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Background

As a lecturer in coastal engineering (Griffith Uni) in the mid 1990s, | struggled with the idea that |
was teaching my students that ocean tides wdg
This idea suggests that the Moonbés gravity i
oceans. | knew this explanation wasno6t | ogi g

that | could give my students at the time (to all my ex-students; | am so sorry).

That mental conflict began my quest to look for a more logical explanation of gravity and ocean
tides. | am not an astrophysicist. | 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 o6l ight bulb momentd came when | realised
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 act.

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 al so -dlelkysianisastudyaobforees,
so why not think about the universe in terms of forces, rather than energy.

You can call what fills 6spaceb6; aether, eng¢d
matter what you call it, the physics remains the same. | have chosen to call it quantum forces.

ory of
Ei nste
tflight
té and
Il i nkin
re caus
s actua
al , i f

t hat ev

to 6i ma

rgy, or

What we call this substance doesndét change vhat hap

about its actions. For me; it is easier to think about the actions of forces. If you wish, you could
replace my term 6quantum forcebd with the ori
unchanged.

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

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

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

T But | don6t |i ke wha
the current world of astrophysics.

T I particularly donoét
presented by Einstein (Yes; | know; how
sad of me).

My concerns
+ ‘ We need to stop belien

1 lwant to find explanations that | feel are
based on physics, rather than what

: * +
<+ S appears to be an acc
’ Q e 1 To say that planets curve spacetime just
. + sounds like a belief in magic, rather than a

search for the truth.

"". ' T | know t hat Ei nstein
t han | wi || ever be,
ring true to my ears.

9 Light does not travel at the speed of light
j ust becaué8 i#doesttbecasise 6
of physics.

1 Sound does not travel at the speed of
sound just becaitdoesiti
because of physics.

T I'f we dondét understa
we can speculate an answer, but we
should never stop looking for the truth.

T When we accept &édmagi
then we are telling young minds that we
no longer need to look for the physics.

1 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
magicd that is not a physics lesson!

Stop believing in magic

There are no +ve and -ve changes

The purpose of this paper

91 1 do not accept the idea of curved
spacetime.

9 1do not accept that light travels at a
constant speed.

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

1 1do not believe in positive and negative
charges.
1 | believe in physics.

1 | believe a true explanation of the universe
_ should be simple to understand because
Purpose of this paper the physics would not have been complex.

© Catchments & Creeks V1, May 2026 Page 4




Foreword

Are you ready for the big bomb shell?
Einsteinbés theory of r

T I'n my opinion, Ei nst
relativity, and his general theory of
relativity, are both wrong.

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

T Einsteinbs theories
started with the wrong assumptions,
specifically a false understanding of fluid
mechanics and wave theory.

Einsteinbés special r el

91 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.

e The laws of physics are invariant
N B h

1 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.

1 However, this conclusion is wrong!

- : 1 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).

-

T
g
s I

m
S
n
-
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The speed of light in a vacuum
Angle of

Light R 1 The movement of light in a vacuum is
\ -

NOT the same for all observers.

x

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

i<
/ e

Each observer exists within their own

L 06speed of causalitybo
AN exist within their o
every observation is unique.

. - — L — —

Water o N
rAngleof N
| refraction N T I do not share Ein
| properties of 61lig

Refraction of light
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Foreword

The Big Bang

Gravitational equation

A vacuum!

ez Sl

1

il

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

What | am proposing does not change the
actual O6scienced, it
explanation of the science.

Gravity would still work

I't does not matter i
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.mimy)/r?

Our programming of spaceships would
remain unchanged

f

With the change fron
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.

6vacuumd remains a \
All words are invented.

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

I f the region of Osp
c al v a @u doesdactually contain items
such as: dark matter, energy, or quantum
forces, then we, as a functioning society,
can still choose to call that condition a
6vacuumb, it is just
vacuum.

A true vacuum only exists outside of our
universe.

© Catchments & Creeks
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Foreword

Outcomes of a force -based model of the
universe

1 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 suc
force, nor a O6force

- 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 Earthocs
deflect solar wings.

- What causes returning spaceships to
defl ect off the Ear
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.

Light source

Metal sheet Screen - The reason why the force of gravity

reduces with the square of the distance

Double slit experiment 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.

