Time is a great teacher, but un{:ortunatclg it

kills all its Pupils.

Hector Berlioz
(French ComPoscr)

On the nature of
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In your groups, discuss for

a few minutes (5 min).




TIME IS NATURE'S WAY OF KEEPING
EVERYTHING FROM HAPPENING AT ONCE.

JOHN WHEELER
(PHYSICIST)
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Ariscotle

(Pbysics, book IV)

’...of number... sometimes thereis a minimum,
sometimes not: .. of a line'... in respect of size there
is no minimum: for every line is divided ad infinicum.
Nence it is so with time.”



Ariscotle

(Pbysics, book IV)

’...of number... sometimes thereis a minimum,
sometimes not: .. of a line'... in respect of size there
is no minimum: for every line is divided ad infinicum.
Nence it is so with time.”

"Furtber, there is the same time everywbhere ac
once, but not the same time before and after.”
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An instant of time is defined as the exclusion of any other instant of time.

A Particular case is the current instant (now/ Present) ] which excludes all

the other instants to be (Future) and the ones which were (Past). Then,
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itself since it is overthrown bg another instant. But nothing

des:rogs angthing without a certain teml:)oral coexistence.
That implies some overlapping between the instants, which

contradicts the definition of an instant.



Aristotle’'s Aporia on Gime

An instant of time is defined as the exclusion of any other instant of time.

A Particular case is the current instant (now/ Present) , which excludes all

the other instants to be (Future) and the ones which were (Past). Then,

Either the instant remains, and when an instant remains the
now does not become Past) and when the now does not
become past it is eternal. But we are talking about time, not

eternity. Therefore, the instant needs to cease;

Or the instant ceases to be, but that cannot haPPen bﬂ

itself since it is overthrown bg another instant. But nothing

des:rogs angthing without a certain teml:)oral coexistence.
That implies some overlapping between the instants, which

contradicts the definition of an instant.

Time is absurd!



(Questions or
thoughts?




Augqustine of Nippo

(Confessions, book XI)

"When we talk of it, we comprebend what
we say. We also understand what others
talk of ic. What is, then, time? If no one asks
me, [ know: if I want to explain it to whom

‘asked me the question, then I do not.”




"I dare to declare... that, if notbing survives,
there would not be future time, and if
notbing exists now, there would not be

present time,’




"I dare to declare... that, if notbing survives,
there would not be future time, and if
notbing exists now, there would not be

present time,’

"About the present, if it was always present, and if
it did not become past, it would not be time
anymore, but eternity. buc if the present. in order
to be time, needs to become past, bow we can say it
e,xfsts, since the cause of its existence is the same

cause for its nonexistence?”




picurus

Augustine o
hippo
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(BOOKI)

“I. Absolute, true, and B oW

mathematical time, of ~ | PHILOSOPHIA

< olf and : . NATURALIS

itself, and from its own g PRINCIPIA

nature, flows equably = ' MATHEMATICA. ||
without relation to £ e 75 NEWTON/ 1A Gl G S M|
anythmg external. & | | IMPRIMATUR

S PEPYS RegS«. PRESES

"II. Absolute space, in
its own nature, without

regard to anything
external, remains always
similar and immovable.”



Substantivalism:

Space and time exist as independent
substances, i.e., of the
material content of the universe.




GOTTFRIED WILHELM
LEIBNIZ

(D Time is relational: not itself a
physical entity, but a relation of such
entities;

(II) Timeisideal. Being relational,

time has no existence apart form the
things it relates;

(I Time is a continuous quantity. -



Relationalism:

Space and time do not exist as independent
substances,

. Space and time are merely defined through
spatiotemporal relations among the material objects
in the universe (and their parts). Spacetime is thus a
(constructed) relational complex of relative positions
of material objects.




But so there is also material content!
|.et’s consider a particle:

a) Astate: (X, p)

b) An evolution equation:

i o d*X
F(x)=m—

dt?



Accurate depiction of
Laplace’s demon.

Classical mechanics is deterministic!




(Questions or
thoughts?




ALBERT
EINSTEIN




It describes how the fabric of spacetime is
bent given a particular distribution of
matter and energy.




Less mass, less warp.







The relationalist
dream?




" The relationalist
dream?

It doesn’t quite fully realize
relationalism, and overall Einstein’s

project, asitstill allows for vacuum _—" )
SFM{M&

(no matter) solutions.




The Persistence
of Memory

- Salvador Dali, 1931




“...Dali replied that the soft
watches were not inspired

by the theory of relativity,

but by the surrealist perception

of a Camembert melting in the

V4

surn.







Time...

e [abels moments in the universe (coordinate)




Time...

e [abels moments in the universe (coordinate)

e measures the duration elapsed between events (observable)




Just like space!

e [abels moments in the universe (coordinate)

e measures the duration elapsed between events (observable)




Just like space!

e is a medium through which we move (direction and evolution)




Fundamental Laws of Physics are time reversible!
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ON
REVERSIBILITY

(S. Carroll, From Eternity to Here)



(Questions or
thoughts?




Fundamental Laws of Physics are time reversible!

Fundamental interactions are
described by time-reversible laws:

O Electromagnetism

O Weak nuclear force
O Strong nuclear force
O Gravity




Scientific Realism -

Who does identity asa

scientific realist here?



Scientific Realism -
case study 1

In your groups, discuss for a few minutes whether the broken egg in

the box ever gets back to its unbroken form(~7 min).
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Thermodynamics
101

o Istlaw: the ‘










Thermodynamics
101

o Istlaw: the ‘

o 2nd Jaw: the total entropy
never decreases




The entropy of a systemis a

- measure of its manifest disorder.




