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About the author  

Grant is a retired civil engineer with both Bachelor and Masters degrees from the University of 
New South Wales in Sydney, Australia. 

Grant lives with Level 1 autism, which causes him to always look for a logical explanation of his 
surroundings. Along with his interest in óartô and ómotor racingô, Grant has written books on the 
topics of aerodynamics, naval architecture, astrophysics, fluid mechanics, fish passage, creek 
engineering, stormwater management, culvert design, soil erosion, farming practices, gully 
erosion, and motor racing. The common thread linking most of his publications is ófluid 
mechanicsô. 

Background  

As a lecturer in coastal engineering (Griffith Uni) in the mid 1990s, I struggled with the idea that I 
was teaching my students that ocean tides were caused by the gravitational ópullô of the Moon. 
This idea suggests that the Moonôs gravity is actually ópullingô on water particles within our 
oceans. I knew this explanation wasnôt logical, if not outright silly, but I had no other explanation 
that I could give my students at the time (to all my ex-students; I am so sorry). 

That mental conflict began my quest to look for a more logical explanation of gravity and ocean 
tides. I am not an astrophysicist. I am a retired civil engineer that one day stumbled into a dark 
room, and then spent the next 30 years searching for a light switch. My retirement in 2019 gave 
me more time to dedicate myself to the mental gymnastics that is astrophysics. 

My ólight bulb momentô came when I realised that every action, and every event, that has ever 
occurred within our universe, has occurred because of the actions of forces. Our current theory 
of the universe is based on the idea that every action requires óenergyô and ótimeô, which is true. 
However, if we move from an energy-based model, to a force-based model of the universe, then 
nothing changes in regarding to the actual physics; but, the physics does become easier to 
understand. The physics also becomes easier to óimagineô. After-all, physics is a study of forces, 
so why not think about the universe in terms of forces, rather than energy. 

You can call what fills óspaceô; aether, energy, or even miniature boxing kangaroos, it doesnôt 
matter what you call it, the physics remains the same. I have chosen to call it quantum forces. 
What we call this substance doesnôt change what happens, but it can change how we think 
about its actions. For me; it is easier to think about the actions of forces. If you wish, you could 
replace my term óquantum forceô with the original term óaetherô, and the text would stand 
unchanged. 

I have not changed what exists in that dark room that I entered 30 years ago, I have simply 
found an alternative source of light through which to visualise the physics of our universe. 



           

© Catchments & Creeks V1, May 2026 Page 3 

Past papers  

 

Warning:  

¶ This paper supersedes the information 
presented within my past papers (shown 
here). 

¶ These past papers represent my journey 
to find a common link between the four 
known interactions: gravity, magnetism, 
strong & weak atomic. 

¶ Each paper was an advance on the 
previous paper; however, each of these 
past papers now contain statements and 
talking points that I can no longer support. 

Explanation of the Double Slit V3, 2025  

  

Explanation of Gravity as a Force V2, 2025  The Cause of Planetary Spin, 2025  

  

Electricity and Magnetism, 2025  The Strong Atomic Interaction, 2025  

  

The Origin of Time, 2025  The Properties of Light V2, 2025  
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Foreword  

 

Introduction  

¶ My friends often advice me to shut my 
mouth and keep my opinions to myself. 

¶ The few scientists that I know seem 
annoyed that, as an engineer, I should 
even be sticking my nose into the world of 
astrophysics. 

¶ But I donôt like what I see when I look into 
the current world of astrophysics. 

¶ I particularly donôt like the explanations 
presented by Einstein (Yes; I know; how 
sad of me). 

My concerns  

 

We need to stop believing in ómagicô 

¶ I want to find explanations that I feel are 
based on physics, rather than what 
appears to be an acceptance of ómagicô. 

¶ To say that planets curve spacetime just 
sounds like a belief in magic, rather than a 
search for the truth. 

¶ I know that Einstein was óinfinitelyô smarter 
than I will ever be, but his ideas just donôt 
ring true to my ears. 

¶ Light does not travel at the speed of light 
just because it is ólightôðit does it because 
of physics. 

¶ Sound does not travel at the speed of 
sound just because it is ósoundôðit does it 
because of physics. 

¶ If we donôt understand the physics, then 
we can speculate an answer, but we 
should never stop looking for the truth. 

¶ When we accept ómagicô as the answer, 
then we are telling young minds that we 
no longer need to look for the physics. 

¶ When we teach students that magnets 
have positive and negative ends with 
positive and negative charges, then we 
are telling these students to believe in 
magicðthat is not a physics lesson! 

Stop believing in magic  

 

There are no +ve and -ve changes  

 

The purpose of this paper  

¶ I do not accept the idea of curved 
spacetime. 

¶ I do not accept that light travels at a 
constant speed. 

¶ I do not believe that all sound waves travel 
at Mach 1. 

¶ I do not believe in positive and negative 
charges. 

¶ I believe in physics. 

¶ I believe a true explanation of the universe 
should be simple to understand because 
the physics would not have been complex. Purpose of this paper  
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Foreword  

 

Are you ready for the big bomb shell?  

Einsteinôs theory of relativity 

¶ In my opinion, Einsteinôs special theory of 
relativity, and his general theory of 
relativity, are both wrong. 

¶ I cannot help to feel that I am the small 
boy in the crowd that has just cried out 
that the Emperor is wearing no cloths. 

¶ Einsteinôs theories are wrong because he 
started with the wrong assumptions, 
specifically a false understanding of fluid 
mechanics and wave theory. 

Albert Einstein (1904)  

 

Einsteinôs special relativity 

¶ Albert Einstein linked his theory of special 
relativity to two assumptions: 

- The laws of physics are invariant 
(identical) in all inertial frames of 
reference (i.e. frames of reference with 
no acceleration). 

- The speed of light in a vacuum is the 
same for all observers. 

My training has allowed me to recognise an 
error in the way that Einstein viewed the wave-
like behaviour of light. 

 
Albert Einstein (1920)  

 

The laws of physics are invariant  

¶ When Einstein considered the case of a 
man falling from a building, he concluded 
that the man would not feel the force of 
gravity, which meant that his condition 
would be the same as a person floating in 
space. 

¶ However, this conclusion is wrong! 

¶ A person would not feel the force of 
gravity because gravity is an internally-
acting force, not an external force (which 
is the only type of force that a person 
could feel). 

Einsteinôs falling man 

 

The speed of light in a vacuum  

¶ The movement of light in a vacuum is 
NOT the same for all observers. 

¶ The speed of light is governed by the 
speed of causality within the media 
through which it travels. 

¶ Each observer exists within their own 
óspeed of causalityô, which means they 
exist within their own ótimeô, which means 
every observation is unique. 

¶ I do not share Einsteinôs views on the 
properties of ólightô and ótimeô. 

Refraction of light  
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Foreword  

 

A force -based model of our universe  

¶ Our current understanding of the universe 
is based on energy being the primary 
product of the Big Bang. 

¶ What I am proposing is a review of this 
case, but with forces being the primary 
product of the Big Bang instead of energy. 

¶ What I am proposing does not change the 
actual óscienceô, it only changes the 
explanation of the science. 

The Big Bang  

 

Gravity would still work  

¶ It does not matter if we say that óspaceô is 
filled with energy, forces, or miniature 
boxing kangaroos, our laws of physics 
remain unchanged. 

¶ Gravity would not change, but our 
understanding of what causes gravity may 
change, 

¶ However, the gravitational equation may 
need to change, just slightly (more later): 

F = (G.m1.m2)/r2 

Gravitational equation  

 

Our programming of spaceships would 
remain unchanged  

¶ With the change from óenergyô to óforceô, 
the Apollo rockets would still have reached 
the Moon. 

