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Every Child’s Right

Every child has the right to share our best 

understanding of physical reality



Jerome Bruner Constructivist Education

• “Any subject can be taught effectively 

in some intellectually honest form to 

any child at any stage of development”

• Spiral Learning: “Complex ideas can 

be taught at a simplified level first, 

then re-visited at more complex levels 

later on”

• Discovery learning through activities

integrated with what are seen as the desired curricular

developments and how it can serve as a basis for the

implementation of these trends in medical education.

M yths a b o u t the B o lo g na Pro c e s s

A recognised problem associated with the implementation of

the Bologna Process in medicine is the different interpretations

as to what the implementation of the Process means in

practice. Some interpretations have suffered from an exces-

sively narrow, superficial and rigid perspective being taken

where there has not been a full consideration of the range of

options. What has been lacking is out-of-the box thinking and

creative consideration of ways in which the implementation of

the Bologna Process might in fact be an instrument for change

in medical education in response to the current demands and

pressures from advances in medicine, changes in the health

care system, expectations of the public, new educational

thinking and approaches and globalisation.

Some critical and highly promoted misunderstandings

relating to the Bologna Process are highlighted below.

Myth 1

The two-cycle model is a retrograde step returning

medical education to the basic science/clinical

divide.

The aspect of the Bologna Process that unquestionably has

attracted the most adverse comment is the proposal for a two-

or three-cycle model. Concern has been expressed that in the

Bologna Process there has been an unwarranted assumption

that the years spent in medical school break neatly into two

halves – pre-clinical and clinical. Critics have assumed that the

result will be a two-phase undergraduate programme with a

first phase comprising the basic medical sciences and a second

phase covering clinical medicine. Medical schools who have a

vertically integrated curriculum where clinical medicine is

taught alongside the basic sciences from the first year of the

undergraduate programme (Harden et al. 1984; Harden 2000)

have had a particular concern. In schools where an integrated

curriculum has been in place for many years, the prospect of a

move back to a previously less satisfactory system fills them

with dismay. Moreover there is now ample evidence to

support the value of a vertically integrated curriculum with

early clinical experiences incorporated (Dornan et al. 2006).

The concerns that the Bologna Process represents a move

away from an integrated approach to the curriculum, however,

are based on the false premise that such a move is inevitable.

This need not be so. It is possible within the Bologna

framework to have a first cycle curriculum that embraces both

basic sciences and clinical medicine, followed by a second

cycle with the subjects and topics revisited and repeated in

more depth in the second cycle (Figure 1). The learning

outcomes for the two phases reflect the students’ progression

and increasing mastery and capabilities as they pass from the

first to the second phase. Such a spiral curriculum is now well

documented (Harden & Stamper 1999).

Students in the first cycle can be expected to master basic

communication and clinical skills in addition to a knowledge

and understanding of basic medical sciences. Attitudes are

developed early in the medical curriculum and an appreciation

of professionalism as applied to medicine can be gained from

the first year of the medical course. In the second cycle, the

communication and clinical skills can be developed further

together with a more in-depth understanding of the basic

sciences. An agreement to a two-cycle model with learning

outcomes specified for each cycle in line with such a spiral

curriculum if implemented across Europe, would represent a

significant move forward for medical education in Europe.

Such a model is already embedded in many schools in Europe

and is implicit in the UK General Medical Council’s recom-

mendations for ‘Tomorrow’s Doctors’ (General Medical

Council 2009).

Myth 2

Students will not find employment should they

choose to leave their studies after the first phase

and if they do they will be employed as some sort of

second-rate doctor.

An aim of the Bologna Process is to provide the student with a

significant qualification after the first 3 years and one that will

allow anyone who wishes to enter the workplace and seek

skilled employment in a variety of heath-care related fields to

do so. Job opportunities after the Bachelor might include

medical journalism and communication systems, medico-legal

work, the pharmaceutical industry and other health-related

occupations. The graduate, however, would not be qualified to

practice Medicine as a doctor. While experience gained in

Figure 1. A spiral curriculum and the Bologna Process.

