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Philosophy of Physics

• Simplification of the Laws of Nature 
• Physics as a paradigm of all science 

• Understanding the rules  
disregarding the strategy 
⇒ fundamental rules 
- fundamental  
- derived
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Minimal Primitivism (MinP) 

Eddy Keming Chen – Laws of Physics  
• True and fundamental 
• Not production of the future from the past,  

but rather bounds, restrictions  

- Requirements 
- Descriptions 
- Constraints 

- What is their ontology? (Or just in our mind?) 
3
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• Modality 
• Causality 
• Counterfactuals 
• Time 
• Induction 
• Determinism
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Where do the Laws of Physics exist?

• Metaphysical issues 
⇒ Our goal is to formalise 

Conceptual complexity ⇔ enormous service to clarity 

- fixed question to filter (ontology & nomology)

4

Existence outside space and time? 
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How do we know the Laws of Physics?

• Epistemological issue 

- Induction?  
- In the case of empiric equivalence, how do we choose? 

Simplicity, universality, exactness  
⇒ Philosophical topics 
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Ensemble of the Laws of Physics

• Nomological issue 

- How do we select the laws?  
We refuse the existence of an invisible Elf moving the planets… why? 

- Ockham’s razor  
- Simplicity 
- Exactness 
- Objectivity 

6



Paolo Beltrame - Liverpool University

Ensemble of the Laws of Physics

• Nomological issue 

- How do we select the laws?  
We refuse the existence of an invisible Elf moving the planets… why? 

- Ockham’s razor  
- Simplicity 
- Exactness 
- Objectivity 

6



Paolo Beltrame - Liverpool University

Humean - Non-Humean
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Do the laws of Physics govern the 
physical world of simply describe it? 

8



Paolo Beltrame - Liverpool University

Existence (?) and constraints
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Dynamic production



Paolo Beltrame - Liverpool University

Existence (?) and constraints

9

Minimal Primitivims 
Bounding the possibilities of the natural/physical objects

Dynamic production



Paolo Beltrame - Liverpool University

Existence (?) and constraints
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Minimal Primitivims 
Bounding the possibilities of the natural/physical objects

• No need to establish causal relationships 
• No need of of presuming the concept of time 
• … bit too vague

Dynamic production
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1. Ontology 
- What exists…  

2. Nomology 
- How what exists behave…  

⇒ Fundamental Ontology 

… Quantum Mechanics

Physical theory

10
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• Fundamental ontology: N particles 

• Fundamental properties: masses (m1, m2, …, mN), trajectories in the 
physical space (q1(t), q2(t), …, qN(t)) 

• Space-Time: 3D Euclidean space, ℝ3

Fundamental Ontology of Newtonian gravity

11
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Configuration of a two-particle universe
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(a) Physical space R3

Q = (q1, q2)

(b) State space R6

Figure 1: Configuration of a two-particle universe, represented in two spaces.

connected.
Let us start with a first-pass definition of the fundamental ontology of a theory.

Fundamental Ontology The fundamental ontology of a physical theory refers to the
fundamental material objects, their fundamental properties, and the spacetime
they occupy, according to that theory.

For a familiar example, consider a version of Newtonian gravitation theory. Its
fundamental ontology has three components:

• Fundamental material objects: N particles

• Fundamental properties: their masses, (m1,m2, ...,mN), and their trajectories in
physical space, (q1(t), q2(t), ..., qN(t))
• Spacetime: 3-dimensional Euclidean space, represented by the Cartesian

coordinate space R3, and 1-dimensional time, represented by R1

For simplicity, let us assume that all N particles have equal mass m = 1 in the chosen
unit. We can define the following concepts:

(i) Physical states. The fundamental physical state of the universe at time t is
the instantaneous state of the fundamental ontology at t, i.e. the arrangement
of fundamental material objects and their properties at t. In the example above,
the state of the N-particle universe at time t is a list (q1(t), q2(t), ..., qN(t)) (see
Figure 1a), together with the mass values that do not depend on time. Call Q(t) =(q1(t), q2(t), ..., qN(t)) a configuration of the universe.

(It is often useful to consider other information, such as momenta of the N
particles, (p1(t),p2(t), ...,pN(t)), alongside positions. If we understand momenta as
velocities (changes in positions) multiplied with mass, then momenta need not be
fundamental properties of the particles. A state description with both positions and
momenta, X(t) = (q1(t), q2(t), ..., qN(t); p1(t),p2(t), ...,pN(t)), which includes more

6

• State of the fundamental ontology
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Physical history of a two-particle universe
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(a) Physical space R3

Q(t) = (q1(t), q2(t))

(b) State space R6

Figure 2: Physical history of a two-particle universe, represented in two spaces.

information than the fundamental physical state, can still be regarded as a physical
state.)

