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Introduction

Can we find a general explanation for the distinctions between time
and space?

I Callender’s solution: Time is ‘the great informer’ in physical
laws, chosen according to the Best Systems Account (BSA).

I Does this mean that there is a metaphysical connection
between time and informativeness? (Temporal Informativeness
Proposal: TIP)

I Is the connection between time and informativeness merely
pragmatic, being an artefact of our epistemic situation?

I Is the connection between time and informativeness pragmatic
in a stronger sense, having to do with the aims and interests
of scientists working in specific areas? (Temporal Aims
Proposal: TAP)

I give an analysis of the methodology employed by Callender in his
arguments for TIP, then present two counterexamples to show that
the same basic principles actually lead to something more like TAP.
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Best Systems

I Laws are the axioms and theorems of the best deductive
systems which describe our world.

I The best systems are those that best balance the theoretical
virtues of strength and simplicity.

I Simplicity aside, we can think of strength as informativeness.

I Informativeness: a system’s ability to generate the most pieces
of the domain given fewest inputs.
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Well Posed Cauchy Problems

Which are the strongest (most informative) systems?
I Algorithmic equations where:

1. A solution exists;
2. Solutions are unique;
3. Solutions vary continuously with antecedent data.

I Well posed Cauchy problems are defined so as to meet these
three criteria.
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Hyperbolic PDEs
A general linear second order PDE:∑

i ,k

Aik
∂2u

∂xi∂xk
+
∑
i

Bi
∂u

∂xi
+ Cu = f

I Three classes of second order PDE:
1. Elliptic iff eigenvalues of Aik are all non-zero and have the

same sign;
2. Parabolic iff any of the eigenvalues of Aik vanish;
3. Hyperbolic iff eigenvalues of Aik are all non-zero and have the

same sign except one of them.

I Partial differential equations which support well posed Cauchy
problems are invariably hyperbolic. Why?

I Characteristics of a PDE are surfaces or hypersurfaces
ξ(x1, ..., xm) = c , for constant c , where ξ is a solution of∑

i ,k

∂ξ

∂xi

∂ξ

∂xk
= 0.
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Space and Time

I To ensure existence and uniqueness of solutions, antecedent
data must not intersect or be tangent anywhere to a
characteristic.

I To be a Cauchy problem, antecedent data must be of the
form:

u(x1, ..., xm−1, 0) = u0(x1, ..., xm−1),

∂u

∂xm
(x1, ..., xm−1, 0) = u1(x1, ..., xm−1).

I Combining these two constraints places stringent restrictions
on where antecedent data can be placed, and in which
directions it can be evolved.

I So, well posed Cauchy problems are informative in timelike
but not spacelike directions.

I Therefore, time is the (set of) direction(s) on the manifold in
which we can tell the strongest or most informative stories????
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Temporal Perspectivalism

I If Callender is right, we are led to the sort of perspectivalism
proposed by Baron and Evans, where the directions we label
as ‘time’ are maximally informative only in virtue of the
epistemic perspective that we have as human beings.

1. The particular dimension that we define to be temporal, based
on concerns about informativeness, is perspectival (“Martian
scientists” thought experiment).

2. That there is a privileged dimension, based on our concerns
about informativeness, is perspectival (“Venus scientists”
thought experiment).

I Could there also be alternative human perspectives where the
maximally informative directions do not align with those of
well posed Cauchy problems?

I Is Callender correct to define time in this way?
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How Informative are Cauchy Problems?

I Considered abstractly, well posed Cauchy problems do indeed
provide powerful algorithms, which are informative

over their
domains of applicability.

I However, we are committed to empiricism. Therefore we
should interrogate the scope and limitations of their
applicability to the empirical world.

I Two problems:

1. How do we find antecedent data of the relevant form?
2. What if we wish to be informed about physical systems whose

dynamics are not appropriately modelled by well posed Cauchy
problems?
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Empiricism

I In following Callender’s argument through to its conclusion,
what is left of the empiricism we started with?

