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 We live in a block universe. 
 In other words, our universe is best represented as an arrangement of static events 
in four dimensions -- three of space and one of time.  Try to picture it: every event that 
has ever happened or will ever happened, structurally arranged in an unchanging "block".  
If you're like me and can't quite imagine four dimensions, feel free to ignore one of the 
spatial dimensions and just think of a three-dimensional space-time block instead. 
 As a test to make sure you have the correct picture, try to envision a "block 
galaxy".  If your mental image is dotted with stars, clear your mind and start over: you're 
making the mistake of just thinking about now.  A block universe has time represented as 
if it were a spatial coordinate, so it contains information about all times.  Instead of point-
like stars, you should be imagining "star-lines", snaking along in the direction that 
corresponds to time, and also spiraling in a helix as the galaxy rotates.  If you mentally 
zoom into where the star-lines "begin", you should see lots of smaller "particle-lines" 
converging to form the star in the first place.  Some of the star-lines "end" at supernova 
events, but the individual particle-lines that make up the star don't end -- they just branch 
out into a cone. 
 Got it?  It's not an intuitive way to picture our galaxy, but it's the only picture that's 
compatible with what we know about space and time.  And in this essay I'm going to 
argue that by not thinking about our universe in this way, quantum physicists have dug us 
into an impossible hole.  The only way we're going to get out, the only way we're going 
to develop a workable theory of quantum gravity, is to make sure every single piece of 
that theory makes sense in a block universe.  This essay builds up an outline of how we 
might accomplish this, motivated by simply thinking about the whole problem in a static, 
four-dimensional framework. 
 But first, let's go back to that block galaxy.  The most common conceptual error 
here is thinking of stars as little dots that are moving along their star-lines.  This is an 
error because motion requires elapsed time, and with time mapped onto a physical 
dimension, standard motion in this "block" picture is impossible by definition.  There is 
no such thing as "velocity in the time direction"; such a "velocity" would be measured in 
units of seconds per second, which of course is no unit at all.  From a block universe 
perspective, everything must be expressed as static relationships. And this means that the 
block universe itself cannot ever change; there is no additional time dimension for such a 
concept to even make any sense. 
 With this point spelled out, you may decide you don't really like the block 
universe.  After all, we know very well that things change, yet I'm asking you to adopt a 
picture where change is impossible.   And while you may logically recognize that our 



perspective of "change" can also be mathematically expressed as a static four-
dimensional structure, most people don't like to think about space-time in this unusual 
manner.   
 Even worse, I'm not just asking you to accept that our past is part of the "block" -- 
I'm asking you to include our future.  And here your intuition might truly rebel, for what 
could be more counter-intuitive than a future comprised of static, fixed events?  I admit 
that it's perfectly natural to think of the future as an unwritten book, a book that gets 
"filled in" as time progresses.  So by advocating for a universal "book" that incorporates 
time itself -- a book that can never change, by definition -- I'm going up against some 
rather fundamental instincts. 
 But I think most people can get around these prejudices by considering that 
eventually our future will be our past.  If you don't have trouble picturing a "block-year 
2003", then you shouldn't have any trouble picturing a "block-year 2103"; all you have to 
do is imagine a future in which the year 2103 has already happened, and in that future 
there's no fundamental difference between 2003 and 2103.  Sure, you might complain 
that 2103 isn't determined "yet", but that's only a subjective statement from this particular 
temporal location.  A given year can't objectively change from being "undetermined" to 
"determined" in a picture where change is impossible.  Because the block universe is 
static, once you agree that it will one day make sense, then it necessarily always makes 
sense. 
 Still, perhaps the biggest concern about this viewpoint is not just whether our 
universe is determined (in some timeless sense), but whether it is pre-determined.  In 
other words, does a complete knowledge of our past fully specify our future?  If so, 
fitting the usual concept of free will into such a pre-determined framework is admittedly 
problematic, and for many people this might be a philosophical reason to give up on the 
block universe.  
