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Abstract 

Assuming that an absolute stationary inertial frame exists in the universe and the speed of light 
is constant only in the absolute stationary inertial frame, new equations for inertial mass, 
momentum and kinetic energy in a moving inertial frame are derived. 

In the process of deriving the new equations, an experiment was presented to obtain the 
velocity of the inertial frame moving relative to the absolute stationary inertial frame.  If this 
experiment is successful, we could find out how fast and in which direction our Earth is moving 
in space. 

1.0 Introduction 

Albert Einstein derived the equations for time dilation, mass increase, and kinetic energy in the 
theory of special relativity published in 1905, assuming that light speed is constant in all inertial 
frames and the absolute stationary inertial frame does not exist in the universe  [R-1]. 

In this study, new equations for inertial mass, momentum, and kinetic energy in an inertial 
frame moving relative to the absolute stationary inertial frame are derived by assuming that an 
absolute stationary inertial frame exists and using the two assumptions for the speed of light 
below. 

§ Assumption 1: An absolute stationary inertial frame exists in the universe 

§ Assumption 2: The speed of light observed in an absolute stationary inertia frame is 
constant regardless of the movement of the light source.  That is, light emitted from 
both a moving and a stationary object have the same speed in an absolute stationary 
inertial frame. 

§ Assumption 3: Based on Michelson-Morley’s experiment [R-2], in a moving inertial frame, 
the round-trip speed of light in all directions is the same and is equal to the speed of 
light in the absolute stationary inertial frame. 
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2.0 Conversion Factors to Absolute Stationary Inertial Frame 

 

 

 

  

 

 

 
Figure 1.  Observe a golf ball hit in an inertial frame flying with velocity v0 in an 

absolute stationary inertial frame 

As shown in Figure 1, in order to calculate the kinetic energy of an object thrown from a moving 
inertial frame in terms of an absolute stationary inertial frame, the following four conversion 
factors are used. 

§ Length Conversion Factor 
§ Time Conversion Factor 
§ Velocity Conversion Factor 
§ Mass Conversion Factor 

In the process of deriving this equation, an experiment is presented to determine the velocity 
of an inertial frame moving relative to the absolute stationary inertial frame and the new 
equation for the relative velocity of an object observed in a moving inertial frame to the 
absolute stationary inertial frame. 

2.1 Factor that converts length observed in the moving inertial frame to 
length observed in the absolute stationary inertial frame 

As shown in Figure 2, consider that a spaceship with a semicircular reflector flies at v0 speed and 
generates light at the center of the spaceship. 

 

 

 

 

 

Figure 2.  A spaceship flying at velocity v0 relative to the absolute stationary inertia frame 

Absolute Stationary Inertial Frame 

Moving Inertial Frame with V0 
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The path of light emitted from the source at the center of the spaceship hits point Y1.  Point Y1 
reflects the light back to the source.  The motion of this light path is observed from the 
absolute stationary inertial frame as follows: 

 

 

 

 

 

 

 

 

 

Figure 3.  The path of light in a spaceship observed in an absolute stationary inertial frame 

The path of light reflected at point Y1 and returned to the center of the spaceship 

Assuming no length contraction in the Y axis, the time t3 + t4, represents the time it takes for 
the emitted light to hit Y1 point and reflect back to the source.  The time t3 + t4 can be 
calculated as follows in the absolute stationary inertial frame. 

t3 :  The time it takes for the light emitted from the source at center of the spaceship to 
reach point Y1 of the reflector. 

(𝐿!)" + (𝑣!𝑡3)" = (𝑐𝑡3)" 

t4 :   The time it takes for the light reflected from point Y1 back to the center of the 
spaceship. 

(𝐿!)" + (𝑣!𝑡4)" = (𝑐𝑡4)" 

𝑡3 + 𝑡4 =
2𝐿!

,𝑐" − 𝑣!"
 (1) 

 
The path of light reflected from a point on the reflector and returned to the center of the 
spaceship 

The time t1 + t2, represents the time it takes for the emitted light to travel from the source at 
center of the spaceship to any point on the reflector, then back to the source.  This can be 
calculated for the absolute stationary inertial frame as follows: 

(𝑐𝑡1)" = (𝐿	𝑠𝑖𝑛𝜃)" + (𝐿	𝑐𝑜𝑠𝜃 + 𝑣!𝑡1)" = 𝐿" + 2𝐿𝑐𝑜𝑠𝜃𝑣!𝑡1 + (𝑣!𝑡1)" 
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𝑡1 =
𝐿𝑣!𝑐𝑜𝑠𝜃 + ,𝐿"(𝑐𝑜𝑠𝜃)"𝑣!" + 𝐿"(𝑐" − 𝑣!")

𝑐" − 𝑣!"
 (2) 

 

(𝑐𝑡2)" = (𝐿	𝑠𝑖𝑛𝜃)" + (𝐿	𝑐𝑜𝑠𝜃 − 𝑣!𝑡2)" = 𝐿" − 2𝐿𝑐𝑜𝑠𝜃𝑣!𝑡2 + (𝑣!𝑡2)" 

𝑡2 =
−𝐿𝑣!𝑐𝑜𝑠𝜃 + ,𝐿"(𝑐𝑜𝑠𝜃)"𝑣!" + 𝐿"(𝑐" − 𝑣!")

𝑐" − 𝑣!"
 (3) 

 

𝑡1 + 𝑡2 =
2𝐿,(𝑐𝑜𝑠𝜃)"𝑣!" + (𝑐" − 𝑣!")

𝑐" − 𝑣!"
 (4) 

 
Based on Assumption 3, the speed of light is the same in all directions, so the time for the 
round-trip t1+t2 (4) for any one point, and time for the round-trip t3+t4 (1) for Y1 must be the 
same as follows: 

2𝐿,𝑣!"(𝑐𝑜𝑠𝜃)" + (𝑐" − 𝑣!")
𝑐" − 𝑣!"

=
2𝐿0

,𝑐" − 𝑣!"
 

The length L0 in a moving inertial frame is observed to be contracted compared to L in the 
absolute stationary inertial frame as follows: 

𝐿 =
𝐿!	,𝑐" − 𝑣!"

,𝑐" − 𝑣!" + 𝑣!"(𝑐𝑜𝑠𝜃)"
=

𝐿!

