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1. Abstract: Quantum Physics has its historical beginnings with Planck's derivation of his formula for 
blackbody radiation, more than one hundred years ago. In his derivation, Planck used what latter 
became known as 'energy quanta'. In spite of the best efforts at the time and for decades later, a more 
'classical approach' to derive this formula has not been found. Along with Einstein's Photon Hypothesis, 
the Quantization of Energy Hypothesis became the foundation for all the Physics that followed. This 
'physical reality' has shaped our view of the Universe and has resulted in mathematical certainties of 
Quantum Mechanics that are counter-intuitive and contradict our experience. We are told that 'this is 
how the world is' and are asked by physicists to simply accept such 'facts of Nature'. That we need to 
mentally adjust to this 'view' of the Universe (the 'metaphysics of physics') and change our 'sense and 
reason' accordingly. We argue in this essay for a world without quanta. To the question, “Is the 
Universe Continuous or Discrete? ”, we argue that we cannot know 'what is' and strike a philosophical 
balance and answer, “it is neither and both”.

In this essay I will present a mathematical derivation of Planck's Law that uses simple continuous 
processes, without using energy quanta and discrete statistics. This mathematical derivation shows that 
Planck's Law is an exact mathematical identity (a tautology) that describes the interaction of energy. 
Planck's Law viewed in this way becomes a Rosetta Stone that is used to translate known physics into a 
simple and consistent formulation. We are able to define such physical quantities as energy, force, 
momentum, temperature and entropy consistently in terms of the prime 'physis' quantity η -- the same 
as Planck's constant h. Basic Law can thus be mathematically derived and not be physically postulated. 

2. Introduction:  Metaphysics historically has sought to answer the question 'what is' the Universe. 
Past answers to this question were expressed in Myth, Religion, Philosophy and even Politics. Today 
Physics provides mathematical models that seek to describe 'what is' the Universe. I believe that 
mathematical models of 'what is' -- as with past metaphysical attempts -- are a never ending search 
getting us deeper and deeper into the 'rabbit's hole' [Ref. 15]. Physics reduces to Mathematics not 
through mathematical models but through mathematical identities that describe measurement, which is 
the essence of Physics. Though Mathematics provides logical certainties, it can not provide the Truth of 
'what is'. In the work we introduce here, Planck's constant h becomes the variable η. This is the prime 
'physis' (undefined and undefinable) from which everything else follows. This quantity η we argue 'fills 
space' and show is conserved in all physical processes.1

Is the Universe continuous or discrete? In my humble opinion this is a false dichotomy. It presents us 
with an impossible choice between two absolute views. And as it is always the case, making one side 
absolute leads to endless fabrications denying the opposite side. The Universe is neither continuous nor 
discrete because the Universe is both continuous and discrete. Our 'view' of the Universe is not the 
Universe. The Universe simply 'is'. In The Interaction of Measurement we argue with mathematical 
certainty that we cannot know a physical quantity E(t) as a function of time.

So how are we to reconcile continuous vs. discrete? We can begin by being humble enough to 
acknowledge the hubris of knowing what is the Universe. Since we are limited by our measurements, 
we should consider these as the beginning and end of all our intellectual efforts in Physics. Thus, in
______________________________
1 Hayrani Oz, Prof. of Aerospace Engineering at Ohio State University, has independently used time-integrals of energy (what he calls enerxaction) in his    
   research and formulated similar Conservation Laws pertaining to enerxaction. See. Refs 16-20
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Planck's Law is an Exact Mathematical Identity we show how Planck's Formula can be continuously 
derived while also explain discrete 'energy quanta'. In our view, 'energy propagates continuously but  
interacts discretely'. Before there is discrete  'manifestation' there is continuous 'accumulation' of 
energy. And this is based on the 'interaction of measurement'. Planck's Law is a mathematical truism 
that describes the interaction of measurement.

