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ABSTRACT: For centuries, the word ‗time‘ has mystified almost every intellectual of every era. 

Man has always been in search of its proper definition but in vain. In this paper, we aim to give the 

best possible definition of time. Moreover, the former concept that time is a universally independent 

variable will also be rectified. Time depends on two basic factors, with a basic assumption that 

Einstein‘s proposal of the space-time fabric is correct. Pictorial representations will also be provided 

for a better understanding. The theoretical discussion will be further supported by mathematical proof.  

Objectives: To give an appropriate definition of time. To prove that time depends on two quantities and is not an 

independent quantity in itself. To give mathematical derivations as a proof for the dependence of time on its various 

factors.  
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INTRODUCTION 

 Time is a mysterious phenomenon associated to 

the transformation of the past and the present into the 

future. According to Einstein, time is an intrinsic property 

of the universe. In his papers, he discussed the presence 

of a space-time fabric throughout the universe (Einstein: 

The Field Equations for Gravitation 1916). According to 

him, the universe is made up of the fundamental fabric of 

space and time. Hence, time is present everywhere, even 

at places where there is nothing to observe its flow. 

According to Einstein, the fabric is flexible, such that 

when a mass is placed in it, it bends just like a rubber 

sheet (Padmanabhan: 2004). This bend in the space-time 

fabric results in gravity; the fundamental force of nature 

that is attractive in its nature and is responsible for the 

various planetary motions. The larger the mass, the 

greater is the bend in the omnipresent fabric of space and 

time. Hence, the smaller masses surrounding this greater 

mass start orbiting it. Thus, the force of gravity is 

explained on the basis of this same fabric (Einstein: 

1916). Hence, we assume that the existence of this fabric 

is unquestionable. 

 In his famous published paper of 1905, namely 

‗On the Electrodynamics of Moving Bodies‘, Albert 

Einstein explains time as the simultaneity of two events. 

For example, if we say that a particular explosion took 

place at 3.30 pm, we actually mean that the explosion 

took place just when the hour hand of the clock reached 3 

and the minute hand of the clock reached 30. Hence, the 

time that we measure is basically dependent on the fact 

that the two events under observation took place 

simultaneously. In the same paper, he discarded the 

commonly held notion of time by posing a simple 

question: will time not exist at a place where a watch or a 

clock is not present? The only logical answer to this 

question is that time does not depend on the existence of 

a clock or even an observer; it is present in the very fabric 

of the universe. Hence, time must exist at all places 

where the fabric is intact. 

 Another major contribution by Einstein to the 

concept of time is that he rejected absolute time put forth 

by Sir Isaac Newton. In Einstein‘s physics, absolute is 

nothing. Neither time nor mass and not even motion is 

absolute. Everything is relative with respect to other 

things, depending upon different frames of reference. In 

his special theory of relativity (1905), Einstein suggested 

that there is no such thing as absolute time by putting 

forward his equation for time dilation. Time dilation has 

now been proved at various levels in real life; it is no 

more a mere hypothetical phenomenon. The particle 

accelerators like LHC (Large Hadron Collider) have 

observed time dilation (Velkovska: 2014). Moreover, the 

GPS system takes time dilation into account for accurate 

measurements (Bahder: 2003).  

MEASUREMENT OF TIME INTERVALS: The 

commonly held concept of time is associated with clocks 

and watches. However, the watches actually measure 

time intervals. The ―time‖, that our watches measure, is a 

measurement of the time intervals in accordance to the 

motion of the Earth around the Sun. Hence, any such 

measurement cannot be regarded as real or actual time. In 

the ancient world, sundials, sand glass, water clocks, 

pendulum and obelisks were used to measure such time 

intervals. In the present era, atomic clocks (cesium 
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clocks) are being used to measure time intervals to a 

greater level of accuracy (Audoin and Guinot: 2001).  

DEFINITION OF TIME: The first ever definition of 

time came from the Greek philosopher Aristotle. 

