
TIME DILATION IN FOURTH SPATIAL DIMENSION

A PREPRINT

Arif Ali
M. Tech Structural Engineering

Jawaharlal Nehru Technological University
Kakinada, India.

arif068bce@ioepc.edu.np

Divya Raj Sapkota
Master of Business Adminstration

Kathmandu University
Kathmandu, Nepal.

17327_divya@kusom.edu.np

ABSTRACT
Time dilation can be inferred from the invariance of the speed of light in different reference frames.
This paper presents an alternative derivation of time dilation. We introduce a fourth spatial dimension,
other than the three accessible dimensions. This paper explains how the period of evolution of any
physical phenomenon is affected by the motion of a body in accessible three dimensions.

Keywords Four dimensions · Fourth spatial dimension · Time · Time dilation

1 Definitions and abbreviations

Hyperbody: Any four-dimensional body lying in four-
dimensional space.

Hyperfluid: The space we are accessible to is a three-
dimensional cross-section of a four-dimensional hyper-
space. This hyperspace is a four-dimensional incompress-
ible fluid known as hyperfluid.

x-axis, y-axis and z-axis: Axis of three accessible dimen-
sions.

w-axis: Axis of fourth spatial dimension.

2 Introduction

Special Relativity explains time dilation as the slowing
down of a clock as determined by an observer in relative
motion with respect to the clock. Time dilation can be
derived from invariance of speed of light in different ref-
erence frames. Experiments like Michelson and Morley’s
experiments [1] and Kennedy Thorndike’s [2] are often
claimed to be the verification of this idea. However, these
experiments do not directly test the one-way speed of light.
Guided wave measurement [3] of the one-way speed of
light and test of the isotropy [4] of the one-way speed of
light are the tests that fail to detect the one-way speed
of light due to problems with clock synchronization [5].
This thesis contains an alternative explanation of time dila-
tion based on the interpretation of existence of four spatial
dimensions. Quantum Hall Effect [6], and Bullet Cluster

Experiment [7] are two significant experiments that depicts
the existence of a fourth spatial dimension. This theory
explains variance in the time period of a system as the
result of the motion of the hyperbody in the fourth spatial
dimension. Similarly, by using the dynamics of hyperbod-
ies in four dimensions, time dilation formulae are derived.

3 Postulates

We have access to three spatial dimensions. Other than
forward-backward, left-right, and up-down that we have
access to, a fourth spatial dimension exists. All three-
dimensional bodies we observe are a three-dimensional
cross-section of a four-dimensional hyperbody. Similarly,
the space that we perceive is a three-dimensional cross-
section of a four dimensional hyperfluid. Hyperbodies are
continuously in motion, and the four-dimensional resultant
speed of a hyperbody is a constant, c i.e., speed of light in a
vaccum. Whatever the speed of a body in three dimensions,
the resultant four-dimensional speed is constant. Thus, All
the changes in the Motion of a body that we observe in
three-dimensional space are mere changes in the direction
of its four-dimensional hyperbody.

Time is the evolution of physical change. Physical changes
refer to all the physical processes, either oscillation of pen-
dulum or the excitation of atom’s electron or any biological
process. The time elapsed with any physical change is di-
rectly proportional to the speed of its hyperbody in the
fourth dimension.
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(a) Three-dimensional cross-section of an arbitrarily
shaped hyperbody.

(b) Four-dimensional resultant of two velocity vec-
tors.

Figure 1: three-dimensional interpretation of dynamics of four-dimensional hyperbody.

4 Developing intuition for 4D

Before starting any discussion or interpretation of this the-
ory, one must understand a few things about the fourth
dimension and its dynamics. The idea of fourth spatial di-
mension was first suggested by Gunnar Nordstorm in 1914.
A few years later, Theodor Kaluza unified general relativity
with electromagnetism [8] by using four spatial dimensions
and one temporal dimension. The fourth dimension is an
extension of three-dimensional space [9]. Our brain can
only perceive things in a maximum of three dimensions,
which makes it impossible to imagine four-dimensional
objects or any four-dimensional mechanism. To develop
an intuition for four dimensions, we can replace one of
our three accessible dimensions with the fourth dimension.
This will help us interpret four-dimensional phenomena as
three-dimensional process.

4.1 Dimension and dynamics of hyperbody

This theory is based on the existence of extra spatial dimen-
sion. All the objects we observe in a three-dimensional
space are a three-dimensional cross-section of a four-
dimensional hyperbody. The hyperbodies are capable of
moving in any direction in four dimensions. So, a body
can be at rest in one dimension while in motion in the other
three dimensions. Similarly, a body can be moving in one
dimension while resting in the other three dimensions. For
instance, when you see an apple at rest on your study table,
it can be in motion in the fourth dimension. If so, the apple
moves perpendicular to x, y and z-axis.

The four-dimensional speed of the hyperbodies is constant
c, i.e., the speed of light. As the four-dimensional resultant
rate is known, we can sort out the speed at which a hyper-
body travels in the fourth dimension by using the resultant
velocity in three dimensions. Thus, when you see an apple
at rest on your study table, it is moving at the speed of light
in the fourth dimension with its direction perpendicular to
the axes of the other three dimensions.

