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Albert Einstein 

"I must observe that the theory of relativity 

resembles a building consisting of two 

separate stories, the special theory and the 

general theory. The special theory, on 

which the general theory rests, applies to 

all physical phenomena with the exception 

of gravitation; the general theory provides 

the law of gravitation and its relations to 

the other forces of nature. " 

Douglas Sirk 

And it really began with Einstein. We 

attended his lectures. Now the theory of 

relativity remained - and still remains - only 

a theory. It has not been proven. But it 

suggested a completely different picture of 

the physical world. 

1. A RELATIVE PERSPECTIVE 

 

Einstein's theories of relativity and quantum mechanics form two cornerstones of accepted science. However, the theory of 

relativity is based on two separate works commonly referred to as the 'Special Theory of Relativity' published in 1905 and 

the 'General Theory of Relativity' published in 1916. Almost from the outset, these theories have challenged our intuitive 

worldview of time and space, which subsequently lead to the idea of an expanding universe. While this latter idea may, today, 

ƴƻǘ ǎŜŜƳ ǘƘŀǘ ŎƻƴǘǊƻǾŜǊǎƛŀƭΣ ƛǘ Ŏƻƴǘŀƛƴǎ ǘƘŜ ǎǳƎƎŜǎǘƛƻƴ ǘƘŀǘ ǘƘŜ ǳƴƛǾŜǊǎŜ ƛǎ ǎǘƛƭƭ Ψa work in progressΩ ǘƘŀǘ ƛǎ ƻŦǘŜƴ ƛƴ ŘƛǊŜŎǘ ŎƻƴŦƭƛŎǘ 

with many religions.     

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Both theories of relativity will be reviewed and to some extent challenged, as part of the on-going d̀uty of inquirỳ rather than 

simply accepting that established science must always be right. However, there is no subliminal intention to suggest that 

established science has to be wrong. Therefore, it is possibly appropriate to state, from the outset, that most scientists believed 

the theory of relativity has already been proven beyond any reasonable doubt. These scientists can rightly point to the 

mathematics, deductive logic and experimental observations, which they believe support all the basic assumptions of relativity. 

Of course, on what might appear to be a sceptical note, history tells us that this is often the established position before an 

accepted axiom is proved wrong or, at least, incomplete. So while the `weight of authoritỳ would seem to firmly support the 

theory of relativity, it still carries the inference of being a theory and not fully verified fact.   

  

http://www.mysearch.org.uk/website1/html/239.Special.html
http://www.mysearch.org.uk/website1/html/254.General.html
http://www.mysearch.org.uk/website1/html/254.General.html
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Albert Einstein was born in Ulm in 

Germany on 14 March 1879. His 

family later moved to Italy after 

his father's electrical equipment 

business failed. Einstein studied 

at the Institute of Technology in 

Zurich and received his doctorate 

in 1905 from the University of 

Zurich. In the same year he 

published four groundbreaking 

scientific papers. 

1.1 Historical Background 
 

In the 17th century, Isaac Newton developed three basic laws of motion that can be 

tied to Galileo's principle of relativity. However, a key issue concerning the nature of 

light remained. Newton thought that light behaved as a particle and, in part, he was 

right, although his reasoning was later to be proved wrong. The idea of light as a 

particle did not explain how light worked in other respects and so attempts to 

describe  light as a wave  were made. At the time, the wave theory of light also 

encountered a problem in that the speed of any wave depends on the 'stiffness' of the 

medium through which it is thought to propagate. Given that light travelled so fast, the 

property of the medium, i.e. the ether, through which light was thought to pass had to 

be incredibly 'stiff', while also being so insubstantial that nobody could even detect it. 

In the middle of the 19th century,  James Clerk Maxwell  unified the phenomena of 

electrical charge and magnetism. In so doing, he predicted that when there was a 

change in an electric field, a disturbance would travel out into the surrounding space 

at the speed of light [c]. Based on the accepted science of that time, it was assumed 

that the speed of light would depend on how fast the observer was moving through 

the ether. To confirm this assumption, Michelson-Morley devised a famous 

experiment to measure the speed of light relative to the ether, but to almost 

everybody's surprise it failed. At first many thought Maxwell's equations might be 

wrong, and given that they had then only been recently published, it was quite 

plausible for this to be the case. However, all changes to Maxwell's equation did not 

fit with other observations. In 1904, after a series of earlier papers, Hendrik Lorentz 

published the mathematical transforms that he hoped would, in part, explain the 

failure of the Michelson-Morley experiment by showing that objects shortened in the 

direction of travel by a certain amount, at least mathematically. These equations are still referenced in the Special Theory of 

Relativity as the L̀orentz Transforms`. Subsequently, Henri Poincaré suggested that there was no way to tell whether you were 

moving or at rest; or equally how fast you were moving, except relative to something else, and so resurrected the principle of 

relativity, originally outlined by Galileo. However, there was still the conflict to be resolved between Newton's laws, Maxwell's 

equations and the results of the Michelson-Morley experiment. The permutations can be summarised as follows: 

 

 Model Source Observer Measured velocity depends on: 

1 Y Y Speed of source & observer 

2 Y N Speed of source only 

3 N Y Speed of observer only 

4 N N Speed of neither 

 

From a classical perspective, based on Galilean relativity and intuitive experience, the measured velocity of an object was based 

on model-1, as defined in the table above, where the speed of the source and observer both contribute to the measured speed 

of the object. While this worked fine for objects, it appeared inconsistent with Maxwell's equations, when applied to light.  In 

http://www.mysearch.org.uk/website1/html/234.Light.html
http://www.mysearch.org.uk/website1/html/467.Maxwell.html
http://www.mysearch.org.uk/website1/html/242.Lorentz.html
http://www.mysearch.org.uk/website1/html/29.Galileo.html
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Einstein family was Jewish and 

became the focus of hostile Nazi 

propaganda. In 1933, when the 

Nazis took power in Germany, 

Einstein emigrated to America. He 

accepted a position at the Institute 

of Advanced Study in Princeton and 

took US citizenship. At the end of 

the WW2, in 1945, Einstein retired 

from the institute, but continued to 

work towards a unified field theory 

that would merge his work on 

relativity with quantum theory. He 

continued to be active in the peace 

movement and a supporter of 

Zionist causes. in 1952, he was 

offered the presidency of Israel, 

which he declined. Einstein died on 

18 April 1955 in Princeton, New 

Jersey. 