According to him: 

―(Time is) the calculable measure of motion with respect 

to before and afterness.‖ (Source: Quanta Magazine) 

According to Newton: ―Absolute, True and 

Mathematical time of itself and from its own nature flows 

equably without regard to anything external, and by 

another name is called duration: relative, apparent and 

common time is some sensible and external (whether 

accurate or unequable) measure of duration by the means 

of motion, which is commonly used instead of true time; 

such as an hour, a day, a month or a year.‖ (Newton: 

Philosophiae Naturalis Principia Mathematica) 1678. 

According to Einstein: ―All our judgements in which 

time plays a part are always judgements of simultaneous 

events.‖ (Einstein: 1905) 

In another passage, he wrote: ―It might appear possible 

to overcome all the difficulties attending the definition of 

‗time‘ by substituting ‗the position of the small hand of 

my watch‘ for ‗time‘. And, in fact, such a definition is 

satisfactory when we are concerned with defining a time 

exclusively for the place where the watch is located.‖ 

(Einstein: 1905) 

However, another definition can be: 

―Something that governs space without having any 

physical appearance.‖  

 In accordance with this paper, the definition of 

time is: 

“The bend in the curvature of space due to masses is 

called time.” 

FACTORS ON WHICH TIME DEPENDS 

 Time depends on two major factors: 

1. The mass that causes a bend in the fabric of 

space and time 

2. The velocity by which this mass causes the 

space time fabric to bend 

Time depends directly on the mass that causes a bend in 

the fabric of space time. 

     

Moreover, time is directly proportional to the velocity by 

which the fabric of space is curved during an event.  

      
 In our subsequent discussion, we shall focus on 

the proofs and mathematical derivations related to the 

above mentioned factors. Moreover, for simplicity, a 2 

dimensional model of space and time will be discussed 

for the sake of simplicity and convenience. 

METHOD 

 Newton was wrong when he wrote: time flows 

equably without regard to anything external. 

1) MASS 

 To prove that the flow of time is directly 

proportional to the mass that causes a curvature in the 

space-time fabric, consider the discussion given below: 

EXAMPLE 1 

Depicted in this figure is a massive body that curves the 

fabric of space and time to a great extent.  

 
 Since: 

     
 

 In the above example, the mass that causes a 

bend in the fabric of space and time is huge, hence there 

is great curvature in the fabric of space due to which 

actual time slows down i.e. the value of time increases 

(time intervals take more time to finish) near massive 

objects due to their immense gravitational pull. These 

phenomena are now commonly known to the physicists 

that near massive objects, time slows down.  

EXAMPLE 2: Depicted in the figure below is a small 

mass that causes only a minor bend in the space-time 

fabric. 

 
 And since: 
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 There is a minute bend in the fabric of space due 

to small mass; hence, actual time flows at a relatively fast 

speed in this case i.e. the value of time decreases (time 

intervals take less time to complete). 

EXAMPLE 3: A black hole forms when a star has 

exhausted its supply of hydrogen and helium fuel. The 

star then grows bigger and hotter and eventually 

undergoes a supernova, which is a massive explosion 

during which a star collapses on itself. It results in the 

formation of the core of a black hole. These cores have 

extremely huge masses concentrated in extremely small 

regions of space. Black holes are said to have zero 

volume, hence their densities approach infinity. Because 

of this reason, black holes are said to contain singularities 

(infinite mass). Therefore, in a black hole, the mass that 

causes the curvature of space is massive, due to which the 

space time fabric bends to such an extent that it is just on 

the verge of ripping apart (or according to some, rips 

apart). Consequently, there is a huge time dilation, hence 

the value of time increases (intervals complete slowly) in 

accordance with the above mentioned relation:  

     

The figure below visually depicts the extreme curvature 

of the space time fabric, due to the presence of a 

singularity that constitutes the core of a black hole. 