 But it turns out that the static reality of the block universe doesn't force one into 
pre-determinism.  For example, there might be some underlying field throughout our 
universe that doesn't obey any continuity equation at all, just effective random numbers at 
every point in space-time.  While such a field doesn't correspond to any known physics, 
we could imagine coupling quantum fields to this random field such that these random 
numbers were the cause of particular quantum outcomes (mimicking some probability 
distribution).  Such a "stochastic block universe" would not be pre-determined, but could 
still be consistently viewed as an unchanging block.  (For the record, I think there's a 
much more elegant way around pre-determinism than using a random field; I'll present 
my own proposal below.)  The point is that there are plenty of block universes that are 
not pre-deterministic, so even if you're strongly opposed to fatalism, you shouldn't rule 
out the block universe framework.   
 Still, I don't merely want to point out that the block universe is a permissible 
viewpoint.  When carefully thinking about space and time, it's by far a superior 
viewpoint.  That's because we humans tend to think about time in a very directional way; 
we are very capable of accepting arguments in one time direction that we would never 
accept in the opposite time direction.  That's how Ludwig Boltzmann originally (and 



mistakenly) analyzed time-symmetric dynamical laws and came to a time-asymmetric 
conclusion about entropy.  Without meaning to, he used a time-asymmetric assumption in 
his derivation, and didn't recognize his mistake for years.  (Concerning the second law of 
thermodynamics, the ultimate source of that asymmetry is not in the dynamics, but in 
time-asymmetric boundary conditions constraining entropy to be low in the past.)  It 
would have been nearly impossible for Boltzmann to make that same mistake if he had 
been using a static "block" picture where nothing changes. 
 Furthermore, much of physics requires a block-universe viewpoint to simply make 
sense.  Consider a time-derivative in any classical physics equation; what would this term 
even mean if the future didn't yet "exist"?  The benefits of a block-universe perspective 
are even more obvious in special relativity (where one uses static space-time diagrams), 
and by the time one gets to general relativity the block universe becomes the only 
logically coherent option.  
 In part, this is because every conceivable alternative to the block universe needs to 
define an objective "now".  Whether the alternatives take the viewpoint of an "expanding 
block" (where the past is fixed but the future is not), or "presentism" (where only the 
present can be said to be real), these alternatives all need some way to objectively define 
some global instant.  But special relativity tells us that different observers disagree on 
which events are simultaneous, and general relativity shows that no observer that can 
have a meaningful, universal definition of "now".  So unless one wants to throw out the 
most elegant concepts in all of modern physics, we're stuck with the block universe. 
 Not so fast, you might say -- what about quantum mechanics?  Several aspects of 
quantum mechanics don't work in a block universe (as we'll confirm below) so shouldn't 
this counter the relativity argument?  Doesn't this imply that we need to come up with a 
more expansive view of space-time that is somehow compatible with both quantum 
theory and relativity?   
  Balderdash.  Looking to quantum theory for answers about space-time is like 
looking to a roadmap for answers about geology: it's a tool designed for something else 
entirely.  In general, quantum theory tells us nothing about space-time except what its 
formulators put into it in the first place.  And what they "put into it" was the implicit 
assumption that space and time are fundamentally different.  But they're not 
fundamentally different, as explicitly shown in general relativity (GR).  And GR is the 
correct tool to ask questions about space and time.   
 Unfortunately, GR was pretty much ignored by the people who invented quantum 
mechanics, and continues to be ignored by virtually everyone working on quantum 
foundations today.  True, the original non-relativistic quantum mechanics has been 
extrapolated into quantum field theory, which is consistent with special relativity, but 
efforts to make it fully compatible with GR have hit a brick wall.  And it's no coincidence 
that some of the biggest hurdles to this unification are often lumped under the heading 
"the problem of time".  Simply put, standard quantum theory doesn't make sense in a 
picture where time and space are on an equal footing -- i.e. the block universe.   
 The solution to this dilemma is not to jettison the block universe; without the 
block universe we would never be able to make sense of relativity.  Instead, the solution 



is to reinvent every single piece of quantum theory in a block universe framework.  It's a 
daunting task, but I'll outline how it might be done after I discuss why quantum theory 
can't just be "tweaked" into a block universe framework. 