In 1909, Einstein became associate 

professor of theoretical physics at 

Zurich. By 1911, he was professor 

of theoretical physics at the 

German University in Prague. In 

1914, he was appointed director of 

the Kaiser Wilhelm Institute for 

Physics in Berlin. In 1916, he 

published his theory of general 

relativity. Einstein received the 

1921 Nobel Prize in Physics for his 

work on the photoelectric effect. 

contrast, special relativity  would suggest that the measured speed depends neither 

on the speed of the source nor on the speed of the observer, i.e. model-4 in the table 

above. While this was then consistent with both Maxwell's equations and the results 

of the Michelson-Morley experiment, it seems incompatible with the experience of 

everyday objects. In order to have consistency between what had been observed and 

Maxwell's equations, the speed of light had to be independent of both the speed of 

the source and the speed of the observer. So while ordinary matter appeared to 

work as per model-1, light appeared to work as per model-4, and would be become a 

fundamental postulate of Einstein's Special Theory of Relativity. However, while 

many people helped develop the supporting ideas behind relativity; it was Einstein's 

consolidation of these ideas into the theory of relativity, which is considered to be 

main work of genius that has now withstood observations and experimentation over 

the last 100 years. 

 

 So what experimental evidence is being cited? 

  

One example of experimental verification, which is often quoted, relates to a particle 

called the mu-meson that spontaneously disintegrates after an average lifetime of 

2.2*10
-6
 seconds. These particles are only created in the upper atmosphere, some 

10km above the Earth and should, at near light speed, only be able to travel 600m. 

So how these particles come to be detected at ground level laboratories was thought 

to be problematic, but apparently resolved by the effect of time dilation. Of course, if 

we accept this explanation, we must also accept the implication that any physical 

objects subject to relativistic effects, caused by velocity and/or gravitational, might 

exist outside our normal timeline of perception. However, we need to simply table 

this issue, until after we have considered the combined implications of both special 

and general relativity in more detail. 

 

What other physical implications resulted from relativity? 

 

In his initial paper, related to special relativity, Einstein argued that if the speed of 

light is a constant in all frames of reference, then both time and space are relative. It 

is the physical implications of this conclusion, based on the mathematics of the 

Lorentz transforms, which some still contest. For example, there are many who still 

claim that Einstein's use of these transforms is mathematically inconsistent. Equally, 

it is said that Lorentz himself only used his transforms to account for the apparent 

failure of the Michelson-Morley experiment and, as such, the contraction of space 

was only meant as a mathematical abstraction. However, Einstein's theory refuted this abstract interpretation and believed 

that the changes to both time and space, as measured by a stationary observer, must be a physical effect, if the speed of light is 

to remain consistent. As result, the last 100 years has thrown up many apparent paradoxes, although supporters of the theory 

will highlighted have all been resolvŜŘ ŀƴŘ ǘƘŀǘ ǘƘŜ Ψweight of authorityΩ ƛǎ ƴƻǿ ŦƛǊƳƭȅ ōŜƘƛƴŘ ǊŜƭŀǘƛǾƛǘȅΦ 9ǾŜƴ ǎƻΣ ǘƘŜ 'duty of 

inquiry' still requires we review of both special and general relativity.  

http://www.mysearch.org.uk/website1/html/239.Special.html
http://www.mysearch.org.uk/website1/html/249.Paradoxes.html
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Albert Einstein: 

άL ǎƻƳŜǘƛƳŜǎ ŀǎƪ ƳȅǎŜƭŦ Ƙƻǿ ƛǘ ŎŀƳŜ 

about that I was the one to develop 

the theory of relativity. The reason, I 

think, is that a normal adult never 

stops to think about problems of space 

and time. These are things which he 

Ƙŀǎ ǘƘƻǳƎƘǘ ŀōƻǳǘ ŀǎ ŀ ŎƘƛƭŘΦέ   

1.2 The Theory of Special Relativity 
 

The diagram below tries to set the scene for the following discussion of special 

relativity, which will then be followed by a discussion of general relativity. In part, 

9ƛƴǎǘŜƛƴΩǎ ǇǳōƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǘƘŜƻǊȅ ƻŦ ǎǇŜŎƛŀƭ ǊŜƭŀǘƛǾƛǘȅΣ ƛƴ мфлрΣ ŜǎǘŀōƭƛǎƘŜŘ ǘƘŜ 

relativity of space and time, plus its implications on mass and energy. Ten years 

later, in 1915, would Einstein complete the general theory of relativity inclusive of 

`Einstein Field Equations̀ which went onto describe the properties of a 

gravitational field associated with a given mass. These equations also help 

describe how an object curves space and how this curvature can cause a spatial 

distortion of matter. However, as indicated, the discussion of this aspect of 

relativity will be deferred to a separate discussion specifically covering ̀ General Relativitỳ. In the context of special relativity, 

we shall proceed on the initial assumption that spacetime is flat. 

 
 

 So, it was Einstein's special theory that forwarded the idea that both space and time are relative, rather than absolute 

concepts, in the absence of a gravitational field. This theory is based on two fundamental postulates: 

 

1. The laws of physics are the same in all reference frames that move uniformly and without rotation. 

2. The speed of light in a vacuum has the same constant value in all inertial systems. 

 

However, the second postulate, which implies that nothing can travel faster than the speed of light, was incompatible with 

Newton's Law of Universal Gravitation. It was the implication of this postulate that took Einstein a further 10 years to resolve in 

his General Theory of Relativity. Initially, in the context of special relativity, Einstein proposed that two observers in motion 

http://www.mysearch.org.uk/website1/html/317.Equations.html
http://www.mysearch.org.uk/website1/html/254.General.html
http://www.mysearch.org.uk/website1/html/254.General.html


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
11 of 238 

 

Albert Einstein: 

"The important thing is not to stop 

questioning. Curiosity has its own 

reason for existing. One cannot help 

but be in awe when he contemplates 

the mysteries of eternity, of life, of the 

marvellous structure of reality. It is 

enough if one tries merely to 

comprehend a little of this mystery 

every day. Never lose a holy curiosity."  

 Albert Einstein 

"If we knew what it was we were 

doing, it would not be called research, 

would it?" 

could have a different perception of time and space, but in accordance with the 

1
st
 postulate, the laws of physics had to remain consistent to both observers. As a 

consequence of the second postulate, i.e. the speed of light must remain constant 

to all observers, and required the relative perception of time and space to change 

as an object approaches the speed of light. The implications of these observed 

changes can be described in terms of a number of effects: 

 

¶ Time dilation 

¶ Length contraction 

¶ Effective Mass & Energy 

¶ Simultaneity & Causality 

 

However, we will begin by outlining the basic principles behind the first two effects, before proceeding to address some of the 

wider issues associated special relativity. 

 

1.2.1 Basic Principles 
 

One of the biggest problems with special relativity relates to the terminology 

called ̀ frames of referencè. While the actual concept is not difficult in itself, 

keeping track of how each frame is being referenced in any given context can 

become confusing. In essence, any description of special relativity usually involves 

two reference frames: 

 

¶ The stationary frame 

¶ The moving frame 

 

Possibly the easiest way to visualise the two frames is to consider a man sitting in 

a train and a man standing on a platform. The man sitting in the train is judging 

the speed and position of all other objects relative to where he is sitting, i.e. he 

feels he is stationary even though he might know the train is moving.   