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

Atom

© Catchments & Creeks V1, May 2026 Page 7




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.

10.

11.

12.

13.

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.

The substance that produces this repelling force could be given any title of our choosing, be
it energy, aether, or miniature boxing kangaroos. | chose theterm é g u a n t u fpecduser (
it is easier to imagine a 6forceb6 being ex

The speed of causality is important because its existence means that no action can be
instantaneous across a region of O0spacebd.
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)

Our universe exists as an illusionf or med from the actions of
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)

Before the Big Bang there was 6 n o t .MAftentlje@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 Bangd this is the Theory of Nothing). (p50)

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,
(i) 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)

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)

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

Quantum forces can exist in three states: (1) a free state, which is constantly expanding
within our universe, and which represents the bulk of whatiscalled 6 d ar k ;@pant er
attached state, which both surrounds, and travels with physical matter, and (3) a heavily
concentrated state, which is what forms wh

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 be

All guantum 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 i
togethermake-up 6édar k mattero6. (p65)

The detection of gravitationalwavesc onf i r ms t hat 6 s pike coathuumu s t
without regions of empty space. This is because gravitational waves cannot move through a
true vacuum. (p20)

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)

© Catchments & Creeks V1, May 2026 Page 8
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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 wil/ only experience frictionless njovement
speeds less than the speed of light. (p68)

16. The repelling force generated by 6éspaced if]s assume
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

6forced6 and its corresponding O0reaction6, Jother wi s
the Big Bang to its ultimate conclusion in an instant (i.e. in zero time). Therefore, even
though every force has its equal and opposfite Or ec

between the generation of this reaction. (p59)

18.Consequently, it can be concluded that o6étimed exi ¢
reaction. Therefore O6timed must exist solelly as a
means that the O6agingd process must be dirfjectly ir

19From the behaviour of 0 hoteaphbrticie@ waves buta@anergy t hajt (i) | i
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 | ight travels at the sjpeed of
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 thphat o1
or O6attachedd qooatrdughrmonéentratedegsantunbfarces (i.e. physical
matter). (p72)

S

25.This means that when O6lighto is travellingl througt
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 ener gy -toafisludemt maehdisviathea n fa
attached quantum forces that exist within |t
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 o6lighté must be ajbl e to i
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)

© Catchments & Creeks V1, May 2026 Page 9



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

The reason why electrons are |l ocated in 06s
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)

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

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 forcesthatmake-up Eart hds magnetic field. Thi

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)

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

defl ected by Earthoés magnetic field, i f th
aut hords opinion that such deflections hav

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)

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)

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, al so exists within a field of

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)

The driving o6force6 behi nd GravimtiomarEguation.on o f
F = G.(m1.m2)/r? (p115)

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. bYyhehef orem; tbB€& true Grav

F = G.(m1.m2)/r? - Fo (p116)

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)

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
nucl eus, is the fact that a moon6s orbit i
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 angul a
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 6agingdéd 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: 6 An el ectr i ¢
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
f i eThaguantum 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 | am presenting in this paper is, what | believe to be, the most logical explanation of the
universe, while still holding to the laws of physics.

© Catchments & Creeks V1, May 2026 Page 11
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Introduction

Welcome

Welcome

Introduction

9 This introduction presents several
6theoriesd, but with
detaild the detail will come later.

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

T But, pl e a s-ep od thiswbditk ungl i

il

f

Positive (pushing) force

7/ s

\t“f-»/

.f/'\,“'

\"\

T
/lz

Random forces

/I
\

il

you have had a chance to review the
subsequent chaptersd thank you.

What is space?

Our current (2026) understanding of the
universe suggests that the Big Bang
released only Oenerg

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

Actions are created by forces

I nstead of thinking
requires energy, we can consider that
every O6actiond that
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 for
energy, so a force-based universe is
similar to an energy-based universe.

A force -based model of the universe

4/./11

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.
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Understanding our universe
In the beginning

1 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.

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

There was no 6ba
The Big Bang

1 Itis only natural that humans associate
the idea of a sudden expansion of the
universe with the ac
(i.e. a bang).

T However, t here was n
ofnoiseda 6noi sed can o
a brain that can create such a sensation.

