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CLASSICAL PHYSICS

• In the 17th century, classical physics 
was established with Isaac 
Newton’s Principia Mathematica.

• The view of reality of classical 
mechanics is close to our everyday 
ideas
• Both space and time are passive, 

eternal and unchanging: they do not 
care about events on-stage (i.e. 
what matter is doing)
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CLASSICAL 
WORLD AS A 
CLOCKWORK

• Matter consists of small grains (particles), stuck together.
• Classical electromagnetism also includes fields; let’s not get into 

them!
• The grains exist continuously and have a fixed position in space 

at each time.
• The world is definite. 

• The grains interact with each other in such a way that, given the 
position and velocity of every grain at some time, their future 
and past is determined.
• The world is deterministic.

• There is no special present moment
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FROM THE CLASSICAL TO THE 
MODERN

• In the late 19th and early 20th century, observations could not be 
explained in the framework of classical physics

• Classical physics gave way to modern physics: quantum 
mechanics (Schrödinger, Heisenberg, Born, Jordan) and special 
relativity (Einstein) .

• Special relativity changed the view of space and time, quantum 
mechanics changed the view of matter and being
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DETERMINISTIC STATE 
EVOLUTION

• The state of the system is the information that describes the 
system fully.

• In classical mechanics, the state is the positions and velocities 
of all grains.

• In quantum mechanics, the state cannot be expressed in terms 
of classical grains of matter.

• In both cases, state evolution is deterministic: given the initial 
state, the future state can be predicted. 
• In QM, the past cannot be determined, though.
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INDEFINITENESS AND 
INDETERMINISM

In quantum mechanics, two things are new:

• The state does not correspond one-to-one to observable quantities. 
- Lack of definiteness.

• Relation of the state to observations is not deterministic. 
- Lack of determinism.
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WAVE FUNCTION

The state of the system can be represented by a wave function.
The wave function says:

• what are the possible results of observations
• what are the probabilities of the possible results
• in classical mechanics, a particle is modelled by a point-like grain, 

and the state is its position and velocity
• in quantum mechanics, a particle is modelled by a wave function. 

The wave function determines the probability of observing the 
particle at different points, and with different velocities – no more 
information exists
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DOUBLE SLIT EXPERIMENT
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DOUBLE SLIT EXPERIMENT
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DOUBLE SLIT EXPERIMENT
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DOUBLE SLIT EXPERIMENT
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DOUBLE SLIT EXPERIMENT
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SOME 
QUESTIONS

ARE REDUNDANT
The following statements about the electron are all incorrect:

• It goes through the upper hole.
• It goes through the lower hole.
• It goes through both of the holes.
• It doesn’t go through either of the holes.

• Classical language of matter as grains, with fixed position and trajectory, 
is insufficient.
• Reality is indefinite.

• The wave function does not predict where the particle will fall, only the 
probability for it.
• Reality is indeterministic

• The largest molecule for which the two-slit experiment has been 
done has 810 atoms 14



WAVE FUNCTION COLLAPSE
• When we observe the electron at one point, we know that the 

electron was there at the observation time.

• It is said that the wave function collapses: instead of a 
continuous probability distribution, the probability is 100% in one 
place and 0% everywhere else.

• Because the outcome of the observation is random, state 
evolution at collapse is indeterministic.

• Thus the present state does not determine the past.

• In quantum mechanics, there is a special moment of happening, 
when indefinite past is transformed into present certainty.
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REALITY BEYOND IMAGINATION

• Quantum theory is the most precisely tested and most 
technologically fertile theory of physics.

• All electronics and all modern chemistry –in other words, all 
modern technology– is based on quantum mechanics.

• The societal effects of electronics, chemistry and so on are 
incalculable.

• The appearance of definite macroscopic reality is not 
understood.

• The union of quantum theory and general relativity is yet to be 
achieved.
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