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Course: Branching spacetime and temporal logic

Teacher: András Máté, Attila Molnár

Location and time: I/224, Wed 13:00-14:30

Consultation: Wed, 14:30 – 16:00, molnar.h.attila@gmail.com, phil.elte.hu/attila

First occasion: 09/09/2013, 12:00 – 14:00

Courses required: Logic seminar and lecture

Requirements:

One of the following three options: Homeworks, oral exam or participation at a workshop at the end of the
course (in the exam period). (The workshop participants present articles or own research. To ensure the success
of this, regular consultation will be mandatory. The articles can be chosen from the papers suggested for further
readings.)

Description: Basic temporal logics are modal logics with two modalities:

Fϕ : “It will at some time be the case that ϕ”, and
Pϕ : “It has at some time been the case that ϕ”.

In models of temporal logics, worlds are moments, and the alternative relation is a linear ordering of the moments.
Such a line-like model is often called a “flow of time”. Because of linearity, truth values of statements like

There will be a see battle tomorrow.

are already settled. To make a temporal logic which makes indeterminism possible, we should consider more general
structures, for example trees. In a tree, the different branches would represent the alternative continuations of the
present – on some of them there will be a see battle, but on the others, there won’t be.

But even this picture is problematic. More than a hundred years ago we learned that time and simultaneity is
relative to the observers. It can happen that Alice is sure about (=she measured) that two events are simultaneous but
Bob has a different opinion (=measurement). This basically follows from the fact that the speed of light is the same
for each observer – and this statement can be taken as the main axiom of the special theory of relativity.a

So if we want to fit temporal logics to the relativity phenomena, we should relativize it to observers; Alice’s flow of
time, Bob’s flow of time, etc. But this looks absurd: Even if Alice and Bob disagree in which event happened earlier,
the universe should have an opinion as well. The disagreement, which is an epistemic issue, should not effect the
ontological status of events. Is there any place for an objective indeterminism in special relativity?

If we look into the books of physicists, we would find that spacetime models are all deterministic: There are no
alternative possibilities, branching spacetimes in standard Physics.

Our goal is to give an introduction to indeterministic, or in other words, branching spacetimes with an emphasis
on modalities.
Plan:
the numbers refers to the bibliography items (the first list of papers).

1. Basic temporal logic. [3]

2. Special Relativity. [1]

3. Modal logic of Minkowski space-times. [4]

4. Indeterminist (Newtonian space-)time. [5]

5. Indeterminist special relativistic space-time. [2]

6. Glimpses beyond: Indeterminism in general relativity.
aThis axiom is under constant confirmation by our GPS systems. If we calibrate our GPS systems back to Newtonian physics (where simultaneity

and time is absolute), then the approximated error would be 10 km/day.
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