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Theory of Everything 

(according to Neil Turok – Perimeter Institute)



1500 1900

Modern Physics

Classical Physics

- theory of gravity

- Newton’s three laws

- optics

Ancient Sciences Scientific Revolution
(age of enlightenment) Theory of Relativity 

(1905 / 1916)

Principia 

Mathematica

(1687)

Earth as the centre 

of the universe 

theory

Socrates  Plato  Aristotle

Quantum Mechanics (1905)
Newton

Schrodinger
Heisenberg

Einstein

String Theory (1990’s)

+ ???

+ ???

5 Classical Elements:
• Earth
• Water
• Air
• Fire 
Plus Ether

500 BC

Hawking

Planck

Maxwell

Maxwell’s 

Equations 

(1861)
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Common Beliefs
• We all inhabit the same three dimensional space

• Time passes equally quickly for everyone

• Two events either occur simultaneously or one before the 

other

• Given enough power (energy), there is no limit to how fast 

one can travel

• Matter can neither be created nor destroyed

• The angles of a triangle add up to 180°

• The circumference of a circle is equal to 2· ·r

• In a vacuum, light always travels in straight lines



Topics in Modern Physics

Relativity Quantum Mechanics

2 basic postulates:

• laws of physics are the same 

in all inertial frames of 

reference

• cosmic speed limit = c

1 basic postulate:

• light must carry energy in 

discrete quantities (E=hf)

h=6.626x10-34 m2kg/s

- Called Planck’s constant



From these two theories a whole new set of 

branches of physics was born

Particle Physics

Special and General Relativity

Quantum Mechanics

Cosmology

Gravitation

Quantum Information

Quantum Fields and Strings

Superconductivity

Nuclear Physics

Solid State Physics

and more …..



1. Particle Physics







Particle Physics

Proton Structure

Neutron Structure

Up Quark – electric charge +2/3

Down Quark – electric charge -1/3



Particle Physics

Proton

Neutron

Mass of a Proton 

= 1,670x10-30kg

Mass of  Up Quark

= 4.27x10-30kg

Mass of Down Quark

= 8.54x10-30kg

2 Ups and 1 Down

= 17.1x10-30kg

Missing 1,653x10-30kg of mass?

Where did the missing mass come from?

Gluons – energy

Plus Kinetic Energy







2. Relativity



Postulates of Relativity
1. Laws of physics are the same in all inertial 

frames of reference

2. Cosmic speed limit = c

Gamma Function

𝛾 =
1

1 −
𝑣2

𝑐2

Time Dilation

𝑡 = 𝑡′ ∙ 𝛾
t=time measured on earth (non-moving reference frame)

t’= time measured on moving object



Special Relativity
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Speed as a fraction of speed of light

Time Dilation

t = time measured 

on earth

to = time measured 

on moving object

Example:

At v=95% the 

speed of light

t/t0=3.2 

- that means that 

for every 3.2 years 

that pass on earth 

only 1 year passes 

on the moving 

object)



Relativistic Velocities

Recall – the relative velocity of two objects 

can never exceed the velocity of light.

𝑉𝐴𝐶 =
𝑉𝐴𝐵 + 𝑉𝐵𝐶

1 +
𝑉𝐴𝐵 ∙ 𝑉𝐵𝐶
𝑐2



General Relativity

General Relativity Takes into Account Gravity

Einstein’s Breakthrough : Equivalence Principle

The gravitational force experienced by an 

object in an inertial frame of reference is 

identical to the force on an object caused by 

acceleration in a non-inertial frame of 

reference.



Gravity = Acceleration

An accelerating frame of reference is 

changing it’s velocity –> in a moving frame 

of reference the clocks run differently than in 

a stationary frame of reference.

Therefore ….

In a frame of reference with a strong gravity 

field the clocks will run differently than a 

frame with a weak gravitational field



Gravity = Acceleration

The stronger the gravitational field – the 

slower clocks run .  .  .  .

The weaker the gravitational field – the 

faster clocks run …..



3. Quantum Mechanics

I think I can safely say that nobody understand quantum 

mechanics.

Richard Feynman : 1965 - Nobel Prize winner for Physics

Anyone who is not shocked by quantum theory has not 

understood it.

Neils Bohr : 1922 - Nobel Prize winner for Physics



What is Quantum Mechanics

At it’s core quantum mechanics is the study 

of matter – energy interactions at the sub-

atomic scale.

Scale of the Universe

http://htwins.net/scale2/


Key Discoveries Leading to Modern 

Quantum Theory

1887 – Heinrich Hertz discovers the 

Photoelectric Effect

1900 – Max Planck suggests that Electro-

Magnetic Energy can only be emitted in 

quantized form 

E=hf

1905 – Einstein uses Max Planck’s 

quantization of light theory to explain the 

Photo-Electric Effect



Einstein coupled Planck’s formula with the 

colour of light (wavelength and frequency) to 

explain the Photo-Electric Effect
This is what he got his Nobel prize for in 1918





Is there anything left unknown?

There is nothing new to be discovered in 

physics now. All that remains is more and 

more precise measurement.

(1900 – Lord Kelvin – yea the guy the temperature scale is named after)





Dark Energy – the universe is expanding 

faster than it should….

Dark Matter – the galaxies are rotating 

faster than they should (the apparent 

gravitational force is higher than can be 

accounted for)

Gravity – quantum gravity – how can we 

understand quantum effects of the very 

small and gravitational effects of the very 

large at the same time (important to 

understand black holes and the big bang)



Is light a particle or wave or both – is there 

a single model that describes both 

phenomena? (same question for 

electrons)

Time – why does time only flow in one 

direction?  Why are some things 

irreversible (cracking an egg, burning a log 

on a fire)

Others??????


