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The natural laws and the way things are at time t determine the way things 
will be at later times.

-
minism is true this way:

antecedent state and as the cause of the state that is to follow. An intel-

as the momentary positions of all things in the universe, would be able to 
comprehend in one single formula the motions of the largest bodies as well 
as the lightest atoms in the world, provided that its intellect were suf!ciently 

future as well as the past would be present to its eyes. The perfection that the 
human mind has been able to give to astronomy affords but a feeble outline 
of such intelligence.

F  ma) and 

laws account for the orbits of the planets, the trajectories of cannon balls, and the 

but he envisioned that, once those forces (and the corresponding force laws) were 
complete physical theory. That is, its laws 

would account for the motions of all material particles. And since he thought that 



the theory of everything. 

would thus be in principle possible accurately to predict the future (and retrodict 

compatible with the laws for which the laws do not determine all future positions. 

as obtaining in our world. 

determinism is false. 

!rst event, if there is one) has a scienti!c explanation. And while it is granted that we 
cannot predict much of the future it might be argued that the reason is not that deter-

interesting.

Clarifying determinism

two-way deterministic because they and the state at t logically necessitates both 
the future and the past of t

the future but that they bring about 

laws.
 The state at t

t
and fundamental ontology on which there is a complete temporal ordering of all 



of all these quantities specify the state at t t is 

charge, of each particle at time t t is speci!ed in terms 
of the !eld values (which can be vectors) at all spatial points at time t. There are 

something that plays the role of the state at a time such that it and the laws determine 

 The most controversial and philosophically signi!cant concept in the charac-
terization of determinism is that of law of nature. The idea that there are laws of 
nature and that it is the job of the sciences to discover them developed during the 
seventeenth and eighteenth centuries with the rise of classical mechanics. An overly 

-

-
r meters then 

the gravitational force between them would be F  Gmems/r
2. Further, propositions 

what laws are. There are two main philosophical positions concerning the metaphysics 
-

2007).
best 

systematization 
L -

tudes and relations and mathematical notions and let W be the set of all truths of L. 

others. These virtues compete: an uninformative system can be very simple, 



an unsystematized compendium of miscellaneous information can be very 

themselves generalizations or regularities but rather fundamental elements of the 
produce 

 produces 
are described by dynamical equations (e.g., F  ma). Given the state of the universe 
at t the laws evolve that state into subsequent states, producing a regularity satisfying 
the equation.

supervene on 

totality of states since different laws can produce the same total histories. For some 

entail 
produce 

issue here but will note some other differences between the two accounts. 
 The two accounts of laws may render different verdicts concerning determinism 

laws and time. The metaphysical account presupposes a temporal direction since the 

temporal direction but attempts to account for temporal direction in terms of the 
distribution of the structure of the totality of states. 

 The belief that determinism entails predictability is a reason why some people !nd 
determinism abhorrent. They might fear that if determinism is true, then others (or 



a superior intelligence) would be able to calculate what they will do and thus thwart 

metaphysical claim about the fundamental laws of 
epistemic claim about what we can know about the 

future.
 There are a number of considerations that show why determinism does not 
entail predictability. First it may be impossible (because of our natures and the laws 

-
tions of the exact

-

big differences a short time later with respect to matters that concern us. Another 

state and the laws.

it may turn out that, given the state or even a partial description of the state at t, the 

predictability is an epistemic claim about what we can reliably predict, and neither 
entails the other.

Determinism and quantum theory

question arises of its consequences for determinism.

valued wave function (t) that speci!es the probabilities of the values of measurements 
made at t of the observable quantities of the system. The observable quantities, corre-
sponding to position, momentum, total energy, spin, and so on, are the properties of 



 assigns a proba-

uncertainty principle

is said to have a determinate value if and only if 

typical states of elementary particles, neither position nor momentum, nor any other 

equation

except 
made, the system randomly jumps 
with the probabilities speci!ed by .

is different from a failure of determinism since it says that at a given time a certain 

and 2 corresponds to the particle being located in a distinct region 2, then there are 
superpositions of these states, a  + b 2, that correspond to the particle being located 
somewhere in the union of the two regions but at no speci!c place within the union of 
the two regions. The coef!cients a and b determine the probabilities of the outcomes 

is not just that we do not know 
is indeterminate. Another peculiar feature is the role of measurement (or observation) in 