 To see just how poorly standard quantum mechanics meshes with the block 
universe, consider the above example of the "block-year" 2003.  When thinking 
classically, most people don't have trouble imagining that there is a 4-dimensional block-
universe framework in which all of the events from 2003 can be represented.  But many 
quantum theorists could come to no such conclusion, for they simply refuse to answer the 
question of what actually transpired between quantum measurements back in 2003.  It's 
not merely that their version of reality can't be represented in a space-time framework; 
between measurements, these theorists don't have any version of reality whatsoever. 
 I will admit that this agnostic perspective starts to seem more reasonable when you 
start to look at the alternatives.  In the "standard" Copenhagen interpretation, the single-
particle wavefunction ψ(x,t) that solves the Schrödinger equation can be mapped onto a 
block universe.  Unfortunately, that wavefunction doesn't correspond to reality unless it is 
also subject to a bizarre probabilistic "collapse".  Such a process is invariably discussed 
using time-ladened words ("reduction", "projection", etc.), in part because the premise 
looks ridiculous in a block picture where change is impossible.  Looking at the "collapse" 
in a block universe, one would have sudden discontinuities in ψ(x,t) along certain slices 
of constant time -- even at spatial locations where there was no physical interaction to 
trigger such an event.  Note the dependence on some line of "now", let alone the 
problematic issue of bringing outcome probability into a static picture. 
 Even worse, when you start to consider two or more particles, the wavefunction 
leaves physical space and enters something called configuration space: ψ(x1,x2,t), where 
x1 corresponds to the three-dimensional position of particle #1, and x2 spans another three 
dimensions for particle #2.  Even for this 2-particle case, you can see we're now talking 
about a seven-dimensional mathematical structure, and it just gets worse for larger 
systems.  If this 7D structure isn't separable into something that looks like ψ1(x1,t)ψ2(x2,t) 
-- and in general it's not separable for identical particles or "entangled" quantum states -- 
then one simply can't map the 7D wavefunction onto our 4D universe.   
 Also, notice that while standard quantum theory allows for a fundamental non-
separability (entanglement) between different spatial locations (x1 and x2), it implicitly 
assumes that one can always separate out the different time variables, reducing to a single 
time "t".  This fundamental difference between space and time is not emergent from a 
relativistic picture -- it was simply put in "by hand", back when quantum mechanics was 
first developed.  But if the fundamental quantum structure must span multiple spatial 
locations, then an equivalence between time and space would imply that it should span a 
range of time as well.  It's notable that such an idea can't be implemented in the standard 
quantum formalism. 
 Beyond Copenhagen, there are several other established interpretations, some of 
which are explicitly inconsistent with the block universe (one of them postulates many 
universes).  So far, the closest approach to the block universe is the "de Broglie-Bohm 
interpretation".  In this picture, the reason particles appear to be localized is that they are 



localized -- even when we're not looking at them -- although we may not know exactly 
where they are at any given time.  Independent of our knowledge, these particles have 
perfectly well-defined "particle lines" that can be mapped into a block universe without 
difficulty.  The hitch is that these particles are steered around by a mysterious and 
unmeasureable guiding field.  This so-called "quantum potential" allows for wave-like 
behavior, but it's far from clear that this guiding field can be represented in a block 
universe along with the particles.  (One major problem, even ignoring relativity, is simply 
that the guiding field lives in configuration space, not physical space.) 
 Still, the de Broglie-Bohm interpretation does have important lessons concerning 
what types of models work in block universes.  Not only do non-probabilistic models 
(like Maxwell's equations) naturally fit into a block universe, but this interpretation 
teaches us that the block universe can also handle probabilistic models, so long as we do 
not have perfect knowledge of the system.  Such a viewpoint has recently received an 
eloquent spokesman in physicist Rob Spekkens.  He calls such a knowledge-restricted 
quantum model "ψ-epistemic", meaning that the traditional wavefunction ψ only 
represents our knowledge of the system, and not the full story of what is "really" 
happening. [1]  Reality would then be represented by a mathematical structure other than 
ψ, with some unknown parameters.  Independent of the other arguments made by 
Spekkens, another very strong reason to focus on these ψ-epistemic models is that they 
allow one to make probabilistic theories compatible with a block universe. 