(ii) State spaces. There are many possible states for the universe to be at any
time. A space of all such possible states is a state space. The space of all possible
configurations is called the configuration space. Each point in the configuration space
corresponds to a possible value of Q(t), a possible list of the positions of N particles
in R3. The configuration space is represented by R3N (Figure 1b).

(When it is useful to consider momenta in addition to particle positions, as in
classical mechanics, we may define a space of higher dimensions called the phase space.
Each point in the phase space corresponds to X(t), a possible list of the positions and
momenta of N particles in R3. The list X(t) is twice as long as Q(t). The phase space
is represented by R6N.)

(iii) Physical histories. We can consider a physical history of the N-particle
universe in terms of physical states and state spaces. The most intuitive way is
to represent the physical history as N curves in physical space, corresponding to
the positions of the N particles at different times (Figure 2a). The state spaces
provide mathematically convenient but more abstract representations. The physical
history of the entire universe corresponds to a single curve in the high-dimensional
configuration space, representing the configurations at different times (Figure 2b).
(It also can be represented as a single curve in phase space.)4 Notice that the concept
of physical histories does not presuppose a direction of time. The arrow-less curves
that represent physical histories can be regarded as direction-less histories that do
not distinguish between the past and the future. The curves tell us whether event B
is between events A and C, but not whether event B is earlier than C.

Next, let us define the fundamental nomology of a theory.
4In the relativistic context, space and time become intertwined in such a way that there is no

fundamental notion of physical state at a time. The more fundamental notion is the spacetime histories
of N particles. We may represent this as N curves, also called world lines, in a four-dimensional
spacetime.

7

• N curves in physical space: positions of the N particles at different t 
• Does not presuppose a direction of time
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Direction of time?
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Fundamental Nomology of Newtonian gravity

• The fundamental laws of the theory 

- Dynamical law:  

- Force law:

15

Fundamental Nomology The fundamental nomology of a physical theory refers to
the fundamental laws in the physical theory.

The fundamental laws of Newtonian gravitation theory can be represented by the
following equations:

• The dynamical law: F = ma, or equivalently Fi(t) = mi
d2qi(t)

dt2

• The force law: F = GMm⌜r2, or equivalently Fi(t) = ⩀N
j≠i

Gmimj⌜qi(t)⌐qj(t)⌜2 , with G the
gravitational constant

For a Newtonian universe with N particles, these laws tell us which set of physical
histories are permissible. We may capture this with a natural interpretation in
terms of possible worlds. A possible world is a logically consistent description of
spacetime and its contents, namely the distribution of fundamental properties and
material objects in spacetime. A possible world can be represented in multiple ways
discussed above, with N curves in physical space or spacetime, or a single curve
in a high-dimensional state space. The collection of all such worlds permitted by
physical laws forms the set of nomological possibilities.

More precisely, a nomologically possible world of theory T is a logically consistent
description of spacetime and its contents such that (1) the fundamental objects and
properties are restricted to those kinds mentioned by the fundamental laws in T, and
(2) their arrangement is compatible with those laws. In other words, a nomologically
possible world of theory T is a model of the laws of T. This definition can be
specialized to the actual physical laws. The actual world is a very special one—the
spacetime with the actual arrangement of objects and their properties. We define the
following:

• A possible world w: a spacetime and a distribution of material contents.5

• The actual world ω: the actual spacetime and the actual distribution of material
contents.

• Material contents: material objects and their qualitative properties.

• ΩT: the set of possible worlds that satisfy the fundamental laws specified in
theory T.

• Ωω: the set of possible worlds that satisfy the actual fundamental laws of ω, i.e.
the set of all nomologically possible worlds.

Note that Ωω =ΩT only when T is the actual theory of the world, i.e. the axioms of T
correspond to the fundamental laws governing ω.

5For simplicity, I assume that possible worlds have a fundamental spatio-temporal structure.
This is important for defining determinism but not required for defining strong determinism, which
suggests that the latter is more general than the former. I return to this point in §2.4.
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(a) Arbitrary histories in state space (b) Nomologically possible histories

Figure 3: Laws select a special subclass of physical histories as the nomologically
possible histories.

The above definitions are global in character, as they concern entire possible
worlds. Sometimes we are also interested in parts of worlds, such as whether certain
events of a 30-minute interval is nomologically possible or impossible. We may
define the following:

Nomological Possibility A sequence of events is nomologically possible if and only
if it occurs in some nomologically possible world.

Nomological Necessity A sequence of events is nomologically necessary if and only
if it occurs in every nomologically possible world.

We may think of a choice of a fundamental ontology as pinning down abstract
state spaces that tell us what kind of physical states are available. But it does not
pin down which histories in those state spaces are nomologically possible (Figure
3a). The choice of a fundamental nomology selects a special subclass of histories as
corresponding to the nomologically possible histories, which are also called physical
possibilities (Figure 3b).

