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Abstract. Gravitation is the relative density of space-time caused by the mass of an object. There are three aspects of
gravitation. First, it is related to an object. Gravitation can cause changes in the velocity of an object. Second, it is related
to a photon, gravitation can change the frequency of a photon. Third, it is related to differences in the result of observation.
Different observers of the same object can yield different results. Gravitation causes differences in the period of an event,
differences in the length of an object, and differences in the mass or energy of an object.
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1. INTRODUCTION

According to Newtonian mechanics, gravitation is the force that every object exerts on every other object. The value of the gravitational
force is directly proportional to the product of their masses and inversely proportional to the square of the distance between them.

Figurel

Where

F is the force between two objects.

G is the gravitational constant.

my and m; are the masses of the objects.

r is the distance between the two objects.

If the value of object m, is much higher than object m,, there is an equation for gravitation.

Where

g is gravitation.
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2. POTENTIAL ENERGY AND KINETIC ENERGY

01 P41 < vi=0
h g
02 P2 - Vo=V
Figure 2

0, is Observerl, O, is Observer2, P, is Positionl, P, is Position2, and /4 is the height between P; and P>. An object with mass m is
dropped at position P;. The initial velocity V'is V; = 0. The object then free-falls to position P,. At P, the velocity of the object is V> =V.

The object has potential and kinetic energy. Potential energy is energy held by an object because of its height. Kinetic energy is a form
of energy held because of its motion.

E, = mgh
E, is potential energy, m is the mass of the object, g is gravitation and 4 is the height of the object.

1
E, = —mv?
* va

Eis kinetic energy, m is the mass of the object, and v is the velocity of the object.
When the object is dropped from a height there is a change in energy from potential energy to kinetic energy.
When the position of the object is at Py E}, = mgh and E; = 0 because V'= 0.

When the position of the object is at P> E,, = 0 because 2 =0 and E}, = %mv?

The total energy consisting of potential energy and kinetic energy is constant. There are only changes in the forms of energy.

L L
mghy + Emv1 = mgh, + Emv2
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3. DIFFERENCE IN TOTAL ENERGY DUE TO DIFFERENCE IN OBSERVER POSITION

According to Einstein’s special theory of relativity, mass is equivalent to energy, E = mc?, where E is the energy of an object, m is the
mass of an object, and c is the speed of light. The total energy of an object consists of rest mass energy and kinetic energy. When the

speed of an object is much less than the speed of light then Newton’s equation for kinetic energy E) = %mv2 is still valid.

01 P‘] - Vi = 0
h g
0, P, 1 Vazs'¥
Figure 3

See Figure 3

Observer O; is at position P;, and observer O, is at position P».

From the viewpoint of observer O; when the position of the object is at P;.
h=0andv=0.

Therefore

E, = mc?, where E, is the rest energy.

Ey, is potential energy = mgh. Because # = 0 then E,=0,
E, = %mvz, and because v = 0 then E; =0
The total energy = mc? + mgh + %mv2 = mc? orE, = E,

When the position of the object is at P2.

h=-handv=v
E, = mc?
E, = —mgh,

1
and E, = Emv2

The total energy = mc? — mgh + %mv2 =mc?orE, = E,
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1
because mgh = EvaA

From the viewpoint of observer O» when the position of the object is at Pi:
h=handv=0
E, = mgh,

and E;, = 2mv? Ex= 0 because v = 0.

T2
And total energy =mc? + mgh + %mv2 = mc? + mghor E, = E, + E,, because v = 0.
When the position of the object is at P»,
h=0andv=v.
E, = mgh E,=0
and E), = %mv2
and total energy = mc? + mgh + %mvz =mc? + %mvz, because 4= 0
or total energy E, = E, + E},

or total energy E, = E, +E,

1 2 —
because mgh = Jmveor E, = E.

Observer Total energy Difference in the
Position object at P, Position object at P, total energy
O E=E E=E. +E—E,=F, No
0)) E=E +E E,=E,+ErorE,=E,+E, | No
Because £, =E,
Difference in the Yes Yes
total energy

Table 1

We can see that the cause of the difference in total energy is the position of the observer, not the position of the object
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4. LIGHT AND GRAVITATION

Light
01 P1 Vi=0
g

h
0, P, 1 V=0

Figure 4

When light is directed from position P; to P,, there is a change in the frequency of the light. Observer O, at position P, will detect a
higher frequency of light than the frequency detected by observer O; at position P;

From the viewpoint of observer O, at position P;

v=v,
T, = —
1 v,
A= —

V1
E1=h]71

From the viewpoint of observer O, at position P,

vV=v,
T,= —

)
A= —
2 v,
E2=h172

vi < vz, A >7u2,T1 > Tz, and £, < E»
v is the light frequency.

h is the Planck constant.
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A is the light wavelength.
T is the wave period of light.