61 + 𝑣!
"(𝑐𝑜𝑠𝜃)"
𝑐" − 𝑣!"

 
(5) 

 
The length contraction factor 𝑅# that converts length in a moving inertial frame to length in the 
absolute stationary inertial frame is defined as follows: 

𝑅# =
𝐿
𝐿!
=

1

61 + 𝑣!
"(𝑐𝑜𝑠𝜃)"
𝑐" − 𝑣!"

 
(6) 

 
2.2 Factor that converts time observed in the moving inertial frame to time 

observed in the absolute stationary inertial frame 

In a moving inertial frame, unit time is defined as the time for light to travel a distance L0 back 
and forth as shown in Figure 4. 

    

 

 
Figure 4.  Unit time in an inertial frame 
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Unit time in an inertial frame is expressed as follows: 

𝑡0 =
2𝐿!
𝑐

 (7) 

 
Since the absolute stationary inertial frame observes the round-trip time of the moving inertial 
frame as (1) that is always greater than time of (7), it can be inferred that the unit time in the 
moving inertial frame is slower than the unit time in the absolute stationary inertial frame. 

Using the time t in absolute stationary inertial frame time (1) and the time t0 in a moving 
inertial frame time (7), the factor 𝑅$ that converts the moving inertial frame time to the 
absolute stationary inertial frame time is defined as follows; 

𝑅$ =
𝑡
𝑡!
=

2𝐿!

𝑐81 − 𝑣!
"

𝑐"
2𝐿!
𝑐

=
1

81 − 𝑣!𝑐"
 (8) 

 
How to measure the velocity, V0, of a moving inertial frame  

Based on (2) and (3), the difference between the time t1 to reach a surface point and the time 
t2 to return to the source can be expressed as follows in the absolute stationary inertial frame: 

∆𝑡% = 𝑡1 − 𝑡2 =
2𝐿𝑣!𝑐𝑜𝑠𝜃
𝑐" − 𝑣!"

=
2𝐿!𝑣!𝑐𝑜𝑠𝜃

(𝑐" − 𝑣!")61 +
𝑣!"(𝑐𝑜𝑠𝜃)"
𝑐" − 𝑣!"

=
2𝐿!𝑣!𝑐𝑜𝑠𝜃

𝑐"81 − 𝑣!
"

𝑐"
81 − 𝑣!

"(𝑠𝑖𝑛𝜃)"
𝑐"

 
(9) 

 
Considering time dilation, the time difference in a moving inertial frame is then 

∆𝑡& = ∆𝑡%61 −
𝑣!"

𝑐"
=

2𝐿!𝑣!𝑐𝑜𝑠𝜃

𝑐"81 − 𝑣!
"(𝑠𝑖𝑛𝜃)"
𝑐"

 (10) 

Max ∆𝑡! occurs at q=0, so 

∆𝑡&_(%) =
2𝐿!𝑣!
𝑐"

 (11) 

 
If the maximum ∆𝑡!_𝑚𝑎𝑥 can be measured by experiment, the velocity of the moving inertial 
frame can be obtained as follows: 

𝑣! = ∆𝑡&_(%)
𝑐"

2𝐿!
 (12) 

If this experiment is successful, one can determine the direction and velocity of the inertial 
frame moving in space. 



2.3 Factor that converts the velocity observed in the moving inertial frame to 
the velocity observed in the absolute stationary inertial frame 

Using the length conversion factor 𝑅# (6), and the time conversion factor 𝑅$ (8), the velocity 
conversion factor 𝑅* can be obtained.  Using this factor 𝑅* , the velocity observed in a moving 
inertial frame can be converted to the velocity observed in an absolute stationary inertial frame. 

𝑅* =
𝑅#
𝑅$

=
1

61 + 𝑣!
"(𝑐𝑜𝑠𝜃)"
𝑐" − 𝑣!"

∙ 61 −
𝑣!"

𝑐"
= ;1 −

𝑣!"

𝑐"
< ∙

1

81 − 𝑣!
"(𝑠𝑖𝑛𝜃)"
𝑐"

 
(13) 

 

2.4 Mass Increase Factor, 𝜸 due to a Moving Inertial Velocity 

When a bomb with at-rest mass 𝑚!  in the absolute stationary inertial frame flies at a speed of 
𝑣! and explodes at a speed 𝑣+, that is relatively much slower than the speed of light in all 
directions as shown in Figure 5. 

 

 

 

 
Figure 5.  A bomb with at-rest mass m0 explodes with velocity v1 while flying with velocity v0 

As shown in Figure 5, the velocity 𝑣, of the fragment observed in the absolute stationary 
inertial frame can be expressed as follows: 

𝑣, = ,𝑣!" + 2𝑣!𝑣𝑐𝑜𝑠(𝜃) + 𝑣" (14) 
 
The mass increase factor g is inferred using the following two approaches 

2.4.1 Approach 1 

Assume that the mass increase factor g due to the velocity 𝑣 of a moving inertial frame is as 
follows: 

𝛾 = ;
𝑐"

𝑐" − 𝑣"
<
-

 (15) 

 
Assuming that the bomb mass increases by a factor of 𝛾" in an inertial frame moving at 𝑣" , let 
us assume the explosive kinetic energy as follows. 

v 

q 

v0 

vb 

RvV1 



𝐸._,/(,_( =
1
2
𝑚!𝑣+"𝛾! =

1
2
𝑚!𝑣+" ;

𝑐"

𝑐" − 𝑣!"
<
-

 (16) 

Where 𝛾! : the mass increase factor g at the velocity of the moving inertial frame, 𝑣! 

If 𝑣+ is relatively close to 0 compared to the speed of light, the fragment kinetic energy in an 
arbitrary direction can be calculated as follows, using the mass increase factor g assumed in (15). 

𝐸._01%2 = @ 𝑣,𝑑(𝑃)
3!*"

!
=	@ 𝑣,𝑑 C

𝑚!

4𝜋
𝛾𝑣,E =

𝑚!

4𝜋
@ 𝑣,𝑑 F;

𝑐"

𝑐" − 𝑣,"
<
-

𝑣,G
3!*"

!

3!*"

!

=
𝑚!

