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Structure of the course:

I: Introduction to completely constrained Hamiltonian dynamics
and the origin of the problem of time in classical and
quantum cosmology and gravity.

II: Historical and philosophical perspectives: The history of the
problem of time in physics together with an introduction to the

basic philosophical positions.

II: Critique of contemporary proposals to resolve the problem
of time.
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rerequisites:

Juantum mechanics

jasic general relativity

Jasics of electromagnetism
lamiltonian and lagrangian mechanics

“ourse requirements and grading:
‘ach student will write a paper on a topic

zlated to the problem of time, to be decided on in
iscussion with the instructor.

Pirsa: 08010033 Page 5/53



Detailed
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Syllabus:

*Jan 9 Introduction to the problem of time. The
general problem of time in the history of physics.
The basic philosophical positions. General comments
on the geometrization of time and related issues. The
issue of the separation of laws and initial conditions.
*Jan 16 & 23 Hamiltonian dynamics of fully
constrained systems. Gauge invariances and
constraints, Dirac formulation of constrained systems.
Barbour-Bertoti models. Dirac quantization of
constrained systems. The problem of the
disappearance of time.
*Jan 30 & Feb 6 General relativity as a constrained
Hamiltonian system. Theories of connections,
Maxwell and Yang-Mills as a Hamiltonman systems.
The Plebanski action, the Ashtekar formulation.
*Feb 13 Observables in classical general relativity
without boundaries: Conditions for observables.
Evolving constants of motion. Model systems. Results in
GR. 3d versus 3+1 perspective. Internal time and the PaysHiED
ahsence of svmmetries on the confieurmtion snace of GR



* April 16 Catch up and summary
* April 23 & 30 Contemporary perspectives and alternatives.
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There 1s a popular view among physicists and cosmologists

that time 1s not real. That is, time does not appear in the
fundamental laws of nature. Time 1s “emergent” or due

just to our peculiar psychology of biology.
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There 1s a popular view among physicists and cosmologists

that time 1s not real. That is, time does not appear in the
fundamental laws of nature. Time 1s “emergent” or due

just to our peculiar psychology of biology.
The opposing view is that time is real,

that we experience the world as as succession of moments
because that is how reality is structured.
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There 1s a popular view among physicists and cosmologists
that time 1s not real. That is, time does not appear in the
fundamental laws of nature. Time 1s “emergent” or due

just to our peculiar psychology of biology.

The opposing view is that time is real,

that we experience the world as as succession of moments
because that is how reality is structured.

In this class we will discuss these two contrasting views
in the context of how the notion of time appears and
disappears in theories of quantum gravity and cosmology.
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he hardest puzzles in contemporary physics and
psmology involve fime.
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he hardest puzzles in contemporary physics and
osmology involve time.

Quantum gravity: the problem of completing
Einstein’s revolution by unifying quantum physics
with general relativity.

This is hard because the two theories have very
different notions of time.
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Classical general relativity predicts a first moment
of time, “the Big Bang.’

What was before the big bang?
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The key question is the nature of laws of physics:
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The key question is the nature of laws of physics:

Are the laws of nature eternally true?
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The key question is the nature of laws of physics:
Are the laws of nature eternally true?

Do laws transcend time?
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Are the laws of nature eternally true?
Do laws transcend time?

Or do laws evolve in time?
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The key question is the nature of laws of physics.
Are the laws of nature eternally true?

Do laws transcend time?

Or do laws evolve in time?

That is, does time transcend law?

“What I am really interested in is whether God had any
choice in the creation of the universe.”
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hysics has perhaps almost reached the point where we know
'hat the laws of nature are.
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hysics has perhaps almost reached the point where we know
'hat the laws of nature are.

he next question that arises 1s:

WHY THESE [LAWS?

WHY NOT OTHER LAWS?
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hysics has perhaps almost reached the point where we know
hat the laws of nature are.

he next question that arises 1s:

WHY THESE [LAWS?

WHY NOT OTHER LAWS?

What role does time play in the answer?
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Roberto Mangabeira Unger

You can trace properties of the present universe
back to the properties it must have had at the

beginning. But you cannot show that these are the only properties
that the universe might have had.. Earlier or later universe
might have had entirely different laws.. To state the laws of
nature is not to describe or explain all possible histories of all
possible universes. Only a relative distinction exists between
law like explanation and narration of a one time historical
sequence.