 
 

 All the discussion that we have had is based on a 

2D space time model. In a three dimensional model, the 

same results are again applicable. Even in a 3D model 

(which is more accurate), a black hole creates a 

singularity at which the deformation in the space time 

fabric becomes infinite. 

EXAMPLE 4: At Earth, we don‘t have anything else to 

compare our time with, that is why we don‘t really 

comprehend if it is fast or not. Even at the sun, time flows 

at almost the same rate, because their masses on the huge 

cosmological scale differ only minorly. 

Consider that two heavenly bodies come extremely close 

to each other such that the distance between the two is 

practically ignorable, as shown below: 

 
 For the sake of simplicity, let us consider these 

to be the sun and the Earth, then these two masses will 

undergo a huge time dilation because of a huge curvature 

in the fabric of space and time, since a massive amount of 

mass is concentrated in a small region of space, so much 

so that 1 Earth day will become equal to approximately 

50,000 years. In such a case, time intervals take longer to 

complete; hence, time slows down tremendously. 

PROOF: As we know from the special theory of 

relativity: 
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Which is equation (1).  

Now: 
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Then, as mentioned in equation (1): 

  
  

    
 

  
    

  

 

Since ―  ‖ and ―   ‖ are absolute quantities whose value 

remains constant: 

Hence proved: 

     

2) VELOCITY: To prove that time is directly 

proportional to the velocity by which space is curved, 

consider the following discussion: 

EXAMPLE 1: Consider an object moving at a speed 

which is very close to the speed of light, as shown in the 

figure below: 

 
 

 In the above figure, the object shown is 

travelling at a great pace, hence the speed by which space 

time fabric bends is great; therefore, according to the 

relation… 

      
actual time increases due to which the individual time 

intervals take longer to complete. The result is that time 

dilates at greater speeds. 

EXAMPLE 2: In an analogous example, consider that 

the object in example 1 is now moving at a slow speed, 

supposedly 2     . Then, the same object will curve 

space time at a lesser pace and hence, the value of time 

will decrease and the intervals will be over in a rather 

normal pace.  

PROOF: According to Einstein, a body gains mass as its 

speed increases. To prove this, consider the inertial or 

relativistic momentum of a body that is written as:  

   = ɣ m v (where ‗ɣ‘ is a constant factor) 

Now:  

        

But:  

     m 

Therefore:  

m       
 Hence proved that the velocity by which space 

time fabric is curved depends directly on the mass that 

curves it. 

      

Since we have proved in the previous section that:  

     

Then, it follows from the above two equations: 

      

RESULT 

 The above mathematical relations prove that 

time, mass and velocity of the curvature of space are 

indeed correlated. Huge curvature in space always leads 

to huge time dilation. These concepts also give the reason 

of the slowing down of time when moving at fast speeds, 

a concept first given by Einstein (1905). All this 

discussion further emphasizes that nothing in our 

universe can be out of the influence of time, as the fabric 

of the universe has time in it. However, certain areas of 

the cosmos such as black holes (Hawking: 1988), where 

space-time fabric is highly compromised and either rips 

or is on the verge of ripping apart, the influence of time 

nullifies; hence, such regions are timeless. 

DISCUSSION 

 Time is one of the seven base quantities (under 

the category of physical quantities: such quantities that 

are measurable). Base quantities are such quantities 

which form the basis for defining other physical 

quantities. Hence, time is one of the seven sovereign 

quantities that are used to express every other quantity in 

physics; as is evident from the definition of velocity: time 

taken to cover a particular distance (Emerson: 2014). 

However, it is to be noted that all the physical quantities 

which we deal with in physics are functions of time 

periods, not absolute time. All such quantities work on 

the same principle as described above by Einstein: the 

principle of simultaneity of two events. Hence, the time 

in velocity is actually the difference between the time at 
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which the body was at a point A and the time at which 

the body was at a point B (time interval). 