4𝜋
𝑐"-@

𝑣!𝑐𝑜𝑠(𝜃) + 𝑣
[𝑐" − (𝑣!" + 2𝑣!𝑣𝑐𝑜𝑠(𝜃) + 𝑣")]-4+

[𝑐"
3!*"

!
+ (2𝑛 − 1)(𝑣!" + 2𝑣!𝑣𝑐𝑜𝑠(𝜃) + 𝑣")] 𝑑𝑣

=
𝑚!𝑐"-

8𝜋(𝑛 − 1)
F
(2𝑛 − 1)(𝑣!" + 2𝑣!𝑣+𝑐𝑜𝑠(𝜃) + 𝑣+") − 𝑐"

[𝑐" − (𝑣!" + 2𝑣!𝑣+𝑐𝑜𝑠(𝜃) + 𝑣+")]-
−
(2𝑛 − 1)𝑣!" − 𝑐"

(𝑐" − 𝑣!")-
G 

(17) 

 
The total explosive energy of the bomb for n=1/2 can be calculated by integrating Equation (17) 
over all three dimensions. 

𝐸.#$%# = @ 𝐸.&'() ∙ 2𝜋 ∙ sin(𝜃)
5

!
𝑑𝜃

= @
𝑚!𝑐6

2
⎣
⎢
⎢
⎡ 1

8𝑐" − Q𝑣!" + 2𝑣!𝑅*𝑣+𝑐𝑜𝑠(𝜃) + 𝑅*"𝑣+"R
−

1
,𝑐" − 𝑣!"

⎦
⎥
⎥
⎤
∙ sin(𝜃)

5

!
𝑑𝜃

≈ @
𝑚!𝑐6

2,𝑐" − 𝑣!"
F
2𝑣!𝑅*𝑣+𝑐𝑜𝑠(𝜃) + 𝑅*"𝑣+"

2(𝑐" − 𝑣!")
G ∙ sin(𝜃)

5

!
𝑑𝜃

≈
𝑚!𝑐6

2,𝑐" − 𝑣!"
F

𝑣+"

2(𝑐" − 𝑣!")
2
(𝑐" − 𝑣!")

𝑐2
G ≈

𝑚!𝑣+"

2
𝑐

,𝑐" − 𝑣!"

=
𝑚!𝑣+"

2
;

𝑐"

𝑐" − 𝑣!"
<
+/"

 

(18) 

 

Since Equation (18) satisfies Equation (16) for n=1/2, we can infer the mass increase factor as 
follows. 

 

𝛾 = ;
𝑐"

𝑐" − 𝑣"
<
+/"

=
1

81 − 𝑣
"

𝑐"

 (19) 

 

  



2.4.2 Approach 2 
 

Assuming that the bomb mass increases by a factor of 𝛾# when it explodes at 𝑣# in an inertial 
frame moving at 𝑣" , let us assume the explosive kinetic energy as follows. 

𝐸._,/(, =
1
2
𝑚!𝑣+"𝛾+ (20) 

Where 𝛾+ : the mass increase factor g at the velocity of square root of average 𝑣," for the 
fragment 

Average	of	𝑣," = @ _𝑣!" + 2𝑣!𝑅*𝑣+𝑐𝑜𝑠(𝜃) + 𝑅*"𝑣+"`
sin(𝜃)
2

𝑑𝜃
5

!

= 𝑣!" + 𝑣+"
_𝑐2 − 𝑣0

2`
3
2

𝑐2𝑣0
𝑡𝑎𝑛−1 ;

𝑣0
,𝑐2 − 𝑣02

< ≈ 𝑣!" + 𝑣+"
Q𝑐2 − 𝑣0

2R
𝑐2

≈ 𝑣!" + 𝑣+" −
𝑣!"𝑣+"

𝑐"
 

If 𝑣+ is relatively close to 0 compared to the speed of light, the kinetic energy of the fragments 
in an arbitrary direction cab be approximately expressed using the mass increase factors 𝛾! and 
𝛾+ as follows: 

𝐸._01%2 = @ 𝑣,𝑑(𝑃)
3!*"

!
=	@ 𝑣,𝑑 C

𝑚!

4𝜋
𝛾𝑣,E =

𝑚!

4𝜋
@ {𝑣,"𝑑𝛾 + 𝛾[𝑣!𝑐𝑜𝑠(𝜃) + 𝑣+]𝑑𝑣}
3!*"

!

3!*"

!
 

≈
𝑚!

4𝜋
c
_2𝑣!" + 2𝑣!𝑅*𝑣+𝑐𝑜𝑠(𝜃) + 𝑅*"𝑣+"`

2
(𝛾+ − 𝛾!) +

[𝛾+𝑣!𝑐𝑜𝑠(𝜃) + 𝛾+𝑅*𝑣+ + 𝛾!𝑣!𝑐𝑜𝑠(𝜃)]
2

𝑅*𝑣+d 
(21) 

Where 𝛾! : the mass increase factor g at the velocity of the moving inertial frame, 𝑣! 

By integrating Equation (21) over all three-dimensions, the total explosive energy of the bomb 
can be obtained as follows: 

𝐸._,/(, = @ lim
*"→	!

𝐸._01%2 ∙ 2𝜋sin(𝜃)
5

!
𝑑𝜃

=
1
2
𝑚! c;2𝑣!" + 2𝑣+" −

2𝑣!"𝑣+"

𝑐"
< 𝛾+ − ;2𝑣!" + 𝑣+" −

𝑣!"𝑣+"

𝑐"
<𝛾!d 

(22) 

Since the explosive energy calculated in (22) from the perspective of an absolute stationary 
inertial frame should be equal to the assumed explosive energy in (20), 𝐸$_&'(& =

#
)
𝑚"𝑣#)𝛾# 

from the perspective of a moving inertial frame,  *&
*'

 can be obtained as follows: 

(2𝑣0
2 + 𝑣12 −

2𝑣02𝑣12

𝑐2 )𝛾1 = (2𝑣0
2 + 𝑣12 −

𝑣02𝑣12

𝑐2 )𝛾0 
 



𝛾0
𝛾1

= 1 −
𝑣02𝑣12

𝑐2 ,2𝑣02 + 𝑣12 +
𝑣02𝑣12
𝑐2 -

≈ 1 −
𝑣02𝑣12

𝑐2 .2𝑣0
2 + 𝑣12/

≈ 1 −
𝑣12

2𝑐2 ≈
01 −

𝑣12
𝑐2  (23) 

 
Based on (23), assuming 𝛾 = +

=+>!
*

+*

		and directly calculating  ?,
?"

 as (24) , we get the same result as (23).  