 

This frame might also referred to as an `inertial` frame of reference, which 

simply means that the frame is either stationary or moving with constant 

velocity, i.e. there is no acceleration and because force [F=ma], there is no 

force acting on a person sitting still within an inertial frame of reference. 

 

As the train passes through a station, the man in the train sees another man 

standing on the platform initially speeding towards him and then away again, in 

the opposite direction. Of course, the man on the platform has another 

perspective, as he would logically argue that he was the one stand still, while the 

man on the train sped past. 
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 So which is the stationary frame and which is the moving frame? 

 

Well, neither and both is the initial answer. Conceptually, either man might claim to occupy a stationary frame and therefore 

argue that the other is moving relative to their position and, in essence, this is the principle of special relativity. However, 

ǎǇŜŎƛŀƭ ǊŜƭŀǘƛǾƛǘȅ ƎŜǘǎ ŀ ƭƛǘǘƭŜ ƳƻǊŜ ƛƴǘŜǊŜǎǘƛƴƎ ŘǳŜ ǘƻ 9ƛƴǎǘŜƛƴΩǎ нƴŘ ǇƻǎǘǳƭŀǘŜΣ ƛΦŜΦ ƴƻǘƘƛƴƎ Ŏŀƴ ƳƻǾŜ ŦŀǎǘŜǊ ǘƘŀƴ ǘƘŜ ǎǇŜŜd of 

light. Again, let us try to initially visualise the basic concept before we proceed to any of the mathematical details. If our man on 

the train was to throw something out of the train in the direction the train was travelling, we might logically calculate the 

velocity of the object by adding the velocity of the object thrown to the velocity of the train, but what of the next scenario? 

 

A descendent of the man on the train is travelling in a spaceship at 90% light speed. The spaceship is racing towards a 

space station on which a descendent of the man on the platform is standing. At the front of the ship is a light shining 

ahead and therefore moving away from the spaceship towards the man on the space station. What is the velocity of the 

light beam with respect to the man on the spaceship and the man on the space station? 

 

Unlike classical (Galilean) relativity, special relativity tells us that the velocity in both cases is [c=3*10
8
 m/s] and it is from this 

postulate that so many of apparent spacetime paradoxes associated with special relativity originate. Without any introduction 

of the mathematics of Lorentz transformations, at this stage, let us simply introduce the equation that appears to cause all the 

problems: 

[ 1]       

 

All we need to note, at this stage, is that the denominator will approach zero as the velocity [v] approaches the speed of light 

ώŎϐ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ώʴ Ҧ қϐ ŀǎ ώǾ Ҧ c]. As this occurs, the values of length, time and the mass of objects within the moving frame 

of reference, as measured by an observer, will begin to significantly differ from those of an observer within the moving frame. If 

we initially define frame [A] to be stationary, any observer who is also stationary with respect to [A] will see no relativistic 

effects. However, another observer in frame [B], moving relative to frame [A], could then declare that it is frame [B] that is 

stationary and frame [A] to be moving with velocity [v]. It is the observer within frame [B] who sees the effects of relativity 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŦǊŀƳŜ ώ!ϐΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǿƛǘƘƛƴ ǘƘƛǎ ǎȅƳƳŜǘǊƛŎŀƭ ŘŜŦƛƴƛǘƛƻƴΣ ǘƘŜ ƭŀōŜƭ Ψstationary ŦǊŀƳŜΩ ŀƴŘ ΨƳƻǾƛƴƎ ŦǊŀƳŜΩ are 

also relative and keeping track of which frame is being referenced can become confusing. For this reason, the following 

discussions will try to use frame [A] and [B] consistently, as described above. To summarise these points: 

 

¶ We shall assume that [A] is always the frame to which the effects are being associated by an observer in frame [B]. 

¶ However, the decision as to who is stationary and who is moving can be quite arbitrary, at least, in principle. 

 

Before we discuss the details of any relativistic effects, it is possibly useful to try to visualise the basic difference between 

Galilean and special relativity. In the diagram below, there are two different versions of relative motion; the top diagram 

corresponds to what might be described as Galilean relativity, while the bottom diagram reflects the requirement of special 

relativity. In the top diagram, [A] and [X] are standing on a moving train, while [B] is standing on a stationary tower. If we 

initially assume that [A] and [B] both fire bullets at [X], the relative velocity of the train with respect to [B] means his bullets hit 
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Erich Fromm  

ά{ŀƴƛǘȅ - that which is within 

the frame of reference of 

ŎƻƴǾŜƴǘƛƻƴŀƭ ǘƘƻǳƎƘǘέ 

[X] at 100-50=50m/s, while the bullets from [A] hit [X] at 100m/s. However, in the second diagram, [A] and [B] now fire lasers, 

i.e. light, which special relativity requires hit [X] at velocity [c], irrespective of the source. 

 

 
 

Let us now transposed this discussion into a more futuristic context, where two identical 

spaceships [A] and [B] both head off into the depths of space with a constant velocity [v], 

which is some appreciable fraction of the speed of light [c]. An observer onboard [A] has a 

metre ruler and a clock with which to measure length [xA] and time [tA]. The observer 

onboard [B] also has an identical metre ruler and clock with which to measure length [xB] 

and time [tB]. Now the second postulate tells us that these two observers should always agree on the speed of light [c]. Now to 

check this postulate, both observers use the equation for the speed of light [c] in vacuum based on the frequency [f] and 

ǿŀǾŜƭŜƴƎǘƘ ώ˂ϐ ƻŦ ŀ ƎƛǾŜƴ ƭƛƎƘǘ ǎƻǳǊŎŜΣ ƛΦŜΦ 

 

[2]       

 

In-line with the 1
st
 postulate, neither observer sees any change in their metre rulers or the ticking of their clocks. Now let us 

assume that due to some earlier course changes, the two ships eventually find themselves heading straight towards each other 

with a relative, but constant velocity [v=0.866c], which conveniently gives us a Lorentz CŀŎǘƻǊ ƻŦ ώʴҐнϐΦ IƻǿŜǾŜǊΣ ŘǳŜ ǘƻ ǘƘŜ 
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Karl von Clausewitz  

άtǊƛƴŎƛǇƭŜǎ ŀƴŘ ǊǳƭŜǎ ŀǊŜ ƛƴǘŜƴŘŜŘ 

to provide a thinking man with a 

ŦǊŀƳŜ ƻŦ ǊŜŦŜǊŜƴŎŜΦέ 

In essence, the Galilean 

transforms encompass the 

intuitive experience in which 

velocity is subject to addition and 

subtraction. However, this 

assumption is anchored on the 

premise that time can be treated 

as absolute quantity. 

constant velocity of both ships and the absence of any other frame of reference in our conceptual universe, the observer 

onboard [A] may consider his ship to be at rest [v=0] and therefore attributes all the relative velocity to [B] and, as a 

consequence, observer [A] measures a difference in the rulers [xA : xB ] and the ticking of the clocks [tA : tB ] given by the 

following equations: 

[3]       

 

To observer [A], the length of the metre ruler onboard [B] is shorter by the factor of 

