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● We’ve all at least heard of Albert Einstein and Paul Dirac.

● Half of you know a lot about physics including Maxwell’s equations, quantum 
mechanics and general relativity.

● The other half knows a lot about fluid mechanics and turbulence.

● And only a very few of you even have a clue about what the other half 

knows. :-)

● So please be patient while I talk to the other half and catch them 
up.    

My assumptions about this audience.



  

This is what we are talking about --- DEEP 
SPACE – ALL of it!!  (Hubble Deep Space photo) 
NASA)

How big is it?   No one knows.  But we are pretty sure it is `flat’!



  

These are not stars, they are all galaxies!!!
Billions and billions of them.  

And millions of them averaged together are our 
`fluid particles’



  

Amazingly we can even write an equation 
describing this entire universe.

● ...or at least Einstein could – with some help from Riemann.

Einstein’s Field Equations (μ,ν = 0,1,2 or 3): 

● ...or as more commonly written:

 
- Rμν is the Ricci tensor and R is the Ricci scalar, both defined from the 
Riemann tensor Rμ

ναβ

- Tμν is the Einstein’s `stress-energy’ tensor which `describes how matter 
deforms space’.
- gμν is the metric tensor which describes the space we have chose to work in.
- Λ is Einstein’s `cosmological constant’ (`His greatest mistake’)



  

The Jacobian, and the
metric and Riemann tensors

● The Jacobian basically tells you how to transform vectors and 
tensors from one space to another.       Eμ’ = J μ  ’

μ  Eμ

● The metric tensor tells you how line elements (and volumes) 
transform; e.g.,    ds2 = gμν dx μ

  dx ν

● The `covariant derivative’ tells you how to make sure that 
derivatives transform as tensors … like accelerations as 
derivatives of velocities.

● And the Riemnan tensor and Ricci tensor and scalar tell you 
how space curves.

GCJ Jacobi B. Riemann



  

The equations of General Relativity are 
nothing like the Turbulence Equations, 
right? :-) 

In fact the turbulence (fluid mechanics) equations can be  easily 
derived from them, and also “far from it” (i.e., highly non-linear).



  

Can the universe be flat and not empty?
Obviously yes, we can see it’s not empty!  
But how do the Einstein’s Field equations allow for this?



  

What does this have to do with 
gravity?

● Newton’s law related force to mass and distance.

                           F = G m1m2/|r|2

● Einstein basically realized this was the same as matter disturbing 
space.  So generalized the idea to his field equations.

● Gauss’ gravitational law related force to fields:       

                        



  

Many `solutions’ of Einstein’s equations have been 
confirmed.

Examples include:

● Bending of light by matter.

● Orbit of mercury.

● Gravitational lensing.

● Gravity waves

How about solutions for the expanding universe?
● Let’s check them out!

● Now we are NOT talking about application to particles, but continuum mechanics.

● The quantities in our equations are averages over millions of galaxies.

● So we have all the non-linearities and closure problems of turbulence.



  

The universe must be modeled as a 
continuum

● There are billions of galaxies.

● So there are billions of contributors to the stress energy tensor – 
obviously must talk “averages”.

● Every piece of matter in the universe is demanding attention.

● And there billions of perturbations of the Ricci tensor and scalar 
– so “averages” of products of non-linear products – like 
turbulence.

● This means we have a huge closure problem!  Many more 
unknowns than equations!  Like EVERY TURBULENCE 
PROBLEM!

● Even if the non-linear products of fluctuating terms are 
negligible in turbulence, we usually can’t solve the 
equations directly – at least without faking it.



  



  

The “standard model (Λ-CDM) incorporates 
Dark Energy and Dark Matter into this:

How does it work?  Well, if you don’t mind the Dark 
stuff we can’t seem to find.



  



  



  

Dark Energy
● Dark Energy is invoked to explain where the 

energy comes from that drives the expansion 
inferred from redshift data..



  

Dark Matter 

● Dark Matter is invoked to explain why the visible matter is 
not consistent the amount of matter needed to be 
consistent with gravity and the observed rotation rates 
(Kepler and Newton’s laws). 



  

Universe Composition
(What many physicist say, but not all believe)

● Only 5% Normal Matter!!!!
● 27% Dark Matter
● 68% Dark Energy
● These are called `DARK’ since no one has ever 

seen any direct evidence for either of them.

Clearly we need a better idea!



  

Turbulence’s bright idea:  Similarity Theory

● What we have learned over the past 100 years is that we can 
“guess” the properties and behavior of solutions without actually 
solving the equations.

● The reason this often works isn’t clear (see my Nature of 
Turbulence paper  or ASME Freeman Lecture).  But for 
homogeneous boundary conditions, it often provides remarkably 
successful answers.

● The most probable reason is that highly non-linear equations have  
averaged solutions which tend to limit cycles (or attractors) which 
can be characterized by a very few parameters --- and these  are 
usually obvious from the equations themselves.

● E.G. The reason a jet of air looks like a “jet” is that is the “attractor”.