Therefore,	𝛾 = +

=+>!
*

+*

	 can be inferred 

 

𝛾0
𝛾1

=

01 −
𝑣02 + 𝑣12 −

𝑣02𝑣12
𝑐2

𝑐2

01 − 𝑣0
2

𝑐2

=
0𝑐2 − 𝑣02 + 𝑣12 −

𝑣02𝑣12
𝑐2

1𝑐2 − 𝑣02
= 21 −

𝑣12 −
𝑣02𝑣12
𝑐2

𝑐2 − 𝑣02

= 01 −
𝑣12(𝑐2 − 𝑣02)
𝑐2(𝑐2 − 𝑣02)

= 01 −
𝑣12
𝑐2  

(24) 

 

 
3.0 Kinetic Energy, Momentum and Inertial Mass in an Inertial Frame Moving 

Relative to an Absolutely Stationary Inertial Frame 

3.1 Kinetic Energy Observed in Absolute Stationary Inertial Frame 

 

 

 

 

 

 

Figure 6.  The velocity of an object m thrown with a velocity V1 in an inertial frame M 
moving at a velocity V0 and the velocity change of the inertial frame M, as 
observed in an absolute stationary frame 

As shown in Figure 6, in an inertial frame with mass M moving with velocity 𝑣! , an object with 
mass m is thrown at angle q with a velocity 𝑣+. 

Observing this in the absolute frame, the object with mass m moves as 𝑅*𝑣+ by the velocity 
conversion factor 𝑅* (13) , and in order to conserve momentum, the inertial frame with mass M 
moves in the opposite direction at 𝑣" =

(,*"
@,

  velocity. 

V 

m Vm 

RvV1 

RvV2 

V0 
VM 

q 

M 



Therefore, the velocities of m and M observed in the absolute stationary inertial frame can be 
expressed as: 

𝑣( = ,𝑣!" + 2𝑣!𝑣𝑐𝑜𝑠(𝜃) + 𝑣" (25) 
 

𝑣@ = 6𝑣!" − 2𝑣!
𝑚!𝑣
𝑀!

𝑐𝑜𝑠(𝜃) + h
𝑚!𝑣
𝑀!

i
"

 (26) 

Using the mass increase factor g from (19), m and M are expressed as follows: 

𝑚 = 𝑚!𝛾 =
𝑚!

81 − 𝑣(
"

𝑐"

	 
(27) 

 

𝑀 = 𝑀!𝛾 =
𝑀!

81 − 𝑣@
"

𝑐"

 (28) 

Using Equations (25) to (28), the kinetic energy observed in the absolute stationary inertial 
frame can be calculated as follows: 

𝐸.%(𝑣+) = @ 𝑣(𝑑(𝑚𝑣()
3!*"

!
+@ 𝑣@𝑑(𝑀𝑣@)

3!**

!
																																																				

= @ 𝑣(𝑑(
𝑚!

81 − 𝑣(
"

𝑐"

𝑣()
3!*"

!
+@ 𝑣@𝑑(

𝑀!

81 − 𝑣@
"

𝑐"

𝑣@)
3!**

!

= 𝑚!𝑐"

⎣
⎢
⎢
⎢
⎢
⎡

1

61 −
Q𝑣!" + 2𝑣!𝑅*𝑣+ cos(𝜃) + 𝑅*"𝑣+"R

𝑐"

−
1

81 − 𝑣!
"

𝑐"
⎦
⎥
⎥
⎥
⎥
⎤

−
𝑚!𝑣!𝑅*𝑣+ cos(𝜃)

h1 − 𝑣!
"

𝑐" i
6
"

 

(29) 

 

3.2 Momentum observed in Moving Inertial Frame 

The moving inertial kinetic energy 𝐸AB can be calculated with the momentum 𝑃&, and velocity 𝑣 
as follows: 

𝐸.&(𝑣+) = @ 𝑣𝑑(𝑃B)
*"

!
 (30) 

 
Since the kinetic energy 𝐸A% calculated in the absolute stationary inertial frame, and the kinetic 
energy 𝐸AB calculated in the moving inertial frame must be the same, 𝑑(𝑃𝑠) can be obtained by 
differentiating (30) and (29) as follows: 

 



𝑑Q𝐸A&(𝑣)R = 𝑣𝑑(𝑃B) = 𝑑(𝐸A%(𝑣)) 
 

𝑑(𝑃B) =
𝑑Q𝐸A%(𝑣)R

𝑣
 

=
𝑚!𝑐6

𝑣
𝑑

⎩
⎨

⎧ 1

8𝑐" − Q𝑣!" + 2𝑣!𝑅*𝑣 cos(𝜃) + 𝑅*"𝑣"R
−

1
,𝑐" − 𝑣!"

−
𝑣!𝑅*𝑣+ cos(𝜃)

(𝑐" − 𝑣!")
6
"
⎭
⎬

⎫
 

(31) 

 
The momentum in the moving inertial frame can be obtained by integrating 𝑑(𝑃𝑠) (31) as 
follows: 

𝑃𝑠(𝑣+) = @ 𝑑(𝑃𝑠)
*"

!
= 𝑚!𝑐6𝑅*@

1
𝑣
q

𝑣! cos(𝜃) + 𝑅*𝑣

_𝑐" − Q𝑣!" + 2𝑅*𝑣!𝑣 cos(𝜃) + 𝑅*"𝑣"R`
6/" −

𝑣! cos(𝜃)
(𝑐" − 𝑣!")6/"

r 𝑑𝑣
*"

!

=
𝑚!𝑅*

h1 − 𝑣!
"

𝑐" i

⎩
⎪
⎨

⎪
⎧

𝑅*𝑣+ + 2𝑣! cos(𝜃)

61 −
Q𝑣!" + 2𝑅*𝑣!𝑣+ cos(𝜃) + 𝑅*"𝑣+"R

𝑐"

−
𝑣! cos(𝜃)

81 − 𝑣!
"

𝑐"

t2 − 𝑙𝑛(2) + 𝑙𝑛v61 −
2𝑅*𝑣!𝑣+ cos(𝜃) + 𝑅*"𝑣+"

𝑐" − 𝑣!"
−
𝑣!𝑅*𝑣+ cos(𝜃)
𝑐" − 𝑣!"

