x,_, =x . =ct-t), Qt)=1 (23)
If X, nevo—t is the distance traveled by light in the past universe,
Q € - At)XtO—AtthZ—tl = th]—AHtZ—tl =ct —t) (24)
If X, avrot is the distance traveled by light in the future universe,

Q (q) + At)X%JrAtJrg—g = C%+At+t2—t1 =c (2; - q) (25)
Universe is expanded. Hence,
QE, —AD)<QE)=1<Q +Ab) (26)

Therefore, the distance traveled by light in the past universe is longer than the distance traveled by
light in the future universe.

X

-t 7 Xerace—t (27)

Xto —At+t, -t >

4. CONCLUSION
We find Cosmological General theory of Relativity. We obtain solution of Einstein gravity field
equation in expanded universe..
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