ώʴҐнϐΦ 9ǉǳŀƭƭȅΣ ǘƘŜ ǘƛŎƪƛƴƎ ƻŦ ǘƘŜ ǇŜƴŘǳƭǳƳ ŎƭƻŎƪ ƻƴōƻŀǊŘ ώ.ϐ ŀǇǇŜŀǊǎ ǎƭƻǿŜǊΣ ƛΦŜΦ ǘƛƳŜ 

ƛǎ ŘƛƭŀǘŜŘΣ ōȅ ǘƘŜ ŦŀŎǘƻǊ ƻŦ ώʴҐнϐ ǘƻ ƻbserver [A]. However, it can be seen that [xB] and 

[tB] are equally affected by the same factor and therefore the ratio by which [c] is 

determined in [2] remain consistent in both frames of reference. It is highlighted again, 

that these effects are only perceived by [A] when looking at [B], whereas [B] detects no change in [xB] or [tB]. In fact, by the 

rules of special relativity, observer [B] could equally claim his ship was at rest and it is [A] who is moving at [v=0.866c]. In which 

case, observer [B] would perceive the exact opposite: 

 

[4]       

 

This reversal of the perception of time and space onboard [A] and [B] appears to lead to what has become known as the `twin 

paradox̀, which will be discussed in more detail in a following section.  

 

1.2.1.1 Galilean Transforms 
 

The classical (Galilean) view of relativity is based on the measured speed depending on 

both the speed of the source and the observer. In this context, we can still define 

different frames of reference, e.g. the man on the train and the man on the platform, 

but there is an important difference. An object moving with respect to two different 

frames cannot have the same velocity within each frame of reference, if these frames 

have different velocities. We can provide some initial mathematical form to the 

Galilean transforms as follows: 

 

[1]       

http://www.mysearch.org.uk/website1/html/250.Twins.html
http://www.mysearch.org.uk/website1/html/250.Twins.html
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As such, the Galilean 

transforms can be used 

to transpose the 

coordinates of two 

reference frames, which 

differ only by constant 

relative motion 

constrained within the 

limits of Newtonian 

physics. 

¢ƘŜ ƪŜȅ ŀǎǇŜŎǘ ƻŦ ǘƘŜ DŀƭƛƭŜŀƴ ǘǊŀƴǎŦƻǊƳǎ ƭƛŜǎ ƛƴ ǘƘŜ ŦƛǊǎǘ ŜȄǇǊŜǎǎƛƻƴ ƛƴ ώмϐΣ ǿƘƛŎƘ ƛƳǇƭƛŜǎ ǘƘŀǘ ǘƛƳŜ ώǘҐǘΩϐ ƛǎ ŀōǎƻƭǳǘŜΣ ƛΦe. 1 

second is the same period in both frames of reference. For simplicity, the velocity [vx] is aligned to the x-axis so that we can 

initially avoid the complexity of 3-dimensional [xyz] coordinates. The subsequent expressions describe the transform between 

ǘƘŜ ǎǇŀǘƛŀƭ ώȄΣ ȄΩϐ ŎƻƻǊŘƛƴŀǘŜǎ, which essentially reflects the reversal of the direction of velocity [vx], when considered from the 

perspective of the other frame. The following diagram tries to clarify the situation: 

 

 

 
The diagram above represents the perspective of two `relativè  observers yellow [A] and pink [B]. We will consider [X], in blue, 

to be an event in space and time, whose position we wish to define. As such, we actually have three points of relative motion: 

 

¶ [X] is an event moving with velocity vX with respect to [A] 

¶ [A] is seen as a moving frame with respect to [B] moving with velocity vA 

¶ [B] is the stationary observer of [A] 

 

Initially, [A], [B] and [X] are all collocated in space and time at [x0, x0`] and [t0, t0`], as per [A] top left, but then begins to 

separate due to the relative velocities in the time represented by [t1, t1`]. We can express this situation by stating: 

 

[2]       

 

However, we may wish to simplify this notation by letting [x0=x0`=0] and [t0=t0`=0] so that we can align with the form as shown 

in equation [1]: 

 

[3]       

 

In the context of this Galilean transform, [x`] represents the spatial separation between [A] and [X], while the distance [x] is the 

corresponding spatial separation between [B] and [X] after a time [t=t`] seconds. We might also highlight that: 

 

[4]        
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The Lorentz transforms are named after the 

Dutch physicist Hendrik Lorentz. They 

describe how, according to the theory of 

special relativity, the measurements of 

space and time by two observers can be 

converted to the others frame of reference 

1.2.1.2 Lorentz Transforms 
 

Having introduced Galilean relativity, we will now consider the Lorentz 

transforms, which support the assumptions of special relativity, i.e. time and 

space are relative due to the constancy of [c]. We will start with a diagram 

that you might, at first glance, believe to be identical to the previous diagram 

used to describe the Galilean transforms: 

 

 
 

However, closer inspection of the two diagrams will show that the relative velocity between [A] and [X] has been changed from 

[vx] to [c]. This change reflects an open question about any perceived differences in the velocity of [X] between [A] and [B] 

when we assume that [X] is now travelling at the speed of light [c]. 

 

It is not unreasonable to wonder how just changing the velocity of [X] can lead to any profound change in the Galilean 

ǘǊŀƴǎŦƻǊƳΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ŎƘŀƴƎŜ Ƙŀǎ ǘƻ ƴƻǿ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ 9ƛƴǎǘŜƛƴΩǎ ƛŘŜŀǎ ŀōƻǳǘ ǘƘŜ ŎƻƴǎǘŀƴŎȅ ƻŦ ǘƘŜ 

speed of light to all observers plus the fact that no physical mass can attain the velocity [c]. 

 

If we are to assume that the speed of light [c] is the same for all observers, we need to clarify the relative velocity between [A] 

and [X] as well as [B] and [X], which by virtue of the assumption [vx=c] requires the constancy of [c] be maintain with respect to 

[A] and [B]. 

 

[1]       

 

However, if we comply with the postulates of special relativity, we can no longer proceed with the Galilean assumption about 

ǳƴƛǾŜǊǎŀƭ ǘƛƳŜ ώǘҐǘΩϐ ƛƳǇƭƛŎƛǘ ƛƴ ǘƘŜ ƻǊƛƎƛƴŀƭ DŀƭƛƭŜŀƴ ǘǊŀƴǎŦƻǊƳǎΥ 
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The Lorentz transforms originated as 

an attempt to explain how the speed 

of light was observed to be 

independent of the reference frame 

and to understand the implications 

of Maxwell's equations. However, 

Einstein interpreted the transforms 

within the context of special 

relativity, such that they superseded 

the Galilean transforms of 

Newtonian physics. 

