
1. Transparent time
If there is a theory which allows you to make 
a  computer  based  simulation  of  physical 
processes, then according to Church-Turing 
thesis there are many other representations 
of  physical  objects  together  with  other 
simulations which lead exactly to the same 
predictions.  There  is  a  difference  however, 
the  different  amounts  of  computing  time. 
Computational  scientist  often  try  to   find  a 
computer  simulation,  which  can  do  a 
simulation as fast as possible. Lets suppose 
there  are  two  theories  with  two  simulation 
programs S1 and S2. In time interval T1 it is 
S1  which  is  the  faster  program.  In  time 
interval T2 it is S2 which is the faster, and in 
T3 again S1 is faster. Now it is a good idea 
to use first S1, then transform the data to the 
representation  of  theory  2,  run  S2  for  the 
interval T2, and transform back for S3. 

Simulation S1(T1)
Transformation S1 -> S2
Simulation S2(T2)
Transformation S1 <- S2
Simulation S1(T3)

Now  the  combined  simulation  can  be 
regarded as a third type of  simulation with 
optimal  computing  speed.  Lets  assume 
theory  3  with  simulations  S3  does  predict 
physics better than S1 on its own and better 
than  S2  on  its  own.  Suppose  the 
transformation  themselves  do  take 
computing  time  and  the  optimal 
transformations  actually  do  depend  on  the 
computing time for the transformations. For 
then  this  dependence  could  possibly  be 
experimentally observed. This is in particular 
true if  there are two theories which lead to 
two  simulations  with  equal  speed  but 
different amount of transformations and both 
theories can be experimentally verified. Then 
the difference should be observable. 
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The twin paradox where two persons can age at different rates is an astonishing 
effect. I will ask whether we could get a better understanding of the non-global 
nature of time by a concept which I call transparent time. This kind of time is 
associated with unobservable transformations. I also do argue for the existence 
of an additional more fundamental type of time, the underlying time, partly in line 
with John Cramer's Pseudo time. The Planck time, an extremely small amount 
of  time,  is often considered as the smallest  period of time. Smaller  intervals 
either  do not  exist  or  a  new theory is  necessary to  explain  this  domain  of 
physics.  Starting  from  the  hypotheses  that  it  is  an  intermediate  equilibrium 
instead of a block universe what we are able to observe, I argue that it is the 
current version of the history which we do experience, and not the “original” 
history. From the equilibrium with the current version of the history, I get a series 
of operator equivalence classes C1, C2, C3,… together with a series of critical 
times. Each of the times in this decreasing series marks the beginning of a new 
domain  of  physics.  Each  domain  has  got  its  own  version  of  an  uncertainty 
principle. Planck time is not the smallest critical time and most of the critical 
times are smaller – smaller yet by another quite large factor. Finally all the laws 
of physics plus the universe(s) themselves, become united in a single space.



Fig 1: Two optimal "theories" or histories.  
One  theory  (left)  with  2  time 
transformations (green) and 7 time steps  
(orange),  and  one  theory  with  4 
transformations and 5 time steps. 

Let  me  call  the  time  complexity  which  is 
consumed  by  the  transformations  a 
transparent time. Is transparent time a useful 
concept  with  real  world  consequences? 
Does  the  internal  representation  matter? 
Could  it  be  that  the  time  difference 
experienced by the twins in the twin paradox 
is  a  difference  in  transparent  time?  I 
hypothesize that the answer to these three 
questions  is  yes.  More  about  transparent 
time you find here, in section 2 and 11 and in 
Tab 1. Sections 3 to 10 are independent of 
this idea.  

Unnoticeable transformations by a system 
lead to transparent time.

There  is  this  famous  twin  paradox,  where 
one of  the twins sits on the sofa while the 
other is travelling to the fridge to fetch two 
beers. After returning they meet at the sofa, 
and  surprisingly  the  one  who  did  the 
travelling has aged less. To make the effect 
more dramatic the fridge is usually located in 
another star system or so. Transparent Time 
is system dependent. It is not unique.

2. Global time
Global  time is the sum of ordinary time plus 
transparent time.

Global time = time + transparent time

The twins in the twin paradox do not agree 
on the time which has passed.  However,  I 
argue, they should agree on the global time. 