¶ Our communication satellites would still 
orbit the Earth. 

¶ Our exploration craft would still fly past the 
outer planets before entering deep space. 

¶ A force-based model of our universe will 
not change any of the sciences, it will only 
change our explanation of the sciences. 

Rockets  

 

A óvacuumô remains a vacuum 

¶ All words are invented. 

¶ All words can retain whatever meaning a 
society wishes to apply to that word. 

¶ If the region of óspaceô that we currently 
call a óvacuumô does actually contain items 
such as: dark matter, energy, or quantum 
forces, then we, as a functioning society, 
can still choose to call that condition a 
óvacuumô, it is just that it will not be a true 
vacuum. 

¶ A true vacuum only exists outside of our 
universe. A vacuum!  
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Foreword  

 

Outcomes of a force -based model of the 
universe  

¶ A force-based model of the universe can 
provide us with a clear and logical 
explanation of the following scientific 
questions: 

- The link between the four known 
interactions. 

- Justification of the singularity outcome. 

- An explanation of gravity. 

- Why there is no such thing as a ópullingô 
force, nor a óforce at a distanceô. 

- An explanation of what a magnetic field 
is made of. 

- An explanation of why a magnetic field 
always moves to the right when passing 
through another magnetic field. 

- What allows certain elements to 
become magnetic. 

- What causes stars, planets and moons 
(that have a magnetic field) to spin. 

- What causes Earthôs magnetic field to 
deflect solar wings. 

- What causes returning spaceships to 
deflect off the Earthôs óatmosphereô if 
they approach at an acute angle. 

- The properties of light. 

- An explanation for the outcomes of the 
double slit experiment. 

- An explanation for the outcomes of the 
triple filter experiment. 

- What allows us to see stars clearly from 
any location. 

- The reason why the force of gravity 
reduces with the square of the distance 
of separation. 

- The reason why electrons are located 
in shells around a nucleus. 

- The force that causes an electron to 
stay in orbit around a nucleus. 

- The reason why the universe expanded 
primarily in two dimensions rather than 
three dimensions. 

- A possible reason for changes in the 
rate of expansion of the universe over 
time. 

¶ Each of these issues will be discussed 
within this paper. 

Gravity  

 

Spinning Earth  

 

Double slit experiment  

 

Atom  
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Executive summary  

The following is a summary of the physics of our universe as developed through the application 
of a force-based model of the universe. The indicated page numbers are approximate only. 

1. The beauty of a force-based model of the universe is its ability to demonstrate that every 
thing, and every action, that exists and has existed within our universe, originated from just 
two actions: repelling forces, and the speed of causality. 

2. The substance that produces this repelling force could be given any title of our choosing, be 
it energy, aether, or miniature boxing kangaroos. I chose the term óquantum forceô because 
it is easier to imagine a óforceô being exerted by a force. (p41) 

3. The speed of causality is important because its existence means that no action can be 
instantaneous across a region of óspaceô. The speed of causality means that there is always 
a delay in the actions of forces. It is the speed of causality that gives us the properties of 
mass, momentum and inertia; and it is the speed of causality that gives us the property of 
time. It is also the speed of causality that brings a degree of chaos to the formation of the 
universe. (p53) 

4. Our universe exists as an illusion formed from the actions of óforcesô, which have no 
physical existence. The illusion originates from the fact that we (i) see, (ii) touch, (iii) smell, 
(iv) hear and (v) taste (i.e. our five senses) solely through the actions of forces, which 
themselves, have no physical existence. (p48) 

5. Before the Big Bang there was ónothingô. After the Big Bang we obtained the creation of the 
universe. If it can be demonstrated through a force-based model of the universe that the 
universe exists only as an illusion, then that would satisfy the scientific claim that matter 
cannot be created, nor destroyed (i.e. if there was nothing before the Big Bang, then there 
must be nothing after the Big Bangðthis is the Theory of Nothing). (p50) 

6. We can conclude that a quantum force has no physical existence because we can observe 
that a magnetic force has no physical existence. If we consider the repelling forces that 
exist between two magnets of the same polarity. This force cannot be (i) seen, (ii) touched, 
(iii) smelt, (iv) heard, or (v) tasted, and we also speculate that this force could exist within a 
true vacuum. Therefore, the force that exists between two magnets has no physical 
existence, and no specific dimensions, it simply fills the space that is made available to it. 
(p41) 

7. Quantum forces may have no physical existence, or specific dimension, but they do occupy 
a region of influence, which can expand to fill any space, or collapse into a singularity. (p43) 

8. Quantum forces have only one action, that being to repel all other quantum forces. (p43) 

9. Quantum forces can exist in three states: (1) a free state, which is constantly expanding 
within our universe, and which represents the bulk of what is called ódark matterô; (2) an 
attached state, which both surrounds, and travels with physical matter, and (3) a heavily 
concentrated state, which is what forms what we know of as óphysical matterô. (p44) 

10. Of course, all quantum forces exist at some level of concentration, but when a zone of free 
quantum forces experiences an increase in concentration above the current background 
concentration, then the surrounding free quantum forces will push towards that 
concentration, which can cause the concentration to increase in size and density, and can 
cause the surrounding quantum forces to becomes óattachedô to the concentration. (p119) 

11. All quantum forces have mass, which is a property that is generated by the effects of the 
speed of causality. The sum of mass of all the quantum forces represents the total mass of 
the universe, of which most of this mass is either ófreeô or óattachedô quantum forces, which 
together make-up ódark matterô. (p65) 

12. The detection of gravitational waves confirms that óspaceô must be a fluid-like continuum, 
without regions of empty space. This is because gravitational waves cannot move through a 
true vacuum. (p20) 

13. Consequently, there is no such thing as a true vacuum within our universe. Also, the 
expansion of quantum forces from a singularity would have prevented the formation of any 
regions of empty space. (p149) 
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14. Space behaves like an ideal fluid (or superfluid), which means that physical matter is able to 
move in a frictionless manner without turbulence. During such movement, the attached 
quantum forces will move with the physical matter that they are attached to. This movement 
will induce some movement within the surrounding free quantum forces. (p30) 

15. Matter will only experience frictionless movement through óspaceô while it is travelling at 
speeds less than the speed of light. (p68) 

16. The repelling force generated by óspaceô is assumed to decrease with the square of the 
distance of separation. This force varies with the square of the distance because the 
surface area of the sphere of influence increases with the square of its radius. (p30) 

17. The very existence of the universe tells us that there must be a time delay between every 
óforceô and its corresponding óreactionô, otherwise, the universe would have progressed from 
the Big Bang to its ultimate conclusion in an instant (i.e. in zero time). Therefore, even 
though every force has its equal and opposite óreaction forceô, there is always a delay 
between the generation of this reaction. (p59) 

18. Consequently, it can be concluded that ótimeô exists solely as a consequence of this delayed 
reaction. Therefore ótimeô must exist solely as a consequence of the speed of causality. This 
means that the óagingô process must be directly inked to the local speed of causality. (p59) 

19. From the behaviour of ólightô we learn that (i) light is not a particle wave, but an energy 
wave; (ii) it is not a transverse wave, but a longitudinal compression wave; and (iii) it is not 
electromagnetic radiation, but is able to generates such radiation through its movement. 
(p73) 

20. A photon of light is not a stable concentration of quantum forces; instead, it exists as a 
transient concentration (i.e. a compression wave) in a similar manner to that of sound 
waves. Sound waves travel as a transient concentration of the media through which they 
are travelling. Both sound waves and light waves move as compression waves (energy 
waves), not as particles, or particle waves. (p70) 