2.2 Counterfactuals and Causation

Laws support counterfactuals. A counterfactual is a conditional of the form “if A were
the case, then B would be the case.” (We often focus only on those for which A does
not occur.) In a counterfactual, the consequence does not follow from the antecedent
as a matter of logic; they are joined together by laws. For example, consider:

C1 If this match had been struck, it would have lit.

C2 If this match had been struck, it would not have lit.

9

What physical histories are permitted
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Little vocabulary

• A possible world ω:  
a spacetime and a distribution of material contents 

• The actual world α:  
actual spacetime and the actual distribution of material contents 

• ΩT:  
set of possible worlds that satisfy the fundamental laws specified in theory T 

• Ωα:  
the set of possible worlds that satisfy the actual fundamental laws of α, i.e. the set of all 
nomologically possible worlds

16
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Possibility vs. Necessity

• Nomological Possibility:  
permitted in some nomologically possible world 

• Nomological Necessity:  
has to occur in every possible world

17
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When a theory is more complex all this is not just a verbal/linguistic 
complication 
⇒ Clarity in our concepts: a set of fixed questions to filter the 
ontology and the nomology 

18
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Counterfactuals and Causation

19

If A were the case, then B would be the case

Joined together by laws 

“If this coin were in my pocket, it would have been silver” 
- It is accidental 

- To support a counterfactual, the non-logical fact needs to have 
nomological necessity, corresponding to a law 

Causation



Paolo Beltrame - Liverpool University

Dynamic Production

Events in the past, together with the laws, bring about events in the 
future 

⇒ Direction of Time 
(Fundamental Laws of Temporal Evolution) Maudlin 

Where does the direction of time come from?

20
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FLOTEs

1. Only FLOTEs. The only kind of fundamental laws are fundamental 
laws of temporal evolution (FLOTEs) 

2. Dynamic Production. Laws explain by producing later states of the 
universe from earlier ones. 

3. Temporal Direction Primitivism. The direction of time is a 
fundamental feature of the universe. 

21
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… Past Hypothesis: 
the direction of time is understood in terms of an entropy gradient 
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Determinism and Chance

• Properties of the laws 
• Determinism0 

The world is governed by (or is under the sway of ) determinism if 
and only if, given a specified way things are at a time t, the way 
things go thereafter is fixed as a matter of natural law. 

• DeterminismT 
Theory T is deterministic just in case, for any two w, w′ ∈ ΩT, if w 
and w′agree at any time, they agree at all time 

• Determinismα 
The actual world α is deterministic just in case, for any two w, w′ ∈ 
Ωα, if w and w′ agree at any time, they agree at all times

22
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Prediction and Explanation

• Are they synonymous?

23



Paolo Beltrame - Liverpool University

Prediction and Explanation

• Are they synonymous?

23



Paolo Beltrame - Liverpool University

Prediction and Explanation

• Are they synonymous?

23

• Deductive-nomological (DN) 
• scientific explanation two parts:  

1. Explanandum describing the phenomenon to be explained 
2. Explanans that account for the phenomenon 
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• Deductive-nomological (DN) 
• scientific explanation two parts:  

1. Explanandum describing the phenomenon to be explained 
2. Explanans that account for the phenomenon 

Conditional explanation: at least one law and at least one non-law as 
the explanans  
Strong explanation: laws are the only explanans
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Problems of Induction

Induction is the inference to unobserved phenomena from observed 
ones 
Nature is uniform 
Hume ⇒ we do not have non-circular justifications for inductive 
inference, because our justification for UP comes from induction 

The variety and complexity in the matter distribution does not 
diminish our confidence in the viability and the success of induction

24
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Fundamentality

Fundamental Laws.  
For any world w, fundamental laws of nature in w are the non- 
mathematical axioms (basic postulates) of the complete fundamental 
physical theory of w 
 
Cannot be derived from another non-equivalent physical theory that is 
true in w 
 

25

The mathematical axioms are not laws of nature
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What about fundamental laws themselves? Are they metaphysically 
fundamental? Or are they metaphysically explained by something 
else?

26



Paolo Beltrame - Liverpool University 27



Paolo Beltrame - Liverpool University

• Big thank you for your interest concerning philosophical concepts 
- It is not a waste of time 
- It is not just a topic to be discussed during coffee break 
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• Big thank you for your interest concerning philosophical concepts 
- It is not a waste of time 
- It is not just a topic to be discussed during coffee break 

• A few project on the intersection of philosophy and physics (particle 
physics, muon physics… ) 

➡ Next year a series on Philosophical readings of Quantum Mechanics
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