Bologna Process: An opportunity
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Einsteinian Physics

• A new language, a new way of thinking, discovered a century ago. 

• Revealed in beautiful detail by modern science and technology

• Harnessed and used by everyone every day.

• Two decades of discovery 1905-1924 changed everything                         

- except for the teaching of science in schools!

• Einstein discovered relativity, explained gravity, and discovered 

quantum nature of light, sound and heat (photons and phonons) and  

more.

• We call it Einsteinian Physics

Einstein is a label, not hero worship!



Eight years of trials, several PhDs
Retrospective questionnaire on our very first trials 8 years ago

Yes, I learnt a lot of things that made me more interested in science and give 

me a head start on other people in my classes. The fact that I still remember the 

classes from almost 10 years ago (I don’t remember much else that I learnt in 

primary school) shows how beneficial they were to my learning experience.

List of things you remember from those courses

• Space time diagrams

• Light comes as photons 

• Heisenberg’s uncertainty principal 

• Light diffraction through a bubble

• The speed of light is the speed limit of the universe

• Objects fall at the same speed regardless of their mass on earth

• Space is curved

• Angles in a triangle don’t add up to 180 degrees in curved space

•



Simplification

• Scientists’ barriers to understanding:  narrow definitions, compartmentalization 

and jargon.

• Our job:  simplify, find unifying principles, simple language

• Teach the principles at an early age with a few chosen examples

/
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FASB Home Reducing Unnecessary Complexity Simplifying Accounting Standards

  SIMPLIFYING ACCOUNTING STANDARDS

›› ››

The FASB launched the Simplification Initiative in

2014 to simplify and improve accounting standards

through a series of short-term projects. Its objective is

to reduce cost and complexity in financial reporting

while maintaining or improving the quality of

information reported to investors.

As part of the Simplification Initiative, the FASB has

completed multiple narrow-scope projects, such as

simplifying income statement presentation by

eliminating the concept of extraordinary items,

simplifying the presentation of debt issuance costs,

simplifying the measurement of inventory,

improvements to employee share-based payment accounting, simplifying the test for goodwill

impairment, and improvements to nonemployee share-based payment accounting, etc. Read more

about some of the projects that were successfully completed.

The Board also expanded its efforts on simplification beyond the projects undertaken through the

Simplification Initiative. The FASB completed a broad project on the accounting for hedging activities

and currently is working on other broad and research projects that are intended to reduce cost and

complexity in financial reporting, such as the project on distinguishing liabilities from equity (including

convertible debt).

Monitoring the implementation of new accounting standards also provides the FASB with opportunities

to consider needed clarifications and simplification.  For example, the FASB’s Revenue Recognition

Transition Resource Group (TRG) discussed issues that arose as companies prepared to adopt the

standard.  TRG discussions helped the Board identify a few opportunities to simplify the guidance on

principal or agent determinations, performance obligations and licensing, and how a company

evaluates whether its promise to transfer a license is satisfied at a point in time, or over time. The FASB

also issued simplifications related to the adoption of leases, such as a practical expedient on existing

land easements and a practical expedient for private companies, which allows them to use a risk-free

rate, rather than an incremental borrowing rate.

Many suggestions for simplification were identified by our stakeholders who widely support the FASB’s

continuing efforts to simplify and improve accounting standards. For the FASB’s efforts on

simplification to be a continued success, we encourage stakeholders to submit additional ideas for

simplification in other areas of financial reporting. Stakeholders should email their suggestions to

fasbcomments@fasb.org.

For more information on FASB projects, visit the FASB’s technical agenda page.

For more information on Emerging Issues Task Force (EITF) projects that seek to reduce complexity,

visit the EITF page.

For more information on Private Company Council (PCC) projects that seek to reduce complexity, visit

the PCC page.