Hypotheses:  Everything  you  observe  or 
experience  at  an  instant  does  have  equal 
global complexity or equal global complexity 
bound.

Global  time  is  a  computational  time 
complexity measure for  the simulation of  a 
causal  cycle  as  in  John  Cramer's 
Transactional interpretation1. 

3. Underlying time

What Cramer calls pseudo time, I would like 
to call underlying time. I consider this type of 
time as more fundamental than our ordinary 
time  from  previous  sections.  Contrary  to 
Cramer  I  consider  this  ordinary  time  as  a 
kind of  pseudo time. It  does not  determine 
the  causal  order  of  the  universe. To avoid 
further confusion I will avoid the term pseudo 
time in this essay except when referring to 
Cramer's  terminology  as  “Cramer's  pseudo 
time”.

4. Final or intermediate equilibrium
An observation by an observer may be either 

1. a final equilibrium, or

2. an intermediate equilibrium 

of  physical  processes  happening  in 
underlying time.

The  first  of  these  two  Hypotheses  –  final 
equilibrium  –  is  sometimes  claimed  in 
connection  with  the  Block  universe.  The 
second – intermediate equilibrium – could be 
compared to a modified block universe view. 
The  immediate  equilibrium  view  version 
could be compared, instead to a frozen river, 
to a melting glazier.  The glazier  is  growing 
faster  on one end than it  is  melting on its 
opposite  end.  That  is  what  glaziers  indeed 
sometimes do,  when it is getting colder, and 
an ice age is approaching. 

5. Equilibrium with the past
There is an equilibrium with the past, or to be 
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Underlying time (Ordinary) time
or internal time

Transparent time
or external time

Global time

Known in Implicitly  assumed 
in  many 
argumentations 
such as time travel

Part  of space time 
in  General 
Relativity

Time  difference  in 
twin  paradox 
equals  the 
difference  of 
external time

Coincidence  of 
two  events  only 
if identical global 
time

Similar  to  John 
Cramer's  pseudo 
time

Suggested
interpreta-
tion

Fundamental 
(ontological)  time. 
Complies  with 
causal  order  of 
instances  of 
objects. 

Internal  complexity 
component  of 
object collections.

External complexity 
components  of 
object  collections. 
Complexity  of 
general  covariance 
transformation.

Sum of  ordinary 
time  +  external 
time.

Properties Not  unique,  but 
observer 
dependent.

Not  unique,  but 
observer 
dependent.

Unique

Film 
production 
analogy:

Film  production 
time.  The  time 
which passes while 
the  film  crew, 
producer,  actors 
and  computers 
create  ever 
improved  versions 
of  all  parts  of  the 
movie.  An 
alternative 
analogy  would  be 
the  movie  version 
number.

The  story  time. 
The  time  a 
comparse  with 
artificial 
intelligence  may 
experience  or  at 
least  claims  to 
experience  in  a 
digital  animation 
movie. 

Delays from  local 
problems.  Possible 
problems  are 
incompatible 
languages  of 
actors, 
incompatible  video 
data  formats, 
replacement  of 
broken  computer, 
swap file to small.

The  film  frame 
number. 
Alternatively, the 
time  the  viewer 
of  a  strictly 
chronological 
movie 
experiences, 
unless  he  goes 
to fetch a beer.

Relations (Ordinary) time + Transparent time = Global time

Underlying  time 
at  which  a  final 
or  intermediate 
equilibrium  is 
reached  or  lost 
is related to ...

… Global time

Tab 1: Comparing different types of time



more precise, with the current version of the 
history. Viewed in underlying time the past is 
constantly adapted to the new present. Past 
and  Present  are  in  equilibrium.  The 
decreasing of the size of phase space when 
going  back  in  time  is  compensated  by  a 
growing  number  operators  of  higher  order. 
Or  could  we  say  by  a  growing  number  of 
parallel universes? 
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Fig 2: The Block universe growing  while  
underlying  time  proceeds.  It  is  then 
stable.