Compared to observer O at position 1, observer O at position 2 observes that the wave period of the light is slower, the wavelength is
shorter and the energy is higher.

Observer Wavelength Frequency Period Energy
0O, A Vi T, E1 = hv1
(03 A V2 T EZ = hvz
Comparison A > A vi < V3 1> T E, < E,
Table 2

Note that the light observed by observers O; and O; is the same light and from the same source. The difference in wavelength, frequency
and period is due to differences in the position of the observers.

5. GRAVITATION AS THE RELATIVE DENSITY OF SPACE-TIME

There are three aspects of gravitation. First, related to an object, gravitation can cause changes in the velocity of an object. Second,
related to photons, gravitation can change the frequency of photons. Third, related to the difference in the result of observation. Different
observers of the same object observation can yield different results. Gravitation causes differences in the period of an event, differences
in the length of an object, and differences in the mass or energy of an object.

From sections 3 and 4 we see that there are differences in the total energy of objects and differences in wavelength, frequency, period,
and energy of photons. The differences are because of the difference in the position of observers. I introduce gravitation d as the relative
density of space-time. The value of d is the ratio of the total energy of an object observed from different positions. The value of d is
relative. The closer the position of the observer to a high-mass object the higher the value of d. Figure 5 is the visualization of the relative
density of space-time d. Darker color means a higher value of relative density of space-time d. The closer the position to the high-mass
object the darker the color.

High mass object

Gravitation as relative

space time density

Figure 5



Relative Universe

d is the relative value of space-time density. It can be seen as the relative value of total energy, relative time interval, or relative length
of an object.

There is an object with mass observed by observer O; at position 1 and observer O, at position 2. Observer O; concludes that the mass
of the object is m; while observer O, concludes that the mass of the object is m,. The relative space-time density from position 1 to
position 2 is

Mmass observed by observer 1

drelative from position 1 to position 2 =
Mumass observed by observer 2

m
Ordy, = —

m,
and because mass is equal to energy, E = mc? then E; = m,c? and E, = m,c?. Therefore the relative space-time density from
position 1 to position 2 is

There is an event with a time interval observed by observer O; at position 1 and observer O; at position 2. Observer O; concludes that
the time interval of the event is t;, while Observer O, concludes that the time interval of the event is t,. The relative space-time
density from position 1 to position 2 is

ttime interval observed by observer 2

dip = t
time interval observed by observer 1
L
Or d12 = —
t

1

There is an object with length observed by observer O; at position 1 and observer O; at position 2. Observer O; concludes that the
length of the object is [;, while Observer O, concludes that the length of the object is [,. The relative space-time density from position
1 to position 2 is

llengt of object observed by observer 2

dip =

llength of object observed by observer 1

Other formulas for relative space — time density are

dy; = d_21 and d,; = dim
d3; = dsp.dy
dip=dyp =1
With boundary

0< dyy < ®
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6. CALCULATION OF RELATIVE DENSITY OF SPACE-TIME

Two-Step Calculation

Figure 6
P and Q are objects with mass. 1, 2 and 3 are the positions of observers and the relative density of space-time.
Relative density of space-time from position 3 to 2
Calculation from position 2
Let:
E, = Total energy of object Q
d3, = Relative Density of Space-time from position 3 to 2
E, = Potential energy of object Q
m, = Relative mass of object Q observed from position 2
M, = Relative mass of object P observed from position 2
15, = Relative distance from object P to position 2 observed from position 2

13, = Relative distance from object P to position 3 observed from position 2

GM o .
- Tm = Gravitational potential energy.

d Et observed by observer from position 3
32

Et observed by observer from position 2

or
_ E3
d32 - E
t2
_ 2
Ei, = mye

— 2
Et3 =m,C + Ep (from position 3 to 2)
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GM,m, GM,m,
r--( - Sy

22 132

_GM;m, GM,m,

E _
b T32 22
E. GM ( ! 1)
= m — — —
b 2z 32 T22
T2 —T32
E, =GM,m,(——)
b 2 722732
E3
d;, = ——
32 E,
EfZ + EP
dy, = ——
32 E,,
Ty — T
mZCZ + GMzmz (W)
ds; = 2
mycC
GM,(ry, — T
dyy = 14 2(T22 32)

2
T22732C

Calculation from position 1

d,, = Relative density of space-time from position 2 to position 1.

m,; = Relative mass of object Q observed from position 1.