 

REDUCING
UNNECESSARY

COMPLEXITY

Simplifying Accounting
Standards

Some Successfully
Completed Projects



• Scattering: photons, atoms, electrons etc

bounce off each other in many different ways.

Pressure, seeing, colours, etc all explained in 

collision activities.

• Fission and fusion: From the big bang to 

chemistry to biology, from burning to growing,  

most processes are fission or fusion. 

• Different binding energy, similar processes.

• Activities with magnets for fission and fusion of 

atoms and molecules

14/02/2020 128px-NuclearReaction.svg.png (128×89)

https://upload.wikimedia.org/wikipedia/commons/thumb/4/4b/NuclearReaction.svg/128px-NuclearReaction.svg.png 1/1

14/02/2020 Important step in understanding of light scattering

https://phys.org/news/2016-02-important.html 1/3

Home/ Physics / General Physics

FEBRUARY 26, 2016

Important step in understanding of light scattering
by Jochem Vreeman, University of Twente

A team of researchers from the University of Twente and from Philips in the Netherlands has

succeeded in taking an important step in understanding how light is scattered, absorbed and re-

emitted in white light emitting diodes (LEDs). This breakthrough in research is relevant to everyday

lighting applications, and is being published in the American magazine Journal of Applied Physics.

There is a strong worldwide drive to efficiently generate white light for many every day lighting

applications. The drive is notably fueled by the fact that some 10% of total electricity production is

consumed by lighting. It is a modern approach to employ efficient and long-lived white light emitting

diodes (LEDs). State-of-the art white-light LEDs take advantage of the fact that essential

components are not transparent, but that light is scattered many times (see figure above). Light

then performs what is known as a "random walk", similar to the path of hikers lost in a dense forest,

who want to return home, yet at every step they lose track of where they came from. As a result

light becomes diffuse, which serves to obtain an even lighting without hot spots or without angular

coloring, which is highly desired for many applications. Moreover, photons are recycled to yield

more red and yellow light. Thereby cost efficiency is improved, and energy consumption is

reduced.

Monte Carlo Techniques

"Challenges in understanding the optical properties of white LEDs arise from a limited

understanding of the light scattering, absorption and re-emission" says prof. Willem Vos, the

Examples of unification



Unifying principles

• Two processes: fission and fusion

- from the big bang to stars to chemistry to biology

• Two forms of matter: matter and antimatter

- from the big bang to medical PET scanners

• Two forms of energy: mass and frequency

- all energy can be expressed as E=c2m or E=hf

• Two types of things: bosons and fermions
- from subatomic particles to superconductors in MRI scanners

• Two properties: waviness and bulletiness,

- everything has it: diffraction, destruction and momentum 



Einsteinian physics is relevant!

• Why UV and x-rays cause cancer 

- microwaves and phones don’t!

• Solar photons knock out electrons to create:

• electricity in solar panels

• nerve pulses in eyes, 

• pixcels in cameras, 

• glucose in leaves.

• How our phones navigate using clocks

• Limits to speed and space travel

• Why are there dead spots for mobile phones



Einsteinian physics of climate change

• Why the air is transparent to visible 

photons

• How photons make heat

- they create phonons in solids which in 

turn create infrared photons

• Why tiny amounts of a V-shaped 

molecule makes the air absorb 

infrared photons

The Einsteinian picture is simple and understandable





In 10 years time…. 

• …the science curriculum will embody the idea of teaching 

children humanity’s best understanding of our universe.

• …the unifying principles that help us to understand the universe 

will be widely understood.

• …the astonishing story of our existence will be widely known:

• chains of fusion and fission reactions that gave rise to planets, 

atoms and DNA

• the unbroken chain of replication that links every one of us to 

the first living organisms on Earth billions of years ago

• our infinitesimal speck in the vastness of space and time.