Global complexity

Fig 3: The Block universe in the picture 
of the glazier which is melting on one 
end and growing on the other end while  
underlying time proceeds. The 
information may survive by moving into 
domains of higher tensor order, lying at  
the same time.
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Fig 4: Time epochs of paths with critical times such as Planck time. This is a snapshot of the  
universe at a particular point of underlying time. For  the classes C1, C2, C4, C6, C8, C12  
and C16 the critical times are indicated. Approximate times are given not in seconds, just in  
pure numbers (“underlying Planck units”). Paths do start at the left hand side of this graphic  
and pass through several of the indicated epochs. Class Ci  indicates that tensors of order i  
are present and tensors of the order (i/2) have reached an intermediate equilibrium. The right 
part of the graphics is based on the excellent graphics of NASA / WMAP Science Team 
(http://wmap.gsfc.nasa.gov/),  but  I  have changed the  type of  projection  to  show another  
aspect, the uniform expansion of the universe, according to logical (operator) space. Varying  
ratio between time and transparent time may be responsible for perceived acceleration of  
expansion  of  the  universe.  In  this  space  all  the  laws  of  physics  plus  the  universe(s)  
themselves, become united in a single space.
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6. Paths through space time and 
through other domains.

A fundamental  object  does  contain  one  or 
more  path  objects.  A  scalar  object  may 
contain  a  single  path  object,  a  vector  two 
path objects and  tensor  objects  contain n 
objects if the order is n. Each path objects is 
composed  of  several  path  epochs  (see 
Fig. 4).  Only  the  “Space  time”  -epoch 
actually  corresponds  to  traditional  paths  in 
physics.  If  there  is  an  intermediate 
equilibrium from the present with the current 
version  of  the  past,  we  get  from  entropie 
based considerations:

 (ti )(i/k)     >=  t2 

Where  I  did  set  k=2.  The  tensor  order  of 
objects which are in intermediate equilibrium 
at time ti is i/k with k=2. Then the number of 
path  objects  per  object  equals  the  tensor 
order i/k. Now we get complexity classes Ci, 
where “i” denotes the tensor order of those 
types  of  objects  where  at  least  some  are 
present. 

This  gives  you  a  tower  of  uncertainty 
principles,  one  principle  for  every  possible 
value  of  “i”.  To  each  of  these  complexity 
classes  C1,  C2,  C3, corresponds  a  critical 
“time”  ti  = 

i t 22 = ih2 and  each  of  the 
“times”  t1,  t2,  t3  … in this decreasing series 
marks  the  beginning  of  a  new  domain  of 
physics.   Each  domain  has  got  its  own 
version of an uncertainty principle. You arrive 
at  an  at  least  partly  convincing  picture  for 
example  when  t8 corresponds  to  Planck 
time.  Then Planck  time is  not  the smallest 
critical time.  Its value here is 1060. Most of 
the critical times are smaller. 

The Heisenberg Uncertainty Principle can be 
made plausible  by the  fact  that  a  physical 
particle  consists  of  a  large  number  of 
subcomponents. The number of particles is 
related  to  the  size  of  the  particle 
subcomponent exchange equivalence class. 
Carl  Adam Petri  the  inventor  of  Petri  nets, 
has  suggested  that  propagation  physical 
particles  is  realized  through  a  network  of 
exchanges  from  momentum   into  position 
and vice versa.  Of  course the Schrödinger 
equation  also  shows  momentum -  position 
oscillations.  This  information  may  help  to 

identify the particle subcomponent exchange 
class.  It  may be C6.  In the above example 
that equivalence class does have the size of 
10^80. 

7. Tower of uncertainty principles
The series  of  uncertainty  principles,  if  h  = 
10240, are as follows: 

Tensor 
order

i ti

1 Time  with  no  objects 
yet

>= 10480

1 2 Planck constant, 
Age  of  future  sketch 
universe

>= 10240 

2 4 (Age of universe)2  >= 10240 

4 8 (Planck time)4 >= 10240 

3 6 Δ x . Δ p  >= 10240 

= h
... 10240

Tab 2: All values are in underlying 
Planck units
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Planck  time  is  therefore  not  the  minimal 
interval  of  time.   Two  of  the  series  of 
uncertainty principles determine the age of 
the universe and the Planck time. A third is 
identical  to  the  well  known  Heisenberg 
uncertainty principle.  At  this  point  we have 
enough  equations  to  fix  units  such  as  kg, 
meter, seconds. 