Mathematics is a tool. It is a language of objective reasoning. But mathematical 'truths' are always 
'conditional'. They depend on our presuppositions and our premises. They also depend, in my opinion, 
on the mental views we use to think. We phrase our explanations the same as we frame our 
experiments. In the single electron emission double-slit experiment, for example, it is assumed without 
question that the electron emitted at the source is the same electron detected at the screen. Our 
explanation of this experiment [Ref. 10] considers that these two electrons may be separate events, not 
directly connected by some trajectory of travel from source to sensor.

We can have beautiful mathematical results based on any view of the Universe we have. Ask the 
Ptolemy with their epicycles! But if the view leads to physical explanations which are counter-intuitive 
and defy common sense, or become too abstract and too removed from life and not supported by life, 
than we must not confuse mathematical deductions with physical realism. Rather, we should change 
our view! And just as we can write bad literature using good English, we can also write bad physics 
using good math. In either case we do not fault the language for the story. We can't fault Math for the 
failings of Physics.

The failure of Modern Physics is in not providing us with 'physical explanations' that make sense. A 
'physical view' that is consistent and confluent with our experiences. That will not put us at odds with 
ourselves, with our  understanding of our world and our lives. Math may not be adequate. Sense may 
be a better guide. 'Time travel' does not make sense. 'Backward causality' does not make sense. 
'Multiversies' do not make sense. And though these have mathematical validity in the theories of 
physicists, they cannot be taken as physically true. 

3. Continuous Derivation of Planck's Law: 

Mathematical Identity. For any integrable function ( )E t ,   ( )avs E

s
E u du

η
η

+
= ∫           (1)

proof: (see figure)

     

The following we prove in “A 'Planck-like' Characterization of Exponential Functions”.

I) 0( ) tE t E eν=  if and only if  ( )
1avEE s

eη ν
η ν=

−
         (2)

II) For any integrable function E(t),  lim ( )
1avEt s

E s
eη ν

η ν
→

=
−

  (3)

III) 0( ) tE t E eν=  if and only if E η ν∆ =          (4)

Planck's Formula for blackbody radiation can be written as,   0 1h kT
hE

e ν

ν=
−

                        (5)
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where 0E  is the energy of radiation, ν  is the frequency of radiation and T is the (Kelvin) temperature 
of radiation, while h is Planck's constant and k is Boltzmann's constant. (Ann. Phys. 4, 553, 1901 "On 
the Energy Distribution in the Blackbody Spectrum"  Eqn 11).

Planck's Formula as originally derived describes what physically happens at the 'source' (the 
blackbody). We consider instead what happens at the 'sensor' when making a measurement. Or, 
equivalently, what happens at the site of interaction where energy exchanges take place. We consider 
that measurement involves an 'interaction' between the 'source' and the 'sensor' that results in energy 
exchange. This interaction can be mathematically described as a functional relationship between ( )E s , 
the energy locally at the 'sensor' at time s; E∆ , the energy absorbed by the 'sensor' making the 
measurement; and E , the average energy at the 'sensor' during measurement. Note that Planck's  
Formula (5) has the exact same mathematical form as the mathematical equivalence (2) and as the limit 
(3) above. By letting ( )E s  be an exponential, however, from (2) we get an exact formula, rather than 
the limit (3) if we assume that ( )E s is only an integrable function. 

Assumptions:

1) Energy locally at the 'sensor' can be represented by 0( ) sE s E eν= , where 0E  is the intensity and ν  is  
the  frequency (rate) of radiation.
2) When measurement is made, the 'source' and the 'sensor' are in equilibrium, and so the 'average  
energy of the source' is equal to the 'average energy at the sensor'. We have E kT= .
3) Planck's constant h represents the minimal amount of accumulated energy at the 'sensor' that can be  
measured. We have hη = .
 