 The beginning of time is essentially the 

beginning of the universe. As Stephen Hawking, the 

globally acknowledged theoretical physicist, explains in 

his publication A Brief History of Time (1988), time 

began as soon as the explosion of big bang took place 

about 13.8 billion years ago. Whatever happened before 

the big bang is out of the realm of time and reality, and 

hence is impossible to be explained by the laws of 

physics. We can only use physics as a tool to understand 

a universe which has time. Another conclusion can be 

drawn here: the laws of physics remain applicable, so 

long as time exists. Conversely, the rules of nature are 

only obeyed in the presence of time. Hence, time is 

essential to the very existence of not only life but also 

science.  

 In their well-known works on general 

cosmological questions, Einstein (Einstein: 1917) and de 

Sitter (de Sitter: 1917) arrive at two possible types of the 

universe; Einstein obtains the so-called cylindrical world, 

in which space has constant, time-independent curvature, 

where the curvature radius is connected to the total mass 

of matter present in space; de Sitter obtains a spherical 

world in which not only space, but in a certain sense also 

the world can be addressed as a world of constant 

curvature. (Klein, 1918) In doing so both Einstein and de 

Sitter make certain presuppositions about the matter 

tensor, which correspond to the incoherence of matter 

and its relative rest, i.e. the velocity of matter will be 

supposed to be sufficiently small in comparison to the 

fundamental velocity (Eddington: 1921) — the velocity 

of light. 

 The assumptions on which we base our 

considerations divide into two classes. To the first class 

belong assumptions which coincide with Einstein‘s and 

de Sitter‘s assumptions; they relate to the equations 

which the gravitational potentials obey, and to the state 

and the motion of matter. To the second class belong 

assumptions on the general, so to speak geometrical 

character of the world. 

 Time can be controlled, but only at great speeds. 

For a body travelling at the speed of light, time freezes 

(Einstein: 1905). The body then transcends the barrier of 

time, as the time dilation is so huge that even an infinitely 

small interval can become infinite. Such a body has both 

the past and the future, apart from the present, within its 

reach. It is also to be noted that the future already exists 

as does the past. We cannot observe these simultaneously 

with the present as the time we live in belongs to the 

present moment. To live in the past or future moment, a 

body will have to undergo time travel; a phenomenon 

only possible at (and beyond) the speed of light.  

 Space time fabric has a flexible nature. It is 

elastic, much like a rubber sheet, hence it has the ability 

to be bent. This hypothesis was also presented by Albert 

Einstein in his General Theory of Relativity (1916). In 

fact, it is this elasticity which gives rise to gravity. Thus, 

it must also obey the Hooke‘s Law to a certain extent. In 

other words, the space time fabric has its own limits. It 

tears apart when the load exceeds its elastic limit, as we 

can observe in the case of black holes.  

 Mass is essential for the flow (not existence) of 

time. Time cannot manifest itself without having a mass 

that induces it to do so. Moreover, the speed which 

causes disturbance in the fabric of the cosmos also 

governs the rate of flow of time. 

 Our space always has matter, either in the form 

of heavenly bodies or in the form of dust particles, 

particles from the atmosphere of planets, comets, 

asteroids, jets of matter ejected from stars, nebulas, or 

even just freely wandering atoms. Hence, everywhere in 

our observable universe, there is matter in one form or 

another. Hence, we conclude that absolutely everywhere 

in the observable universe, time not only exists but also 

flows. On the other hand, free space is completely devoid 

of all forms of matter. It is a hypothetical region of the 

universe where not even a single atom is present. 

Therefore, time does exist here but it cannot be observed 

or it simply does not flow noticeably because there is 

nothing to bend space time fabric in that particular 

region. In such regions, time is impossible to be detected 

because there is simply nothing to trigger it.  

 In the observable universe, we have not been 

able to find free space yet. However, if free space is 

discovered someday, it will actually be a discovery of 

such an area in which time cannot be calculated, because 

time simply will not flow in that region.  

 It is to be concluded that time needs mass to 

flow. Time is thus not a universally independent variable. 

It depends on mass.  