M; = Relative mass of object P observed from position 1.

1y, = Relative distance from object P to position 2 observed from position 1.

13, = Relative distance from object P to position 3 observed from position 1.

M, = dy; My

T22 = T
dyq

T32 = i
day

GM, (155 — T33)

d32 = 1 +
T227T32C2
Substituting M, to My, 155 t0 131 125, and 13, to 734

Gd%1M1(rz1 — T31)

2
d31721731C

d32=1+

Gd%1M1(rz1 — T31)

d;, =1+
32 2
T21731C
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Multi-Step Calculation

n 76543210

Figure 7
M is an object with mass. 0, 1, 2, 3,4, 5, 6, 7, ...n are the positions of observers and the relative density of space-time
Let:
d,o = Relative density of space-time from position n to position 0.
d,o = Relative density of space-time from position 1 to position 0.
d,, = Relative density of space-time from position 2 to position 1.
dpnn-1) = Relative density of space-time from position n to position (n-1).
M, = Relative mass of object M observed from position 0.
M; = Relative mass of object M observed from position 1.
M,_1y = Relative mass of object M observed from position (n-1).

n — oo,

dno = dyo.d31.d3z . dyz.dss-dgs . dn(n—l)
For brevity let

_ GMy(r90 — Tho)
Ppop=—"—"—5—

TooTnoC?
P = GM, (790 — T10)
10 TooT10C>
P = GMy(r11 — 121)
2t T11721 €2
p.. = GM,(ry2 — 732)
5 TyoT32C2
GMy_1(Tn—1)(n-1) — Tn(n-1))
Pn(n—l) =

T(n—l)(n—nrn(n—l)cz

10
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For simplicity let
Pyg=P;1=P3,=.. -:Pn(n—l)

PyotPyy + Pay . Py 1)=Po

Relative density d from position 1 to position 0

GMy(199 — T
dyo =1+ 0(Too 210)=1+P10
TooT10€C

And furthermore.

GMy (111 — 721) " Gd%oMo(rlo — Ty)

dpr =1+———— =1 =1+4+d%P,, =1+ d?P
2l Ty1721C? T1oT20C2 Tof21 70P10
GMy(ry, — T Gd3,My(1y0 — T Gd2.d2 M- (rom — 7
d32=1+L232)= 14 2% o 202 30): 1 4 %o 0(23 30) L d Py, =14+ dhPy
T22732€ T20T30C T0T30C

GCMn—1y(Ttn-1)(n-1) — Ta(n-1)) 14 G(dy-1y0)Mo(Tn-1y0 = Tno)
rn(n—l)r(n—1)(n—1)C2 r(n—l)OrnOC2
n G(d%n—l)(n—z))(d(zn—z)(n—s))(d(zn—3)(n—4)) e Ao Mo (T — T(n-1)0)

2
"o (n-1)0€

dn(n—l) =1 +

2(n—-1
1 =1+ d2" Py

1+d2"Vp,

dno = dyg-da1-d3z - dy3-dsy-des - Apm-1)

dno = (1 + Pyo)(1 + digPo)(1 + dfoPyo) ... (14 digPy,)

Consider
Where

Z, = 0and

x=n
Z Zy=Yy
x=1

dno = (1 + Pio)(1 + dZyPyo) (1 + dioPro) .. (1 + A28V Pyp)
Let

A = Pyo + d2Pyo+dioPyo+dSoPro+..+diy PPy

dZyA = dZ Py + digPyo + dSoPyo +---+df(()n_1)P10+dng10
dfoA — A=df§Po — Pio

A(dfy — D=d{ Py — Py

11
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_d%gPIO_PIO

A=
dz, —1
4= d§Pio — Pio
(1+Pp)-1
2Py, — P
A 10 P10 — P10

T (1 +2P, +P3)—1
— dlzgpl(] - PlO
(ZPIO + P120)

P2, can be ignored because it is much smaller than 2P, ,.
4= digPro — Pro

dZn_
A= 10
2

Substituting
dlo =1 + P].O

_(1+P10)2n_1

A
2

Substituting

PnO
P = —_—
10 n

(1+%§f"—1 e(@Pno) — 1

2 - 2

A = Pl() + d]2'0Plo+di4-0P10+d]6_OP10+---+df(()n_1)Plo

dn() = (1 + PIO)(]' + d%OPIO)(l + dfOPIO) e (1 + df((]n—l)Plo)
dno = et

Substituting

2 e(ZPTIO) -1
= T

e(ZPno)_l
dno =e 2
Where
_ GMy(r90 — Tho)

P
no 2
Too"moC

For ryy— the equation for P,zcan be simplified to

GM,

TyoC?