[2]       

 

Consideration of [1] and [2] leads to the following conflicting expression, which we need to resolve: 

 

[3]       

 

The inequality reflected in the equation above cannot be resolved by the Galilean transforms and to proceed, we must try to 

formulate a new set of transforms that will preserve [c] in both frames of reference. As such, we might wish to start with 

equations similar in form to the Galilean transforms in [2], but which contains some factor, which we might just ƭŀōŜƭ ώʴϐΥ 

 

[4]       

 

.ŀǎŜŘ ƻƴ ƻǳǊ ŀǎǎǳƳǇǘƛƻƴ ŀōƻǳǘ ǘƘŜ ŎƻƴǎǘŀƴŎȅ ƻŦ ǘƘŜ ǎǇŜŜŘ ƻŦ ƭƛƎƘǘΣ ƛΦŜΦ Ŏ Ґ ȄΩκǘΩ Ґ ȄκǘΣ 

we can then substitute this relationship into [4]: 

 

[5]       

 

If we re-ŀǊǊŀƴƎŜ ώрϐΣ ǿŜ Ŏŀƴ ƻōǘŀƛƴ Ŝǉǳŀǘƛƻƴǎ ŦƻǊ ώǘΩϐ ŀƴŘ [t]:  

 

[6]       

 

At this point, you might reasonably believe that [6] is already an expression that transforms time [t] to [t`]. However, based on 

the substitution of [x=ct] and [x`=ct`], this variant of the transform is specific to [X], not [A]. As such, it really reflects the relative 

time of a frame of reference travelling at [v=c]. If you substitute this value into [6], it would suggest that [t`] must equal zero, 

ƛǊǊŜǎǇŜŎǘƛǾŜ ƻŦ ǘƘŜ ǾŀƭǳŜ ώʴϐΦ ¢Ƙƛǎ ƛǎ ƴƻǘ ŀƴ ŜǊǊƻƴŜƻǳǎ ǊŜǎǳƭǘΣ ōǳǘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ Ŏƻƴcept of ǇǊƻǇŜǊ ǘƛƳŜ ώˍϐ within [X]. 

Although we have not explained the idea of proper time, as yet, it leads to the suggestion that there is no concept of time for 

anything moving at the speed of light [c]. However, we shall defer further discussion of this issue until after we establish the 

basic concepts at work. Therefore, we will continue by substituting [5] into [6], then cancelling out [ǘΩ] and re-arranging: 

 

http://www.mysearch.org.uk/website1/html/246.Separation.html
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[7]       

 

Of couǊǎŜΣ ǿƘŜǘƘŜǊ ǘƘƛǎ ǾŀƭǳŜ ƻŦ ώʴϐ ƛǎ ŀ ƳŜŀƴƛƴƎŦǳƭ ǊŜǎǳƭǘ ƛǎ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘƘŜ ǾŀƭƛŘƛǘȅ ƻŦ 9ƛƴǎǘŜƛƴΩǎ ǘǿƻ ǇƻǎǘǳƭŀǘŜǎΣ ōǳǘ ǿŜ ƴƻǿ 

ƘŀǾŜ ǎƻƳŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ǎǳǇǇƻǊǘ ƻŦ ǘƘŜ [ƻǊŜƴǘȊ ǘǊŀƴǎŦƻǊƳǎΦ hƴ ǘƘƛǎ ōŀǎƛǎΣ ǿŜ Ƴŀȅ ǇǊƻŎŜŜŘ ǘƻ ŘŜŦƛƴŜ [ƻǊŜƴǘȊΩǎ ǘǊŀƴǎŦƻǊƳǎ ŦƻǊ 

all three ǎǇŀǘƛŀƭ ŘƛƳŜƴǎƛƻƴǎΦ IƻǿŜǾŜǊΣ ƛƴ ǇǊƛƴŎƛǇƭŜΣ ǿŜ ƘŀǾŜ ŀƭǊŜŀŘȅ ǎƘƻǿƴ ǘƘŜ ǘǊŀƴǎŦƻǊƳ ŦƻǊ ώȄΩϐ ŀƴŘ ώȄϐ ƛƴ ώпϐΦ 

 

.ǳǘ ǿƘŀǘ ƻŦ ǘƛƳŜ ώǘϐ ŀƴŘ ώǘΩϐΚ 

 

We still need to derive a solution for [t`] in connection to [B]. We proceed by substituting first expression in [4] into the other: 

 

[8]       

 

²Ŝ ƴƻǿ ƴŜŜŘ ǘƻ ǊŜŀǊǊŀƴƎŜ ǘƘƛǎ Ŝǉǳŀǘƛƻƴ ŀƴŘ ǎƻƭǾŜŘ ŦƻǊ ǘƛƳŜ ώǘΩϐΦ Lƴ ǇǊŀŎǘƛŎŜΣ ǘƘƛǎ ƛǎ ŀ ǎƻƳŜǿƘŀǘ ƳŜǎǎȅ ǇǊƻŎŜǎǎ ǊŜǉǳƛǊƛƴƎ ǎŜǾŜral 

steps, which have been included for completeness: 

 

[9]       

 

At this point, we need to expand (1-ʴ
2
) as follows: 

 

[10]     

 

We can now substitute [10] back into [9] to arrive at the general time transform between [A] and [B]: 
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[11]     

 

We might also like to add one more transform to the list, which relates to the relative velocity of both [A] and [B]. For example, 

if two objects were speeding away from a stationary observer at 90% of light speed [c], what is the relative velocity between 

the two objects? The Galilean transform would suggest 0.9c+0.9c=1.8c, which would break the 2
nd

 postulate of special 

ǊŜƭŀǘƛǾƛǘȅΦ IƻǿŜǾŜǊΣ ƻƴ ǘƘŜ ōŀǎƛǎ ǘƘŀǘ ǾΩҐȄΩκǘΩΣ ǿŜ Ŏŀƴ ŘƛǾƛŘŜ Ŝǉǳŀǘƛƻƴ ώпϐ ōȅ ώммϐΥ 

 

[12]     

 

/ŀƴŎŜƭƭƛƴƎ ƻǳǘ ǘƘŜ [ƻǊŜƴǘȊ ŦŀŎǘƻǊ ώʴϐ ŀƴŘ ǎǳōǎǘƛǘǳǘƛƴƎ ȄҐǳǘ ǘƻ ǊŜŦƭŜŎǘ ǘƘŀǘ ǘƘŜ ǎŜŎƻƴŘ ŦǊŀƳŜ ƻŦ ǊŜŦŜǊŜƴŎŜ ƛǎ ŀƭǎƻ ƳƻǾƛƴƎ ǿƛǘƘ 

velocity [±u], we get: 

 

[13]     

 

For completeness, the following table lists the Lorentz transforms derived: 

 

Variable Transform 

ȄΩ Ґ ʴόȄ  ς  vt) 

ȅΩ = y 

ȊΩ = z 

ǘΩ =  ɹ ώǘ ς vx/c
2
 ] 

ǾΩ =  (u - v)/(1 - uv/c
2
) 
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Within the context of relativity, spacetime 

coordinates are defined in terms of 4 

dimensions, 3 spatial and 1 of time. As 

such, position and velocity plus energy 

and momentum of a particle can all be 

defined in terms of  4-vectors. 