I How much of the world do Cauchy problems manage to
imply?

I There are many physical phenomena which are not amenable
to being modelled using Cauchy problems.
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Poisson Equation

I For example, if we wanted to find the electric potential for a
given charge distribution, we would use the Poisson equation:

∑
i ,k

∂2u

∂xi 2
= f (x1, ..., xm)

I This is an example of an elliptic PDE. Could elliptic PDEs
(Neumann or Dirichlet problems) be considered more
informative than Cauchy problems?
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Informative, Non-temporal Directions

I The informative ‘directions’ are not temporal: not
conventionally labelled as time, and also sharing none of the
features Callender attributes to time (one-dimensionality,
asymmetry, different metric signature).

I Often, Cauchy problems must be used in conjunction with
other kinds of law which allow us to derive the Cauchy data,
e.g. Einstein Field Equations form a hyperbolic-elliptic system.

I The informativeness of Cauchy problems depends what we
wish to be informed about.
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Chaotic Systems
I There are well-known and widely researched physical

phenomena where temporal directions are particularly
uninformative. Equations describing the dynamics of such
systems violate the third (continuity) condition for the
problem to be well posed over longer timescales.

I The Lorenz model is an example of such a system. It is a
simplification of convection equations, taking the following
form:

dX

dτ
= −σX + σY ,

dY

dτ
= −XZ + rX − Y ,

dZ

dτ
= XY − bz ,

where X ∝ intensity of convective motion, Y ∝ temperature
difference between ascending and descending currents, Z ∝
deviation of vertical temperature from from linearity, r , σ and
b are constants, and τ is a time parameter.
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A Perspectival Asymmetry?
I It is not the case that a well posed Cauchy problem can

inform about the whole manifold of events.

I It is not the case that all or even most physical systems are
modelled by well posed Cauchy problems.

I We often would like to be informed about the temporal future.
I Often this involves using equations which inform across space

in conjunction with the hyperbolic PDEs which have been
designed specifically to inform over time.

I There are also many physical systems of interest whose
dynamics are not ‘well-behaved’, where Cauchy problems give
wildly inaccurate information in temporal directions, and so
different techniques must be used to give approximations to
the information we seek in temporal directions.

I The connection between time and informativeness tells us
more about the aims of science than it does about the
workings of the physical world. We want information about
the temporal future, but we often struggle to find it.
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I For Baron and Evans, the asymmetry itself is perspectival,
where the relevant perspective is characterised by human
phenomenology, or the phenomoenology of terrestrial agents.

I The arguments given here indicate that the connection
between time and informativeness is perspectival, where
relevant perspectives are characterised by interests of research
communities.
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Four Kinds of Perspective

1. Agents/IGUS (Phenomenological)

I Time/space asymmetry (Baron and Evans)
I Cause/effect asymmetry (Price)
I Past/future asymmetry (Rovelli)

2. Research Communities (Sociological)
I Emergent interests of groups of agents
I Which laws feature in the best system
I Correctness of some interpretation of QM
I Viability of some approach to QG

3. Representational Spaces (Non-agentive)
I Physical spacetime, configuration space, phase space, reduced

phase space
I Coordinate system, idealised observer

4. Scales
I Perspectives can be ordered and placed on a scale.
I Physical scales represent possible agentive perspectives.
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Closing Thoughts: Perspectival Realism?

I Perspectival realism of Giere and Massimi is trivially true: all
facts can be relativised to some perspective or other.

I More interesting work is to think about what characterises the
specific perspectives to which a given fact is relative.

I Physically relevant perspectives need not have much to do
with human phenomenology or agency.


	Introduction
	Callender's Argument
	From the BSA to Well Posed Cauchy Problems
	How do well posed Cauchy problems privilege time?

	Temporal Perspectivalism
	Temporal Aims Proposal
	Cauchy Problems Revisited
	Informative, Non-temporal Directions
	Uninformative, Temporal Directions

	Perspecitval Interpretations