Using the above Mathematical Identity and Assumptions we have Planck's Formula, 

0
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1
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−
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From this we see that Planck's Formula is an exact mathematical identity that describes the interaction  
of energy exchange. That is to say, it gives a mathematical relationship between the energy locally at 
the 'sensor', the energy absorbed by the 'sensor', and the average energy at the 'sensor' during 
measurement. Note further that when an amount of energy E∆  is absorbed by the 'sensor', the 
representation ( )E s  'collapses' (see figures below )

                   



Conclusions: 

1. Planck's Formula is an exact mathematical identity that describes the interaction of energy.
2. Energy propagates continuously but interacts discretely. The absorption or measurement of 

energy is made in discrete 'equal size sips'. (energy quanta)
3. Before 'manifestation of energy' (when an amount E∆  is absorbed or emitted) there is an 

'accumulation of energy' that occurs over a duration of time t∆ .
4. The absorption of energy is proportional to frequency, E hν∆ =  (The Quantization of Energy 

Hypothesis).
5. There exists a time-dependent local representation of energy: 0( ) tE t E eν= , where 0E  is the 

intensity and ν  is the  frequency (rate) of radiation.
6. The energy measured E∆  vs. t∆  is linear with slope kTν for constant temperature T.
7. A 'quantum of time': The time t∆ required for an accumulation of energy h to occur at 

temperature T is given by
ht

kT
∆ = . 

4. Basic Law: By taking the quantity η  as fundamental, we get the following derivations of Basic Law.

Definitions: For fixed ( )0, t0xr and along the x-axis for simplicity,

Prime physis :  η   

Energy:   E
t

η∂=
∂

                  

Momentum: xp
x
η∂=

∂
                   

Force:
2

xF
x t

η∂=
∂ ∂

         

Temperature: 
1

η
η

κ τ
 =   

T  where κ  is a scalar constant and τ is the time interval for fixed η

Entropy:  ΔS = ην/T  where ν is the 'growth rate' and T is temperature

(note: for simplicity we assume only a single axis x)

Conservation of Prime 'physis':2 The gradient of ( ), tη xr  is ,
x t
η ηη ∂ ∂∇ =

∂ ∂
r

. Since all gradient vector 

fields are conservative, we have path-independence with ( ), tη xr  acting as a potential function.

Newton's Second law of Motion: The second Law of motion states that F ma= . From the definition of 
force above we have 

( )
2 2

xpF mv ma
x t t x t t

η η∂ ∂ ∂ ∂= = = = =
∂ ∂ ∂ ∂ ∂ ∂

since mixed partials are equal and xp mv=  ,where  m  is mass and v  is velocity.
__________________________________
2 Hayrani Oz independently has formulated a similar Conservation of Enexaction Law (see Refs. 16-20)



Energy-momentum Equivalence:    2
x

xE p v mv
t x t

η η∂ ∂ ∂= = ⋅ = ⋅ =
∂ ∂ ∂

Kinetic Energy: From 
2 2

x t t x
η η∂ ∂=

∂ ∂ ∂ ∂
, we have xdE dp

dx dt
= . Therefore, x

dxdE dp mvdv
dt

= =  and so

 21
2

E mvdv mv c= = +∫ . Since the kinetic energy is 0 when the velocity is 0,  21. .
2

K E mv= .

Planck's Law: 0 1h kT
hE

e ν

ν=
−

 (see above)

The Quantization of Energy Hypothesis:  E∆  = nhν  (see above)

Uncertainty Principle: Since  E∆  = hν, for 
1t

ν
∆ >  (greater than a 'wavelength') we have 

1E t η ν η
ν

∆ ⋅ ∆ > ⋅ = . Or equivalently, for 1
av

E
E
∆ >  since avE

t
η=
∆

 we again have E t∆ ⋅ ∆  > η.

Note that since 
av

E t
E

ν∆ = ∆  [Ref. 1] we have 1
av

E
E
∆ >  if and only if 

1t
ν

∆ > . Since avE =kT and 

thermodynamic entropy is defined as S∆  = 
E

T
∆

, we have that E t∆ ⋅ ∆ >h  if and only if S∆  > k.

Average Energy: avE κ= T  since 
1 η
κ τ

 =   
T  and Eav= η / τ where τ is the time interval for η.

Planck's Law and Boltzmann's Entropy Equation equivalence. (See Endnotes)

Entropy-Time Relationship: ΔS = k tν ∆   where ν  is the 'growth rate' of evolution of the system and Δt 

is the time duration of evolution, since avE
t

η=
∆

 and E η ν∆ = .