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

An expansion
The benefits of a force -based model

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

Singularity - we think of energy as something that
can be consumed or depleted, but we

e dondét think of forc

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

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

Singularity
The key to understanding the universe

1 What | 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.

91 I can only hope that one day your brain
will allow you accept the idea that our
complex universe was generated from the

JU 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

1
o«

#Ficti&i

A repelling or pushing force

Applied force and the reaction force

Introduction

T What really is a o6f
have dimensions?

1 Most people can provide you with
examples of things that can produce a
6forced, but this i
what a 6forced real

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

Does a force have dimensions?

1 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 O6spac
is reduce to zero?

1 Intheory, a force is dimensionless, but the
force can act over
which has no fixed dimensions.

A force is always positive
91 Allforces are pushing forces.
such th

1 There are actions that can produce a
pulling force, such as in a car tow rope,
but these actions are all generated by
atomic 6pushingé fo

T There is no

91 Similarly, there is no such thing as a
suctionforceda O6pressured
positive pressured there can never be a
true negative pressure.

Newtonés third | aw of
T Newtonds t hi r effectivalyw
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.

T What Newtonds third
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 forced this leads up to
the issue of the speed of causality.

S
[

t

e

a

r

(0]
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The speed of causality

The Big Bang

Quantum
force

Region of influence

Aty Aty
|

Time delay = At, At,

1
Travel time

Aty
At is assumed to be independent of Qforce width
At;, is assumed to be independent of Qforce width

Therefore:
Speed of causality is inversely proportional to
the density of quantum forces

Speed of causality

Introduction

1 Another key issue of astrophysicsis 6 t i, r
or more importantly, what generates time,
which is the same speed of causality.

1 Let me state my theory:

- 6timed is not an ir
that existed prior to the Big Bang

- there is no such ttF}
curved spacetime (sorry Einstein)

- what we know of as

consequence of the speed of causality.

The lifespan of our universe

T I'f we accept that ev
an equal and opposite force, and that
every Oactiond gener

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).

1 The very existence of the universe
demonstrates that there must be a time

del ay between all ©6a

corresponding O6react
The origin of oOti mebd
T What we know of as 0

a consequence of this time delay.

1 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).

Speed of causality

T Thetermdéspeed ofhagsausal
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.

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

Light
source

Light as a compression wave

Detection of gravitational waves
|

Angle of |
\Light mcndenc/e— 1 Air
~a o
~a 7 I
~ |
v S
= i<
| RN
\I
| 2N
Water o
r Angle of
| refraction \

1
Refraction of light

Time

s 61lighto particle

Light is not a particled it 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.

a

=

=

=

=

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

6spacebd

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

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

T The Big Bang did
units of energy into the emptiness of
space; it expanded an almost endless
quantity of quantum forces to form a
continuous fluid.

I s the speed of 61igh
observers, no matter what their speed?
T I am sorry to say t

theories of relativity are false, because
one of his initial assumptions was false.

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

1 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.

Is time travel possible?

1 Of course time travel is possibled even as
you read this paper, time is progressing,
so you have just travelled through time!

T But O tnotmmabwe have been led to
believe that it isd you have been told a lie.

1 Time is simply a consequence of the
speed of causality, which is the speed of
an actiond time is a measure of the speed
of actions generated by quantum forces.

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

r

not

t

h
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2. Fluid Mechanics and the
Properties of Waves
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Introduction

Water engineer

e SR SN TR S e

Bow wave

Jar of water

Beam of light

Introduction

1 | entered the world of astrophysics not
through the sciences, but through the
profession of civil engineering.

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

1 Thisis a long chapter, and the topic may
not seem relevant to astrophysics, but
trust med it isd space behaves like a fluid,
and light moves as a wave.

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

The movement of fluids

91 If afluid is being pushed aside by an
external force, then
one of three types of responses:

- 1st preference is to move out of the
way by pushing s ome
of the way (61l ighte
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.

Fluids

1 There are two fluids that engineers
regularly deal with:
- air,and
- water.

1 Less common fluids include:
- viscous fluids like honey or oil, and
- non-Newtonian fluids.
1 However, in astrophysics there is another

fluid that takes centre stage, that being
6spaced.

The speed of sound and light

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

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

1 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.

T The physics of &éspac
properties of both fluids and waves.
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What fluid mechanics can bring to the science of astrophysics
Introduction

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

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

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

The answers that fluid mechanics can
bring the science of astrophysics

If you are not convinced of the value of fluid
mechanics, allow me t¢c
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 61 i gh
of light.