1.2.1.3 4-Vector Notation 
 

To some extent, this discussion of 4-vector notation might be running a bit ahead of the introduction of some of the 

key implications of special relativity. However, there are a number of key aspects of special relativity, associated with space-

time and energy-momentum, which 4-vectors can help to explain. Of course, you can always use the link above to jump ahead 

and then return to the idea of 4-vectors at a later point. With this said, we will start anchored in the idea of the Lorentz 

transforms that were described as a logical extension of the Galilean transforms, which imposed the requirement that the 

speed of light [c] be the same in all frames of reference. For the purposes of this 

discussion, we will simply re-state the primary Lorentz transforms as reference: 

 

[1]       

 

The concept of a 4-vector is not unsurprisingly linked to the definition of 

spacetime in 4-dimensions, i.e. time plus 3 spatial direction. As such, we might 

introduce a position 4-vector [X] as follows: 

 

[2]       

 

In the first set of brackets [x0..xn], we see the generalisation of the 4 

components that describe spacetime normalised to the units of distance, such 

that [x0=ct]. In contrast [x1,x2,x3] represent the spatial vectors that we might associated with the unit vectors [ijk] and 

magnitude [xyz], which in turn can be simplified to the vector sum [R]. If we consider the form of [2] and apply this logic to [1], 

we end up with the Lorentz transforms aligned to requirements of 4-vectors: 

 

[3]       

http://www.mysearch.org.uk/website1/html/243.Implications.html
http://www.mysearch.org.uk/website1/html/242.Lorentz.html
http://www.mysearch.org.uk/website1/html/242.Lorentz.html
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!ǘ ǘƘƛǎ ǇƻƛƴǘΣ ǿŜ ǿƛƭƭ ǎƛƳǇƭȅ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀ Ψspacetime interval [s]Ω  that corresponds to a separation in spacetime, 

which we might initially consider to be normalised to the units of distance: 

 

[4]        

 

However, for the sake of simplicity, we shall continue the discussion by only considering one spatial axis [x] and adopt the 

nomenclature introduced in [3] to produce [5] as the equivalence of [4]: 

 

[5]       

 

CƻǊ ǘƘŜ ǎǇŀŎŜǘƛƳŜ ƛƴǘŜǊǾŀƭ ώǎϐ ǘƻ ƘŀǾŜ ǘƘŜ ǇǊƻǇŜǊǘȅ ƻŦ ΨinvarianceΩΣ ǎǳŎƘ ǘƘŀǘ ŀƭƭ ƻōǎŜǊǾŜǊǎ ŘŜǘŜǊƳƛƴŜ ώǎϐ ǘƻ ōŜ ǘƘŜ ǎŀƳŜ ƛƴ ŀƭƭ 

frames of reference, then we would need to show that the following equation is true: 

 

[6]       

 

We can demonstrate this property by substituting the equations in [3] into [6]: 

 

[7]       

 
So, based on the Lorentz transforms, the quantity defined as the spacetime interval [s] is 

shown to be invariant to all observers, irrespective of their relative velocity [v]. 

However, let us return to the form of [4] and consider the initial implications of this 

definition of spacetime in terms of a simple graph of observed time [t] against distance 

[x]. In the diagram right, an observer see an object travel from [A] to [B], which 

corresponds to 3 light-seconds in distance in a time of 5 seconds. In this local frame, the 

velocity [v] of this object is 0.6 of the speed of light [c]. Within the context of this 

diagram, the speed of light [c] is shown as a line at 45° to the vertical, which is a maxima 

under special relativity. As such, we have created the basis of what is called a spacetime 

diagram, which is presenting a view of the spacetime interval [s] between [A] and [B]. 

http://www.mysearch.org.uk/website1/html/246.Separation.html
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So how might we initially interpret the spacetime interval [s]? 

 

Actually, there are several interpretations that will be discussed in  another section, but for now, we might focus on 2 

perspectives. One perspective represents the time and distance, as shown by the time and distance axes, in which the object 

moves from [A] to [B] with velocity [v=0.6c]. The second perspective could be described as an observer co-moving with the 

object from [A] to [B], such that the relative velocity [v] of the object is zero. What we might realise from this description is that 

the distance offset [x] in this secondary frame remains zero for the co-moving observer, such that the spacetime interval [s] 

must be perceived in terms of time [t] only. However, we have also shown that the measure of the spacetime interval [s] is 

invariant for all observers. Given the information provide about the first frame of reference, we can calculate [s] as follows: 

 

[8]        

 

However, for the reasons stated above, the secondary co-moving observer must perceive the spacetime interval [s] in terms of 

time [t] only. In fact, we might better describe this situation in terms of a clock travelling between [A] and [B], where the 

elapsed time on the clock would be 4 seconds, while 5 seconds would have elapsed in the stationary frame selected. To gain 

some further insight, we might re-arrange [8] by substituting for [x=vt]: 

 

[9]        

 

In [9], we have retained the consistency of the units, in terms of distance, by adopting [ct] to normalise the units of time. 

However, by definition, it is clear that the spacetime interval can be a composite of both time and distance, plus we have cited 

a specific example in which this interval is perceived in terms ƻŦ ǘƛƳŜ ƻƴƭȅΦ ²Ŝ ƳƛƎƘǘ ŦƻǊƳŀƭƛǎŜ ǘƘƛǎ ΨdualityΩ ŀǎ ŦƻƭƭƻǿǎΥ 

 

[10]      

 

¢ƘŜ ǘŜǊƳ ώŘǘϐ ǊŜƭŀǘŜǎ ǘƻ ǘƘŜ ΨǇǊƻǇŜǊ ǘƛƳŜ ώˍϐ Ω ŀƴŘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ǘƛƳŜ ƻƴ ǘƘŜ ŎƭƻŎƪ Ŏƻ-moving between 2 points in 

spacetime. This concept will now allow us to extend the description of 4-vectors beyond the initial description of the position 4-

vector [X]. 

[11]     

http://www.mysearch.org.uk/website1/html/246.Separation.html
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An important property of a four-vector is 

that it is invariant under a coordinate 

transformation. The invariance of a 

spacetime 4-vector is associated with the 

fact that the speed of light is a constant. 

However, the invariance of the energy-

momentum 4-vector is associated with the 

fact that the rest mass of a particle is 

invariant under coordinate transformations. 