The Fundamental Thermodynamic Relation: It is a well known fact that the internal energy U, entropy 
S , temperature T, pressure P  and volume V of a system are related by the equation dU TdS PdV= − . 
By using increments rather than differentials, and using the fact that work performed by the system is 

given by W PdV= ∫  , this can be re-written as 
U WS

T T
∆ ∆∆ = + . All the terms in this equation are 

various entropy quantities. The fundamental thermodynamic relation can be interpreted thus as saying 
that,“the change of entropy of a system equals the sum of the change in the internal (unmanifested)  
plus the change in the external (manifested) entropy of the system”. Considering the entropy-time 
relationship above, this can be rephrased intuitively as“the total lapsed time for a physical process  
equals the time for the 'accumulation of energy' plus the time for the 'manifestation of energy' for the  
process”. This relationship along with The Second Law establish a duration of time over which there is 
'accumulation of energy before manifestation of energy' – one of our premises to our explanation of the 
double-slit experiment. [Ref.10]



Schroedinger's Equation: This equation in essence, once the extraneous constants are striped, can be 

written as H
t

ψ ψ∂ =
∂

 where ψ  is the state function , H  is the energy operator, and Hψ  is the energy 

at any ( ), txr  The definition of energy above E
t

η∂ =
∂

 is for a fixed ( )0, t0xr , where η  is prime physis 

('accumulation of energy')  and E  is energy at fixed ( )0, t0xr . Comparing these we see that whereas the 

definition of energy above is for fixed ( )0, t0xr , Schroedinger's equation is for any ( ), txr . But otherwise 
these equations have the same form and so express the same underlying relationship. We have defined 
energy in terms of the more primary quantity η  (which can be viewed as 'accumulation of energy') and 
so we can view Schroedinger's equation in essence defining energy of the system at any ( ), txr  while the 

'state function' (wave function) can be seen to express the 'accumulation of energy' at ( ), txr . We have, 
the 'state function' of a system gives the distribution of prime 'physis' (the 'accumulation of energy') of  
the system. The minimum 'accumulation of energy' that can be manifested is Planck's constant h. [Ref.4]

5. Prime 'physis': In our derivation of Planck's Law [Ref. 2] the quantity η  (the time-integral of 
energy) is a continuous variable. This quantity plays exactly the same role in our derivation as Planck's 
constant h . Both have the same units of 'energy-time'. However η  is a variable while h is a constant. 
While in our derivation the quantity η  was thought of as 'accumulation of energy', Planck's constant h 
is customarily thought of as 'action'. In our mathematical derivations of Basic Law [Ref. 3] we defined 
energy to be the time-derivative of η  while momentum to be the space-derivative of η . From the 
definition of energy, η  is the 'accumulation of energy'. While from the definition of momentum, η  is 
'action'. Thus, our definitions and derivations in fact conform with the convention that Planck's constant 
h is 'action'. We simply complete this view and say that Planck's constant h is also 'accumulation of 
energy'. In certain context it is more appropriate and intuitive to think of h as the 'minimal 
accumulation of energy' that can be measured (manifested), rather than as a 'quantum of action'.

Furthermore, as we showed above in the section Basic Law, our definition of energy conforms well 
with Schroedinger's equation. Quantum Mechanics is shrouded with mind boggling mystery. The 
probability interpretation of QM introduces uncertainty, confusion and ambiguity in our World. All the 
many attempts to give physical meaning to QM also have failed, in my opinion. The connection 
between Schroedinger's equation and our definition of energy leads to a new understanding of the 
'wave-function' ψ as being our prime 'physis' quantity η. [Ref. 4] This gives new meaning to the 'wave-
function' and to Schroedinger's equation. We argued that Schoedinger's equation 'defines' energy, as 
does also our definition of energy above. But whereas our definitions are 'locally defined', 
Schroedinger's equation defines energy globally as an operator (the Hamiltonian) affecting the whole 
space, rather than as a quantity reflecting a local point. Einstein rests in peace knowing that God does 
not play dice with the world after all!