 In his Principia, Newton begins by defining 

absolute time: "Absolute time, without reference to 

anything external, flows uniformly". Since this is not a 

metaphysical claim, but a definition, it makes no sense to 

ask the question that is traditionally asked, that is, 

whether or not does Newton succeed in proving it. The 

appropriate question should instead be: is this a good 

definition? Does it actually define any physically 

meaningful quantity? In fact, two concepts are involved 

in Newton's definition: absolute equality of time intervals 

("uniform flow"), and, less obviously but equally 

essentially, absolute simultaneity. Both are in fact 

necessary to the physics of the Principia - and, indeed, to 

all of seventeenth-century mechanics. Absolute 

simultaneity is the more pervasive concept, underlying as 

it does not only physics, but the notions of past, present, 

and future as understood at that time (and after, at least 

until special relativity). Even Leibniz, who claimed to 

reject absolute time, never doubted - on the contrary, 

central parts of his metaphysics required - the reality of 

the distinction between contemporaneous and successive 
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events. In fact, this distinction is implicit in the idea of 

the spatial order of things at a given instant, and in the 

idea of relative motion as the change of spatial distances 

between bodies from moment to moment. Within 

Cartesian physics, absolute simultaneity was implicit in 

the theory that light is the effect of pressure that is 

instantaneously propagated through the celestial medium, 

which implied that distant events may be perceived 

simultaneously with their occurrence. Indeed, the 

pervasiveness of the concept can be judged from the 

revolutionary character of special relativity: centuries of 

polemics on the "relativity of time" scarcely prepared 

anyone for the relativity of simultaneity. 

 We are in the position to answer another 

question here. What happens when we (hypothetically) 

remove time from our universe? In other words, can a 

universe exist without time? The answer to this question 

is simply no. If Einstein‘s notion of the space time fabric 

is correct, it then emphasizes that time is an intrinsic 

property of the observable universe. It is the very fabric 

from which our universe is built up of. Removing time 

from it would essentially mean the destruction of the 

building block of the cosmos, leading to an extent of 

chaos which we cannot yet comprehend. Moreover, 

everything in such a universe would be frozen and stuck; 

life would cease. 

 Another deduction from the above discussion 

can be that time is not an illusion. It is real and it has a 

specific direction. The arrow of time always moves from 

the past to the future. If it were reverse, then people 

would die before they were born! 

 Albert Einstein was the first person to argue that 

apart from the three dimensions of space: length, height 

and width, there is a fourth dimension, namely time. He 

considered time as a separate dimension as it has both 

positive and negative values. The axis of time has an 

origin (that describes the present), a positive axis (that 

describes the future) and a negative axis (that deals with 

the past). The fifth dimension has been found out to be 

gravity. However, the search for dimensions is far from 

being over, as the String Theory proposes over 26 

dimensions. (Zwiebach: 2004) 

 Time needs motion to manifest itself. For bodies 

at absolute rest, time would cease to be noticeable, as the 

velocity by which space is curved would become zero. In 

our observable universe, absolute rest is not possible. 

Even if the body on the macro-scale appears to be at rest, 

its atoms still undergo vibrational, translatory or 

rotational motion and curve the space time fabric 

(however small the curvature may be). If a matter attains 

absolute zero someday (-273.15 K, as calculated from 

Charles‘ Law), then the matter will not experience time at 

all, as there will be no mass to curve the space time fabric 

(due to zero volume, as predicted by the French scientist 

Jacques Charles) and also because of the absence of the 

speed of curvature of space and time. Thus, it is to be 

concluded that at absolute rest, the calculation and 

measurement of time becomes impossible.  

Conclusion: We can deduct from the above discussion 

that: 

 Time is not a universally independent variable. 

 Time depends directly on the mass that causes a bend 

in the fabric of space. 

 Time depends directly on the velocity by which 

space time fabric is bent due to a mass. 

 Time is omnipresent: it exists everywhere, but flows 

only at places where matter is present.  
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