In 10 years time (2)

• …the language of physical reality will be commonly understood 

- photons, ionization, quarks and neutrinos, black holes, curved 

space, quantum uncertainty, entanglement

• …the mathematical language needed to understand existence 

will be familiar:

- powers of ten,  maths of arrows, probability and chance

• …the basic concepts inside our devices and technology will not 

be a mystery

• …university lecturers will no longer say “forget what you learnt 

at school” and journalists will not confuse millions with billions.



Most of us acquired Newtonian commonsense

If taught early, children will have a new commonsense

• Better able to appreciate the wonders of physical reality

• Better equipped to take the next steps in the human journey of 

understanding and discovery

• Better equipped to live in the modern world



Changing 

Realities

The new reality is Einsteinian Physics

Thanks to all the Einstein-First team



Language of reality
• “The structure of language determines not only 

thought but reality itself”  - Noam Chomsky

Deep structure expresses the underlying relations 

between words and conceptual meaning

• We learn not only spoken language but also a 

“language” of reality in our early years.

• The language of reality is called “common sense”.

• It is easier to build on known language than introduce 

a new language

Introduce the language of Einsteinian reality at an early 

age and then build on it. 



“But” … they say

• You can’t learn Einsteinian concepts without first 

understanding Newtonian physics

• It’s too difficult

• Einsteinian concepts are not relevant to daily life

• Children can’t learn physics at primary school

• We would have to throw out important Newtonian 

physics.

• Teachers could not cope



Schools Today Modern Understanding

Rigid Euclidean space

Light is a wave

Bullets are particles

Space flexible and curved

Time is absolute Relative spacetime

Everything combines 

waviness and bulletiness

Energy is massless E = mc2

Quantum uncertaintyNewtonian determinism

Gravity: spacetime 

curvature, speed c

Gravity: instantaneous 

force



7 years ago: First trials with 11 year olds

• First surprise: children were not surprised

• No surprise: they loved doing it because it was all 

interactive, done in groups, fun activities.

• Second surprise: (16 year olds)  Correlations

What was the most 

difficult topic?

What was the most 

interesting topic?



Primary School
• Replace implicit or untaught concepts with explicit 

Einsteinian concepts

What is space?

What is time?

What is light?

What is gravity?

Often the key question is How can you measure it?



Stone Age Running Races

Measuring space Feet, paces, meters

Measuring time Heart beats, seconds

Measuring space with time

Space-time diagrams for 

journey to school

What speed?

Speed limit of the universe
Spacetime diagram for falling balls



Measuring the Shape of Space
Students doing activities in the classroom 

  Conclusions 

Einstein-First program 

Results obtained from a 10-week program with Year 9 students 

 Introduction  Students’ attitude towards Einsteinian 
physics 

Teaching the Einsteinian gravity paradigm                                                              

Tejinder Kaur1, David Blair1 

 1The University of Western Australia, Crawley, Australia 

Gravity waves have been detected.  It is time we all began to 

think about Einsteinian gravity!  

                            

• General relativity provides a beautiful, natural and simple 

description of gravity.  

• Newtonian gravity is superseded and can’t explain gravity 

waves. 

• We owe it to our kids to teach the best description of reality. 

• Young people easily accept concepts of curved space and 

warped time.  
 

• 78% students found that hands-on activities are very helpful 

for them to understand the concepts. 

 

• 83% students said they are not too young to be taught 

Einsteinian physics. 

 

• 91% students said Einsteinian physics should be included in 

the school science curriculum. 

• Greater improvement was observed among girls in all our  

   programes. 

 

• Students quickly catch on the theory of  Einsteinian gravity. 

 

• Students attitude improve towards learning physics. 

 
 

• Pilot studies were conducted from 2011-2015. 

• We tested Year 6, Year 9, Year 10 and Year 11 students. 

• We ran three professional development programs for 

teachers. 

• All the programs were delivered through models, analogies 

and activities. 

 Matter tells space-time how to curve, space-time tells matter 

how to move. Lycra sheet analogy is our experimental platform 

to explore this concept qualitatively and quantitatively. 