21. The double slit experiment proves that light must travel as an energy wave, because only 
energy waves can experience constructive and destructive interference. (p81) 

22. The assumption that light travels at the speed of causality in óspaceô also proves that light 
must travel as a compression wave, similar to sound waves, because if light travelled as a 
particle wave, then it would achieve infinite mass while travelling at the speed of causality. 
(p71) 

23. The refraction of light tells us that the speed of causality varies with the inverse of the 
density of the free and/or attached quantum forces associated with the media through which 
the light is travelling. (p76) 

24. The above statement makes the assumption that ólightô can only travel through either ófreeô 
or óattachedô quantum forces, but not through concentrated quantum forces (i.e. physical 
matter). (p72) 

25. This means that when ólightô is travelling through physical material, such as air, water or 
glass, it can do so because it is moving as an energy wave through the attached quantum 
forces that exist throughout the material. (p76) 

26. This means that the energy of ólightô can also travel into non-translucent materials via the 
attached quantum forces that exist within these materials. However, the energy of this ólightô 
is absorbed by these materials. This process usually results in the generation of heat. 

27. Heat (or temperature), is a measure of the density of free and/or attached quantum forces; 
therefore, the energy of ólightô must be able to increase the density of free and attached 
quantum forces within physical matter. 

28. Magnetism is generated by the movement of free and attached quantum forces. (p97) 

29. Electricity is generated by the movement of concentrated quantum forces (electrons), which 
will automatically generate a magnetic field caused by the movement of the quantum forces 
attached to each electron. (p109) 
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30. The reason why electrons are located in óshellsô that are separated by fixed distances from 
a nucleus is because of the repelling force that exists between the electrons of different 
shells. The separation of these shells varies with the degree of external pressure. (p134) 

31. An electron is considered (by the author) to be the smallest stable concentration of matter. 
(p97) 

32. A force-based model of the universe tells us that everything in the universe was created 
from forces. This means that the solar winds projected by the Sun towards the Earth are 
made from the same forces that make-up Earthôs magnetic field. This explains how Earthôs 
magnetic field, which is formed from a flow of quantum forces, is able to deflect solar winds, 
which consist of a compression wave of these same quantum forces. (p108) 

33. The deflection of quantum forces by other quantum forces is also the reason why a 
returning spacecraft, which carries its own shield of attached quantum forces, can be 
deflected by Earthôs magnetic field, if the spacecraft arrives at an acute angle. It is the 
authorôs opinion that such deflections have nothing to do with Earthôs atmosphere. (p107) 

34. Free quantum forces cannot move freely through a field of free quantum forces; however, a 
concentration of quantum forces (i.e. matter) can move freely through a field of free 
quantum forces. Also, a higher concentration of free quantum forces can push against, and 
move, a lower concentration of quantum forces, just like varying air pressures. (p145) 

35. Free and attached quantum forces can only pass through (i.e. penetrate) a field of free or 
attached quantum forces when they are being carried by physical matter. It is for this reason 
that temperature stratification can occur with still air, or still water. (p108) 

36. There is believed to be more than one action that can cause a planet to spin, but the most 
obvious cause is the fact that if the planet has a magnetic field, then the planet will function 
like a very large electric motor. This is because the rotating magnetic field that exists within 
the planet, also exists within a field of ófixedô quantum forces attached to the planet. (p114) 

37. What is interesting about the spinning of planets is that, just as an electrical motor can turn 
mechanical power into electrical power, as well as electrical power into mechanical power, a 
planet that generates spin because of meteor strike, can cause a magnetic field to start 
circulating within the planet (if it has an iron core), and the reverse action can also occur. 
So, a spinning planet could mean that the spinning caused the magnetic field, or that the 
magnetic field caused the planet to spin. (p114) 

38. The driving óforceô behind the creation of the universe is the Gravitational Equation. 

 F = G.(m1.m2)/r2 (p115) 

39. However, according to the force-based model of the universe, the above Gravitational 
Equation is not complete because the force (F) approaches zero as the distance of 
separation (r) approaches infinity. In the force-based model of the universe, the background 
force of deep space is represented by the repelling force of the free quantum forces, which 
can be presented by the term; óFOô. Therefore, the true Gravitational Equation becomes: 

 F = G.(m1.m2)/r2 - FO (p116) 

40. The revised Gravitational Equation (presented above) shows us that the net force (F) can 
transition from being an attracting force to a repelling force, even though all the quantum 
forces act as repelling forces. This outcome allows us to explain: 

- the links between the four know interactions 

- the repelling force of electrons (p117) 

- the forces that have in the past been associated with positive and negative charges 

- the strong and weak atomic interactions (p129) 

- the difference between the equations that describe the orbit of moons around planets, 
and the equations that describe the orbit of electrons around a nucleus. (p129) 

41. This outcome allows us to finally reject all references to positive and negative forces and 
charges. (p96) 
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42. What makes the physics of moons orbiting a planet, different from electrons orbiting a 
nucleus, is the fact that a moonôs orbit is a balance between gravity and centripetal forces, 
while an electron is held in its orbit solely by the forces of repulsion. Centripetal forces and 
the mass of the electron play almost no role in the physics of an atom. This means that the 
velocity of the electron is irrelevant to its stability, and an electron can be held in a stable 
orbit at almost any radius, and any angular velocity. The separation of óshellsô within an 
atom also arises from these same repelling forces. (p117) 

43. If you place a heavy sphere (ball) on a mattress, it will sink into the mattress forming a 
depression. This depression stabilises the positioning of the sphere. If you place smaller 
spheres on the same mattress, then they will likely roll towards the deepest depression. The 
movement of the smaller balls towards the heavier ball represents attached quantum forces. 
The mattress as a whole, represents the free quantum forces. (p125) 

44. If the refraction of light tells us that the speed of causality varies with the inverse of the 
density of free and attached quantum forces associated with the matter through which it 
travels, and if heat transfer is associated with a localised change in the density of free and 
attached quantum forces; then: (p139) 

- heat transfer must be associated with a change in the local speed of causality; which 
means, (p145) 

- temperature must be directly related to the speed of certain actions, atomic activity, and 
the óagingô process of matter. (p63) 

45. Heat exchange is the net movement of free quantum forces, which causes a change in the 
background concentration of free quantum forces within any region. This is different from 
magnetism because in magnetism there is an equal flow of quantum forces into, and out-of, 
a magnet. (p139) 

46. Therefore, the release of heat caused by an atomic explosion is the expansion, and outward 
flow of quantum forces that have just been released from their previous concentrated state 
(i.e. matter being converted into free quantum forces). (p141) 

47. There is currently an unchallenged rule that states something like: óAn electric current 
passing through the wire causes the magnetic field to exert a force. A moving charge in a 
magnetic field experiences a force perpendicular to its own velocity and to the magnetic 
fieldô. The quantum force model tells us that this statement is not absolute. A force is only 
generated when the moving magnetic field is not moving in sequence with the moving 
magnetic field of the electrical wire. When the movement of two magnetic fields are in 
balance, then no force is generated, which is why an electrical motor does not keep 
accelerating. (p142) 

48. The Big Bang resulted from the expelling of quantum forces from a singularity, which was 
caused by their repelling action. It is noted that the Big Bang is an event that is still 
occurring, and the universe continues to expand. (p148) 

49. The author cannot be certain that the original singularity does not still exist, or that it has 
stopped releasing quantum forces. If it did still exist, then it would be continually adding to 
the total mass of the universe through its ongoing release of quantum forces. (p148) 

50. The mechanics (physics) of how a field of free quantum forces can hold a concentration of 
quantum forces (matter) in a stable form is one of the most critical outcomes of the force-
based model of the universe. (p120) 

What I am presenting in this paper is, what I believe to be, the most logical explanation of the 
universe, while still holding to the laws of physics. 
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Introduction  

 

Introduction  

¶ This introduction presents several 
ótheoriesô, but without any supporting 
detailðthe detail will come later. 