5, The reason why 6ésoun
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
defl ected by the Ear

11. The reason why returning space craft can
be defl ected off the

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 gravi
16. The origin of o0ti mebd

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

Space
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The speed of sound

Introduction

1 Based on the English language, the
6speed of sounddé cou

- 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.

1 Throughout this document | will adopt the
latter definition; consequently, allow me to
state that not all sound waves travel at the
6speed of sound©é6.

Sound waves

The movement of sound

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

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

1 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

SOUND WAVES The movement of air

1 Air behaves like a fluid, and just like any

coeo o o0 oo ....Airfm.'ﬁcu.'ef. o fluid, when air is pushed by an external

e80 e oo oo o oo oo force, its options are:

:5: E :.: E :E: : :ES 5:: - 1st preference is to push something
i@ olightero out of tf
.EE E ,:: E EEE,,, : ,.: :': - 2nd preference is to move out of the
cees :-E\: cceeces % sess way through a process of acceleration

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

Compression

Sound waves

SOUND WAVE Compression waves of air
1 To be clear, air is always compressed to

Air molecules f . .
esscso00000 00 some degree, and any increase in air
® 000000 0 0 0 . . . . .
Meoeseccosoce pressure will result in an increase in the air
% ° H
an . density.
b 4 e
o e g siete E 1 Infact, everything within our universe is in
o o o~ e elele a state of compression.
. . ﬂ o 00 00 : : : : : H H
5 ¢ @M ccececeese T Acompression wave of air can take the
Reduced compression Undisturbed form of:
linked to the rebound T air '
of the speaker - agradual increase and decrease

Compression ) . .
wave - arapid, or abrupt, increase, such as in

) the case of a 6shoc
An abrupt compression wave
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The speed of sound

The speed of sound

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

1 This means that all compression waves of

air are unstable, and thus all sound waves
Peak he}ve_a Il i mited oli fe
limited distance of travel.

1 The speed of the pressure transfer that
occurs within a compression wave (i.e. the
speed of the wave) depends on the

fotan pressure gradient and its viscosity.
Sound wave
The movement of a gradual change in air
° L] L ] L] e o 0 L] o L] L]
© o o o ses o o o e [ressure
L] L] L] L] e o0 L] . L] L]
® L] L] L] e o 0 L] L] L] L ] - .
s ¢ s s ses s o o o T Ifthecompression wave exists as a
o 0 0 9 000 g 0 O D _smoo';h_05|neo curve,
© o o o cee o o o o increase in air pressure, followed by a
L] o L] L] e o 0 ° L] L] L ]
SO oI o8 ol eile foi e e e N o gradual decrease, then there can be two
SR R R R T U R A forms of movement:
These speeds Steep gradient

represent the - the compre_ssic_m wave can_slowly
movement of the disperse, with its speed being governed
air pressure, not Low by the pressure gradient

the movement of gradient

the air. o - the pressure gradient can distort its
leading edge until it forms an abrupt

shock wave.

Slower

Speed of the pressure transfer

@

Even though the speaker’s
vibration did not reach the
‘speed of sound’, the generated
pressure wave will eventually
achieve the speed of sound.

The speed of an abrupt change in air
pressure

1 Inthe 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.

Shoc

T
90000OOCOOOONOONNODS

1 Inthe 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 maximumad a
similar outcome happens to ocean waves
when they approach a coastline, form a

What we hear is the beat of the sound, not the speed of the sound. peak’ and then break or Spi”.

maximum speed that air particles can

Speed of sound
cause a force message to traveld in other

Speed of the air (independent) words, this is the speed of causality of air,
but you must add, or subtract, from this
speed, the velocity of the air through

The influence of the air speed which the sound travels.

=

Speed of
sound

The speed of an abrupt change in air
pressure

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

eeccoco8BRccccce
eccocc8ssccccce
oooc‘:o‘béb'.l:‘ooao
......“"Q.}JIOOOI.
e00ccco8eccccce
escecssbecsccce
$1118311211441
90000 OOCOIOOONONNODS

1 Inthis condition, the speed of the
Speed of sound compression wave reaches its upper limit,
P whichisthe6 s pe ed qWhiclsisthen
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Discussion point:  The formation of a tidal bore

Introduction

1 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.