Gravitational  G  constant  turns  out  to  be 
identical  to  the  age  of  the  universe.  This 
means that G will grow at the same rate as 
the universe as Dirac had anticipated. Such 
a  strong  growth  is  supposed  to  be 
contradicting  with  experiments.  But  here  I 
actually  assume  that  the  past  does  get 
changed.  Therefore  when  we  observe  the 
past, we might see an effective Gravitational 
constant which has already partly reached its 
present value. 

Further  equations  and  their  associated 
classes are expected to correspond to other 
known  and  yet  unknown  physical 
components.

8. A digital principle instead of general 
covariance
General  covariance  (also  known  as 
diffeomorphism  covariance  or  general 
invariance) is the invariance of  the  form of 
physical  laws  under  arbitrary  differentiable 
coordinate  transformations. 
(http://en.wikipedia.org/wiki/Diffeomorphism_
invariance). If we believe that the universe is 
discrete  or  digital,  this  principle  is  not 
applicable,  since  then  nothing  is 
differentiable.  Is  there  an  corresponding 
principle  to  the  covariance  principle  in  the 
digital world. I would like to suggest a strong 
but simple digital extension of the principle. It 
assumes  that  the  universe  consists  of  a 
multiset of  objects which are operators. The 
proposed  digital  principle then  states  that 
every operator is the immediate future of any 
other operator.

7

Fig  5: Snapshot of the block universe at a fixed point of underlying time, in other  
words  the  current  version  of  the  history.  While  time  traveling  (at  an  instant  of  
underlying time) back in (global) time to the left hand side you are getting in domains  
with tensors of higher and higher tensor order. Each additional order introduces also  
a new global time:  second, third, forth... global time. The maximum of the sum of all  
global times is always given by the global complexity. Global complexity is related to  
underlying time. The yellow global time arrows are just three examples.
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Everything is immediate future of everything

If  X  and  Y  are  objects  in  the  universe  (not 
necessarily distinct), then Y is immediate future 
of X.

Here  immediate  future stands  for  direct  
causal consequence. If X and Y are objects 
in the universe, then Y is immediate future of 
X.  From  this  it  also  follows  that  X  is 
immediate future of Y and we get a causal 
loop.  John  Cramer  has  suggested  such 
causal  loops  while  explaining  his 
Transactional  Interpretation  of  Quantum 
Mechanics. They occur at specific points in 
the  universe  where  waves  are  emitted  or 
absorbed,  when  a  Transaction  is  formed. 
This  is  impossible  to  happen  in  ordinary 
time.  The  loop  is  supposed  to  be  passed 
through  in  another  type  of  time,  which 
Cramer calls pseudo time.  These loops help 
to  explain  entangled  quantum  mechanical 
states.  Above  mentioned  Digital  principle 
leads also to such loops, to tiny transactions 
if you like, but unlike in Cramer's case where 
they occur only between specific points, they 
occur between any pair of space time points 
in  the  (history  of  the)  universe.  The 
importance  of  particular  loops  may  be 
extremely  low  in  most  cases  though. 
However the existence of them is important. 
This is similar to Quantum Mechanics where 
it  is  in  principal  necessary  to  include  all 
possible  paths  including  incredible 
improbable ones, like those, which make the 
cup of coffee suddenly jump up one meter.

9. Discretization of tensor fields
One natural way to discretize tensors which 
transform tensors into tensors is  by means 
of  operators  which  substitute  substitution 
operators by substitution operators. They do 
have the form of binary trees. 

10. Discretization of differential 
equations. 
It is a mathematical theorem that differential 
equations  in  physics  are  equivalent  to 
variational  principles.  Thus  if  you  have  a 
system  where  all  variations  are  actually 
happening and wait until the system gets into 
an  equilibrium,  this  could  means  that  the 
variational principle is automatically fulfilled. 

The  equilibrium  condition  automatically  is 
compliant with the corresponding variational 
principle. I did not prove this. Max Tegmark 
among others has suggested theories which 
include all of mathematics.

11. Time travelling and inter-universal 
travel
Unnoticeable  transformation  between  times 
or maybe even between universes does just, 
as  any  other  unnoticeable  transformation, 
introduce a transparent time which may be 
the  cause  for  perceiving  accelerated 
expansion of the universe. 
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1 The Transactional Interpretation of Quantum Mechanics, John G. Cramer

   http://www.npl.washington.edu/npl/int_rep/tiqm/TI_toc.html