 It might seem that adding additional, unknown parameters is moving in the wrong 
direction.  After all, one of the biggest obstacles to fitting quantum theory into the 4D 
block universe is the use of that high-dimensionality configuration space.  Adding 
additional parameters to this overly large mathematical structure would only seem to 
make this problem worse.  So let's set aside the extra parameters for a moment and see if 
we can understand why quantum theory insists on using configuration space. 
  The apparent necessity of configuration space in quantum theory stems from two 
historical assumptions, both of which seem reasonable when extrapolating from classical 
physics.  The first assumption, made by Schrödinger back in the 1920's, was that the 
physical-space solution to his wave equation ψ(x,t) corresponded to a single particle.  
This was a natural assumption; Newton originally built up classical physics in the same 
way, one particle at a time.   
 Of course, now that we know that our most successful physics models are field 
theories, with hindsight we can wonder what would have happened if Schrödinger had 
instead made an analogy between his wave equation and Maxwell's electromagnetic 
(EM) field equations.  Even in the 1920's, Schrödinger knew that the "quantization" of 
the EM field into individual particles (photons) was mainly noticeable when the field 
strength is very small.  In the limit of very strong fields, the limit where the photon 
number approaches infinity, the effects of "quantization" disappear and Maxwell's 
classical field equations become perfectly valid.  If Schrödinger had considered this 
analogy, he might have decided that his continuous wave equation should correspond to 
an infinite number of identical particles, not a single particle.  However, as far as I know, 
he did not consider this possibility. 



 Given this first assumption, the configuration-space trap was nearly set.  The 
second assumption, made throughout classical physics, was simply the usual requirement 
that knowledge of the state of a system should be sufficient to predict the outcomes of all 
possible measurements of that system.  The twist added by quantum mechanics is two-
fold: we can't make all allowable measurements at once (thanks to Heisenberg's 
uncertainty principle) and the measurements that we can make don't have perfectly 
predictable outcomes.  But these facts didn't cause the founders of quantum mechanics to 
give up on this second assumption -- instead, they simply retreated to a picture where the 
quantum state encoded probabilistic predictions for all possible measurements (even if 
they couldn't all happen together). 
 But herein lies the problem: together, these two assumptions imply the use of 
ψ(x,t0) to make predictions about all possible measurements on a single particle at some 
time t=t0.  But adding another particle dramatically increases the number of possible 
measurements that can be made.  (For example, one could make a position measurement 
of one particle while making a momentum measurement of the other.)  With more 
possible measurements, the second assumption implies that one should be able to 
calculate more outcome probabilities.  But where are these additional probabilities to be 
encoded, mathematically?  Schrödinger was already using his space-time wavefunction 
ψ(x,t0) to deal with all the one-particle measurements at t=t0, so the only solution was to 
expand the parameter space of the wavefunction to encode the results of multi-particle 
measurements, leading inexorably to ψ(x1,x2,t0) and even larger configuration spaces. 
 It all sounds reasonable -- unless, of course, you're picturing the above argument 
in a block universe.  From a block universe perspective, the usefulness of encoding the 
probability of all possible measurements at t=t0 is doubtful -- because all possible 
measurements can never happen.  In the static block universe, any given system only has 
one actual measurement that occurs at t=t0.  The actual measurement is the only one 
whose outcome needs to be encoded in the state; the other unperformed measurements 
didn't occur, and therefore those outcome probabilities aren't needed.  So what happens to 
the "wasted" information in ψ for those unperformed measurements?  Well, in the 
Copenhagen interpretation, much of that information gets erased forever thanks to the 
"collapse" of the wavefunction.   
 At this point one might ask: What is the point of using a high-dimensional 
configuration space to encode extraneous information that just gets erased anyway?  
After all, the "erasing" process -- the quantum collapse -- happens to be one of the most 
problematic aspects in quantum theory.  It's also notable that the amount of wasted 
information increases with the number of particles, exactly paralleling the increase in 
dimensions of the configuration space. 
 So the block universe not only tells us that we need to move from configuration 
space to physical space, it also hints at how this might be accomplished.  By jettisoning 
all that "extra" information concerning measurements that never actually happen, maybe 
we can still represent everything that does happen using a mathematical structure in 
physical 4D space-time.  Ideally, this could be done no matter how many particles are 



involved, perhaps by revisiting Schrödinger's first assumption and having the physical-
space solution to the quantum wave equation correspond to an infinite number of 
identical particles. 