Wide bay Land

1 As a part-time coastal engineer, | have
studied the actions of tides, which includes
the mechanics of tidal bores, but | had not,
until now, drawn a connection between the

: human ear and the occurrence of tidal

Land bores in rivers.

River bore (tidal bore)

The mechanics of a tidal bore
—————— —

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

1 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.

9  This causes the tidal wave to compress
and eventually form a near-vertical wave
front, i.e. a O6shock

The mechanics of human hearing

T It is the authordos b
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.

1 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

Human ear frequencies.

The mechanics of o1ligt

1 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

9 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 0s

9 Light travels at the speed of light not
because of magic, but because of the
physics of a compression wave moving

Light through a given media.
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Discussion point: The movement of atmospheric pressure cells

o=/

~

Introduction

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

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

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

1 Airis afluid, so fluid mechanics should be
able to explain what is happening.

Tire

National Ca

Bureau of Meteorology

MSLP Analysis (hPa)

Valid: 1800 UTC 20 Feb 2019
SAM AEDT 21/Feb/2019

The creation of high - and low -pressure

E% j cells
IRL f Circulating high-pressure and low-

An Engineer's Respons pressure cells are formed within our

to Petor Androws’ atmosphere because the sun is heating
different parts of the atmosphere at
different rates, and because the Earth is
spinning.

1 A more detailed explanation of weather
patterns is provided in the Catchments
and Creeks field guide, 6 An Engi n
Response to Peter An
the Brink®d

Catchments and Creeks , 2025

Anti-clockwise =, The movement of high - and low -pressure
rotation v
" cells
\’ 1 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.
ient of atmospheric/moisture

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

Sydney approximately circular.

1 The speed of these weather cells depends

Clockwise on many factors, most of which do not
relate to the speed of a sound wave.

High - and low -pressure cells

SO0

- The movement of a weather front

' 91 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.

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

1 Much of this wind noise does not travel at
the O6speed of soundb©d
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

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

- we should not assume that all sound
waves move at some

called the 6speed ¢
e o should attempt to understand the actual
physics

- the speed of sound will always be
relative to the 6syg

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

Lesson
The O6speed of soundd (
f What causes a 6sound
6speed of sound6 i s

that is generated when a general
compression wave converts into a shock
wave.

Shock

R
90000 OOOIOOOOONODS

@

Even though the speaker’s
vibration did not reach the
‘speed of sound’, the generated
pressure wave will eventually
achieve the speed of sound.

T At the 6éspeed of sou
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

What we hear is the beat of the sound, not the speed of the sound.

Speed of sound

Consider the sounds produced in tennis

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

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

1 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 passesclose-by t he pl a

Tennis

i P TR P ) AN A
AR

Consider the sound of a subsonic rifle shot

1 If arifle 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.

1 The 2nd sound experienced by a distant
observer could be the sound of the bullet
passing by the obser

9 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.
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Discussion point:  The movement of heat from an atomic blast

Introduction

1 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?

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

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

Atomic explosion

Heat and wind
IIIIIIIIIIIIIIIII>

The effects of an atomic blast

Outcomes of an atomic blast

1 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 alir.

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

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

: _— 1 The 4th action to arrive would be the wind,

Atomic blast in the Pacific which would likely commence immediately
after the arrival of the shock wave, but this
air (wind) would not have travelled from
the blast site.

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

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

1 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 mas
quantum forces, which travels as a shock
wave, and which travels at a very high

Damage to a distant house speed.
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Space behaves |

Superfluid helium
has zero viscosity.

Spacecraft

k e

an O0ideal 6 fluid
Introduction

T An ideal fluid, or o
does not experience friction or turbulence,
but instead has the property of zero
viscosity.

The properties of ideal fluids

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

The movement of Ospace

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

f But O6éspacebd al so mov
moving physical matter, like planets.

This diagram (left) does not show the effects
of Ear t h o attached uargumdodcesp f
which is an issue that will be discussed in the
next chapter.

The movement of object

1 Even though the substance that fills
6spaced (i .e. quantu
provides no resistance to the movement of
objects through O0spa
of that object approaches the speed of
causality (i.e. the speed of light).