Experimental geometry on curved surfaces allows students to 

understand the meaning of curved space. Quantitative 

experiments show how geometry reveals curvature. 
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“I think physics is an intersting subject” 

Figure 4. Gender analysis for student attitudes to physics, based 

on answers to the statement “I think physics is an interesting  

subject”. Girls showed a significantly larger improvement than 

boys. 
 

Mail: 21358632@student.uwa.edu.au 

 Gravity as a time gradient 

“An approach that directly teaches students our richest, most current and most productive ways of understanding the universe 

just makes sense! It is certainly also an innovative approach. It is not an approach that has been attempted anywhere in the 

world to date. The findings have the potential to be revolutionary.”                         

                                                                                                          Anonymous Australian Research Council Project Assessment 
       

When you climb the stairs you are working against a time 

gradient 

Potential energy mgh  equals mass energy x time dilation 

• The change in time with height h above the Earth surface 

is given by ∆t/t= gh/c2 

• The energy of a mass m is given by: E = mc2 

 

Combining these results mgh =  ∆t/t . mc2 

This equation shows a link between gravity and time dilation. 

Gravitational potential energy can be understood as a direct 

manifestation of time dilation. 

 

Atomic clocks today can easily measure the warping of time 

by the earth! 
  

Experimental geometry

Shortest path = Line survey

Sum of angles vs Perimeter

Graphing skills



Newton’s Law of 
Gravitation on a 
Lycra Sheet 

𝐹 =
𝐺𝑀1𝑀2

𝑅0.6

Simple experiment
Graphing
Errors
Weakness of model



7 years of Trials

a) Children accept Einsteinian concepts with ease

b) Children are aware that they learn old stuff at school

c) They want to learn Einsteinian concepts

d) They are extremely motivated by the activity based Einsteinian curriculum.

e) Teachers like it, especially those with minimal physics background.

f) Evidence of gender levelling: girls improve more than boys.

g) Positive responses from teachers workshops and from parents

Ages tested: 8 – 16

See our published papers which are full of histograms for very impressive 
improvements in both attitude and ability

Strong evidence that the core concepts are accepted by all students 
independent of aptitude



Primary: Introductory Concepts

-Activities and qualitative understanding

Space and geometry: experimental geometry

Space and Time: measuring space with time

Limiting velocities and speed limit of the universe

What is gravity?
Matter tells spacetime…Spacetime tells matter 

What is light ? 

Waviness and bulletiness: everything has it!

Black holes and gravitational waves
Toy photons and Gravitational wave detectors

Two types of maths
Maths of numbers and maths of arrows



Middle School: Consolidation 
- quantitative experiments and activities with models and on-line

Space and geometry:
gravitational lensing, stars askew, mapping space, understanding curvature.

Space and Time: 
quantitative examples: space time diagrams, falling objects

Limiting velocity 
mechanisms: graphing terminal velocities of balloons, relativistic mass enforces 
the speed limit 

Spacetime tells matter how to move 
Newtonian gravity on lycra sheets, Kepler’s law of orbits, gravitational lensing

Waviness and bulletiness….
spacing between photons, uncertainty principle, single photon interference and 
interference experiments 

Maths of arrows: 
Experiments with phasor wheels

Black holes and gravitational waves
GR and QM of GW detectors



Upper School: Quantitative Einsteinian Physics
Space and geometry: quantitative estimates of gravitational lensing, time dilation and gravitational waves

Geometry near the earth and the sun, neutron stars and black holes: curvature and sector models, 

Time on Earth, Sun, neutron stars and black holes: Time dilation: CMB, time dilation of supernovae

Photons and particles:  momentum, wavelength: Measurement uncertainty from random arrival of photons, angular 
uncertainty: telescope resolution. Quantum noise in gravitational wave detectors. Simple applications of statistics of photon
number.

Einsteinian-Newtonian connection
Gravity and time: potential energy, inverse square law.