6. Planck's constant h: We can mathematically prove [Refs. 1, 5] that,  

0E  = 
1e ηη ν κ

η ν
−T  is exact if and only if 

1e ηη ν κ
η ν

−T  is independent of η . 

Thus, η  can be any value and we will still have  0E  = 
1e ηη ν κ

η ν
−T  be exactly true.  The formula 

 0E  = 
1e ηη ν κ

η ν
−T  , therefore, can always be reduced to η  = h (with the arbitrary scalar constant κ  = k 



and correspondingly ηT  = T , degrees Kelvin ).  We have, 

if Planck's Law is exact then, 0 1h kT
hE

e ν

ν=
−

 = 
1e ηη ν κ

η ν
−T  for any η  and corresponding ηT  .

From this we understand that Planck's constant h is that standard accumulation of energy identified 
with Kelvin temperature scale T (with  κ  = k, Boltzmann's constant). This then is what explains the 
existence of Planck's constant h . It is built-in along with our calibrated system of measurements of 
temperature and energy and all the standards used in our measurements of Nature. Simply stated, 
Planck's constant h is the standard of measurement for eta associated with Kelvin degrees in our 
formulation.

7. The Second Law of Thermodynamics3: The quantity 
av

E
E
∆

 that appears [Ref. 1] in our Planck's Law 

formulation   0 1avE E
EE

e∆

∆=
−

 (taken as exact), is 'additive over time'. This is so because under the 

assumption that Planck's Formula is exact we have that 
av

E t
E

ν∆ = ∆  [Ref. 1]. Interestingly, this quantity is 

essentially thermodynamic entropy, since avE kT= , and so  ΔS=
E

T
∆

= k tν ∆ . Thus entropy is 'additive  

over time'. Since ν  can be thought as the 'growth rate' of the system (both positive or negative), 
entropy is a measure of the 'amount of evolution' of the system over a duration of time Δt. 

Note that in the above, entropy can be both positive or negative depending on the 'growth rate' ν . That 
the duration of time Δt is positive, we argue, is postulated by The Second Law. It is amazing that the 
most fundamental of all physical quantities time has no fundamental Basic Law pertaining to its nature. 
We argue the Basic Law pertaining to time   is   The Second Law of Thermodynamics.   Thus, a more 
revealing rewording of this Law should state that 'all physical processes take some positive duration of  
time to occur'. Thus, nothing happens 'instantaneously'. Physical time is really 'duration' Δt (or dt) and 
not 'instantiation' t=s. 

This distinction between dt and t should raise some concerns about how time is used in Physics. There 
may be instances where time as 'instantiation' t=s may unknowingly violate Thermodynamics. The 
spacetime continuum may be one such example. It may not be valid  to assign coordinates (x,y,z,t) to 
describe 'events' in Physics. Any event that is manifested takes some duration of time to occur. It cannot 
occur instantly at t=s. Prior to that manifestation the event cannot be said to exist. 

8. Cosmology: Space and Time as understood and used by us are human conceptual abstractions. We 
must not, however, take an abstraction of the Universe as the Universe itself. So the question is “What 
is 'physical space and time'? It is inconceivable to think of physical space containing 'nothing'. Einstein 
himself felt so. Nor is 'physical time' endlessly and continuously and uniformly 'passing' into the future.

We argue the prime physis quantity eta fills space, while time is what gives objects physical existence. 
An 'entity' exists in so far as an equilibrium exists between it and its surroundings. The duration of such 
equilibrium marks the time of its existence. Thus, when an entity (what has identity) becomes indistinct 
from its environment (loses its identity), the equilibrium breaks, the entity 'runs out of time' and the 
object ceases to exist.
____________________________________
3  Hayrani Oz independently has also derived similar results pertaining to time and entropy. See Refs 16-20



Were we to adapt this view, that the prime physis quantity eta fills physical space continuously, we 
could explain why light propagates through space, how light propagates through space and even why 
light propagates through space at constant speed. Furthermore, we would be able to explain in simple 
and intuitive terms cosmic red shift – since the further light travels and expands in space, the longer its 
wavelength gets and the smaller its intensity gets. But also we'll be able to explain cosmic background 
radiation as being the randomized and uniform accumulation of radiation emitted by distant stars and 
galaxies, ever fainter but never faded -- much like the constant imperceptible ripples of an ocean.