1 Thus, both planets and spacecraft move
through space in a frictionless manner.
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An introduction to the movement of water

The movement of water

1

1

Subcritical bow (car) wave

il

A
Critical flow bow (car) wave

1

If water is being pushed aside by an
external force,
one of three types of responses:

- 1st preference is to move out of the
way by pushing some
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).

t hen

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.

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
speedof a surface wave
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).

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 boat és
shape of its bow wave).
Supercritical bow wave
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Critical, subcritical and supercritical water velocity

Still water
V=0m/s

Supercritical flow conditions

A rock thrown into a pond
1 Consider a rock thrown into a still pond.

1 The surface waves travel as energy
waves, whi ch means tha
of the waves movesd the water particles
may move up and down, but they do not
move horizontally.

1 The driving force for these waves is
gravity.

T The wavebds energy 1is
the pond through the actions of water
pressure.

The movement of waves in flowing water

1 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.

1 Ifarockis thrown into a flowing river, then
the resulting circular waves will slowly be
carried by the moving water.

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

Critical velocity

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

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

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

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

Supercritical flow

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

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

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

1 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.
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The critical velocity of fluids and the speed of causality
' Introduction

1 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.

1 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 écritic
occurs, and an abrupt shock wave is
formed.

Sound waves

The speed of causality of a surface wave

1 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.

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

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

Boat wake

Jet fighter ‘ ;r:e speed of causality of a shock wave in
1 Sound does not travel at the speed of
soundj ust because it e
Shock wave 1 There is no magic in science!

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

-
I ENRERER] « Observer

i 1 So, the speed of causality of sound in air
is the speed of a shock wave in air, which
could be referred to

of air movement 0.

® 06 0 ° .S'hgck. ® ® ® ® ® The speed of causality in space
® & o e ® 6 6 0 1 If something travels at the critical velocity
: : : : : : : of air, it will generate a shock wave.
o 0 0 e 0 0 0 " I something _travels at the critical velocity
e 0 0 ®© 0 0 O of water, it will also generate a shock
o 00 - 0 0 O wave.
® 6 o ® ® ® ® 1 Therefore, if aphoton travels at the critical
® 6 o ® 6 0 © velocity of 6 s p aitseeins reasonable
® 06 O ® 6 0 © that it would also generate a shock wave.
® 0 0 ® ® ® ® ¢ But aphotononly travels as a
® 0 04 s ® 6 06 O compression wave, so would it still
® 0 ° ® 6 0 O generate a shock wave?

A photon its 06sho
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WAVE MECHANICS

Types of waves

1 Waves are either travelling waves, or
standing waters.

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

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

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

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

Transverse waves

The properties of waves

Direction of wave ; i
irecti i V\(a\{es nqrmally |n\_/olve a disturbance
within a given media, or along the
interface between two different forms of
media (e.g. air and water).

1 Energy waves involve a flow of energy,
which is wusually rep

motion . .
i Particle waves involve a flow of matter,

such as a permanent movement of water.

Bed friction CO> L . .
distorts the & 1 The physics involved in the meeting,

particle motion © joining, and superposition of two waves
depends on the structure of the wave.

Wave mechanics

s

: Energy waves

5 see: 1 Both energy waves and particle waves are
Sesss examples of pressure waves.

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

Concentrated energy Concentrated energy 1 Examples of energy waves includes:

Wave length - gravitational and ocean waves
- electromagnetic waves and light.

The rate of .

concentration 1 Only energy waves can experience
constructive and destructive
interference.

Energy compression waves

Particle waves
1 A particle wave transports energy and
matter.
1 Examples of particle waves includes:
- breaking (curling) coastal waves
- tsunami waves travelling over land
- windy weather front.
1 Iftwo 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

refraction

Beach

\(ave\ dh{ctiT\

Coastal waves

Breaker zone
| —

Movement
of surfer
.}

\

Ocean wave (on the left)

Terminology

1 Anocean wave is a wind-generated, non-
breaking, wave that travels across deep
water.

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

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

Ocean waves

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

1 An ocean wave only experiences virtual
movement, t he same as t
computer screend it just appears to move.

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

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

Ocean waves are transverse waves

Direction of wave ¢ A transverse wave has its disturbance

R
Crest

Water falling Water rising

vectors moving perpendicular to the
direction of propagation.