¶ Some readers may find parts of this 
introduction hard to accept without the 
supporting details, and that is fine, I do 
realise that it is hard to accept such a 
radical change in thinking. 

¶ But, please donôt give-up on this work until 
you have had a chance to review the 
subsequent chaptersðthank you. 

Welcome  

 

What is space?  

¶ Our current (2026) understanding of the 
universe suggests that the Big Bang 
released only óenergyô. 

¶ I could have followed this line of thinking 
by saying that space if filled with energy or 
even aether, but instead I have chosen to 
consider space as being a continuum of 
quantum forces, which behaves like a 
superfluid. 

Space  

 

Actions are created by forces  

¶ Instead of thinking that every óactionô 
requires energy, we can consider that 
every óactionô that has occurred within the 
universe, including every action that 
created the universe, occurred through the 
action of forces. 

¶ In fact, all five of the human senses are 
generated through the action of forces. 

¶ Of course, these forces are ópoweredô by 
energy, so a force-based universe is 
similar to an energy-based universe. 

Positive (pushing) force  

 

A force -based model of the universe  

¶ So, this paper simply takes the current 
energy-based model of the universe and 
replaces it with a force-based model. 

¶ The benefit of a force-based model is that 
it gives us a different perspective; a 
different way of looking at the universe. 

¶ Everything that exists within the universe, 
including every action that has occurred, is 
the result of just two things: 

- the force of repulsion (quantum forces) 

- the speed of causality of these forces. 
Random forces  
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Understanding our universe  

 

In the beginning  

¶ The concept of a force-based model of the 
universe is founded on two ideas: 

- every action that occurs within the 
universe occurs because of the actions 
of forces, and 

- the Big Bang was not an explosion, but 
a rapid expansion, which resulted from 
the actions of these same forces. 

¶ I have called these forces; quantum 
forces, on the basis that they are the 
smallest component of all known forces. 

There was no óbangô! 

 

The Big Bang  

¶ It is only natural that humans associate 
the idea of a sudden expansion of the 
universe with the actions of an óexplosionô 
(i.e. a bang).  

¶ However, there was no óbangô, or any form 
of noiseða ónoiseô can only exist if there is 
a brain that can create such a sensation. 

¶ The other thing to note is that the Big 
Bang has never stoppedðthe universe 
continues to expand today, just as it did in 
the beginning. 

An expansion  

 

The benefits of a force -based model  

¶ The benefits gained from adopting a force-
based model instead of an energy-based 
model can be summarised as follows: 

- we think of energy as something that 
can be consumed or depleted, but we 
donôt think of forces in the same way 

- we think of energy as something 
formed from some type of fuel, but a 
force has no physical existence, and 

- a force-based model allows us to 
explain the idea of a singularity. 

Singularity  

 

The key to understanding the universe  

¶ What I hope to demonstrate in this paper 
is that the key to understanding the 
physics of our universe is to understand 
the physics of just two things: 

- forces, and 

- the speed of causality. 

¶ I can only hope that one day your brain 
will allow you accept the idea that our 
complex universe was generated from the 
actions of just these two things, which is 
why everything in the universe has a 
simple explanation based in physics. 

Understanding our universe  
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The action of forces  

 

Introduction  

¶ What really is a óforceô, and does a óforceô 
have dimensions? 

¶ Most people can provide you with 
examples of things that can produce a 
óforceô, but this is different from knowing 
what a óforceô really is. 

¶ Similarly, most people can give you 
examples of things that can produce ófireô, 
but how many can tell you what the flames 
of a fire are made of. 

A repelling or pushing force  

 

Does a force have dimensions?  

¶ Consider the forces that exist between two 
magnets when the same magnetic poles 
are presented to each other. 

¶ Does this force have dimensions? 

¶ Is it possible to push the magnets together 
such that the óspaceô filled by these forces 
is reduce to zero? 

¶ In theory, a force is dimensionless, but the 
force can act over a óregion of influenceô, 
which has no fixed dimensions. 

Repelling magnetic force  

 

A force is always positive  

¶ All forces are pushing forces. 

¶ There is no such thing as a ópulling forceô. 

¶ There are actions that can produce a 
pulling force, such as in a car tow rope, 
but these actions are all generated by 
atomic ópushingô forces. 

¶ Similarly, there is no such thing as a 
suction forceða ópressureô can only be a 
positive pressureðthere can never be a 
true negative pressure. 

Suction cap  

 

Newtonôs third law of motion 

¶ Newtonôs third law of motion effectively 
states: 

- When one body exerts a force on a 
second body, the second body exerts 
an equal and opposite (opposite in 
direction) force on the first body. 

¶ What Newtonôs third law of motion didnôt 
describe is whether or not there is any 
time delay between the application of the 
initial force, and the generation of the 
equal and opposite forceðthis leads up to 
the issue of the speed of causality. 

Applied force and the reaction force  
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The speed of causality  

 

Introduction  

¶ Another key issue of astrophysics is ótimeô, 
or more importantly, what generates time, 
which is the same speed of causality. 

¶ Let me state my theory: 

- ótimeô is not an independent variable 
that existed prior to the Big Bang 

- there is no such thing as óspacetimeô, or 
curved spacetime (sorry Einstein) 

- what we know of as ótimeô, is simply a 
consequence of the speed of causality. 

Time 

 

The lifespan of our universe  

¶ If we accept that every óforceô generates 
an equal and opposite force, and that 
every óactionô generates a reaction, then 
we must accept that there must be a time 
delay between each action and its 
reaction, otherwise, our universe would 
have progressed from the Big Bang to its 
ultimate collapse, instantly (i.e. zero time). 

¶ The very existence of the universe 
demonstrates that there must be a time 
delay between all óactionsô and their 
corresponding óreactionsô. 

The Big Bang  

 

The origin of ótimeô 

¶ What we know of as ótimeô, must simply be 
a consequence of this time delay. 

¶ When an external force is applied to a 
quantum force, there must be a time delay 
before that quantum force: 

- transfers the force across the region of 
influence of that quantum force 

- crosses the boundary between two 
regions of influence (i.e. the boundary 
between to quantum forces). 

Region of influence  

 

Speed of causality  

¶ The term óspeed of causalityô has 
traditionally been associated with the 
speed of light, but in simple terms, it refers 
to: 

- the speed of a force message, or 

- the speed of any action performed by 
quantum forces. 

¶ However, the term can also be applied to 
the speed of a force message passing 
through a fluid, such as: space, air, or 
water. 

Speed of causality  
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Commonly asked questions  

 

Is ólightô a particle or a wave? 

¶ Light is not a particleðit is a compression 
wave, just like sound waves. 

¶ Light travels as a compression wave of 
quantum forces travelling through a field of 
quantum forces. 

¶ Light travels at the speed of causality, 
which is the maximum speed that a force 
message can pass from quantum force to 
another. 

¶ Light also travels as a shock wave 
because it travels at the critical velocity of 
space. 

Light as a compression wave  

 

Does óspaceô contain regions of empty 
space?  

¶ Space is not empty; it is a continuum of 
quantum forces. 