And because of this, we can find a similarity solution by 
hypothesizing that the averaged solutions can be scaled by a single 
length (and or time) scale.  Or both.



  

Initial conditions and similarity solutions

● I didn’t invent turbulence similarity theory, but I do think I 
was the first to recognize that the solutions could retain 
initial condition dependence. 

● This was about 1986 --- about 60 years AFTER the idea 
was introduced!

● Why did this take so long?

● Most of the scientists in turbulence my age or older 
thought I couldn’t be correct.  

● Typical remark from the old “guys”: “If it was this easy 
surely someone would have thought of it before.”

● Typical remark from the “kids”.  “This is obvious!  
What’s the fuss!”



  

Why do theoretical ideas get “frozen” even though 
experiments and observations advance?

● First, it is hard to figure out what went wrong. What assumptions were 
really made?

● Second, we tend to assume those ‘smart guys’ had to be right.

● Third, it is hard to fight “city hall”.  Each field builds up its way to live 
with the ambiguities.

● Fourth, experimentalists lack confidence to challenge a single theory

---- much better at “sorting them”.  Problem if there is only one.



  

How do we build a new theory?

What do we want to be true from what we know?
● Flat.  No curvature.

● Assume also homogeneous in an infinite space.

● Atomic clocks should work in at least one frame of reference, but maybe 
not in other.

● So basically reference frame should be Minkowski.

● Energy and mass might not be conserved, since if they were we wouldn’t 
be missing so much  And when we allow time to be non-linear, WHAT is 
conserved changes (Noether’s work)

● The new idea: let time and space evolve together in our “physical” or 
gravitational frame.

● And just for fun, let’s demand that nothing is moving at all in one of our 
spaces.  This is the real similarity assumpstion.



  

https://www.youtube.com/watch?v=H7mOU1Xu-yA

Paul Dirac interview with F. Hund

We are in pretty good company so far…..



 

Our two spaces            and                 



  

Here’s what the metric tensors look 
like in         space

 



  

Some basic results
● The dimensionless time τ turns out to be the proper time; i.e.,

● The geodesic equation is satisfied only if the length scale is:

● Note that c t is also the radius of the visible universe to each person, NOT the 
size of the universe which is infinite.

● The velocities of the universe in our expanding frame  are :

 

 



  

More useful information about solution from “not 
moving” in Minkowki space assumption

● The relation between t and τ is logarithmic; i.e.
●

●

●

● So length scale in atomic clock time grows 
exponentially:

● The time t1 is time of Big Bang or at least the 
virtual origin of our theory.  So is τ = 0.



  

Maxwell’s Equations are quite interesting.
● They look the same in BOTH coordinate systems, EXCEPT FOR THE 

SOURCE TERMS.

● Because of the source terms the inverse square law looks exactly the 
same in BOTH systems.

● So you can work in either WITHOUT corrections!

● BUT YOU CAN NOT MIX THEM!!!!!!!!!!!!!!! 

● This has big effect on whether the universe is judged to be

accelerating or not!



  

Redshifts are interesting as well – not really a 
Doppler shift, but effect is the same.



  

Now let’s compare old to new theories 
point by point

Problem 1. The Critical Density Problem – not enough visible 
matter when κ

U
=0 (flat space):



  

We can’t find enough matter for a flat space 
in old theory to satisfy critical density (Ω = 0.30)



  

What does our theory say?

● It says there is no critical density! So problem disappears.

● The Riemann and Ricci tensors are identically zero as is Ricci scalar

● LHS of Einstein equation vanishes identically.

● But consistent with Minkowski hypothesis in τ-η space.

● And a consequence of “no motion” in τ-η space.

● Like Einstein’s “static universe” but expanding.

●

● Bottom line.  
● There is no missing matter – or at least not very much!

Astronomers have done their job well!  Better than they 
thought!



  

Problem 2a:  Hubble’s Law:  V
r
 = H D 

        ...the farther away, the faster we move away.         
The Hubble estimates (and measurements) from Yu etal 2020) need dark 
energy and matter as well.

Redshift parameter
Z = (λ

o
 -  λ

s
) / λ

o



  

Our theoretical result for Hubble very simple:  
H(z) = H

o
 times [1+z] – and works quite well.

z = (λ
o
 -  λ

s
) / λ

o

Our theoretical result for Hubble very simple:  
H(z) = H

o
 times [1+z] – and works quite well.

z = (λ
o
 -  λ

s
) / λ

o



  

Problem 2b:  Cosmic Background Radiation
(This what decaying turbulence looks like!)

● Beautiful slide illustrating CMBR – unfortunately I’ve lost the 
reference. :-( But to whoever made it, thank you.   



  

Problem 2b:  Cosmic Background Radiation
(This what decaying turbulence looks like!)

● Beautiful slide illustrating CMBR – unfortunately I’ve lost the 
reference. :-( But to whoever made it, thank you.   



  

● Our theory nails it exactly looking backwards….