PnO

12
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7. RELATIVE DENSITY OF SPACE-TIME FROM MERCURY PLANET TO EARTH.
Let
G = Gravitational constant = 6.67384 x 107! m3kg~1s~2
M,= Mass of the sun observed from Earth =1.98847 x 103° kg
Tme = Distance from the sun to Mercury observed from Earth = 5.74 x 101° m or 0.574x10'! m
7,. = Distance from the sun to Earth observed from Earth = 1.496 x10*! m or 14.496 x10!° m
¢ = Speed of light =3 x 108 ms™?!
The relative density d of space-time from Mercury planet to Earth is

e(2Pme)_1

dmercury eart = dme =e 2

_ GMe(ree B rme)
me — 2
TeeTmeC

_ 6.67384x 1071 1.98847 x 10%°(1.496 x10'! — 0.574 x 10'1)
me 1.496 x101'x 5.74 x101° x 9 x 1016

b 12.2356136 x 103°
me ™ 7728336 x1037

P = 1.58321x 1078

o(2x158321x1078) _;
dpe =€ 2

Consider
e"=14+n
ifln] <1

1+ (2x 1.58321x 10—8)—1)
dme =€ 2

(2x 1.58321X10_8)
dpe =€ 2
_ ,1.58321x1078
Adme =€

dme =1+ 1.58321x1078

If light with a frequency of 5 x 10'* Hz is emitted from Earth’s orbit, then when it reaches Mercury’s orbit, its frequency is (1 +
1.58321x1078) x 5 x 10** Hz = (5 x 10'* + 7,91605 x 10%)Hz indicating gravitational blueshift. If light with a frequency of 5 x
10* Hz is emitted from Mercury’s orbit, then when it reaches Earth’s orbit, its frequency is 5 x 101*/(1 + 1.58321x 1078) Hz =

(5x 10 - 7,91605 x 10%)Hz indicating gravitational redshift.

If a ball with a mass of 2 kgs is dropped from Earth’s orbit toward the sun when it reaches Mercury’s orbit, its total mass is (1 +

1.58321x1078) x 2 kgs = (2 + 3,16642 x 10~®) kgs. The velocity of the ball when it reaches Mercury’s orbit is
m,= Mass of the ball at Earth’s orbit == (2 + 3,16642 x 107%) kgs

m,,= Mass of the ball at Mercury’s orbit = 2 kgs

V= Velocity of the ball at mercury orbit

c= Velocity of light =3 x 108 m/s
13
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My = ——n
m = Vz
1=z
2
m
m2, = ‘;/2
1=z
V: m?
1_?_m2
m
v:  omg
2 m2,
vz m?
cz m2,
2 _ e\ 2
Ve=(01-—)c
m
22
v2=(1- 2
A= G ¥ 31668210 52°
4
Vi=(1- )c?

(4 + 12.66568x 1078 4+ 10.02622x 10716)

10.02622x 1071¢ is very small compared to 12.66568 x 10~8and can be ignored.

4
" (4 + 12.66568 x 10-8)

VZ=(~1 )c?

12.66568 x 1078 is very small compared to 4 so equation can be modified.

4 —12.66568x 1078
Vi=(1- 2 )c?

,  12.66568x107%
Ve = 7 c

V2 =3,16642 x 107 8¢?

V =./3,16642x 1078 x 3x 108
V =1.7794x107* x 3x 108
V =5.33883x10*m/s

Because the value of B, is very small, the calculation using the classic method will result in the same result.

Ek = Ep

1 2 GMm  GMm
-mv- = — -

2 Te ™m
1 2 GMm GMm
-mv- = -

™ Te
Imv? = GMm (=-2)
2 m Te
2 Tem

14
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_ 2x6.67384x 10711 1.98847 x 103°(1.496 x10'! — 0.574 x 10'1)

v

1.496 x1011x 5.74 x101°

2447122 x10%
"~ 8.587041 x1021

v? = 2.8497845 x 10°

2

V =5.33883x10*m/s

In addition, there are differences in the results between observers on Earth and observers on Mercury.