¶ We know that space is a continuous fluid 
because of the existence of gravitational 
waves, which cannot move through empty 
space (a true vacuum). 

¶ The Big Bang did not óexplodeô individual 
units of energy into the emptiness of 
space; it expanded an almost endless 
quantity of quantum forces to form a 
continuous fluid. 

Detection of gravitational waves  

 

Is the speed of ólightô constant for all 
observers, no matter what their speed?  

¶ I am sorry to say this, but Einsteinôs 
theories of relativity are false, because 
one of his initial assumptions was false. 

¶ Light travels at the speed of causality, 
which is the speed of a force message. 

¶ The speed of a force message varies with 
the inverse of the density of the quantum 
forces, which is equivalent to the density 
of matter; hence, light slows its velocity 
when it passes through a substance. 

Refraction of light  

 

Is time travel possible?  

¶ Of course time travel is possibleðeven as 
you read this paper, time is progressing, 
so you have just travelled through time! 

¶ But ótimeô is not what we have been led to 
believe that it isðyou have been told a lie. 

¶ Time is simply a consequence of the 
speed of causality, which is the speed of 
an actionðtime is a measure of the speed 
of actions generated by quantum forces. 

¶ The passage of time can only be positive, 
even if an action were to be reversed. 

Time 
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2. Fluid Mechanics and the 
Properties of Waves  
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Introduction  

 

Introduction  

¶ I entered the world of astrophysics not 
through the sciences, but through the 
profession of civil engineering. 

¶ My chosen area of specialty was water 
engineering, specifically, fluid mechanics. 

¶ This is a long chapter, and the topic may 
not seem relevant to astrophysics, but 
trust meðit isðspace behaves like a fluid, 
and light moves as a wave. 

¶ There is also a lot of new information to be 
absorbed, so it could be a difficult read! 

Water engineer  

 

The movement of fluids  

¶ If a fluid is being pushed aside by an 
external force, then the fluid will óchooseô 
one of three types of responses: 

- 1st preference is to move out of the 
way by pushing something ólighterô out 
of the way (ólighterô is actually the wrong 
description) 

- 2nd preference is to move out of the 
way by accelerating its velocity 

- 3rd preference is to move out of the 
way through a process of physical 
compression. 

Bow wave  

 

Fluids  

¶ There are two fluids that engineers 
regularly deal with: 

- air, and 

- water. 

¶ Less common fluids include: 

- viscous fluids like honey or oil, and 

- non-Newtonian fluids. 

¶ However, in astrophysics there is another 
fluid that takes centre stage, that being 
óspaceô. 

Jar of water  

 

The speed of sound and light  

¶ Sound does not travel at the speed of 
sound because of some type of magic. 

¶ Similarly, light does not travel at the speed 
of light for a random reason. 

¶ There is physics and mechanics involved 
in how sound and light travels, and an 
understanding of this physics can greatly 
assist us in understanding the universe. 

¶ The physics of óspaceô incorporates the 
properties of both fluids and waves. 

Beam of light  
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What fluid mechanics can bring to the science of astrophysics  

 

Introduction  

¶ If I had my way, every student studying 
astrophysics would spend some time 
studying fluid mechanics and wave theory. 

¶ If you cannot accept that space acts like a 
fluid, then there is little point in you 
reading any further. 

¶ I know that space behaves like a fluid 
because I can recognise so many fluid-like 
properties in the way that space behaves. 

Fluid mechanics (USA)  

 

The answers that fluid mechanics can 
bring the science of astrophysics  

If you are not convinced of the value of fluid 
mechanics, allow me to list all the óanswersô 
that fluid mechanics can provide the world of 
astrophysics. 

1. The cause of planetary spin. 

2. A full explanation of the double slit 
experiment. 

3. A full explanation of the triple filter 
experiment. 

4. The reason why ólightô travels at the speed 
of light. 

5. The reason why ósoundô sometimes travels 
at the speed of sound. 

6. Why all colours travel at the same speed. 

7. The reason why white light can produce a 
rainbow of colours. 

8. The reason why blue light is so easily 
deflected by the atmosphere. 

9. What generates the property of mass, 
momentum and inertia. 

10. The reason why solar radiation is 
deflected by the Earthôs magnetic field. 

11. The reason why returning space craft can 
be deflected off the Earthôs atmosphere. 

12. The mechanics of heat transfer. 

13. The common link between gravity, 
magnetism, and the strong and weak 
atomic interactions. 

14. The make-up of magnetism and electricity. 

15. The actions of gravity as a óforceô. 

16. The origin of ótimeô. 

17. The importance of chaos theory in the 
formation of the universe. 

Space  
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The speed of sound  

 

Introduction  

¶ Based on the English language, the 
óspeed of soundô could mean: 

- the speed of any sound wave, or 

- a specific speed, which is based on the 
maximum speed of sound in air, which 
is often referred to as Mach 1. 

¶ Throughout this document I will adopt the 
latter definition; consequently, allow me to 
state that not all sound waves travel at the 
óspeed of soundô. 

Sound waves  

 

The movement of sound  

¶ We first need to understand that a sound 
wave is just a compression wave of the 
media through which it travels. 

¶ If we accept that any compression wave of 
air could be classified as ósoundô, then a 
weather front, which is a compression 
wave of air, could be classified as a non-
audible sound wave. 

¶ A compression wave of air can take many 
forms, and it is the form, or profile, of the 
wave that determines its speed. 

Sound waves  

 

The movement of air  

¶ Air behaves like a fluid, and just like any 
fluid, when air is pushed by an external 
force, its options are: 

- 1st preference is to push something 
ólighterô out of the way (very rare) 

- 2nd preference is to move out of the 
way through a process of acceleration 

- 3rd preference is to move out of the 
way through a process of compressing 
the air particles. 

Sound waves  

 

Compression waves of air  

¶ To be clear, air is always compressed to 
some degree, and any increase in air 
pressure will result in an increase in the air 
density. 

¶ In fact, everything within our universe is in 
a state of compression. 

¶ A compression wave of air can take the 
form of: 

- a gradual increase and decrease 

- a rapid, or abrupt, increase, such as in 
the case of a óshock waveô. 

An abrupt compression wave  
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The speed of sound  

 

The speed of sound  

¶ Whenever air moves freely it will attempt 
to disperse any internal pressure 
variations that may exist in the air. 

¶ This means that all compression waves of 
air are unstable, and thus all sound waves 
have a limited ólifespanô, and therefore a 
limited distance of travel. 

¶ The speed of the pressure transfer that 
occurs within a compression wave (i.e. the 
speed of the wave) depends on the 
pressure gradient and its viscosity. 

Sound wave  

 

The movement of a gradual change in air 
pressure  

¶ If the compression wave exists as a 
smooth ósineô curve, with a gradual 
increase in air pressure, followed by a 
gradual decrease, then there can be two 
forms of movement: 

- the compression wave can slowly 
disperse, with its speed being governed 
by the pressure gradient 

- the pressure gradient can distort its 
leading edge until it forms an abrupt 
shock wave. 

Speed of the pressure transfer  

 

The speed of an abrupt change in air 
pressure  

¶ In the first case, if the compression wave 
stays as a gradual sine wave, then the 
steepness of pressure gradient will 
constantly decrease, and so will its speed. 

¶ In the second case, the compression wave 
will change its profile as it moves, and the 
pressure gradient, and the speed of travel, 
will steadily increase to a maximumða 
similar outcome happens to ocean waves 
when they approach a coastline, form a 
peak, and then break or spill. 