  

… and we nail it from the beginning as well.



  



  

Problem 3:  Supernovae data. Are we really accelerating? 

                 And if we are?  Where is the energy coming from?   `Dark’ Energy of course.

Note the increases at the higher z
values.  And the increased need for
Dark Energy.

Also note that all data have been 
`corrected’ by multiplying by 1+z.



  

Our solution to same Supernovae data looks pretty good 
as well, but our universe is DECELERATING.

● … AND  IT NEEDS no Dark Energy or Dark Matter

● No `1+z’ `correction’ to data needed either (see Maxwell arguments).



  

Problem 4  If universe is accelerating, what is 
causing acceleration?

● Dark Energy seems to be best answer – IF you believe 
the standard model.

● But in spite of hundreds (even thousands) of physicists 
looking for it, we haven’t found any Dark Energy (or 
Dark Matter either).

● In fact the ONLY reason I can think of for it to even exist 
at all is that our theory doesn’t add up with the data.

● After 22 years could ALL the data still be wrong?
● Or `Dark Energy’ and `Dark Matter’ so elusive
● It’s always the theory that is wrong! ...speaking as an 

experimentalist :-)



  

Cosmological Constant Λ versus T

● The solution for the missing source of energy is to revive 
Einstein’s cosmological constant.

● But few are very happy about this.  And it would imply a constant 
source of energy.

● But the real problem may be energy conservation at all.
● Noether (see Carroll’s book) notes that our whole framework of 

energy (and mass) conservation is dependent on time being 
measured in equal increments. 

● Zero divergence usually implies “something” is conserved, but it 
might be mass or energy.

● Note that “mass” and “matter” are not the same thing.



  

The stress energy tensor

● Usually if the Ricci tensor and scale are zero,

Tμν is assumed to be zero as well and represent empty space.

● But if we do not insist its divergence be zero,

then no such condition applies.

● So what is T?



  

What is T?

There is really not much freedom of choice.

● There only two parameter in the problem, G and c.

● No boundary conditions (since homogeneous and infinite space). and only an initial 

condition.

● Since the LHS of Einstein’s equation is zero so we can pick the form that produces 

the usual contravariant stress energy tensor.  

● So within a constant coefficient, say G*, 



  

We can relate T to the usual mass and energy 
densities, ρ and e



  

The stress energy tensor
in τ, η-coordinates

● Note that we could express this as a density and pressure.   
Equation of state for DeSitter space is 

● But both pressure and density are constant everywhere since 
homogeneous at any instant in time, τ – consistent with no 
motion hypothesis.



  

The t, x-space stress energy tensor can be 
written in this familiar form:

where the average velocities of the universe are:



  

Problem 5:  “The worst prediction in the history 
of physics!”  (google it)

● If there was a Big Bang to start things off, how much energy 
are we talking about?

● LOTS!!  From uncertainty principle prediction is the so-called 
Planck energy.  1072 GeV/m3 or 10111 joules/m3!

● This works out to a rest mass density of 1.11 x 1094 kg/m3

● Or 10120 times what we actually see out there which is

2.7 x 10-27 kg/m3 (Abdullah et al estimate).
● There is a relativistic `correction’ that reduces this by a factor 

of 1060.  But that is still 60 orders of magnitude difference.
● The standard model suggest it is ridiculous and asks: Where 

did it go?

  



  

Our theory says it was the initial 
condition for what we see now.

● Energy density varies as c2 / (G t2)!
● This is actually e = c2  exp(- 2 τ) / G  if τ = ln t/t1 and t1 (or τ =0) is 

Big Bang time. τ is atomic clock time, t gravity time. 
● If you work back from a present density of 2.7 x 10-27 kg/m3 (Abdullah 

et al estimate) you get the Worst Prediction in History of Physics estimate 
at about 3.2 times 10-44 seconds after the Big Bang (or 5 Planck times!!!).

● If you use the revised estimate you get it at 7.8 times 10-20 s after Big 
Bang.

● Maybe these were actually the BEST PREDICTIONS IN THE HISTORY 
OF PHYSICS.



  

Quantum Field Theory prediction  might actually be the best prediction  – if you do the 
General relativity correctly.  (GJ theory nails both QFT and current measurements
without dark matter or dark energy.  Only parameter is H_o from figure 1)



  

Einstein’s aversion to quantum mechanics (and turbulence) was well 
known.  It would be one of the great ironies of science history if my use of 
his GR theory and turbulence proved the quantum origins of the universe.

● “God does not 
roll dice.” 

(A. Einstein)

● “ Stop telling 
God what to 
do.” 

(N. Bohr)

● “Maybe God did 
roll them at 
least this one 
time!”

(Bill George)



  

The 15.4 billion year history of our 
universe



  

Epochs after the Big Bang
(Remember: Our infinite universe started from EVERY point at 

once, not just one point like pictures below)



  

About 5 years ago at APS/DFD I said this.  The 13.8 billion is now 15.4 billon.
(J. Cosmology paper)



  



  