Entropy is a measure of the number of
particular microscopic arrangements of
atoms that appear indistinguishable from a

Macroscopic perspective.

Ludwig Boltzmann
(Physicist)




Center of Mass
Motion

10°% particles in the Earth — positions and velocities
for each of them

But, the center of mass has only 6 “degrees of
freedom”: its 3-position and 3-velocity!

And still satishies the same equations of motion!



Lntropy ez .

Classical mechanics is deterninistic, and all particles have precise
momenta and positions. But we don’t know all that data! So, instead, we
coarse-grain the system: states with nearly identical momenta and

locations are grouped together.

Microstates: specific configurations of momenta and locations

Macrostates: sets of microstates with identifical macroscopic properties



Lntropy
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Particles on Left, Right Sides W Log W
2000, 0 1 0
1999, 1 2000 3.3
1998, 2 1999000 6.3
1997, 3 1331334000 9.1
1000, 1000 2x10"600| 600.3
3,1997 1331334000 9.1
2,1998 1999000 6.3
Figure 42: Evolution of 2,000 molecules 1n a divided box of 1 1999 2000 - -
gas. We start with 1,600 molecules on the left, 400 on the

right. After 50 seconds, there are about 1,400 on the left and
600 on the right; by the time 200 seconds have passed, the
molecules are distributed equally between the two sides.

(S. Carroll, From Eternity to Here)









Particles to

temperature © f JE— L

Gases container size © { ) G

measurement time & EEEEEEEEEEEEEEEE—
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4 show theoretical value @
From 10" degrees of freedom to three variables

Pressure history

(P, V, T) satistying a different equation:
25

20

15

Pressure

10°*of (X,p)s =

10

0 20 40 60 80 100
Time

— (Equilibrium®)
F(,) =m ﬂ -’
I Idt

(*Boltzmann Equation for out-of-equilibrium systems derived in 1872)



(Questions or
thoughts?




Where does the low
entropy come from?







Progressive Loss of Energy in
the Food Chain

990 joule of energy

0.9 joule 0}‘ energy 9 joule of energy lost to environment
lost to environment lost to environment

1000 joule of
Light energy

10 joule

<= 1

Energy

0.1 joule energy available 1 joule energy available 10 joule energy available
as food (Carnivore) as food (Herbivore) as food (Producer)
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Is this a low-entropic state?



Gas

A = Increasing entropy




Gas

A Increasing entropy

Gravitating bodies
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God picking out the special (low-entropy) initial conditions of our universe.
- Penrose (1999)



Let’s just call it
Past Hypothesis

;)

David Albert

(Philosopher of Physics)



How weird is this move?




“Up” = “away from Earth” “Future” = “away from the Big Bang”

Space time

surface of the Earth moment of the Big Bang



“The arrow of time connects the early universe to something we
experience literally every moment of our lives... the arrow of time is the
reason why time seems to flow around us... it's why we remember the
past, but not the future. It's why we evolve and metabolize and
eventually die. It's why we believe in cause and effect, and is crucial to

our notions of free will.

And it's all because of the Big Bang."

Sean Carroll
(Physicist)




(Questions or
thoughts?




WHAT ABOUT
QUANTUM MECHANICS?




(Solvay Conference, 27 - Belgium)

a) Anewspace: Hilbert space, 7 - quantum space!

b) Astate: |y) € 7 -thestate-vector!

¢) Anevolution (Schrodinger) equation™:

d R
Hh— |w) = H
h | w) | )



(Solvay Conference, 27 - Belgium)

a) Anewspace: Hilbert space, 7 - quantum space!

b) Astate: |y) € 7 -thestate-vector! 2) Bornrule:  Prob = |y, \2

¢4

¢) An evolution (Schrodinger) equation™: ?) collapse”: ‘l//> = |l//n>

d .
ih—|w) = H
» | y) | y)




The collapse of the wave function is
irreversible, defining
But is that what really happens in
nature?

[f we just accept the Schrodinger
equation, everything is reversible!

But then you need to deal with the idea
of branching of the wavetunction and
‘existence of many worlds!




Scientific Realism -
case study 2

PRESENTISM GROWING PAST ETERNALISM
(BEING) (BECOMING) (BLOCK UNIVERSE)

In your groups, discuss for a few minutes whether the broken egg in

the box ever gets back to its unbroken form(~5 min).
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Mabkhemwatbkical A poY LA

- How does a mathematician differ from the student of nature?

- Mathematics extrapolates objects of the world to the realm of
abstractions (forms)

- The world of forms, as Plato discussed, is eternal, not temporal

- Is it reasonable, then, to @.x[za@.a& mathematics to describe &Omtzate&etj
the world of passage?

(Aristotle’s Physics, boolk 1I)
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Evolutionary
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Our intuition and understanding is limited by

what we are: primates.
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Evolutionary

Aporia

Our intuition and understanding is limited by

what we are: primates.

We evolved being used to very important notions,

as cause&effect and finiteness.

Concerning the “beginning” of the universe,
there are two options: Spontaneous appearance
or eternality.

Neither is tulfilling given our intuitions.




Next Time (Nov 29th) - Einstein comes along, and now

space and time are relative

To read:
o S. Carroll, Space, Time and Motion: Ch. 6

o D. Wallace, Philosophy of Physics: Ch. 5