Clocks and GPS, relativity of time

Cosmology, red shifts, big bang and cosmic microwave background

Critique of models and analogies!

Modern physics: Introduction to modern quantum physics applications

Development of vector approach to interference

Quantum entanglement, quantum squeezing, vacuum fluctuations

The physics of gravitational wave detection

Physics literacy: Students should have moderate literacy about the physics of the last 20 years

Still under development!



Wanted!

• Partner Schools to run 3-year longitudinal study 

• Partner Teachers to run trials over 3 years

• Workshop participants for initial curriculum mapping exercise
• First workshop is on MONDAY 20 May from 2-5pm.

• Teachers to participate in PD trials



Stories-of-Discovery Plays

• Many stories of the discovery of the new reality.  

• Science as a human endeavour or history

- Should proceed in parallel with science and maths content

- Role play stories for various ages 8 up to 16

• Scripts available!

• Examples:



What is 

the size 

of the 

space 

we 

inhabit?

1769 

Transit of 

Venus

across the 

Sun



1886

Heinrich Hertz

discovers

electromagnetic 

waves 

Of no 

possible 

use 

whatsoever 

1887 Photoelectric 

effect



1905

Light comes as packets of 

energy later called photons

Speeds don’t add up

Energy has mass

Speed limit of the universe



Einstein’s happiest thought 1907

Space is Elastic 1915
Matter tells spacetime how to curve

Spacetime tells matter how to move

Newton’s gravity 

propagates 

instantaneously and 

violates relativity

Gravity and acceleration 

are indistinguishable

Einstein’s happiest thought 1907



1916: Karl Schwarzschild and 

First World War

Holes in spacetime
where space and time 

come to an end

Rs = 2GM

c2

Earth mass
Rs =10mm

Schwarszchild

singularities: a weird 

mathematical artifacts?

weird mathematical 
artifacts?



“of academic interest only”

40 years of controversy

Einstein 1916

Einstein’s 

Power

c5/G ~ 1054

Accelerating masses create ripples in 
spacetime which propagate at the speed of 
light - gravitational waves (June)

Manifesto to the Europeans: stopping a stupid war and future wars



Einstein and DeBroglie

• Einstein 1916 : Photons have momentum



1924 the great 

unification

Louis de Broglie

A new picture of 

reality

Everything has waviness

Everything has bulletiness

Bulletiness follows the maths of numbers

Waviness follows the maths of arrows



QM +GR predicts neutron stars
QM +GR predicts neutron 

stars

From Oppenheimer to 

Jocelyn Bell

1939 Oppenheimer

1967 Jocelyn Bell



1957: Feynman

• Inertia connects mass to space

• Stretching and shrinking space drags 

masses. 

• Sticky beads on a rod will heat up by 

friction as they absorb gravitational 

wave energy 

How to detect gravitational 

waves 



Colliding black holes

• Substitute Schwarzschild’s formula into 

Einstein’s wave power formula

• Power ≈ Einstein’s power 

≈ c5/G ≈ 50 x power of all the stars in the 

visible universe!

• Vast explosions of pure gravity, but still 

tiny vibrations. 

1973: Joseph Weber
Precision measurement

Loss = Fluctuations

Can measure tiny changes if harmonic motion is pure 

enough



The first sounds of 
rippling spaceThe Story of GW Discovery





Implicit Concepts in Primary Schools 

Today

• Space: undefined but implicitly Euclidean

• Geometry: Euclidean; exact truth

• Maths: only about numbers

• Time:  undefined but implicitly absolute

• Matter: stuff with mass, momentum, inertia

• Waves: fluctuations that travel from one place to 

another.

• Speeds: implicitly Galilean or not addressed.



