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What Is Time? 
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Ah, now!  That odd time—the oddest of all times; the time it always is... by 
the time we’ve reached the “w” of “now” the “n” is ancient history. 
 —Michael Frayn1  
 
The experience of the now means something special for man, something 
essentially different from the past and the future, but this important 
difference does not and cannot occur within physics.    
 —Albert Einstein2 
 

  

 Bill Manly and his small party of pioneers were canoeing down a river they 

mistakenly thought would bring them to the gold fields of California, and they were in 

trouble.  The river had taken them into a gorge with walls as high as the sky; the water 

wove its way between boulders as big as houses, and the rapids were so loud that the men 

could not hear each other speak.  Two of the three canoes had just capsized, and while 

most of the scattered men were able to swim ashore, Bill’s friend Alfred Walton—who 

couldn’t swim—was clinging on to an upside down canoe as it shot toward the giant 

standing waves of the next rapid.  Manly considered what to do next.  

 The account of this adventure was first published in Bill Manly’s autobiography3 

in 1894 and was, perhaps, later read by Albert Einstein.  Let us imagine Einstein sitting in 

his favorite chair, reading this story.  When he comes to this crisis, his heart beats slightly 

faster with suspense.  He smiles and closes the book.  The passage of time, he muses, is 

just an illusion.  The true nature of the voyage is just like the book which he holds in his 

hand:  the end, as well as the beginning, is already present.  The story is timeless, 

unchanged by anyone reading it; only in Einstein’s mind did the story progress as he 

turned the pages.  Similarly, those early pioneers need not have worried:  their future, as 

well as their past, had already been written in the book of life.  

 Is the passage of time just an illusion?  Or does the present moment, “now,” really 

exist?  Are there moments when we make critical decisions that change our lives, or are 

our lives part of a larger fabric of cause and effect, nature and nurture, that is revealed to 
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us only a thread at a time but which already exists?  Does time flow, or does it only 

appear to? 

 To answer these questions, let us examine how time is expressed in the laws of 

physics.  We will see that time does not play as important a role as we might have 

guessed; in fact, the time variable t is superfluous.  We can then expolore what this 

implies about the nature of time. 

 In classical mechanics, every measurement of time is really a measurement of 

position.  Our ancestors told the time by observing the position of the sun in the sky, or 

the elevation of the grains of sand in an hourglass.  More modern methods rely on the 

location of a pendulum in the course of its swing, or the positions of the hands of a watch.  

There is no such thing as a direct measurement of time; there is only the measurement of 

an object in space, and an inference of time.  

 Therefore, within classical mechanics what really exists are objects, trajectories 

that these objects trace through (three dimensional) space, and correlations between these 

trajectories.  We could privilege the position of the hour hand of a watch over the 

position of an airplane, and by their observed correlations remark that a particular flight 

took one hour.  However, we could as well treat the watch and the plane more 

democratically, and simply say that the length of the journey corresponded to 1/12 of a 

rotation of the hour hand.  The velocity of the plane would not be measured in kilometers 

per hour, but perhaps in kilometers per millimeter traveled by the tip of the watch’s hand.  

Such an approach is preferable if, for example, the watch is old and rusted and not 

reliably correlated to any other  clock.  In an analogous way, all references to time can be 

eliminated in favor of references to position.   

 The dispensability of the time variable t from classical mechanics is most clearly 

demonstrated by the Jacobi action principle.  For N particles interacting under a potential  

V(x1 ... xN), the action is 
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The particles’ trajectories are those that maximize or minimize J, subject to the constraint 

that the total energy is conserved, 
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The momenta pα are simply variational parameters that can be eliminated entirely.  The 

action principle then becomes: 
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This equation fully describes Newtonian mechanics.  It might seem incomplete because it 

does not refer to time, but if the sum over particles α extends over the entire universe, 

then every clock mechanism is already included, and J leaves nothing out.  If desired, one 

of the coordinates (say the z-component of x1, call it z1) can be used to parameterize all 

the other coordinates, so that trajectories can be written xα(z1), but there is no need to 

introduce a time parameter.  It is ironic that one of the cornerstones of Newton’s natural 

philosophy, “absolute, true, and mathematical time... [that] flows equably without 

relation to anything external”4 is not, in fact, essential to Newtonian mechanics.   

 Of course, a lot has been discovered since Newton:  retarded action at a distance, 

relativity, and quantum mechanics, for example.  Do these developments create the need 

for a time parameter t, or can they also be explained without it?   