-
arity is non-locality
pair of electrons for which, when a measurement of one of the electrons is made, the 
state of it and the other electron 

-
merely providing 

the ontology and the laws, whatever they might be, that lie behind its predictions. 

preserving its predictions and impossible to remove the notion of observation from 

determinism is true.



positions) and a quantum !eld that corresponds to the wave function. The state of 
a system at t is determined by the positions of the particles at t and the values of the 
quantum !eld at t

that is posited to hold over initial positions of particles of a system compatible with its 

in the value of a quantity of the measured system being correlated with a macro-state 
of the measurement instrument. The predictions of the results of measurements on 

mechanics entails the uncertainty principles and all the other probabilistic predictions 

the probabilities of the state at t
times. The law has the consequence that for a system whose quantum state involves 
few degrees of freedom (with respect to particle position) the evolution will be as 

time of the wave function of the state being multiplied by a very narrow Gaussian: see 

jumps into a localized position state, the rest must follow. The consequence is that 
measurements and other macroscopic interactions result in quantum states in which 
macroscopic objects have determinate positions. There is no need to introduce the 

even though the !rst two are incompatible with determinism and the latter entails 
it. (There are, in principle, empirical differences between theories with collapses, 

it is plausible that they are empirically equivalent for all practical purposes, since it 

discriminate among these theories.) This is a dramatic case of the underdetermination 



of theory by all possible evidence. Although neither of these theories is true (since they 
-

thing, there will be also be empirically equivalent theories that are deterministic and 

true is plausibly something that we will never be in a position to answer.

Determinism and statistical mechanics

classical mechanics. The macroscopic state of a system (even the universe) at a time is 

of radiation, average mass, and charge density, in small, but not too small, volumes 

room (or whether a room is full of people and other macroscopic features). For a given 
macroscopic state of a system at t there are in!nitely many possible micro-states (states 
characterized by precise positions and momenta of all the particles that compose the 
system) only one of which actually composes the system at t

the macroscopic 
state of the universe (or an isolated system) at t and the deterministic dynamical laws 
determine very little about the macroscopic

whose futures (as entailed by the deterministic laws) involve the ice-cube growing 

in warm water), the deterministic laws are not suf!cient to predict that the ice-cube 
will melt. The same point applies to the prediction of the motions of the planets and 

thermodynamics are related to the fundamental dynamical laws. Thermodynamics 
includes laws that are temporally asymmetric and that reliably and deterministically 

second law of thermodynamics says that 
the entropy of an isolated system never decreases. The entropy of a system is, roughly, 

state. The increase in entropy of the ice-cube in warm water corresponds to the 

solution is based on the observation that micro-states which the laws evolve to states 



and Albert 2000 for philosophical discussions of statistical mechanics.) 

states that are compatible with a given macro-state, and this has the consequence 

laws are temporally symmetric) that the uniform distribution over the micro-states 

the past (just as in the future) the pail contained water at a uniform temperature. A 
way of avoiding this consequence while preserving the good consequences is to posit 
the uniform distribution over micro-states compatible with the macro-state of the 

universe (and its relatively isolated subsystems) increases over time.

probability distribution implies that the evolution at a macroscopic level appears to 

sensitive to the initial micro-states that realize their macro-states.

mechanics since the dynamical laws are deterministic. The same issue arises in 

a turn of the roulette wheel is strictly determined by the laws and the complete micro-
state of the world prior to the turn of the wheel, it is often said that the probabilities 

merely 

to consider them objective and lawful. (There are proposals for how to understand 

Conclusion

be accounted for by any complete theory) provides very strong reason to believe that 
scienti!c account of the universe will involve probabilities either in indeterministic 



is an empirically adequate proposal for a complete theory whose dynamical laws are 
probabilistic, there will also be an empirically equivalent account in which the funda-

no predicting the future with certainty. This conclusion will doubtlessly be frustrating 

for free will and other philosophical issues.

See also
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