9. Conclusion: In this essay I have sought to present a thumbnail sketch of a world without quanta, 
while also explaining the meaning and significance of energy quanta in our view. We started at the very 
foundations of Modern Physics with a simple and continuous mathematical derivation of Planck's Law. 
We demonstrated that Planck's Law is an exact mathematical identity that describes the interaction of  
energy. This fact alone explains why Planck's Law fits so exceptionally well the experimental data.

Using our derivation of Planck's Law as a Rosetta Stone (linking Mechanics, Thermodynamics and 
Quantum Mechanics) we considered the quantity eta that naturally appears in our derivation as prime 
physis. Planck's constant h is such a quantity. Energy can be defined as the time-rate of eta while 
momentum as the space-rate of eta. Other physical quantities can likewise be defined in terms of eta. 
Laws of Physics can and must be mathematically derived and not physically postulated as Universal 
Laws chiseled into cosmic dust by the hand of God. We demonstrated mathematically the Conservation 
of eta, derived Newton's Second Law of Motion, derived the formula for kinetic energy, established the 
connection between entropy and time, interpreted Schoedinger's equation and showed that the wave-
function ψ is in fact prime physis η. We showed that The Second Law of Thermodynamics pertains to 
time (and not entropy, which can be both positive and negative) and should be reworded to state that 
'all physical processes take some duration of time to occur'. We also showed the unexpected 
mathematical equivalence between Planck's Law and Boltzmann's Entropy Equation.

We finally hinted (without elaborating) how these same ideas can be used to explain cosmic red shift, 
background radiation, and propagation of energy in space. That unlike abstract mathematical space, 
physical space by philosophical necessity must be filled with something. We argue that the stuff that 
fills physical space is the prime physis eta. Thus we suggest that matter is created out of physical space, 
from eta . Matter is created when locally at places balance and equilibrium occurs in the flow of motion 
creating duration that creates time for matter to exist. This process is no different than the creation of 
any entity (what has identity) whether it be in History or Culture, Politics or Physics. The underlying 
process of Creation is one and the same! But we leave the details to the reader!

10. Biographical: Constantinos Ragazas thinks a lot, but sensibly. He was born in the mountains of 
Western Macedonia, Greece, but considers the Universe his home. Among his many interests are Life, 
Liberty and The Pursuit of Happiness. He can be reached through telepathy or by email only.

   cragaza@lawrenceville.org
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11. Endnotes: Planck's Law and Boltzmann's Entropy Equation Equivalence:

Starting with our Planck's Law formulation,  0 1avE E
EE

e∆

∆=
−

 [Ref 1,2] and re-writing this equivalently 

we have,  
0 0

1avE E E Ee
E E

∆ ∆= + =  and so, 
0

ln
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E E
E E

 ∆ =  
 

. Using the definition of thermodynamic entropy 

we get 
ES

TΘ
∆∆ =  = 
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Ek
E
∆⋅  = 

0

ln Ek
E

 
⋅  

 
 . If Ω(t)represents the number of microstates of the system at 

time t, then clearly E(t) = AΩ(t), for some scalar constant A. Thus, 

Boltzmann's Entropy Equation:  lnS kΘ = Ω

Conversely, starting with Boltzmann's Entropy Equation,
0

lnS kΘ

 Ω∆ =  Ω 
= k

0

ln E
E

 
 
 

. Since, 
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TΘ

∆∆ = , we can rewrite this equivalently as,  
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E
E
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 = 
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ln E
E

 
 
 

  and so, 
0 0

1avE E E Ee
E E

∆ ∆= + = . From 

this we have, Planck's Law as equivalently written [Ref. 1,2], 0 1avE E
EE

e∆

∆=
−

.
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