 When quantum mechanics is included, it is even easier to eliminate the time 

variable than in classical mechanics.  To see this, let Ψ be the second-quantized 

wavefunction for all the fields in the universe, and let H be the Hamiltonian that includes 

all of the electromagnetic, weak, and strong interactions of the standard model.  Then if 

the universe has an energy E, it is described by the Schrödinger equation, 
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and there is no need to introduce a time parameter.  If the universe has a single, definite 

energy, then by the uncertainty principle, time does not exist. 

 Equation (3) is completely counter-intuitive:  it describes a static situation, so how 

can it represent our world with all of its changes?  The answer comes from the fact that 

different parts of the universe are correlated because their wavefunctions are entangled, 

and much of the universe can be treated semi-classically.  If we consider the (multi-

particle) wave packet that describes the earth, for example, there will be correlations 

between the position of the peak of the earth’s wave packet and the states of other 

particles we would like to study.  By convention, the earth’s position could be used as a 

clock that measures one year.   

 We can see how this works in more mathematical detail by returning to the 

wavefunction Ψ of Eq. (3).  Let us say that Ψ consists of two parts: the experimental 

system we wish to study, and the environment.  Energy can be transferred between the 

system and its environment, and we want to understand the behavior of the system as a 

function of its energy ε.  The wavefunction Ψ can be written as a product of the 

wavefunction of the system Φsys and the wavefunction of the environment Φenv: 
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Next, let us assume that the environment is semi-classical, so it may be treated by the 

WKB approximation.  Then, 
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where g is a slowly varying function of ε, and J is the Jacobi action for the environment.  

We can ignore the variation of g with ε, and expand out the Jacobi action in a Taylor 

series: 
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This equation can be simplified somewhat.  First, the factors g(E) and   

! 

exp(iJ(E) /h) are 

independent of the energy ε of the system, and can be dropped.  Second, we can use the 

result from classical mechanics that the derivative ∂J/∂E is equal to the conventional 

time t.  Therefore,  
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This is the standard quantum mechanical description of a system, complete with its time 

evolution.  We did not need to assume that time exists on a fundamental level; it emerges 

as a convenient way to keep track of the entanglement between the system and its 

environment.  

 All of the equations of physics, except for Einstein’s gravity, are in principle 

included in Eq. (3).  But even the equations of general relativity can be generated from a 

Jacobi action analogous to Eq. (1) that does not contain time.5  Therefore, time can be 

eliminated from all the equations of physics. 

 Nevertheless, it is often convenient to introduce time as a middleman:  to 

associate times with the earth’s position, and then to mark our annual events by those 

times.  Time is like money.  In the barter system, you may trade a turkey for some grain, 

and do not use money.  But in modern economies, you first sell the turkey for five 

dollars, then buy five dollars worth of grain.  Money is a tool that keeps track of material 

value, and time is a tool for recording locations. 

 By recording the positions of objects as a function of this conveniently defined 

time, we can build up the well known picture of four dimensional spacetime.  But if the 

existence of the time dimension itself is doubtful, how much more dubious is the idea that 

time flows?  In Einstein’s words, “the distinction between past, present, and future is only 

an illusion, albeit a persistent one.”6 

 I believe that time can be eliminated from the laws of physics because the 

equations are deterministic.  If the future is entirely determined by its past, then the flow 

of time makes little sense:  all of the information necessary to predict the future already 

exists today.  In the words of Pierre Simon Laplace, given a sufficiently intelligent being 

who knew every detail of the present state of the universe, “nothing would be uncertain 
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and the future, like the past, would be present before its eyes.”7  The intelligent being 

would have no need of a time variable and could simply remove it, as we have done. 

 As convincing as all these arguments are, I am tempted to respond, with Galileo, 

“But still it moves.”  The flow of time is an everyday experience—an every minute 

experience.  This fundamental sensation should surely be counted among the data upon 

which theories are built.  Scientific theories need to describe our experience, after all; 

experience should not have to conform to theory.  Isn’t that the scientific method?  If our 

theories leave out the flow of time, yet we experience it, there’s something wrong with 

the theories.  Empirical observation is more trustworthy than human reasoning. 

 On the other hand, if there is no evidence from any part of the physical world that 

time flows, then perhaps the passage of time is peculiar to the way we live in the world.  

After all, the sun appears to move across the sky every day, and yet it is we on earth who 

are moving.  Perhaps time is a purely subjective experience and is not a part of objective 

physical reality. 

 How can we decide this question?  If time objectively flows, then we should be 

able to find some external proof, some indication that brute matter also undergoes the 

flow of time. 

 A clue where to look comes from one of the arguments for timelessness:  

determinism.  In a completely cause-and-effect universe, the flow of time is extraneous; 

however, our universe is not governed completely by cause and effect.  Atoms undergo 

transitions, or “quantum jumps,” spontaneously. 

