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Gestalting Structures in Physics

Basic questions for human conception: What? — Where? — When?

The SI base quantities: mass, length, time (units: kilogram, meter, second)

In search for a deeper understanding we may ask:
Why does anything exist? Where is the universe coming from?
How does nature function?

What determines the structures in material world?
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Gestalting Structures in Physics

Aristotle (384-322 BC):

”ALL men by nature desire to know.”

<

‘... and the most exact of the sciences are those which deal most with first principles; for

those which involve fewer principles are more exact than those which involve additional
principles ...”

The second statement is generally known as Occams’s razor:

“A principle urging one to select from among competing hypotheses
that which makes the fewest assumptions.”

William of Ockham ( c. 1288 — 1348)
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Outlining of the historical development in Physics

Search for the laws of nature and understanding of space, matter, and motion
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Outlining of the historical development in Physics

Search for the laws of nature and understanding of space, matter, and motion
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Gestalting skies and space
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Gestalting skies and space
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Anaximander’s Earth centered universe.



|/ e FIRST GTA SYMPOSIUM  Helsinki, Finland 28.-29.9.2012

Gestalting skies and space

{I; Nighttime in the winter

Anaximander’s Earth centered universe.
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Gestalting skies and space
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Nighttime in the summer

Anaximander’s Earth centered universe.



| ./ o7 FIRST GTA SYMPOSIUNM  Helsinki, Finland 28-29.9.2012

Gestalting skies and space

500’s BC Ptolemy’s epicyclic system (100’ AD)

{3

Nighttime in the summer Planetary orbits in the Earth centered
system

Anaximander’s universe was constructed of a flat Earth
surrounded by the sphere of fixed stars. The wheels for
the Moon and the Sun were behind the sphere of stars.
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Gestalting of celestial mechanics
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Gestalting skies and space

% Sun
Earth @
The first Chapter of Kopernicus’ De Revolutionibus, is titled Thomas Digges’s (1546-1595) view
“The Universe is Spherical”: of the Copernican system. Fixed

“First of all, we must note that the universe is spherical. The reason stars are spread to unlimited space.

15 either that, of all forms, the sphere is the most perfect, ... or that
wholes strive to be circumscribed by this boundary ...



Gestalting space
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__FLRW cosmology
T 1916 - 1940
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Gestalting modern cosmology is challenging

Space: FLRW — cosmology (Friedman, Lemaitre, Robertson, Walker)

Outlining of spacetime geometry in FLRW — cosmology.

The antiquity question of infinite/finite space is unanswered by the FLRW cosmology.
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Gestalting matter

Quantum mechanics: Material structures
described in terms of wave functions

/
|
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Gestalting of motion

Einstein’s special relativity (1905):
Newton's laws modified by redefinition of

aplace: refinement of celestial mechanics,
Newton :
50 potential theory
|

L eUCinDUS Ptolemy Copermch Newton: The 2. law of motion F= 7-a,
Heracli tﬂg \\ N \ o the 3. law of motion, balance of opposite
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150 time and distance.
Galilei: \
- acceleration in free fall is independent of EFi)TSteiE N _Poincaré: “Everything can be seen as
the weight of the falling object an¢ # interplay of kinetic energy potential energy”

- no external “movent” Maxwell

- rectilinear motion ~ the state of rest Lagrange, Hamilton : equations of

- the principle of relativity motion in generalized coordinates
Laplace |

orces — equivalence principle

\ Leibniz:
Aristotle: - Living force (kinetic energy), vzs viva is
- natural motion (free fall): the velocity is proportional to the weight of obtained against release of dead force
the object and inversely proportional to the resistance of the medium, (potential energy) (vis mortua)
- forced motion (horizontal motion) requires an external movent - the amount of all living force in space is

equal to the dead force released



'FIRST GTA SYMPOSIUM  Helsink, Finland 28.-29.9.2012

/Aé v <'( ./ I/ a

Gestalting of motion
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Outlining of the historical development in Physics

Search for the laws of nature and understanding of space, matter, and motion
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The empiricists’ puzzle

Quantum mechanics

- Planck’s equation

- wave function

- Schrédinger equation
- uncertainty principle

- wave—particle duality
- Dirac’s equations

Electromagnetism
Maxwell’s equations

- Electromagnetic interactions

- Electromagnetic waves
- conservation of charge

‘ ; . - Reciprocity principle
\ Classical mechanics Pl espeition
- Newton’s laws of motion _Hubble flow

FLRW cosmology

- General relativity: gravitation
by spacetime metric

- Cosmological principle

: o
- Newton’s gravitation - Dark matter, dark energy

- absolute time - Inflation hypothesis

- foree a base quantity - Gravitation waves

- mass a measure of inertia

- Galilei relativity

General relativity
- equivalence principle
- curved spacetime
~ - relativity principle
- proper time, proper distance

Special relativity - -constant velocity of light
- mass manifestation of energy

- relativistic mass
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The empiricists’ puzzle

Essence of the wave function?

Gestalting curved spacetime ?

Quantum mechanics
- Planck’s equation

- wave function

- Schrédinger equation
- uncertainty principle

- wave—particle duality
- Dirac’s equations

Electromagnetism
Maxwell’s equations
- Electromagnetic interactions

How to apply Occam’s razor ?

- Electromagnetic waves
- conservation of charge

‘ ; . - Reciprocity principle
\ Classical mechanics Pl espeition
- Newton’s laws of motion _Hubble flow

- Newton’s gravitation

- absolute time

- force a base quantity

- mass a measure of inertia

- Galilei relativity

FLRW cosmology

- General relativity: gravitation
by spacetime metric

- Cosmological principle

- Dark matter, dark energy
- Inflation hypothesis
- Gravitation waves

General relativity
- equivalence principle
- curved spacetime
~ - relativity principle
- proper time, proper distance

Special relativity - -constant velocity of light
- mass manifestation of energy

- relativistic mass

Gestalting relative time and distance ?
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Books available at cafeteria (Tiedekahvila)

Pysics FounpaTions Soaery

TIETEEN LYHYT HISTORIA

— vai pitki tie | filosofianja empiri

Tuomo SuNToLA

Tieteen lyhyt historia
- vai pitkd tie
luonnonfilosofian ja
empirismin
kohtaamiseen

2012

Paysics Founpations SoceTy

THE SHORT HISTORY OF SCIENCE

— or the long path to the union of metaphysics and empiricism

Tuomo SuNTOLA

The Short History of
Science

- or the long path to the
union of metaphysics
and empiricism

2012

Puysics Founpations SocteTy

TrE

DyNAMIC UNIVERSE

TOWARD A UNIFIED PICTURE OF PHYSICAL REALITY

Thicd edition

Tuomo SunToLa

The Dynamic Universe

Toward a unified picture of
physical reality

2011

www.physicsfoundations.org