As in classical physics, any change in the position 4-vector with time [t] also suggests some form of velocity [v]. However, the 

velocity 4-vector [V] requires the time to be invariant for all frames of reference and, as such, we might consider the previous 

definition of ΨǇǊƻǇŜǊ ǘƛƳŜ ώˍϐΩ along with the assumption that velocity [V] is orientated along the [x1] axis: 

 

[12]     

 

However, we might recognise that [dx0=c.dt] such that we might substitute [10] into [12]: 

 

[13]     

 

We might also realise that we can use the chain rule to expand the spatial vector component: 

 

[14]     

 

If we now substitute for [14] back into [13]: 

 

[15]     

 

Having established a definition for the velocity 4-vector, we might in-turn extend this definition to momentum [P]: 

 

[16]     

 

The vector component of [16] might be readily interpreted as the relativistic momentum of a particle of mass [m0] moving 

along the x-axis with velocity [v]. As the velocity [v] reduces to non-relativistic speed, the denominator approaches unity and 

momentuƳ ŎƻƴǾŜǊƎŜǎ ōŀŎƪ ǘƻǿŀǊŘǎ ǘƘŜ bŜǿǘƻƴƛŀƴ ŦƻǊƳ ώˊҐƳǾϐΦ IƻǿŜǾŜǊΣ ǘƘŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ ŦƛǊǎǘ ǎŎŀƭŀǊ ŎƻƳǇƻƴŜƴǘ ώt0] 

ƛǎ ƴƻǘ ǎƻ ƻōǾƛƻǳǎΣ ŀǎ ǎƛƳǇƭȅ ŎƻƭƭŀǇǎƛƴƎ ǘƘŜ ǾŜƭƻŎƛǘȅ ώǾϐΣ ƛƳǇƭƛŎƛǘ ƛƴ ώʲҐǾκŎϐΣ ǘƻ ȊŜǊƻ ǇǊŜǎŜƴǘǎ ǘƘŜ ŦƻǊƳ ώt0=mc], which does not 

necessarily convey any obvious physical meaning. However, we might be able to pursue an inference of [P0] if we first expand 

the expression using a binomial series of the form: 



the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
24 of 238 

 

[17]    

 

In isolation, this expansion might not actually appear to help, but we might get another insight into the relationship between 

energy and momentum by multiplying both sides of [17] by [c], such that the units of momentum become the units of energy: 

 

[18]    

 

What might now begin to emerge from [18] is that the scalar [P0] is representative of the total energy of a particle with a rest 

mass [m0ϐΦ ¢ƘŜ ŦƛǊǎǘ ǘŜǊƳǎ ǊŜŦƭŜŎǘǎ 9ƛƴǎǘŜƛƴΩǎ ŦŀƳƻǳǎ Ŝǉǳŀǘƛƻƴ ǘƘŀǘ ǊŜƭŀǘŜǎ Ƴŀǎǎ ŀƴŘ ŜƴŜǊƎȅΣ ǿƘƛƭŜ ǘƘŜ ǎŜŎƻƴŘ ǘŜǊƳ ŎƻǊǊŜǎǇƻƴŘǎ 

to the Newtonian expression for kinetic energy. 

 

But what are the implications of the additional terms in the binomial series in [18]? 

 

The introduction of 4-vectors is highlighting that the Newtonian expression for kinetic energy is only an approximation, which 

requires the higher order terms as [v] approaches [c]. However, by dividing [18] by [c] allows us to attach some physical 

meaning to [P0=E/c] and substitute this meaning back into [16]: 

 

[19]     

 

We can take the physical interpretation of [19] one step further, but first we need to clarify that all 4-vectors obey the same dot 

product arithmetic that was implicit in the spacetime interval, when restricting the definition to just the x-axis. 

 

[20]     
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The two postulates of special relativity also lead to other 

implications, such that matter and energy are 

equivalent, as expressed in the formula E=mc
2
, where [c] 

is the speed of light in a vacuum. However, special 

relativity also suggests that [c] is not just the velocity of 

light, but rather has wider implications that extend to 

the propagation of all electromagnetic fields and the 

very fabric of spacetime. 

However, special relativity still remains aligned with 

Newtonian mechanics, while the velocity [v] remains 

small in comparison to  the speed of light [c]. Even so, 

one of the consequences of the theory is that it is 

impossible for any particle that has rest mass to be 

accelerated to the speed of light. 

If we now substitute the solution in [16] into [20]: 

 

[21]     

 

We can verify the solution on the right by remembering that the solution of [21] must be invariant in all frame of reference, 

including the co-moving case, where [v=0], which then simplifies [21] to [m
2
c

2
]. We can now generalise the solution by 

replacing [P0] as indicated in [19] and simply presenting [P1] as 

ǘƘŜ ƳƻƳŜƴǘǳƳ ǾŜŎǘƻǊ ώˊϐΥ 

 

[22]     

 

As such, we have arrived at the relativistic energy of a particle 

expressed in terms of its extended kinetic energy linked to the 

momentum vector and scalar rest mass energy. So coupling the 

Lorentz transforms, as shown in [3], with the idea of 4-vectors 

has demonstrated how special relativity came to change 

Newtonian physics, not only in terms of space and time, but 

equally in terms of momentum and energy. 

 

1.2.2 The Implications of Special Relativity  
 

Having established some of the basic principles of special relativity, 

we are now in a better position to discuss some of the physical 

implications that the Lorentz transforms might have on space and 

time plus the knock-on effects on other physical quantities that 

underpin our understanding of the universe, such as mass. The 

scope of this section is divided into the following discussions: 

 

¶ The Light Clock 

¶ Spacetime 

¶ Mass and Energy Effects 

¶ Paradoxes 

 

The first discussion of the light clock is a useful example because it combines the issue of length contraction, which only applies 

to the direction of motion, and time dilation, which applies to the moving frame as a whole. After which the discussion expands 

to include the compositional ƴƻǘƛƻƴ ƻŦ ΨǎǇŀŎŜǘƛƳŜΩ ƛƴ ǿƘƛŎƘ ǘƘŜ ƛŘŜŀ ƻŦ ΨǇǊƻǇŜǊ ǘƛƳŜΩ ŀƴŘ ǘƘŜ ΨǎǇŀŎŜǘƛƳŜ ƛƴǘŜǊǾŀƭΩ are then 

http://www.mysearch.org.uk/website1/html/242.Lorentz.html
http://www.mysearch.org.uk/website1/html/252.Light%20Clock.html
http://www.mysearch.org.uk/website1/html/244.SpaceTime.html
http://www.mysearch.org.uk/website1/html/247.Effects.html
http://www.mysearch.org.uk/website1/html/249.Paradoxes.html
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Speculative Note 

An alternative review of the 

Light Clock within the WSM 

model may be of interest. 

Henry Austin Dobson  

Time goes, you say?  Ah no!  

Alas, Time stays, we go. 

expanded. However, the implications of spacetime go beyond just the implication of a clock ticking more slowly in the moving 

frame of reference, because it comes to question our very notion of the sequence of events in time. Such issues are therefore 

considered in a little more details in the discussion of the simultaneity and causality of events. In the context of special relativity 

only, Einstein outlined 2 key concepts. The first related to space and time, which was effectively combined into the single 

concept of spacetime. The second concept related to the relationship between mass and energy symbolised by his famous 

equation [E=mc
2
]. However, there is also a relativistic effect on mass, which then has knock-on effect on the concept of energy, 

such that we need to answer the question: 

 

Are mass and energy relative to a given frame of reference? 