 Examples of quantum jumps are illustrated in Fig. 1.  In this experiment8, a 

strontium ion is illuminated by a red and a blue laser.  The red laser induces the atom to 

make a transition from the ground state to an excited state; the atom then decays back to 

the ground state after a while.  Light from the blue laser is scattered by the atom, but only 

when the atom is in the ground state.  The amount of scattered light, therefore, indicates 

which state the atom is in, and is plotted in Fig. 1. 
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 Figure 1.  Quantum jumps between two states of an atom8. 

 

 The atom does not make smooth transitions from one state to the other, but jumps 

abruptly—instantaneously, within the detection limits of the experiment.  And although 

the average amount of time that the atom spends in each state is accurately predicted by 

quantum mechanics, the exact times of the jumps are not. 

 If nature were deterministic, time would have no significance, as we have seen.  

However, since atoms are not deterministic, the exact times of their jumps cannot be 

forecast.  What happens now, in the moment, is an important contribution to reality:  time 

acquires a new significance in a world without strict cause and effect.  The experiment 

that generated Fig. 1 is long over, but the jumps recorded in the graph are like dinosaur 

footprints that tell the story of the “nows” that the atom experienced. 

 If quantum jumps give evidence that atoms experience the flow of time, why was 

it possible to leave time out of the equations of quantum mechanics, as in Eq. (3)?  The 

answer is that the quantum jumps were also left out.  This has been a problem since the 

beginning of quantum mechanics:  the equations seem unable to explain one of the most  

important parts of quantum physics.  In the early twentieth century, most scientists 

accepted the Copenhagen Interpretation, the doctrine that the equations simply do not tell 

the whole story:  in addition to the continuous, deterministic changes described by the 

Schrödinger equation, atoms also undergo discontinuous wavefunction collapses.  These 

collapses are acausal and are not described by any equation—only their probabilities can 

be captured in the mathematics.  

 More modern approaches to the problem try to explain quantum transitions 

without going outside the equations, and rely on the phenomenon of decoherence9.  

ground state 

excited state 
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While the decoherence approach is very successful at describing some aspects of the 

quantum jump, it cannot explain how—or when—only one of the alternatives open to an 

atom becomes reality.  In fact, if the equations are followed strictly, all of the possible 

alternatives become reality.  In this “many worlds” interpretation, there are infinitely 

many copies of us, each experiencing our own reality.  While this formally solves the 

problem, it strains our credulity to the breaking point.  

 The problem of the quantum jump remains unsolved.  However, as I have argued, 

quantum jumps seem to provide the only available evidence that time actually flows.  

Perhaps this insight can in turn shed some light on what a quantum jump actually is.  It is, 

perhaps, what creates the flow of time. 

 The quantum jump is, in physicist John Wheeler’s words, “an elementary act of 

creation.”10  The wavefunction gives a potentiality for something to happen, and that clay 

of potentiality is sculpted into reality by quantum jumps.  The world is being created at 

every moment. 

 If the universe were a fait accompli, a piece of clockwork whose future is 

determined, true creativity would not exist because every act would be the result of some 

previous influence.  In such a universe, time would not flow, and the sense of  “now,” 

would be an illusion.  And even in our own universe, the equations so far discovered that 

describe the behavior of matter do not corroborate the existence of time.  The time 

parameter t can be eliminated.   

 But there is more to the universe than just what is in the equations.  Quantum 

jumps occur all the time.  The “now” intrudes on us constantly.  Nature is dynamic and 

changing, always being born, constantly being renewed through elementary acts of 

creation.  Time exists. 

   * * * 

 Manly hardly hesitated.  He rowed his canoe to shore, threw out his supplies to 

lighten the load, and, with one of the other men, paddled after his friend Alfred.  They 

managed to catch him as he was spat out of the rapid, just before he entered another one 

that would surely have drowned him. 

 We do not know exactly what went on in Manly’s brain when he decided to 

rescue Alfred.  There were surely cause-and-effect forces, reactions hard-wired into his 
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brain by his training and his childhood.  But there also seems to have been a moment 

when he contemplated what to do, when his next move was unknown and unknowable.  

Should he risk his life for his friend?  The moment to decide was now, or his friend 

would certainly die.  Something rose up inside of Bill Manly, a desire to escape the laws 

of cause and effect, of water and rock and gravity that hurled the gasping Alfred toward a 

predictable demise.  Suddenly there was an act of creation; electric fields in Manly’s 

brain aligned; his thoughts became clear and focused.  Manly sprung into action, just in 

time. 
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