1 Itis 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.

1 Ocean waves do not carry significant
mass or momentum, but the energy flow

Wave mechanics

Breaker zone
| —

can produce a force.

Coastal waves are complex waves

1 Alongitudinal wave has its vectors aligned
with the propagation direction.

The movement and profile of a coastal

Movement breaking wave are defined by both the

|
|
| —p- Of Surfer
|

7

Breaker (coastal) zone (on the right)

vertical and horizontal movement of the
water particles.

15 1 A broken wave is a particle wave that
W experiences physical movement.
1 Broken waves have significant mass,

momentum and energy flow, which a body
surfer will feel from time to time.
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Wave interference

Longitudinal compression wave 1 Constructive interference

1 In wave theory, constructive interference
is the superposition
aspects of multiple waves, or the
O6negatived aspects o

esscccsceee
escecccscee

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

s
o
<
()
N

ression

(2]
o
3
-

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

®ccecssccssscsesee
©ecccscsccsssscces
©e00eecesccecscsce
0000000000000 0000
esce

®00sccccccscnsecse
seoe

®ecocsccscscscccce

Two constructive _longitudinal waves

Longitudinal compression wave 1 Destructive interference

91 Destructive interference is the
superposition of a o6
wave with a o6negatiyv
intersecting wave.

.
.
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.
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.
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1 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.

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

cessscssssssssssss (D
cecessssssessesses N)

- T e The interference of energy waves
= o 1 Energy waves are the only waves that can
: s g EEeee cross the path of other energy waves
: H : e oy without significant loss of energy, or a
: s - e change in direction.

o IS 1 Energy waves are the only waves that can
T e readily experience constructive and
ss====2t: | Half @ (=s===t o -

: iZs=mmms denisity ise—==:i destructive mterfergncg Wlt'hOUt a loss of
i [ iEES=EE! iroughi inieemooii energy, or change in direction.
R+ S f  This outcome supports the idea that a
S f e © o et photon is an energy wave, and not a
i 3 isEmmmmai 3 e particle, or particle wave.

Combining two constructive waves
:Uniform media density

The interference of particle waves

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

1 Unlike ocean waves, broken waves do not
experience constructive or destructive
interferenced instead, the waves
experience a transfer of momentum.

®0ccsssccscee

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.

.
°
.
.
.
o

Combining two destructive waves
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The interference of ocean waves

Deep water (ocean) waves

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

1 They are able to travel such distances
because they are oOvi
energy waves, or non-particle waves).

Long
waves

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

T The seas may |l ook 6c
experienced sailors can recognise the
long waves passing through an area.

Tree sets of ocean waves

N

Constructive and destructive interference

1 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.

Choppysea ¢ However, there is no transfer of

\ momentum between these waves.

Constructive and destructive interference

No change in energy or direction

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

waves

Calm water === -> M As far as their movement is concerned,
deep water ocean waves can be

considered to be massless waves.
Long _
waves T 1t i sS not the Omassbo

important; instead, it is the energy, or
water pressure that is important.

No lasting interference

ol il o AP Coastal (broken) waves

L/ T Once a coastal wave breaks, and the
upper waters of the wave tumble forward,

the wave becomes a particle wave.

1 The wave now has the ability to transfer

,Choppy water gt A
i momentum to objects that it hits.

LR

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

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

C\

Wave direction

The o6col i
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Discussion point:  The mechanics of energy flow and particle flow

Radiator
type

bar
heater

Radiator
type
bar

heater

" Cross-flow of
radiated heat

4
&

Two radiator heats

Two radiator -type heaters (energy flow)

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

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

1 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.

Speaker

W
e,

%oss-ﬂow of sound

/N
N\ Z
) & Ny

Cross flow of sound waves

-

. ©

Domestic
fan

Re-direction
of air flow
Air flow does not
arrive at seated

person y %
‘(it Ny

Two jets of air

Two jets of water

Two sets of sound waves (energy flow)

speaker Y 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.

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

Two jets of air (particle flow)

1 Inthe above examples, it is only energy
that is moving.

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

1 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.

1 Both gentlemen will get disturbed air flow.

Two jets of water (particle flow)

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

The lessons:

1 Aflow of energy can cross the pathway
of another flow of energy.

1 Aflow of matter cannot freely cross the
pathway of another flow of matter.

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