+ 1wx

⎭
⎪
⎬

⎪
⎫

 

(32) 

3.3 Inertial Mass in a Moving Inertial Frame 

Using the momentum Equation (32) in the moving inertial frame, the inertial mass in the 
moving inertial frame can be obtained as follows: 

𝑚 = lim
*"→!

𝑃𝑠(𝑣+)
𝑣+

=
𝑚!

81 − 𝑣!
"

𝑐"

;1 +
2𝑣!"(𝑐𝑜𝑠𝜃)"

𝑐" − 𝑣!"(𝑠𝑖𝑛𝜃)"
< (33) 

Based on (33), the inertial mass is a function of the velocity of the inertial frame and direction. 

 

 

  



4.0 Analysis in 3-Dimensional Inertial Frame 

4.1 3-Dimensional Velocity Conversion Factor 

 

 

 

 

 

 

 

 
Figure 7.  The path of light in a spaceship, as observed from a 3-dimensional 

absolute stationary inertial frame 

Based on the method in Section 2.1, the 3D length conversion factor 𝑅+_,- can be obtained as 
follows. 

(𝑐𝑡1)" = (𝑣!𝑡1)" + 2𝑣!𝑡1𝐿cos𝜃cos𝜑 + (𝐿cos𝜃)" + (𝐿𝑠𝑖𝑛𝜃)" = (𝑣!𝑡1)" + 2𝑣!𝑡1𝐿cos𝜃cos𝜑 + 𝐿" 

(𝑐𝑡2)" = (𝑣!𝑡2)" − 2𝑣!𝑡2𝐿cos𝜃cos𝜑 + (𝐿cos𝜃)" + (𝐿𝑠𝑖𝑛𝜃)" = (𝑣!𝑡2)" − 2𝑣!𝑡2𝐿cos𝜃cos𝜑 + 𝐿" 

𝑡1 + 𝑡2 =
2𝐿,(𝑐𝑜𝑠𝜃𝑐𝑜𝑠𝜑)"𝑣!" + (𝑐" − 𝑣!")

𝑐" − 𝑣!"
 (34) 

Based on assumption 3, t1+t2 (34) must be the same as t3+t4 (1). 

𝑅#_6C =
𝐿
𝐿!
=

,𝑐" − 𝑣!"

,(𝑐𝑜𝑠𝜃𝑐𝑜𝑠𝜑)"𝑣!" + (𝑐" − 𝑣!")
=

1

61 + 𝑣!
"(𝑐𝑜𝑠𝜃𝑐𝑜𝑠𝜑)"
𝑐" − 𝑣!"

 
(35) 

 
The 3D velocity conversion factor 𝑅*_6C can be obtained using the time conversion factor 𝑅$  (8) 
and the length conversion factor 𝑅#_6C (35) as follows: 

𝑅*-. =
𝑅#-.
𝑅$

= z
𝑐" − 𝑣!

"

𝑐
{ ∙

1
,𝑐" − 𝑣!"(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃)

 

= ;1 −
𝑣!"

𝑐"
< ∙

1

81 − 𝑣!
"(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃)

𝑐"

= z
𝑐" − 𝑣!

"

𝑐
{ ∙

1
,𝑐" − 𝑣!"𝑠𝑖𝑛"𝜑 − 𝑣!"𝑐𝑜𝑠"𝜑𝑠𝑖𝑛"𝜃

 
(36) 
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4.2 Maximum Velocity in a Moving Inertial Frame 
 

 

 

 

 

 

 
 

Figure 8.   Velocity observed in absolute stationary inertial frame for an object 
thrown by V1 in an inertial frame moving at velocity V0 

When an object is thrown at 𝑣+ in an inertial frame moving at 𝑣! , it is observed as 𝑅*𝑣+ in an 
absolute stationary inertial frame, so the object velocity observed in the absolute stationary 
inertial frame can be expressed as follow: 

𝑣D = 8𝑣!" + 2𝑣!𝑅*_6C𝑣+cos𝜑cos𝜃 + 𝑅*_6C"𝑣+"

= |𝑣!" + 2𝑣!𝑣+
𝑐" − 𝑣!

"

𝑐,𝑐" − 𝑣!"(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃)
cos𝜑cos𝜃 + ;

𝑐" − 𝑣!
"

𝑐,𝑐" − 𝑣!"(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃)
<
"

𝑣+" 
(37) 

Since the velocity 𝑣. observed in an absolute stationary inertial frame cannot exceed the speed 
of light, c, the maximum value of 𝑣# can be obtained by substituting 𝑣D = 𝑐 in (37) as follows: 

𝑣+_(%) =
𝑐

𝑐" − 𝑣!"
,𝑐" − 𝑣!"(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃) ∙ }−𝑣!𝑐𝑜𝑠𝜑𝑐𝑜𝑠𝜃 + ,𝑐" − 𝑣!"(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃)~ (38) 

 
 

 

 

 

 

 

Figure 9.  Circular motion at the maximum velocity of the inertial system 
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At any 𝜑, the average velocity of 𝑣#_/01 in 0 < θ < 2π can be obtained by dividing the 
circumference of a circle with radius D, that is, 2πD by the time required for circular motion.  As 
shown in Figure 9, the time it takes to go around the circle, 𝑇"5C is obtained by integrating the 

time to travel 𝐷𝑑𝜃 with 𝑣#_/01 , that is,  
345
6E_FGH

 over 0 < θ < 2π. 

 

𝑇"5C = @
𝐷𝑑𝜃
𝑣+_IJK

"5

!
=
𝐷
𝑐
@ F1 +

𝑣!𝑐𝑜𝑠𝜑𝑐𝑜𝑠𝜃
,𝑐" − 𝑣!"𝑠𝑖𝑛"𝜑 − 𝑣!"𝑠𝑖𝑛"𝜃

G 𝑑𝜃 =
2𝜋𝐷
𝑐

"5

!
 