Speed of sound  

 

The speed of an abrupt change in air 
pressure  

¶ If a sound wave forms an abrupt pressure 
front, then the pressure gradient 
approaches infinity (i.e. it is very steep). 

¶ In this condition, the speed of the 
compression wave reaches its upper limit, 
which is the óspeed of soundô, which is the 
maximum speed that air particles can 
cause a force message to travelðin other 
words, this is the speed of causality of air, 
but  you must add, or subtract, from this 
speed, the velocity of the air through 
which the sound travels. The influence of the air speed  
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Discussion point:  The formation of a tidal bore  

 

Introduction  

¶ The scientific events that bring me the 
most enjoyment are those light bulb 
moments when you recognise a 
connection between the physics of two 
vastly different occurrences. 

¶ As a part-time coastal engineer, I have 
studied the actions of tides, which includes 
the mechanics of tidal bores, but I had not, 
until now, drawn a connection between the 
human ear and the occurrence of tidal 
bores in rivers. 

River bore (tidal bore)  

 

The mechanics of a tidal bore  

¶ Tidal bores typically occur in rivers that 
discharge into a wide bay that has a 
significant tidal range. 

¶ The action results from the fact that as the 
tide rises, and water levels in the river 
increase, the speed of the tidal flow 
increases, so the later part of the tide 
begins to catch the earlier part of the tide. 

¶ This causes the tidal wave to compress 
and eventually form a near-vertical wave 
front, i.e. a óshock waveô. 

Tidal bore  

 

The mechanics of human hearing  

¶ It is the authorôs belief that the shape of 
the human ear, including the outer ear, 
middle ear and inner ear, all contribute to 
the conversion of a gradual pressure wave 
(that a human ear could not detect), into 
an abrupt pressure wave (or shock wave), 
which has the type of lateral movement 
needed to activate the earing sensors. 

¶ The constant narrowing of the cochlea 
would allow a shock wave to form at 
different locations within the cochlea, 
which would allow us to register different 
frequencies. Human ear  

 

The mechanics of ólightô 

¶ One of the aims of this paper is to 
demonstrate that this formation of an 
abrupt wave front (shock wave), also 
occurs in the early stages of ólightô. 

¶ Also, that it is the formation of this shock 
wave that ultimately governs the physics 
of the movement of light, and the 
generation of the óspeed of lightô. 

¶ Light travels at the speed of light not 
because of magic, but because of the 
physics of a compression wave moving 
through a given media. Light  
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Discussion point:  The movement of atmospheric pressure cells  

 

Introduction  

¶ Some weather maps show variations in air 
pressure, and how these weather fronts 
are likely to move across the landscape. 

¶ But, does the air pressure move with the 
air, or separate from the air? 

¶ And, does the heat move with the air 
pressure and the air, or does it move 
separate from both of these items? 

¶ Air is a fluid, so fluid mechanics should be 
able to explain what is happening. 

Weather map  

 

The creation of high - and low -pressure 
cells  

¶ Circulating high-pressure and low-
pressure cells are formed within our 
atmosphere because the sun is heating 
different parts of the atmosphere at 
different rates, and because the Earth is 
spinning. 

¶ A more detailed explanation of weather 
patterns is provided in the Catchments 
and Creeks field guide, óAn Engineerôs 
Response to Peter Andrewsô Back from 
the Brinkô. 

Catchments and Creeks , 2025 

 

The movement of high - and low -pressure 
cells  

¶ High- and low-pressure cells typically 
move in a direction that is 90-degrees to 
the direction of air flow, but that is a bit of 
a misleading statement. 

¶ The fact is, both high-pressure and low-
pressure cells rotate, which means the air 
movement within a pressure cell is 
approximately circular. 

¶ The speed of these weather cells depends 
on many factors, most of which do not 
relate to the speed of a sound wave. 

High - and low -pressure cells  

 

The movement of a weather front  

¶ It would be fair to say that nobody can 
hear an atmospheric pressure cell 
because the rate of variation in air 
pressure is too mild for the ear to detect. 

¶ However, some pressure cells move in 
association with strong winds, and this 
pressure change, and its noise, will arrive 
with the actions of wind. 

¶ Much of this wind noise does not travel at 
the óspeed of soundô, but at a speed that 
depends on several factors, including the 
profile of the pressure gradient. 

Weather fronts  
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What we can learn from our understanding of sound waves  

 

Introduction  

¶ The lessons we can learn from a study of 
sound waves, include: 

- we should not assume that all sound 
waves move at some ómagicalô speed 
called the óspeed of soundô; instead, we 
should attempt to understand the actual 
physics 

- the speed of sound will always be 
relative to the óspeed of the mediaô 

- what we hear depends on the strength, 
frequency and profile of the pressure 
change, not on its speed. 

Lesson  

 

The óspeed of soundô (Mach 1) 

¶ What causes a ósoundô to travel at the 
óspeed of soundô is the pressure gradient 
that is generated when a general 
compression wave converts into a shock 
wave. 

¶ At the óspeed of soundô (Mach 1) an abrupt 
compression wave is able to achieve the 
maximum rate of pressure transfer relative 
to the speed of the media (i.e. the speed 
of causality for that action, and for that 
media). 

Speed of sound  

 

Consider the sounds produced in tennis  

¶ When a tennis ball is hit, there is a good 
chance that the opposing player will hear 
the initial strike of the tennis ball. 

¶ This noise will travel towards the opposing 
player at the speed of sound. 

¶ As the ball travels through the air, it will 
generate a pressure wave, which is 
technically a sound wave, but this wave 
will travel at the speed of the ball, not the 
speed of sound, and it will only be heard if 
the ball passes close-by the playerôs ear. 

Tennis  

 

Consider the sound of a subsonic rifle shot  

¶ If a rifle projects a bullet at a subsonic 
velocity, then the 1st sound to arrive at a 
distant observer would be the sound of the 
initial detonation (i.e. the bang), which 
would travel at the speed of sound. 

¶ The 2nd sound experienced by a distant 
observer could be the sound of the bullet 
passing by the observerôs ear. 

¶ This second sound would be constantly 
generated by the moving bullet, and would 
travel away from the bullet at a speed less 
than the speed of sound. 

Rifle shot  
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Discussion point:  The movement of heat from an atomic blast  

 

Introduction  

¶ When an atomic blast occurs, distant 
objects very quickly experience a rapid 
increase in heat, air pressure, and wind 
velocity, but what are the physics involved 
in this rapidly changing event? 

¶ Understanding the movement of the air, 
heat, sound, and air pressure, can help us 
to better understand the properties of 
fluids. 

¶ And, we need to understand the properties 
of fluids in order to understand the physics 
of our universe. 

Atomic explosion  

 

The effects of an atomic blast  

 

Outcomes of an atomic blast  

¶ The 1st action to arrive at a distant 
building would be the visual evidence of 
the blast, which travels at the speed of 
light in air. 

¶ The 2nd action to arrive would be the 
shock wave and heat from the blast, but 
how does this heat arrive so quickly? 

¶ The 3rd action to arrive would be the 
sound, which travels at the speed of 
sound in air. 

¶ The 4th action to arrive would be the wind, 
which would likely commence immediately 
after the arrival of the shock wave, but this 
air (wind) would not have travelled from 
the blast site. 

¶ So, what caused the heat to travel so fast? 

¶ Some may tell you that the heat is 
produced by the severe compression of 
the air associated with the shock wave. 

¶ But heat is a measure of the compression 
of quantum forces, and it is noted that the 
atomic blast just converted a small amount 
of matter into a massive amount of ófreeô 
quantum forces, which travels as a shock 
wave, and which travels at a very high 
speed. 