Opening minds to alternative forms of maths
at Primary School
• Maths of Arrows  

- Hand out equal size arrows

- Ask students to demonstrate 1 + 1 = 2

- Then ask them to demonstrate 1 + 1 = 0

- Go on to generalize as appropriate

• The Gamblers Fallacy
• Experimental Probability and Statistics

• Big and small numbers for everyone
• Discovery of Zero and Powers of 10



Climbing Against the Time Gradient

Potential energy = mass energy  x  time dilation

Δ𝑡

𝑡
=
𝑔ℎ

𝑐2

Hence

𝑚𝑔ℎ =
Δ𝑡

𝑡
. 𝑚𝑐2

Gravity is a consequence of relativistic time dilation.

Mass energy is not peripheral but central.

The earth is a time machine



“I want to emphasise that light comes 

as particles. 

It is very important to know that light 

behaves like particles,

especially for those of you who have 

gone to school, where you were 

probably told something about light 

behaving like waves.”

All possible paths
Feynman path integrals taught with models, arrows and laser 

experiments



Aphorisms for Einsteinian Reality

Waviness and bulletiness – everything has it!

Bulletiness follows the maths of numbers

Waviness follows the maths of arrows

Matter tells spacetime how to curve

Spacetime tells matter how to move

All inside your phone!



What did you learn 
about light? 

Year 3, 
Mel Maria 

Primary School, 
Perth

Age 8

2018



Quantum Reality for Middle School

• The world is not what it seems

• Even ordinary things like light reflections hide a mysterious 
reality.

• The mysterious reality is described by the maths of arrows
It is called vector calculus. A vector is an arrow: it has length and 
direction

The vectors we will be using are called phasors.

• First we will look at images

• Then we will play with little rolling objects that let you understand 
the connection between waves and wheels

• Then we will apply the maths of arrows to light reflecting from 
mirrors

• Then we will prove the ideas by tricking the light 









2018 Challenge: can we teach students Feynman’s 
beautiful path integral approach to QED
Phasor/Wheel  Activity

• Activity in small groups using rolling ruler
• Students need one A3 sheet.

• Plot graph of straw position for rolling straight

• Plot phasors for two trajectories: straight along edge and diagonal

• Identify the wavelength and the phasor angle for a few points along the 
trajectory

• Tested with students from Mt Lawley SHS and Guildford Grammar School 
thanks to two keen teachers.



Phasors

Simultaneous brilliant discovery 1893

Charles Steinmetz    Oliver Heaviside



All possible 
paths

Phasor-Roller 
Activity for 
Feynman 
Path Integrals 
for Quantum 
Interference

Video by Rahul 
Choudhary



How do phasors connect to probability of 
particles arriving at a certain place 
• The adding of the arrows is equivalent to the adding of the waves.
• For waves like water waves the length of the combined arrows tell you size 

of the wave.
• For single particles like atoms or molecules or photons the maths is 

identical but the length of the combined arrow tells you the probability
that a particle will arrive at a certain place.

• In reality everything that we see is the arrival of photons. Every image your 
eye sees is because photons follow the quantum probability.

• When there are enough photons the images look smooth.

Because the maths is the same, we can pretend that light is 
like a water wave even though it isn’t.



It is time now to develop an integrated 
curriculum!

$1.5M Linkage project funded March 2019

We are just beginning

Please make suggestions, or contact us at einsteinianphysics.com

Einsteinian Physics Education Research Collaboration

We are looking for PhD students and Postdocs.

7 nations

19 investigators



History

• 1801 and 1816: Scientists prove that light is a wave.

• 1905: Einstein proved that light comes as particles called 
photons

• 1916: Einstein said light has momentum: light acts like bullets

• 1924: Count Louis de Broglie said if light waves act like bullets, 
then maybe bullets act like waves

Waviness and bulletiness

Everything has it!

Bulletiness follows the maths of numbers

Waviness follows the maths of arrows



8 waves arriving at the same point

Longest trajectory  
is ¼ of a turn longer.



How much longer is the longest trajectory this 
time?

half a turn



Lets add up the 8 separate waves.