 

(39) 

Since the time for circular motion at the maximum velocity is constant regardless of the 
direction, the average maximum velocity, 𝑣#_234_/01 is always c.  This means that the circular 
motion of an object in a moving inertial frame cannot exceed the speed of light, c in any 
direction 

𝑣+_%*L_(%) =
2𝜋𝐷
𝑇"5C

= 𝑐 (40) 

 

Suppose we observe the forward light, that is, the light in the direction of 56
)
< 𝜃 < 6

)
 and 56

)
<

𝜑 < 6
)
 from a spaceship moving at the speed of light. 

 
When 𝑣" is close to c, Equation (38) converges to c/2 for the direction of  >5

"
< 𝜃 < 5

"
 and >5

"
<

𝜑 < 5
"
  as follows: 

𝑣+_IJK	 _M_NOPQR = lim
*,→M

𝑣+_(%)

=	 lim
*,→M

𝑐
−2𝑣!

c
−𝑣!(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃)

,𝑐" − 𝑣!"(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃)
}−𝑣!𝑐𝑜𝑠𝜑𝑐𝑜𝑠𝜃

+ ,𝑐" − 𝑣!"(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃)~

+ ,𝑐" − 𝑣!"(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃) F− 𝑐𝑜𝑠𝜑𝑐𝑜𝑠𝜃 −
𝑣!(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃)

,𝑐" − 𝑣!"(1 − 𝑐𝑜𝑠"𝜑𝑐𝑜𝑠"𝜃)
Gd

=
𝑐
2

 

(41) 

 

 

 

 

 

 



4.3 3-Dimensional Kinetic Energy, Momentum and Inertial Mass in a Moving 
Inertial Frame  

 

 

 

 

 

 

 

 
Figure 10.  The velocity of an object m thrown with a velocity V1 in an inertial frame 

M moving at a velocity V0 and the velocity change in the inertial frame M, 
as observed from an 3D absolute stationary inertial frame 

The velocity of an object m thrown in a moving inertial frame and the velocity of the inertial 
frame M can be obtained as follows. 

𝑣( = ,𝑣!" + 2𝑣!𝑣cos𝜃cos𝜑 + 𝑣" 

𝑣@ = 6𝑣!" − 2𝑣!
𝑚!𝑣
𝑀!

cos𝜃cos𝜑 + h
𝑚!𝑣
𝑀!

i
"

 

Based on the method used in Section 3.1, the 3D kinetic energy in an inertial frame can be 
obtained as follows: 

𝐸.%(𝑣+) = @ 𝑣(𝑑(𝑚𝑣()
3!_-.*"

!
+@ 𝑣@𝑑(𝑀𝑣@)

3!_-.**

!
																																																				

= 𝑚!𝑐"

⎣
⎢
⎢
⎢
⎢
⎡

1

61 −
Q𝑣!" + 2𝑣!𝑅*𝑣+cos𝜃cos𝜑 + 𝑅*"𝑣+"R

𝑐"

−
1

81 − 𝑣!
"

𝑐"
⎦
⎥
⎥
⎥
⎥
⎤

−
𝑚!𝑣!𝑅*𝑣+cos𝜃cos𝜑

h1 − 𝑣!
"

𝑐" i
6
"

 

(42) 
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Based on the method used in Section 3.2, the 3D momentum in an inertial frame can be 
obtained as follows. 

𝑃B_6C(𝜃, 𝜑, 𝑣+) =
𝑚!𝑅*

h1 − 𝑣!
"

𝑐" i

⎩
⎪
⎨

⎪
⎧

𝑅*𝑣+ + 2𝑣!cos𝜃cos𝜑

61 −
Q𝑣!" + 2𝑅*𝑣!𝑣+cos𝜃cos𝜑 + 𝑅*"𝑣+"R

𝑐"

−
𝑣!cos𝜃cos𝜑

81 − 𝑣!
"

𝑐"

t2 − 𝑙𝑛(2)

+ 𝑙𝑛 v61 −
2𝑅*𝑣!𝑣+cos𝜃cos𝜑 + 𝑅*"𝑣+"

𝑐" − 𝑣!"
−
𝑣!𝑅*𝑣+cos𝜃cos𝜑

𝑐" − 𝑣!"
+ 1wx

⎭
⎪
⎬

⎪
⎫

 

(43) 

Based on the method used in Section 3.3, the 3D inertial in an inertial frame can be obtained as 
follows. 

𝑚6C = lim
*"→!

𝑃B_6C(𝑣+)
𝑣+

= lim
*"→!

𝑑𝑃B_6C(𝑣+)
𝑑𝑣+

=
𝑚!

81 − 𝑣!
"

𝑐"

;1 +
2𝑣!"𝑐𝑜𝑠"𝜃𝑐𝑜𝑠"𝜑

𝑐" − 𝑣!"(1 − 𝑐𝑜𝑠"𝜃𝑐𝑜𝑠"𝜑)
< (44) 

 

4.4 Hafele-Keating Experiment 

The Hafele-Keating experiments [R-3] and [R-4] were conducted in 1971 to verify special 
relativity.  This experiment was carried out with a cesium atomic clock.  Four atomic clocks 
were placed in an airport, and four atomic clocks were loaded on an airplane to circle the earth 
in the east and west directions. 

The results of the experiment are as follows: 

 nanoseconds, predicted Experiment 
Result 

 gravitational 
(general relativity) 

kinematic  
(special relativity) 

Total nanoseconds, 
measured 

Eastward +144 ±14 −184 ±18 −40 ±23 −59 ±10 

Westward +179 ±18 +96 ±10 +275 ±21 +273 ±7 

 
Considering the predicted time gain by general relativity, the experimental results showed the 
time gain by special relativity in the eastward plane is -0.59x10-7 – 1.44x10-7 = -2.03x10-7 and 



the time gain in the westward plane is 2.73x10-7 – 1.79x10-7 = 9.4x10-8.  According to special 
relativity, since all motion is relative, the time gain experienced in an airplane flying in both 
east and west directions should be negative. 

The result of this experiment is interpreted as follows according to the theory presented in this 
paper. 