 But it's certainly not obvious how to "jettison" all the extra information from the 
standard configuration-space wavefunction.  After all, if we don't know what the next 
measurement on a system will be, how can we say which outcome probabilities will be 
"wasted" and which one will actually happen?  It seems as if we will need to throw out 
different parts of the standard wavefunction depending on which next measurement will 
occur.  In other words, the block-universe perspective has boxed us into a corner where 
we have to accept some amount of retrocausality, correlating a physical-space 
wavefunction with external future events. 
 Yes, I'm now talking about backward-in-time causation.  But you've made it this 
far, so hear me out with an open mind -- because retrocausality in a block universe isn't 
really so terrible as you might imagine.  After all, there is no possibility of paradox, for 
the block universe doesn't change.  Even if you could send information backward in time, 
the block universe perspective insists that "changing the past" is a meaningless 
impossibility; events in the past are part of the block universe, and in this framework 
there is no additional time dimension over which they could possibly "change". 
 Better yet, we already have a perfectly acceptable example of what block universe 
retrocausation would look like.  It's called a laser cavity.  In one dimension, a high-
quality cavity is just two mirrors that act as a two-boundary constraint on the allowed 
electromagnetic modes that solve Maxwell's equations inside the cavity.  (The allowed 
solutions have to span an integer number of half-wavelengths between the two mirrors.)  
You can also add dimensionality to the cavity; 2D and 3D spatial cavities are higher-
dimensionality boundary value problems, whose solutions reveal the particular modes 
allowed inside. 
 All that I'm suggesting is to extend this type of static boundary problem to 4D 
cavities in a block universe, and to solve the field equations in exactly the same way.  
Most people haven't thought about 4D cavities, so let's work it through step-by-step.  
Picture the block universe, and imagine a chunk of it.  That 4D "chunk" touches the rest 
of the universe at its outer boundary, which happens to be a closed surface in space-time.  
Be careful not to think of it as a closed surface in three dimensions -- it's a closed surface 
in four dimensions (known as a "hypersurface").   It's conceptually useful to consider this 
single hypersurface as made up of three different sections: an initial surface (at the 
temporal beginning), the spatial boundary conditions (on the spatial "sides"), and the final 
surface (at the temporal end).  Now, we just have to figure out which field equations to 
use, which mathematical boundary conditions to impose on each part of the hypersurface, 
and then solve for the allowed solution inside the closed boundary.  This would be a 
mathematically well-defined procedure for finding a solution that depends (in part) on the 
final surface -- exactly the sort of solution that would solve the above problems. 
 But what does it mean to impose initial and final boundaries as if they were spatial 
boundaries of an ordinary cavity?  Well, the hypersurface is where the 4D "chunk" 
interacts with the rest of the universe -- so the boundary condition on the initial portion of 



the hypersurface must correspond to an initial external interaction, or measurement, of 
that "chunk".  No surprise here: an initial measurement is treated as an initial boundary 
condition throughout classical and quantum physics.  What's new here is the treatment of 
the next external measurement -- at the temporal end of the chunk -- as a "final" boundary 
condition.  This is almost never done, but mathematically it's exactly the same as treating 
the initial measurement as an initial boundary.   
 Here, I expect complaints.  For example, you might wonder how the field inside 
the chunk could "know" about the next measurement.  This is sort of an unfair question -- 
after all, no one questions how the EM field in the middle of a laser cavity somehow 
"knows" about the distant mirrors.  And the two questions are really the same if you 
consider that spatial cavities also have a time dimension, even if the mirrors don't move.  
The answer is that the field isn't some sentient being that "knows" things, but just a 
solution to a well-posed mathematical problem.  And while you may not like final 
boundary conditions, there's no objective way to distinguish an initial boundary condition 
from a final boundary condition without resorting to our time-asymmetric intuitions that 
don't apply in a block universe.   
 Furthermore, while it may be conceptually useful to divide the closed hypersurface 
into three different sections, there's no objective way to choose the division points.  (And 
if anyone tells you to divide it up along "space-like" and "time-like" hypersurfaces, point 
out that you can't determine which surfaces are which without solving the field equations, 
which can't be done until you've already imposed the boundaries.)  The block universe is 
trying to tell us that if we want initial conditions and spatial boundary conditions, then we 
have to have final boundary conditions as well. 