Atomic blast in the Pacific  

 

Damage to a distant house  
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Space behaves like an óidealô fluid (superfluids) 

 

Introduction  

¶ An ideal fluid, or ósuperfluidô, is a fluid that 
does not experience friction or turbulence, 
but instead has the property of zero 
viscosity. 

Superfluid  

 

The properties of ideal fluids  

¶ A superfluid moves with zero viscosity, 
which means objects of matter that are 
passing through a superfluid will 
experience zero friction. 

Flow line around an object  

 

The movement of óspaceô 

¶ The primary movement that óspaceô 
experiences is the motion of expansion, 
which occurred without turbulence and 
friction. 

¶ But óspaceô also moves out of the way of 
moving physical matter, like planets. 

This diagram (left) does not show the effects 
of Earthôs óshieldô of attached quantum forces, 
which is an issue that will be discussed in the 
next chapter. 

Earth  

 

The movement of object through óspaceô 

¶ Even though the substance that fills 
óspaceô (i.e. quantum forces) has mass, it 
provides no resistance to the movement of 
objects through óspaceô, unless the speed 
of that object approaches the speed of 
causality (i.e. the speed of light). 

¶ Thus, both planets and spacecraft move 
through space in a frictionless manner. 

Spacecraft  
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An introduction to the movement of water  

 

The movement of water  

¶ If water is being pushed aside by an 
external force, then the water will óchooseô 
one of three types of responses: 

- 1st preference is to move out of the 
way by pushing something ólighterô out 
of the way (i.e. form a surface wave)  

- 2nd preference is to move out of the 
way by accelerating its velocity 

- 3rd preference is to move out of the 
way through a process of physical 
compression (rarely addressed in civil 
engineering). 

The movement of water (USA)  

 

Subcritical flow  

¶ When we are studying free surface flow, 
we have an interface between air and 
water, so if an external force is applied to 
the water, its first preference is to push the 
lighter substance (i.e. the air) out of the 
way, and thus form a surface wave. 

¶ If the external force, say a car, is moving 
slower than the speed of a surface wave, 
then the car is considered to be moving at 
a subcritical speed, and the bow wave will 
position itself just ahead of the car. 

Subcritical bow (car) wave  

 

Critical flow  

¶ If the external force, again a car, is moving 
at the speed of a surface wave, then the 
car is said to be moving at the critical 
speed of a surface wave, and the carôs 
bow wave will be abrupt and perpendicular 
to the movement of the car. 

¶ This means the force (the car) is being 
applied at the same speed as the force 
message (appearing in this case as a 
surface wave). 

Critical flow bow (car) wave  

 

Supercritical flow  

¶ If the external force, in this case a boat, is 
moving faster than the speed of a surface 
wave, then the boat is considered to be 
moving at a supercritical speed, and the 
bow wave will slowly fall behind the boat 
as the wave moves away from the boat. 

¶ This action forms the classic V-shaped 
bow wave, and the angle of this V-shape 
can be linked to the Froude Number of the 
moving object (consequently you can 
determine the boatôs speed from the 
shape of its bow wave). 

Supercritical bow wave  
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Critical, subcritical and supercritical water velocity  

 

A rock thrown into a pond  

¶ Consider a rock thrown into a still pond. 

¶ The surface waves travel as energy 
waves, which means that only the óenergyô 
of the waves movesðthe water particles 
may move up and down, but they do not 
move horizontally. 

¶ The driving force for these waves is 
gravity. 

¶ The waveôs energy is transferred across 
the pond through the actions of water 
pressure. 

A stone thrown into still water  

 

The movement of waves in flowing water  

¶ If the same wave energy is released into a 
flowing river, then the wave movement will 
result from both: 

- the movement of the water pressure 

- the movement of the water current. 

¶ If a rock is thrown into a flowing river, then 
the resulting circular waves will slowly be 
carried by the moving water. 

¶ If the speed of the pressure wave is 
greater that the water velocity, then the 
wave can move upstream. 

A stone thrown into moving water  

 

Critical velocity  

¶ If the water velocity is equal to the speed 
of the pressure wave, then the wave 
cannot move upstream. 

¶ If a rock is thrown into water, it causes the 
water surface (splash point) to first fall, 
then rise, then fall, then rise, etc. 

¶ This action continues to form new waves 
until friction calms the water surface. 

¶ In this case, each new wave fails to move 
upstream, and so a standing wave (or 
shock wave) is formed at the splash point. 

River flowing at its critical velocity  

 

Supercritical flow  

¶ If the water velocity is less than the wave 
speed, then it is called subcritical. 

¶ If the water velocity is equal to the wave 
speed, then it is called critical velocity. 

¶ If the water velocity is greater than the 
wave speed, it is called supercritical. 

¶ When a disturbance occurs in supercritical 
flow, the resulting wave action will form an 
angular shock wave, which is directly 
related to the formation of bow waves by a 
fast-moving boat. 

Supercritical flow conditions  
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The critical velocity of fluids and the speed of causality  

 

Introduction  

¶ So, from a study of sound waves, we learn 
that not all sound waves move at the 
speed of sound; instead, there is a 
physical reason why some sound waves 
achieve this maximum speed. 

¶ From a study of water waves, we learn 
that when an external force is applied at 
the same rate as the speed of a surface 
wave, then a ócriticalô flow condition 
occurs, and an abrupt shock wave is 
formed. 

Sound waves  

 

The speed of causality of a surface wave  

¶ If we can agree that the speed of causality 
is the speed of the force message that 
excites a particular action, then we should 
be able to agree that this speed will 
depend on the media, and the type of 
action. 

¶ The speed of causality of a surface wave 
is the speed of the wave, which is called 
the critical velocity of water. 

¶ The speed of causality of sound travelling 
through water is the speed of an internal 
compression wave. 

Boat wake  

 

The speed of causality of a shock wave in 
air  

¶ Sound does not travel at the speed of 
sound just because it exists as ósoundô. 

¶ There is no magic in science! 

¶ There is a physical explanation of the 
mechanics that sometimes causes sound 
to travel at Mach 1. 

¶ So, the speed of causality of sound in air 
is the speed of a shock wave in air, which 
could be referred to as the ócritical velocity 
of air movementô. 

A sound shock wave  

 

The speed of causality in space  

¶ If something travels at the critical velocity 
of air, it will generate a shock wave. 

¶ If something travels at the critical velocity 
of water, it will also generate a shock 
wave. 

¶ Therefore, if a photon travels at the critical 
velocity of óspaceô, it seems reasonable 
that it would also generate a shock wave. 

¶ But, a photon only travels as a 
compression wave, so would it still 
generate a shock wave? 

A photon its óshock waveô 
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WAVE MECHANICS 

 

Types of waves  

¶ Waves are either travelling waves, or 
standing waters. 

¶ Standing waves are waves that appear 
stationary to an observer, even though 
they may be moving relative to the media. 

¶ Most waves can be classified as either 
energy waves or particle waves. 

¶ Waves can be further divided into 
longitudinal waves and transverse waves. 

¶ Waves can travel as a single wave, or as 
a set (group) of identical or mixed waves. 

Transverse waves  

 

The properties of waves  

¶ Waves normally involve a disturbance 
within a given media, or along the 
interface between two different forms of 
media (e.g. air and water). 

¶ Energy waves involve a flow of energy, 
which is usually represented by ópressureô. 

¶ Particle waves involve a flow of matter, 
such as a permanent movement of water.  

¶ The physics involved in the meeting, 
joining, and superposition of two waves 
depends on the structure of the wave. 