Object of the
observations

Result from Earth

Calculation from Mercury

Calculation result from
Mercury

Mass of the sun

1.98847 x 103%kg

(1+ 1.58321x1078) x
1.98847 x 103° kg

1.98847 x 103%g +
3.14817 x 10%%kg

on axis

1+158321x10°8 "

Distance from Mercury 5.79x 10°m 5.79x 10" 5.79x10°m -366 m

to the sun 141.58321x 1078

Diameter of the sun 1.3927 x 10°.m 1.3927 x 10° 1.3927 x 10°.m - 22.05 m
1+158321x10°8

Average rotating the sun | 27 days = 2.3328 x 10°s 2.3328x10° 27 days — 0.036 s

Mass of the universe

1.73 x 10%%kg

(1+1.58321x 10°%) x
1.73x10%% kg

1.73 x 10%%kg +
2.739 x 10*kg

The object Q has a mass 2 times that of the Sun and a diameter of 3 km. Observer O1 at position 0 is at a relative distance from object

Q.
M, =3.976941 x 103° kg

8. LARGER DENSITY OBJECT

Diameter of the universe | 93.016 x 10 light years 93.016 x 10° ) 93.016 x 10° light years —
1+1.58321x10-8 light years | 147 64 light years
Table 3

Figure 8

15
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Tno = 3000 m
G = Gravitational constant = 6.67384 x 107! m3kg~1s~2

¢ = Speed of light =3 x 108 ms~?!

b GM,
no — rnocz
_ 6.67384x107" x3.976941x 10°
no 3x103x9x 1016

P,, = 0.983017

e(ZPnO)_l
dno =e 2

6(2 X 0.983017)_1

dTlO =e 2
8(1.966035)_1

dno = e( 2
7.142301-1

dp=eC 2 )

d,, = e307115

n

dno = 21.5669

Rounded

dTlO = 22

If light with a frequency of 5 x 10'* Hz is emitted from position 0 toward object Q, then when it reaches position n its frequency is
22 x5x 10'* Hz=1.10 x 10 Hz. If light with a frequency of 5 x 10'* Hz is emitted from position n, then when it reaches position 0,
its frequency is 5 x 10**/22 Hz = 22.73 x 102 Hz.

For the result of object observations from position 0 and position n see the table below.

Object of the observations Result from position 0 Result from position 0
Mass of the object Q 3.976941 x 103° kg 22 x3.976941 x 10%° kg = 8.74927 x 103!
Diameter of the sun 1.3927 x 10°.m 1.3927 x10°/22m =6.3305x 10”.m
Average rotating the sun on axis 27 days = 2.3328 x 10°s 2.3328x10%/22s =1.0604 x 10°.s
Mass of the universe 1.73 x 105%kg 22x 1.73x10°3 kg= 3.806 x 105* kg
Diameter of the universe 93.016 x 10° light years 93.016 x10°/22 = 4.228 x 10° light years
Table 4

9. RELATIVE UNIVERSE

From Tables 3 and 4, we can conclude that the observation of mass, length, and rotation period of an object differs depending on the
position of the observer on Earth, Mercury, and other places. There are many places in the universe, and the values of the relative density
of space-time differ from one place to another. Therefore, the mass, length, and period of an object differ between them. The result is
that there are no absolute values of mass, length, and period of objects in the universe, only relative values. The mass and diameter of
the universe are relative values observed from Earth. There are many places outside Earth with a relative value of d lower than 1, such
as a location far from the star at the edge of our galaxy, or a value of d much larger than 1, as at a location at the neutron star.

16
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10. LOCALIZATION PRINCIPLE
Observer O, and observer O are at different positions, with Oy at position Py and O at position P». Let the relative density from P; to
P,be dy,= 1.6 0r dyy = di =1 = 0.625.
12

1.6

They observe the object’s carbon-12 atomic mass, quartz crystal vibration, and hydrogen atom Bohr radius at each position:

Observer O;’s results:
Carbon-12 atomic mass = 12 amu (atomic mass unit)
Quartz crystals vibrate at 32768 times per second

Hydrogen Bohr radius = 1.00054 A (Angstrom)

Observer O3’s results:

Carbon-12 atomic mass = 12 amu

Quartz crystals vibrate at 32,768 times per second
Hydrogen Bohr radius = 1.00054 A

Localization principle: Every observer has the same result when they observe an object of the same kind at the same position.