Lets add them all up? Eight waves, each with a slightly 
longer path add up to a single 
wave round about 5 times bigger 
than a single one



What would happen if I added 
more longer trajectories

14 trajectories, each with a 
slightly longer path,  add up to a 
single small wave.  
If I had drawn more carefully the 
waves would cancel out 
completely.



Reflection in a Mirror

• Why does the light take this path?

• We are going to see something 
extraordinary!

• All possible paths contribute.

• For most paths there is cancellation.

• We will trick some of the paths into not-
cancelling.

• You will record photos of light that has been 
tricked to take alternative paths



What is different about these 
alternative paths?

• Which is the shortest path?

• How does path length depend on 
trajectory?



Path Length vs position on Mirror
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Can I trick the Photons

Zero resultant
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Big resultant

The phasors for all the trajectories cancel to 
give zero because all paths are possible.
What if I make some paths impossible?



Can I trick the Photons

Zero resultant
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If the black bands correspond to half  a turn of 
the wheel (half a wavelength path difference) 
then I will only have half circles of phasors

Finite resultant
Finite resultant

Suddenly light reflects at three or more angles
Angle of incidence is not equal to angle of reflection
Hence all possible paths really contribute
Quantum interference is reality
Easily seen with a laser pointer and a CD (student activity)



Ideas  Everyone Could Know
• We live in curved space with rippling geometry and 

warping time.

• The world is quantum. Quantum reality underpins 

technology. Matter has wave behaviour and waves 

have particle behaviour.

• Old approximations are still useful.

- Flat earth is useful when you mark out building lots

- Euclidean geometry is useful for architects

- Wave properties are useful for radio engineers

- Galilean relativity is ok for car crashes

2012 slide



Making the Impossible 

Possible
• Einstein said his waves were only academic 

• Many said detection was impossible

• A small band of physicists in the 1970s has 

grown to thousands.

• Our “gravity radio receivers” have improved 

more than 1 trillion-fold

• New LIGO detectors will begin to operate 

2015: expect 20 signals per year by 2018.

2012 slide



Conclusion

• We found the first signals in 2015

• We have found 11 signals up to December 2018

• Gravitational waves provides essential relevance to 

Einsteinian physics education.

• Space ripples and 40kg mirrors + laser light obey the 

laws of quantum physics

• See posters by Ju Li, Rahul,  Richard and Gary





Paradigm changes over 2000 years

• Aristotelian
• there must be two sets of laws of nature: one for the sublunar universe, i.e. Earth, and one 

for the Heavens. Rocks and fire obey one set of laws in the sublunar universe where they fall 
down and burn up; and another set in the heavens where they are eternal and unchanging. 

• Newtonian
• When Galileo turned his telescope to the moon and argued that there were mountains on 

the moon, his method was unscientific and his conclusion absurd, relying as they did on the 
'obviously' false premise that the laws governing earthly phenomena were the same ones 
that governed celestial ones. Galileo's critics refused to look at the moon through a telescope 
for very good scientific reasons. Someone who thinks mice are spontaneously generated 
from old rags will spend a great deal of time examining rags and will be utterly unable to 
comprehend why a contemporary biologist refuses to join her research project (Wittgenstein, 
1953, p. 26). 

• Einsteinian



• Newtons words: 
• That Gravity should be innate, inherent and essential to matter so that one 

Body may act upon another at a Distance thro' a Vacuum without the 
Mediation of anything else, by and through which their Action and Force may 
be conveyed from one to another, is to me so great an Absurdity that I believe 
no Man who has in philosophical Matters a competent Faculty of thinking can 
ever fall into it 

• Privately Newton was a follower of the views of Henry Moore who believed 
that space was an attribute of God, and in fact is God's sensorium, the seat of 
God's perceptions and sensations. Thus the force of gravity was a 
nonmechanical, spiritual force demonstrating God's continuing presence, 
after creation, to maintain the order of the universe (Shapere, 1967, p. 490). 