Wave mechanics  

 

Energy waves  

¶ Both energy waves and particle waves are 
examples of pressure waves. 

¶ An energy wave transports only energy, 
i.e. there is no permanent movement of 
the physical matter. 

¶ Examples of energy waves includes: 

- gravitational and ocean waves 

- electromagnetic waves and light. 

¶ Only energy waves  can experience 
constructive and destructive 
interference.  

Energy compression waves  

 

Particle waves  

¶ A particle wave transports energy and 
matter. 

¶ Examples of particle waves includes: 

- breaking (curling) coastal waves 

- tsunami waves travelling over land 

- windy weather front. 

¶ If two  particle waves  meet, they will not  
experience constructive or destructive 
interference.  

Surfing a coastal (broken) wave  
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Discussion point:  Ocean and coastal waves  

 

Terminology  

¶ An ocean wave is a wind-generated, non-
breaking, wave that travels across deep 
water. 

¶ A coastal wave is a wind-generated wave 
that has curled and broken due to the 
effects of travelling through shallow water. 

¶ A tsunami wave is a geologically formed 
wave that travels at the speed of a 
pressure wave when passing through 
deep water. 

Coastal waves  

 

Ocean waves  

¶ The water contained within an ocean wave 
does not experience any permanent 
movement. 

¶ An ocean wave only experiences virtual 
movement, the same as the ópointerô on a 
computer screenðit just appears to move. 

¶ The form of an ocean wave moves, and 
the energy moves, but not the water. 

¶ An ocean wave can experience both 
constructive and destructive 
interference.  

Ocean wave (on the left)  

 

Ocean waves are transverse waves  

¶ A transverse wave has its disturbance 
vectors moving perpendicular to the 
direction of propagation. 

¶ It is the short-term vertical (transverse) 
movement of water particles that forms the 
profile of an ocean wave; thus, ocean 
waves are considered to be transverse 
energy waves. 

¶ Ocean waves do not carry significant 
mass or momentum, but the energy flow 
can produce a force. 

Wave mechanics  

 

Coastal waves are complex waves  

¶ A longitudinal wave has its vectors aligned 
with the propagation direction. 

¶ The movement and profile of a coastal 
breaking wave are defined by both the 
vertical and horizontal movement of the 
water particles. 

¶ A broken wave is a particle wave that 
experiences physical movement. 

¶ Broken waves have significant mass, 
momentum and energy flow, which a body 
surfer will feel from time to time. 

Breaker (coastal) zone (on the right)  
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Wave interference  

 

Constructive interference  

¶ In wave theory, constructive interference 
is the superposition of the ópositiveô 
aspects of multiple waves, or the 
ónegativeô aspects of multiple waves. 

¶ Constructive interference is most 
commonly associated with the doubling of 
peaks and troughs when two waves meet. 

¶ Constructive interference can occur on 
both merging transverse (ocean waves) 
and longitudinal energy waves (e.g. light). 

Two constructive  longitudinal waves  

 

Destructive interference  

¶ Destructive interference is the 
superposition of a ópositiveô aspect of one 
wave with a ónegativeô aspect of an 
intersecting wave. 

¶ Destructive interference is most commonly 
associated with the zero-amplitude wave 
produced when a wave crest interests with 
a wave trough of the same amplitude. 

¶ Destructive interference can occur upon 
merging of two transverse energy waves, 
or two longitudinal energy waves. 

Two destructive  longitudinal waves  

 

The interference of energy waves  

¶ Energy waves are the only waves that can 
cross the path of other energy waves 
without significant loss of energy, or a 
change in direction. 

¶ Energy waves are the only waves that can 
readily experience constructive and 
destructive interference without a loss of 
energy, or change in direction. 

¶ This outcome supports the idea that a 
photon is an energy wave, and not  a 
particle, or particle wave.  

Combining two constructive  waves  

 

The interference of particle waves  

¶ Particle waves can only experience 
constructive and destructive interference 
in special circumstances. 

¶ Unlike ocean waves, broken waves do not 
experience constructive or destructive 
interferenceðinstead, the waves 
experience a transfer of momentum. 

The diagrams (left) are presented for 
demonstration purposes only. Unfortunately, 
the density of the blue dots is not an accurate 
representation of the superposition of the 
waves shown in the upper diagrams. 

Combining two destructive  waves  
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The interference of ocean waves  

 

Deep water (ocean) waves  

¶ Deep water waves can travel great 
distances across an ocean. 

¶ They are able to travel such distances 
because they are óvirtualô waves (i.e. 
energy waves, or non-particle waves). 

¶ This means they can move through other 
waves without a significant loss of energy, 
loss of momentum, or change in direction. 

¶ The seas may look óchoppyô, but 
experienced sailors can recognise the 
long waves passing through an area. 

Tree sets of ocean waves  

 

Constructive and destructive interference  

¶ When deep water waves meet each other, 
their wave energy (water pressure) can 
experience constructive and destructive 
interference, which can make the seas 
even more choppy. 

¶ However, there is no transfer of 
momentum between these waves. 

Constructive and destructive interference  

 

No change in energy or direction  

¶ Once the waves have left a given location, 
the energy and elevated water pressure 
have gone, and the ocean will return to 
calm conditions. 

¶ As far as their movement is concerned, 
deep water ocean waves can be 
considered to be massless waves. 

¶ It is not the ómassô of the wave that is 
important; instead, it is the energy, or 
water pressure that is important.  

No lasting interference  

 

Coastal (broken) waves  

¶ Once a coastal wave breaks, and the 
upper waters of the wave tumble forward, 
the wave becomes a particle wave. 

¶ The wave now has the ability to transfer 
momentum to objects that it hits. 

¶ The mass of the wave now becomes 
important with respect to its total energy 
and power. 

¶ Once a coastal wave has broken, it can 
not pass through (i.e. superimpose) 
another broken wave.  

The ócollisionô of two broken waves 
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Discussion point:  The mechanics of energy flow and particle flow  

 

Two radiator -type heaters (energy flow)  

¶ Radiator heaters project their heat 
(energy) as rays, which convert to heat 
once the rays hit an object. 

¶ (Fan heaters heat the air, then blow this 
hot air towards an object.) 

¶ If you were to set up two radiator heaters 
such that the energy rays crossed paths, 
then there would be no loss of energy, or 
change in direction by the energy rays: 

- i.e. both gentlemen would continue to 
receive the heat directed towards them. 

Two radiator heats  

 

Two sets of sound waves (energy flow)  

¶ If two sets of sound waves were to cross 
paths, then these two sets of waves would 
pass through each other with little loss of 
energy, or change in direction. 

¶ In the case shown left, both gentlemen 
would continue to receive the sound 
directed towards them (but of course, 
some of the other sound as well). 

Cross flow of sound waves  

 

Two jets of air (particle flow)  

¶ In the above examples, it is only energy 
that is moving. 

¶ In this example (left), two streams of air 
(i.e. physical matter) are trying to cross the 
flow path of each other. 

¶ Two streams of air flow cannot cross each 
other without an exchange of momentum 
causing a loss of energy, and/or change in 
the direction of their travel. 

¶ Both gentlemen will get disturbed air flow. 

Two jets of air  

 

Two jets of water (particle flow)  

¶ Similarly, two jets of water cannot cross 
the path of each other without a loss of 
energy, and/or change in direction. 

The lessons:  

¶ A flow of energy can cross the pathway 
of another flow of energy.  

¶ A flow of matter cannot  freely cross the 
pathway of another flow of matter.  

¶ Photons are able to freely cross the 
pathway of other photons, so photons 
must represent a flow of energy.  

Two jets of water  