 

 

 

 

 

 

 

 

Figure 11.  Airplane travel around the Earth, which rotates in the east 

Assuming the following conditions in Figure 11 

- Earth Radius 𝐷B = 6371	𝑘𝑚 

- Earth’s Rotation Velocity and Direction 𝑣B = 1670	𝑘𝑚/ℎ𝑟, 𝐸𝑎𝑠𝑡 

- Airplane Altitude from the center of the Earth 𝐷S = 6381	𝑘𝑚 

- Airplane Velocity relative to Earth’s surface 𝑣S = 1000	𝑘𝑚/ℎ𝑟 

The inner circle (radius 𝐷7) is the Earth's surface and is rotating at a velocity 𝑣B and the outer 
circle (radius 𝐷8) is the airplane's path. 

The time at the center of the Earth (no Earth’s rotation) that it takes for the Earth surface to 
pass 𝐷B𝑑𝜃 at the Earth’s rotation velocity 𝑣B is: 

𝑑𝑡TU =
𝐷B𝑑𝜃
𝑣B

 (45) 

 
This time can be expressed as follows in the absolute inertia frame. 

𝑑𝑡D,&_TU = 𝑑𝑡TU
𝑐

,𝑐2 − 𝑣02
=
𝐷B𝑑𝜃
𝑣B

𝑐
,𝑐2 − 𝑣02

 (46) 
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The time at the Earth's surface, 𝑑𝑡;7	, is expressed as (47) using the time in absolute stationary 
inertial frame (46)  and the Earth's surface velocity 𝑣.&!_;7 obtained based on (37). 

𝑑𝑡TB =
𝐷B𝑑𝜃
𝑣B

𝑐
,𝑐" − 𝑣!"

61 −
𝑣D,&_TB"

𝑐"

=
𝐷B𝑑𝜃
𝑣B

𝑐
,𝑐" − 𝑣!"

61 −
𝑣!" + 2𝑣!𝑅*-.𝑣Bcos𝜑cos𝜃 + 𝑅*_6C

"𝑣B"

𝑐"
 

(47) 

 
Since an airplane traveling eastward is in the same direction as the Earth’s rotation, the time in 
this airplane can be expressed as (48) using the time and airplane velocity 𝑣D,&_ST  from the 
absolute stationary inertial frame. 

𝑑𝑡ST =
𝐷S𝑑𝜃
𝑣B + 𝑣S

𝑐
,𝑐" − 𝑣!"

61 −
𝑣D,&_ST"

𝑐"

=
𝐷S𝑑𝜃
𝑣B + 𝑣S

𝑐
,𝑐" − 𝑣!"

61 −
𝑣!" + 2𝑣!𝑅*-.(𝑣B + 𝑣S)cos𝜑cos𝜃 + 𝑅*_6C

"(𝑣B + 𝑣S)"

𝑐"
 

(48) 

 
Since an airplane traveling westward is in the opposite direction to the Earth’s rotation, the 
time in this airplane can be expressed as (49) using the time and airplane velocity 𝑣D,&_SV from 
the absolute stationary inertial frame. 

𝑑𝑡SV =
𝐷S𝑑𝜃
𝑣B − 𝑣S

𝑐
,𝑐" − 𝑣!"

61 −
𝑣D,&_SV"

𝑐"

=
𝐷S𝑑𝜃
𝑣B − 𝑣S

𝑐
,𝑐" − 𝑣!"

61 −
𝑣!" + 2𝑣!𝑅*-.(𝑣B − 𝑣S)cos𝜑cos𝜃 + 𝑅*_6C

"(𝑣B − 𝑣S)"

𝑐"
 

(49) 

 
Since the Earth rotates, the airplane departing in the eastward direction circles the Earth twice 
and meets the departing point (Airport) at 𝜃T, which circles the Earth once. 
 

𝜃T =
2𝜋[2𝐷S𝑣B − 𝐷B(𝑣B + 𝑣S)]
𝐷B(𝑣B + 𝑣S) − 𝐷S𝑣B

= 243.73 (50) 

 
Assuming 𝜑 =0  and 𝑣" = 300𝑘𝑚/𝑠𝑒𝑐, the time passed at the airport and in the plane traveling 
eastward can be calculated as follows: 

𝑇SW%-L_T%&X = @ 𝑑𝑡ST
Y54Z0

!

=
𝐷S

(𝑣B + 𝑣S)
𝑐

,𝑐" − 𝑣!"
@ 61 −

𝑣!" + 2𝑣!𝑅*-.(𝑣B + 𝑣S)cos𝜑cos𝜃 + 𝑅*_6C
"(𝑣B + 𝑣S)"

𝑐"
𝑑𝜃

Y54Z0

!
= 40.19837554470179	ℎ𝑜𝑢𝑟 

(51) 



 

𝑇T%1X[_T%&X = @ 𝑑𝑡TB
"54Z0

!

=
𝐷B
𝑣B

𝑐
,𝑐" − 𝑣!"

@ 61 −
𝑣!" + 2𝑣!𝑅*-.𝑣Bcos𝜑cos𝜃 + 𝑅*_6C

"𝑣B"

𝑐"
𝑑𝜃

"54Z0

!
 

(52) 

 
The time gain in the plane travelling eastward is 

𝑇SW%-L_T%&X − 𝑇T%1X[_T%&X = −2.39 ∙ 10>\ (Time gain measured during eastward travel, −2.03 ∙ 10>\) 

Since the Earth rotates, the airplane departing in the westward direction meets the departing 
point (Airport) at 𝜃< , which circles the earth once. 

𝜃V =
2𝜋[0 ∙ 𝐷S𝑣B − 𝐷B(𝑣B − 𝑣S)]

𝐷B(𝑣B − 𝑣S) − 𝐷S𝑣B
= 240.57 (53) 

 
The time passed at the airport and in the plane traveling westward can be calculated as follows: 

𝑇SW%-L_VL&X = @ 𝑑𝑡SV
Z1

!

=
𝐷S

(𝑣B − 𝑣S)
𝑐

,𝑐" − 𝑣!"
@ 61 −

𝑣!" + 2𝑣!𝑅*-.(𝑣B − 𝑣S)cos𝜑cos𝜃 + 𝑅*_6C
"(𝑣B − 𝑣S)"

𝑐"
𝑑𝜃

Z1

!
= 39.98818631489202	ℎ𝑜𝑢𝑟 

(54) 

 

𝑇T%1X[_VL&X = @ 𝑑𝑡TB
"54Z1

!

=
𝐷B
𝑣B

𝑐
,𝑐" − 𝑣!"