If you are asked what you mean by the necessity of the laws of
nature (that is to say by the necessity of the most necessary
relations), you can legitimately respond only by laying out the
substance of your cosmological and other scientific ideas.
People who appeal to fixed conceptions of necessity,
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contingency and possibility are simply confused.
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The reality of time: Everything that exists or is real, exists at a moment
which 1s one of a succession of moments. In each moment all that 1s res
1s what exists at that moment.
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The reality of time: Everything that exists or is real, exists at a moment
which 1s one of a succession of moments. In each moment all that 1s reg
1s what exists at that moment.

VEISuUS:

The unreality of time: Time plays no role in the statement of the

most fundamental laws of nature and the corresponding equations. Tim
as we experience it 1s an emergent property of large semi-classical
systems (or time is an illusion based on our peculiar biology,
psvchology etc.)
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Once Einstein said that the problem of the Now worried him
seriously. He explained that the expenence of the Now means
something special for man, something essentially different from
the past and the future, but that this important difference does not
and cannot occur within physics. That this experience cannot be
grasped by science seemed to him a matter of painful but
mevitable resignation. I remarked that all that occurs objectively
can be described in science: on the one hand the temporal sequence
of events 1s described in physics; and, on the other hand, the
peculiarities of man's experiences with respect to time, including
his different attitude towards past, present, and future, can be
described and (in principle) explained in psychology.

Camap, 1963
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something special for man, something essentially different from
the past and the future, but that this important difference does not
and cannot occur within physics. That this experience cannot be
grasped by science seemed to him a matter of painful but
mevitable resignation. I remarked that all that occurs objectively
can be described in science; on the one hand the temporal sequence
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described and (in principle) explained in psychology.

Camap. 1963

irsa: 08010033 Page 32/53



But Einstein thought that these scientific descriptions cannot possibly
satisfy our human needs; that there 1s something essential about the
Now which is just outside the realm of science.

We both agreed that this was not a question of a defect for which
science could be blamed, as Bergson thought. I did not wish to press

the point, because I wanted primarily to understand his personal
attitude to the problem rather than to clanty the theoretical situation.
But I definitely had the impression that Einstemn’s thinking on this
point involved a lack of distinction between experience and
knowledge. Since science in principle can say all that can be said,
there 1s no unanswerable question left. But though there is no
theoretical question left, there is still the common human emotional
experience, which is sometimes disturbing for special psychological
reasons.
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The basic problem:
We experience the world in time as a succession of moments.

But those moments disappear when we represent the world
mathematically.
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The basic problem:
We experience the world in time as a succession of moments.

But those moments disappear when we represent the world
mathematically.

How does this happen?
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The geometrization of time

Pirsa: 08010033 Page 36/53



Let us look at how physics is modeled in mathematics,
and the precise roles of laws and time in those models.
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Let us look at how physics is modeled in mathematics,
and the precise roles of laws and time in those models.

The key is the separation of explanation into two parts:

Laws and initial conditions.
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The Newtonian schema:

. *Astates.pace Slscanmd Insassumdmvmam |
~ under time. Enclmcﬂmhmthxsmtl&phmsm |
~ of configuration, Imn'mtﬂmpmm Inqummm mechanics
ltlstheﬂiibertspwe |

"I‘hcdytmm is speczﬁal by glvmg arule to evolve the
~ state on S. Efthedymsxseﬁnsngwesasetaf _
curves, y,on S, which are allowed histories of the system.

 There is a unique curve through each x of S.




The Newtonian schema:

-Astatespace Smconstrmted Itrsassumﬁdmvmant

- under time. In classical mechanics this is the phase space

~ of configuration, momentum pairs. Inquanmmmechamc:si
ltlstheHiIbertspace

"Ihc dyn&mcs is spemﬁed by giving a rule to evolve the

~ state on S. If the dynamics is continuous it gives a set of
“curves, ¥, on S, which are allowed histories of the system.
There is a unique curve through each x of S.
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tTgapplyﬂnsmmmmmnmﬁmmm
- system at an initial time, t;, in a state x of S. One then
waits till a time t, and observes what state, y of S the

~ systemis in. The clock by which time is measured is
- assumed to be external to the isolated system. "




Time is eliminated in applications of the Newtonian schema:
o[t is geometricized ie represented as if it were a dimension of space.

*Causal implications, played out in time, are realized by timeless
logical implication.

*Observables at any time are reduced by use of the equations of
motion to functions of the initial conditions.

*In thermodynamics time averaging is shown to be equivalent to
ensemble averaging.

*The configuration space exists timelessly. it does not evolve with the
universe. -
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