But if observer O; at position Pjobserves objects at position P> with d;, = 1.6 the results are:
Carbon-12 atomic mass = d,;x 12 amu = 1.6 x 12 amu =19.2 amu

Quartz crystals vibrate at d;, x 32,768 times per second = 1.6 x 32768 = 52,428 times per second

Hydrogen Bohr radius = di x 1.00054 A = i x 1.00054 A = 0.62534 A
12 B

And if observer O, at position P, observes objects at position Py with d,; = 0.625 the results are:
Carbon-12 atomic mass = d,;x 12 amu = 0.625 x 12 amu = 7.5 amu

Quartz crystals vibrate at d,; x 32,768 times per second = 0.625 x 32768 = 20,480 times per second

Hydrogen Bohr radius = di x 1.00054 A = ﬁx 1.00054 A = 1.600864 A
21 .

17
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11. PSEUDO MOVEMENT

04 P4
®
h g N
-~
O3 02 P3

Figure 9

Observer O; stays still at position P, observer O, stays still at position P, and observer O3 moves from position P, to position P;. Object
A and object B do not move.

S = Distance from position A to position B as observed by Observer O,
S>= Distance from position A to position B as observed by Observer O
A4S = Pseudo distance difference.

AT = Time required by observer Osto travel from position P to position P;.
V, = Pseudo movement

1

Sy = —
2 da1

d,; > 1 Because gravity is toward position O, then

S1> 5>
A5251—S2.
V_AS
PTAT

When Observer O3 was at position P> he saw the distance from A to B as S,. When Observer O3 arrived at Position Py he saw the distance
from A to B as S;. Then Observer Oz observed the pseudo distance difference between A and B as AS, and the pseudo movement as

AS
V, =—.
P ar

18
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01 Py

Figure 10

Observer O; stays still at position P, while observer O, stays still at position P,. Object A and object B do not move. There are two
objects C and D moving away from O2.

From the viewpoint of Observer O;.

Sipegi = Distance of object A and object B when objects C and D begin to move away from observer Ox.
S1ena = Distance of object A and object B after objects C and D end moving away from observer O,.
Because there is no change in gravitation at Observer O, there is no change in relative density.

dena begin = dep =1

1

Stend = d Slbeg
eb

Slend = Slbegin

From the viewpoint of observer Os.

S2pegin = Distance of object A and object B when objects C and D begin to move away from observer O..
S,ena = Distance of object A and object B after objects C and D end moving away from observer O».

AS, = Pseudo distance difference.

AT = Time interval of objects C and D moving away from observer O,

V, = Pseudo movement

Because of the change in the distance of objects C and D to P» the relative density at position P> changes.
dend begin = dep < 1 Because objects C and D moving away from O2.

1

Srena = d Szbeg
ab

SZend > SZbeg
19
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AS; = Soen — Szbegi

_AS,
PTAT

. . . . A4Sy . .
Observer O, saw that there is a pseudo distance difference with value 4S,, and the value of pseudo movement as 1, = A_Tz is different

from the result from Observer O; that there is no change in the distance between object A and object B

12. EXPANDING UNIVERSE

Since the Big Bang, our universe continues to expand. Every galaxy moves away from each other. According to section 10 the relative
density caused by objects moving away from the observer is depng pegin = dep < 1. Let an observer on Earth observe the distance of
galaxy A to galaxy B

Spegin = Distance of galaxy A and galaxy B at the beginning of observation
Sena = Distance of galaxy A and galaxy B at the end of observation

v, = Pseudo velocity of the expanding universe.

AT = Time interval of observation.

v, = Total velocity of the expanding universe seen by an observer.

v, = Real velocity of the expanding universe.

dep < 1 so there is pseudo movement.
Send = d b Sbegin
e

Send > Sbegin
AS = Sena — Sbegin

V_AS
PTAT
Ve =1 + 1

Pseudo-movement is part of the total velocity of the expanding universe seen by an observer. Pseudo-movement makes the total velocity
of expansion faster than it should be.

13. DECREASING THE UNIVERSE’S MASS
There is another consequence of the expanding universe: the mass of the universe is decreasing
Let
M,, = The mass of the universe at the beginning of observation.
M, = The mass of the universe at the end of observation.
dend begin = dep < 1 because the universe is expanding.
Then
M, = depMy,
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and M, < M,

Therefore the mass of the universe is decreasing because of the expansion of the universe.

14. CONCLUSIONS
1. Gravitation is the relative density of space-time.
2. Gravitation can affect the observation results of the same object.

3 There is pseudo movement between two objects due to changes in the value of the relative density of the observer.
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