@ 61 −
𝑣!" + 2𝑣!𝑅*-.𝑣Bcos𝜑cos𝜃 + 𝑅*_6C

"𝑣B"

𝑐"
𝑑𝜃

"54Z1

!
= 39.98818631484384	ℎ𝑜𝑢𝑟 

(55) 

 
The time gain in the plane travelling westward is 

𝑇SW%-L_VL&X − 𝑇T%1X[_VL&X = 1.74 ∙ 10>\ (Time gain measured during westward travel, 9. 4 ∙ 10>]) 

In this way, it can be predicted that time goes slower in the eastward travel than on the ground 
and faster in the westward travel, which is consistent with the results of the Hafele-Keating 
experiment to some extent. 

  



4.5 Twin Paradox 
 
                                                                                           

 

 
Figure 12.  A twin brother travels in a spaceship to an orange star 

Let's imagine that the younger twin remains on Earth, and the older twin flies to an orange star 
in a spaceship and returns.  The time that has passed for the younger twin on Earth is 

𝑇X^_-_L%1X[, this time is  𝑇X^_-_%,& = 𝑇X^_-_L%1X[
`M*>*2*

M
 in the absolute stationary inertial frame, 

so the time that has passed for the older twin in the spaceship on the way to the star is 

𝑇X^_-_&a%ML_+ =
𝑇X^_-_L%1X[

2
𝑐

,𝑐" − 𝑣!"
61 −

𝑣D"

𝑐"
=
𝑇X^_-_L%1X[

2

8𝑐" − Q𝑣!" + 2𝑣!𝑅*-.𝑣+cos𝜑cos𝜃 + 𝑅*_6C
"𝑣+"R

,𝑐" − 𝑣!"
 

The time elapsed in the spaceship while returning from the star to Earth can be calculated as 
follows, since it flies in the opposite direction. 

𝑇X^_-_&a%ML_" =
𝑇X^_-_L%1X[

2

8𝑐" − Q𝑣!" − 2𝑣!𝑅*-.𝑣+cos𝜑cos𝜃 + 𝑅*_6C
"𝑣+"R

,𝑐" − 𝑣!"
 

Therefore, the time thas has passed for the older twin in the spaceship during the round trip to 
the orange star is estimated as follows: 

𝑇X^_-_&a%ML =
𝑇X^_-_L%1X[
2,𝑐" − 𝑣!"

;8𝑐" − Q𝑣!" + 2𝑣!𝑅*-.𝑣+cos𝜑cos𝜃 + 𝑅*_6C
"𝑣+"R

+ 8𝑐" − Q𝑣!" − 2𝑣!𝑅*-.𝑣+cos𝜑cos𝜃 + 𝑅*_6C
"𝑣+"R< 

(56) 

 
For example, assuming 𝑣" = 0.01𝑐, 𝜃 = 0, 𝜑 = 0, when the twin brother returns from a star 7 
light years away from Earth in a spaceship flying at 𝑣# = 0.7𝑐, 20 years have passed for the 
younger twin on Earth and 14 years have passed for the older twin in the spaceship as per (56). 

 

 

  



5.0 Conclusion 

The conclusion of this study and the difference from the theory of special relativity are as follows: 

 Theory of 
Special Relativity 

Conclusion of this study 

Absolute Stationary 
Inertial Frame 

None Exists 

Constancy of Light 
Speed 

Constant in all 
inertial frames 

Constant only in the absolute stationary inertial frame. 
In a moving inertial frame, the round-trip speed of light is constant. 

Velocity of a moving 
inertial frame 

No way to 
measure 

Measurable by experiment 

𝑣! = ∆𝑡&_(%)
𝑐"

2𝐿!
 

 
The Speed of light 
observed in a 
spaceship flying at 
the speed of light 

c 𝑐
2

 

Twin Paradox Not explained 
clearly 

𝑇X^_-_L%1X[
2,𝑐" − 𝑣!"

;8𝑐" − Q𝑣!" + 2𝑣!𝑅*-.𝑣+cos𝜑cos𝜃 + 𝑅*_6C
"𝑣+"R

+ 8𝑐" − Q𝑣!" − 2𝑣!𝑅*-.𝑣+cos𝜑cos𝜃 + 𝑅*_6C
"𝑣+"R< 

Hafele-Keating 
Experiment 

Not explained for 
westward plane 
clock 

Explained why the westward plane clock is faster than the clock in 
earth 

Momentum 𝑚!𝑣+

81 − 𝑣+
"

𝑐"

 
𝑚3𝑅4

#1 − 𝑣3
5

𝑐5 (

⎩
⎪
⎨

⎪
⎧

𝑅4𝑣6 + 2𝑣3 cos(𝜃)

51 −
6𝑣35 + 2𝑅4𝑣3𝑣6 cos(𝜃) + 𝑅45𝑣657

𝑐5

−
𝑣3 cos(𝜃)

81 − 𝑣3
5

𝑐5

92 − 𝑙𝑛(2)

+ 𝑙𝑛 <51 −
2𝑅4𝑣3𝑣6 cos(𝜃) + 𝑅45𝑣65

𝑐5 − 𝑣35
−
𝑣3𝑅4𝑣6 cos(𝜃)
𝑐5 − 𝑣35

+ 1=>

⎭
⎪
⎬

⎪
⎫

 

Kinetic Energy 
𝑚3𝑐5

⎣
⎢
⎢
⎡ 1

81 − 𝑣6
5

𝑐5

− 1

⎦
⎥
⎥
⎤
 

𝑚!𝑐"

⎣
⎢
⎢
⎢
⎢
⎡

1

g1 −
i𝑣!" + 2𝑣!𝑅#𝑣$ cos(𝜃) + 𝑅#"𝑣$"s

𝑐"

−
1

=1 − 𝑣!
"

𝑐"
⎦
⎥
⎥
⎥
⎥
⎤

−
𝑚!𝑣!𝑅#𝑣$ cos(𝜃)

w1 − 𝑣!
"

𝑐" x
%
"

 

Inertial Mass 𝑚!

81 − 𝑣!
"

𝑐"

 𝑚!

81 − 𝑣!
"

𝑐"

;1 +
2𝑣!"(𝑐𝑜𝑠𝜃)"

𝑐" − 𝑣!"(𝑠𝑖𝑛𝜃)"
< 
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