5 Varying Speed of hyperbodies

The theory specifies that the resultant speed of any hyper-
body in four dimensions is a constant, c. Thus, the motion
of hyperbodies in three accessible dimensions affects its
speed in the fourth dimension. The faster a body moves
in three dimensions, the slower it moves in the fourth
dimension and vice versa. Therefore, A body at rest in
three-dimensional space is moving at its maximum speed,
c in the fourth dimension.

Figure 1 is a three-dimensional interpretation of four-
dimensional phenomenon. This is done by replacing one
of three perceivable dimensions with a fourth dimension
where hyperbody moving in four dimensions is represented
by a three-dimensional body.

In Figure 1b, xyz and w represents the axes of a two-
dimensional plane. xyz is in the direction of the resultant
velocity of a hyperbody in three accessible dimensions.
w is the axis of the fourth dimension. v123 is a three-
dimensional resultant velocity of a body. Similarly, v4
is the velocity in the fourth dimension, and v1234 is the
resultant velocity of the four dimensions. We have, v1234
is always equal to c. Thus, v4 varies with v123 such that
v1234 remains constant.here,

v21234 = v2123 + v24 (1)

v24 = v21234 − v2123 (2)

v4 = c

√
1− v2123

c2
(3)

When resultant velocity of three dimensions, v123 is writ-
ten as v,

v4 = c

√
1− v2

c2
(4)

Equation 4 is the expression of how v4 changes with vary-
ing v123, i.e., resultant velocity of three dimensions.
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From Equation 4,

v4 =
c

γ
(5)

where, γ is the mathematical equivalent of Lorrentz factor
[10].γ =

1√
1− v2

c2

 (6)

When the body is at rest in three dimensions, Equation 4
turns to be,

v40 = c

√
1− 02

c2
(7)

where, v40 is the velocity in the fourth dimension when a
body is at rest in three accessible dimensions.

v40 = c (8)

where v40 is the velocity of hyperbody in fourth dimension
when at rest in other three dimensions.

Substituting Equation 8 in Equation 5,

v4 =
v40
γ

(9)

v40
v4

= γ (10)

6 Time dilation

Time dilation is the slowing down of any physical change
due to the motion of a system in three-dimensional space.
It happens as the result of a consequent change in the speed
of its hyperbody in the fourth spatial dimension. Physical
change stands for all different physical processes, from
microscopic phenomena like the excitation of an atom’s
electron to astronomical phenomena like the revolution of
a planet around its star.

From the postulate, the time elapsed with any physical
change in a body is directly proportional to the speed of its
hyperbody in fourth dimension. Let T0 be the time mea-
sured by a system moving at velocity v in three dimensions
and T be the time measured by a system at rest in three
accessible dimensions.

Due to proportionality,

T

T0
=

v40
v4

(11)

T

T0
= γ (12)

T =
T0√
1− v2

c2

(13)

Equation 13 is the expression of time dilation in terms of
three-dimensional resultant velocity of body.

7 Conclusion

This paper begins by noting that the time dilation can
be alternatively explained based on the hypothesis of the
existence of a fourth spatial dimension. As this paper has
shown, Time dilation can be interpreted as the consequence
of the constant speed of hyperbodies in four dimensions.
We have derived formulae for time dilation that do not
require the assumption of invariance of the speed of light
in all reference frames. Also, we presented how motion in
our three accessible dimensions affects the motion in the
fourth spatial dimension.

8 Acknowledgement

We express our gratitude to Mrs. Sailajadhi Khatoon for
helping with the figure and the final preparation of the
manuscript.

References
[1] Michelson AA, Morley EW. LVIII. On the relative

motion of the earth and the luminiferous Æther. The
London, Edinburgh, and Dublin Philosophical Maga-
zine and Journal of Science. 1887;24(151):449-63.

[2] Kennedy RJ, Thorndike EM. Experimental estab-
lishment of the relativity of time. Physical Review.
1932;42(3):400.

[3] Gagnon D, Torr D, Kolen P, Chang T. Guided-Wave
Measurement of the one-way Speed of Light. Physi-
cal Review A. 1988;38(4):1767.

[4] Krisher TP, Maleki L, Lutes GF, Primas LE, Logan
RT, Anderson JD, et al. Test of the isotropy of the one-
way speed of light using hydrogen-maser frequency
standards. Physical Review D. 1990;42(2):731.

[5] Levy J. From Galileo to Lorentz... and beyond. Ape-
iron, Montreal. 2003.

[6] Cage ME, Klitzing K, Chang A, Duncan F, Haldane
M, Laughlin RB, et al. The quantum Hall effect.
Springer Science & Business Media; 2012.

[7] Irani A. Dark Energy, Dark Matter, and the Multi-
verse. Journal of High Energy Physics, Gravitation
and Cosmology. 2020;7(1):172-90.

[8] Salam A, Strathdee J. On Kaluza—Klein Theory. In:
Selected Papers Of Abdus Salam: (With Commen-
tary). World Scientific; 1994. p. 451-87.

[9] Hinton CH. The Fourth Dimension. Health Research
Books; 1993.

[10] Forshaw J, Smith G. Dynamics and relativity. John
Wiley & Sons; 2014.

3


	Definitions and abbreviations
	Introduction
	Postulates
	Developing intuition for 4D
	Dimension and dynamics of hyperbody

	Varying Speed of hyperbodies
	Time dilation
	Conclusion
	Acknowledgement