 

Finally, we will discuss a number of paradoxes that seem to arise out of the relativistic effects of spacetime. Possibly, the most 

ŦŀƳƻǳǎ ƛǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ Ψtwin paradoxΩ that considers the relative age of 2 twins, one that remains within the 

stationary frame of Earth and another who undergoes a journey at near light speed and 

then returns.  

 

1.2.2.1 The Light Clock 
 

The constancy of the speed of light [c] in all frames of reference is one of the basic 

assumptions of special relativity. As such, we should be able to design a light clock on the basis of the time [t] taken by light 

[v=c] to travel a given distance [d=ct]. The following diagram attempts to illustrate the key components of our light clock, i.e. a 

light source emits a beam at [t0], which is reflected back in [t1] seconds. 

 

 
 

This diagram is initially considering the propagation of a light beam in the stationary 

frame only, where the time [t1] measures the round trip delay for a distance [2d=ct1]. In 

the stationary frame, there is no obvious reason why the light clock would be affected by 

its orientation along either the [x] or [y] axis. Of course, there is nothing to stop another 

system, e.g. [B], from declaring frame [A] to be a moving with a constant velocity [v] with respect to [B]. 

 

So how would this configuration look from [B]? 

 

http://www.mysearch.org.uk/website1/html/687.Clock.html
http://www.mysearch.org.uk/website1/html/656.WSM.html
http://www.mysearch.org.uk/website1/html/656.WSM.html
http://www.mysearch.org.uk/website1/html/250.Twins.html
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From the previous discussion of time dilation, we might assert that time in frame [A] must be running slower from the 

perspective of frame [B]. We might also realize that only the configuration moving along the x-axis would be subject to space 

contraction. 

 

 
 

Of course, special relativity still requires the constancy of the speed of light [c] in both frames, i.e. [A] and [B]. So the question is 

whether we can resolve the geometry such that [c] equals distance divided by time in both frames [A] and [B]? 

 

 
 

Let us first try to address the apparent discrepancy in the y-axis configuration. To simplify matters, the diagram above has 

reduced the configuration to a 1-way trip where, on the left, we have the stationary view from within [A], where the velocity [c] 

is normalized to unity [c=1]. We can also simplify the comparative arithmetic by setting distance [d=1] and time [t=1], such that 

[c=d/t=1]. Now we can turn our attention to the same configuration, as perceived from [B], which is based on [v=0.6c] giving a 

[ƻǊŜƴǘȊ ŦŀŎǘƻǊ ώʴҐмΦнрϐΦ LŦ ǘƛƳŜ ƛƴ ώ!ϐΣ ŦǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ώ.ϐΣ ƛǎ ŘƛƭŀǘŜŘ ǘƘŜƴ ώǘ1`>t1] duŜ ǘƻ ǘƘŜ ŦŀŎǘƻǊ ώʴҐмΦнрϐΦ ¢ƘŜǊŜŦƻǊŜΣ 

ǿŜ Ŏŀƴ ƴƻǿ ǊŜǎƻƭǾŜ ώŘΩϐ ōȅ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƛǘ Ƴǳǎǘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ŘƛǎǘŀƴŎŜ ŎƻǾŜǊ ōȅ ώŎϐ ǘƛƳŜ ώǘ1ΩϐΦ bƻǿ ƭŜǘ ǳǎ ŎƻƴǎƛŘŜǊ ǘƘŜ ƛǎǎǳŜǎ 

in the x-axis: 
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Zall's Second Law 

How long a minute is, 

depends on which side of the 

bathroom door you're on. 

Douglas Adams  

The whole fabric of the 

spacetime continuum is not 

merely curved, it is in fact 

totally bent. 

 
 

With reference to the diagram above, similar simplifications have been made, although we are again considering the round trip 

path of the light beam. Hence, the time [t1=2] and the corresponding distance [2d]. In the moving frame, as perceived by [B], 

the forward path towards the mirror must recede at [+vt], effectively elongating the forward path, whilst the opposite is true 

on the backward path. However, both the forward and backward paths are subject to space contraction, as denoted by the 

ƛƴŎƭǳǎƛƻƴ ƻŦ ώʴϐΦ Lƴ ǇǊŀŎǘƛŎŜΣ ǿŜ ƴŜŜŘ ƴƻǘ ƘŀǾŜ ŎŀƭŎǳƭŀǘŜŘ ǘƘŜ ǊƻǳƴŘ-trip path in terms of [d1+d2]; although it was useful to prove 

consistency, because distance has to correspond to the propagation time [t1Ωϐ ƳǳƭǘƛǇƭƛŜŘ ōȅ 

[c]. Of course, the time [t1`] taken to complete the round trip will have been affected by 

ǘƛƳŜ ŘƛƭŀǘƛƻƴΣ ǿƘŜƴ ǾƛŜǿŜŘ ŦǊƻƳ ώ.ϐΦ !ǎ ǎǳŎƘΣ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ώʴϐ ŎŀǳǎŜǎ ǘƘŜ ǊƻǳƴŘ-trip 

ŘƛǎǘŀƴŎŜ ώнŘΩϐ ǘƻ ōŜ Ŝǉǳŀƭ ǘƻ ώŎϝʴόǘмύҐнΦрϐΣ ǿƘƛŎƘ ƛǎ ŀƭǎƻ ǎƘƻǿƴ ǘƻ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ώŘ1+d2]. As 

such, the Lorentz transforms, as previously derived, allows the stationary and moving 

frames to be reconciled. 

 

Therefore, despite the apparent 1-dimensional effect of space contraction in comparison to time, the light clock appears 

to work consistently to theory in both the stationary and moving frames, e.g. [A] and [B]. 

 

1.2.2.2 Introduction to Spacetime 
 

The concept of space and time merging to become four dimensional spacetime is fundamental consequence of Einstein's 

ǘƘŜƻǊȅ ƻŦ ǎǇŜŎƛŀƭ ǊŜƭŀǘƛǾƛǘȅΦ IƻǿŜǾŜǊΣ IŜǊƳŀƴƴ aƛƴƪƻǿǎƪƛ ǿŀǎ ƻƴŜ ƻŦ ǘƘŜ ŦƛǊǎǘ ǘƻ ŜȄǇŀƴŘ ƻƴ ǘƘƛǎ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ 9ƛƴǎǘŜƛƴΩǎ 

theory as early as 1908: 

 

Henceforth space by itself, and time by itself, are doomed to fade away into mere 

shadows, and only a kind of union of the two will preserve an independent reality. 

 

However, while the Minkowski quote may indeed be the case, it overlooks one important 

aspect, which is that human beings do not intuitively think in terms of spacetime. Our 

human senses have evolved to survive in a world of 3 spatial dimensions, which appear to move through time. So while a 

musician may hear a symphony from just the written score, so might a mathematician perceive spacetime from just an 
































































































































































































































































































































































































































