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"But in physics, energy is none of these things. You’d

be making a big physics error if you mix and match one

of the English definitions with the physics definition!

Within physics, you must stick with the physics term, or
you’ll get wrong answers and end up very confused".
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(1) Zur Quantenmechanik der Stovorgénge, Max Born, Zeitschrift fiir Physik,
37, #12 (Dec. 1926), pp. 863—867 (German); English translation, On the quantum
mechanics of collisions, in Quantum theory and measurement, section 1.2, J. A.
Wheeler and W. H. Zurek, eds., Princeton, New Jersey: Princeton University
Press, 1983, ISBN 0-691-08316-9.

(2) Hanle, P.A. (1977), "Erwin Schrodinger's Reaction to Louis de Broglie's Thesis
on the Quantum Theory.", Isis 68 -4.

(3) Heisenberg, W. (1927), "Uber den anschaulichen Inhalt der quantentheoretischen
Kinematik und Mechanik", Zeitschrift fiir Physik (in German) 43 (3—4): 172—
198, Bibcode:1927ZPhy...43..172H, doi:10.1007/BF01397280.. Annotated pre-
publication proof sheet of Uber den anschaulichen Inhalt der quantentheoretischen
Kinematik und Mechanik, March 23, 1927.
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(1) Fourier, Joseph (1822). Théorie analytique de la chaleur (in French). Paris:
Firmin Didot Pére et Fils. OCLC 2688081.
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(1) Hermann Wimmel (1992). Quantum physics & observed reality: a critical
interpretation of quantum mechanics. World Scientific. p. 2. ISBN 978-981-
02-1010-6. Retrieved 9 May 2011.

(2) Schlosshauer, Maximilian (2005). "Decoherence, the measurement problem,
and interpretations of quantum mechanics". Reviews of Modern Physics 76
(4): 1267-1305. arXiv:quant-ph/0312059. Bibcode:2004RvMP...76.1267S.
doi:10.1103/RevModPhys.76.1267.
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(1) Einstein A, Podolsky B, Rosen N; Podolsky; Rosen (1935). "Can Quantum-
Mechanical Description of Physical Reality Be Considered Complete?".
Phys. Rev. 47 (10): 777-780. Bibcode:1935PhRv...47..777E. doi:10.1103/
PhysRev.47.777.
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Far less than 3x10°% m/s Comparable to 3x 10% mys
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"Physics has given up causality is entirely unfounded.
Modem physics, it is true, has given up or modified
many traditional ideas; but it would cease to be a
science if it had given up the search for the causes of
phenomena".

S oY J B ga il e cdsa 05 6 500 0L J a0 e I
Bl ST Jams e s 06 Rl o 52l Of prns el 0

(1) Born,M. (1949). Natural philosophy of cause and chance - The Waynflete
lectures 1948 —p. 4.
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"Determinism postulates that events at different times
are connected by laws in such a way that predictions of
unknown situations (past or future) can be made".

"By this formulation religious predestination is excluded,
since it assumes that the book of destiny is only open to
God.

Causality postulates that there are laws by which the
occurrence of an entity B of a certain class depends on
the occurrence of an entity A of another class, where the
word 'entity' means any physical object, phenomenon,
situation, or event. A is called the cause, B the effect."”
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(1) Born,M. (1949). Natural philosophy of cause and chance - The Waynflete
lectures 1948 —p. 9.
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"'Overpopulation is the cause of India's poverty'.

'The stability of British politics is caused by the
institution of monarchy'.

'Wars are caused by the economic conditions'.

'There 1s no life on the moon because of the lack of an
atmosphere containing oxygen'.

'Chemical reactions are caused by the affinity of
molecules'.

The common feature to which I wish to draw your
attention is the fact that these sentences state timeless
relations. They say that one thing or one situation A
causes another B, meaning apparently that the
existence of B depends on A, or that if A were changed
or absent, B would also be changed or absent".
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(1) Born, M. (1949). Natural philosophy of cause and chance - The Waynflete
lectures 1948 — p. 5- 6.
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"Compare these statements with the following:
"The Indian famine of 1946 was caused by a bad harvest'

"The fall of Hitler was caused by the defeat of his armies'.

'"The American war of secession was caused by the
economic situation of the slave states'

'Life could develop on earth because of the formation
of an atmosphere containing oxygen'

'"The destruction of Hiroshima was caused by the
explosion of an atomic bomb'

In these sentences one definite event A is regarded as
the cause of another B; both events are more or less
fixed in space and time".
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"Another example is the timetable of a railway line.
You can predict with its help the arrival at King's Cross
of thelO o'clock from Waverley; but you can hardly
say that the timetable reveals a cause for this event. In
other words, the law of the time-table is deterministic:
You can predict future events from it, but the question
'why?' makes no sense".
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(1) Born, M. (1949). Natural philosophy of cause and chance - The Waynflete
lectures 1948 —p. 8.
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"I prefer to use the expression 'causality' mainly for
this timeless dependence. It is exactly what
experimentalists and observers mean when they trace a
certain phenomenon to a certain cause by systematic
variation of conditions".
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"can we be content with accepting chance, not Cause,
as the supreme law of the physical world?

To this last question, I answer that not causality,
properly understood, is eliminated, but only a
traditional interpretation of it, consisting in its
identification with determinism. I have taken pains to
show that these two concepts are not identical.
Causality in my definition is the postulate that one
physical situation depends on the other, and causal
research means the discovery of such dependence. This
is still true in quantum physics".
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(1) Born, M. (1949). Natural philosophy of cause and chance - The Waynflete
lectures 1948 —p. 101- 102.
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"Causality in science is usually related to the cause-
and-effect principle and is often naively misinterpreted
as a restatement of determinism. From this point of
view, it can be surprising that we take causality as the
first axiom of Quantum Theory, which is popularly
known as the theory of the uncertainty principle.
However, in our precise formulation, causality only
implies that communication in an operational
probabilistic theory cannot occur from the output to the
input".
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(1) Chiribella, G., D'Ariano, G. M., & Perinotti, P. (2012, March). Informational
axioms for quantum theory. In FOUNDATIONS OF PROBABILITY AND
PHYSICS-6 (Vol. 1424, No. 1, pp. 270-281). AIP Publishing.
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"We derive Quantum Theory from purely informational
principles. Five elementary axioms-causality".
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(1) Chiribella, G., D’Ariano, G. M., & Perinotti, P. (2011). Informational derivation
of quantum theory. Physical Review A, 84(1), 012311.

(2) Chiribella, Giulio, Giacomo Mauro D'Ariano, and Paolo Perinotti. "Quantum
from principles." arXiv preprint arXiv:1506.00398 (2015).

(3) D’Ariano, G. M., Manessi, F., & Perinotti, P. (2014). Determinism without
causality. Physica Scripta, 2014 (T163), 014013.
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"Causality has often been confused with the notion of
determinism. It is mandatory to separate the two
notions in view of the debate about quantum
foundations. Quantum theory provides an example of
causal non-deterministic theory. Here we introduce a
toy operational theory that is deterministic and non-
causal, thus proving that the two notions of causality
and determinism are totally independent".
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(1) Einstein, A., Born, M., & Born, H. (1971). Born-Einstein Letters.
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