 But there's one last hitch.  It turns out that you can't just impose final boundary 
conditions on the standard quantum field equations and get solutions.  For one thing, after 
you impose the initial and spatial boundary conditions, there's usually nothing left to 
constrain.  The Schrodinger equation, for example, has a well-defined solution forever 
once you give it some initial boundary condition everywhere, ψ(x,t0).  So you can't also 
impose an additional, final boundary condition ψ(x,tf) on this equation.  (Or at least, if 
you try, you don't get exact solutions. [2])   
 Still, the Schrödinger equation wasn't handed to us from on high.  In fact, 
Schrödinger derived it by starting from the Klein-Gordon wave equation, taking the non-
relativistic limit, and then throwing out half the solutions.  (Those discarded solutions are 
often said to have "negative energy", but there's no such thing as a negative energy wave 
-- at least not without reference to Schrödinger's assumptions, making this a completely 
circular argument.)   If we keep those extra solutions, we wouldn't just be allowed to 
impose an additional boundary condition, we would require a final boundary in order to 
solve the equations.  So why not go back to the more natural Klein-Gordon equation and 
impose both initial and final boundaries?  That's exactly what I've done recently, and so 
far I've recovered all of the standard quantum probabilities for a single free particle. [3]  
In this approach, the final measurement outcome determines the earlier solution (not the 
other way around!), but one can still extract the correct probability from the range of 
possible solutions inside the entire 4D "chunk".   



 Using future boundary conditions also naturally explains away the mysterious 
"collapse".  When a photon is detected on some pixel of some digital camera, the 
standard non-block-universe question is: why did the electromagnetic field suddenly 
become localized at that location?  But thinking about 4D cavities, we can see that this 
question has the causality exactly backward.  Instead, we can constrain the EM field with 
the future boundary condition that a photon's worth of energy will be deposited in that 
pixel.  The solution to the 4D boundary problem then yields a solution where the 
electromagnetic waves gradually converge onto that pixel.  No collapse is needed; the 
future boundary makes the whole process continuous.  And outcome probabilities can 
still be predicted by imposing the final boundary on different pixels, and then comparing 
the relative number of allowed solutions.   
 In order to ask "why"-type questions about the boundary condition itself, one has 
to incorporate the pixel absorption event on the inside of some larger boundary.  Of 
course, you can keep expanding the boundary until you reach the boundary condition on 
the universe itself, at which point you can't go any further: the universal boundary 
condition is the ultimate "cause".  It should come as no surprise that by forcing quantum 
mechanics into a block universe, one arrives at a picture that naturally extends to 
quantum cosmology. 
 Other strange aspects of quantum mechanics also naturally fall into place.  
Heisenberg's uncertainty principle is now a statement that we can't impose sufficient 
information at the initial boundary condition to solve the underlying equations -- one 
needs a final boundary as well.  This explains why quantum mechanics is inherently 
probabilistic: We simply don't have enough information on the past boundary to 
determine exactly what is going to happen next.  (After the next measurement we can 
compute what just happened, but only in hindsight.)  And the deep connection between 
interaction, measurement, and boundary conditions keeps us from learning about the 
future, because any measurement we might make is itself the future boundary that we're 
learning about.  Even the strange quantum effects that emerge from "entangled" particles 
now have an explicit explanation in the form of retrocausation, as has been proposed 
many times over the years. [4] 
 So instead of letting standard formulations of quantum mechanics steer us away 
from the block universe, physicists would be better off using the block universe to re-
envision quantum theory from scratch.  Not only would such an approach mesh naturally 
with general relativity and cosmology, but it seems likely to resolve many outstanding 
quantum mysteries.  The only "disadvantage" is a counter-intuitive picture of causality: 
not pure forward-causality or pure retro-causality, but rather a sort of  "introcausality", 
where a closed 4D hypersurface is treated as the cause of its own interior.  Counter-
intuitive though this may be, our intuitions about time are notoriously unreliable.  We 
need to free our intuition from time itself, taking all of our lessons from the static block 
universe. 
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