
Letter to the Editor
A DISCRETE-TIME INTERPRETATION OF
THE PLANCK-EINSTEIN EQUATION

A. BOYARSKY

Received 2 July 2006; Accepted 21 August 2006

An important conclusion of both string theory and loop quantum gravity theory is that
space and time are ultimately discrete. A consequence of discrete space is that there is
empty space between the basic elements of space. Analogously, there are empty times be-
tween the times where time exists. When time does not exist, it is meaningless to consider
the existence of the universe. In this note we consider a discrete-time interpretation of
the Planck-Einstein equation and draw a curious conclusion about the real age of the
universe.
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ative Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

1. Introduction

An important conclusion of both string theory and loop quantum gravity theory is that
space and time are ultimately discrete. A consequence of discrete space is that there are
gaps between the basic elements of space, that is, space does not exist between the ele-
ments of space. Analogously, time does not exist in the interstices between the discrete-
time elements. When time does not exist it is meaningless to consider the existence of the
universe. The notion of existence is not new to physics. For example, it is well known in
quantum electrodynamics that virtual particles pop in and out of existence.

In this note we interpret the Planck-Einstein equation from the perspective of discrete-
time existence, namely, that photons and indeed matter exist only on discrete elements
of time. For example, if we consider a fence consisting of discrete, disjoint posts, we can
define the total length of the fence—from the first post to the last post including all the
spaces between the posts, and we can define the actual length of the posts alone. This
distinction applies to time as well; we refer to the time between two events as the total
time, and the time of existence as the real time between the two events.
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We associate with light waves and (de Broglie) matter waves a time-dependent energy
waveform which reflects the postulate that a photon/particle comes in and out of exis-
tence in accordance with the discreteness of time. It then follows that the energy in the
Planck-Einstein equation E = hν is an average energy over the total time. This interpre-
tation together with recent estimates for the cutoff in the ultra-high energy cosmic ray
spectrum are used to compute the real age of the universe.

2. Time form for photon and matter waves

In 1905 Einstein postulated the equation E = hν, where E is the energy of a photon with
frequency ν and Planck constant h= 6.626 . . .× 10−34 J seconds. In this note we suggest an
interpretation of the Planck-Einstein equation that is based on the postulate that photons
and matter exist only on part of their wave cycle. In diffraction and interference of waves
only the wavelength and amplitude of the wave play a role, not the actual waveform. “In
most problems in optics we are concerned only with the amplitude . . . of the . . . wave
. . . and not with its time variation. This is because the eye and most common measuring
instruments respond to the resultant intensity of the light and cannot detect the rapid
time variations that characterize light [5].” This can be understood from the fact that the
diffraction and interference patterns—even in waves of nonsinusoidal form—are mostly
a consequence of the fundamental harmonic which has the same wavelength as the wave
itself.

Consider a photon or particle having an associated wave of frequency ν. Then ν= v/λ,
where v is the velocity of the wave and λ its wavelength. For photons, v= c, the speed of
light.

We postulate that the energy waves associated with light and matter have a time depen-
dent form; they exist only on the discrete Planck length intervals, that is,

(P1) during each cycle of the wave, the photon/particle comes in and out of existence;
(P2) when a photon/particle exists (in 4-dimensional space-time) it has a fundamen-

tal minimal energy [3, page149], the Planck energy, on Planck units of time. It
does not exist when its energy is 0.

The Planck unit of time is TP = (hG/2πc5)1/2 = 5.391 10−44 seconds, which does not
depend on any physical object. It represents an absolute scale, independent of particle.
The Planck unit of energy is EP = (hc5/2πG)1/2 = 1.956 109 J, which is also independent of
particle and scale. The simplest example of (P2) occurs when a photon/particle has energy
EP on N contiguous units of Planck times. Let H = NTP , which—for the moment—is
assumed to be less than the time duration of 1 wavelength, λ/c.

Let EX(t) denote the energy wave of light with wavelength λ, as a function of time:

EX(t)=
⎧
⎪⎨

⎪⎩

EP , 0 � t �H ,

0, H < t � λ

c
.

(2.1)

Let E be the average energy over a cycle. Then,

E = 1
λ/c

∫ λ/c

0
EX(t)dt (2.2)
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and we obtain

E = 1
λ/c

∫ H

0
EPdt = EPH

λ/c
= EPHν. (2.3)

Letting EPH = h, the average energy E = E in the Planck-Einstein equation, then, H =
h/EP = 3.3877 10−43 seconds. To the closest integer, H is 6 Planck times. For the model to
be consistent with our assumptions, we require

λ

c
> H = 3.3877 10−43 sec (2.4)

or, λ > Hc = 1.0072 10−34 m. This is an extremely small number, which does not create
any physical restriction on wavelengths.

The de Broglie equation states that a particle of mass m moving with velocity v has a
wave associated with its motion of wavelength

λ= h

mv
(2.5)

and that the total energy of the particle is given by E = hν, where ν is the frequency of the
wave associated with the motion of the particle. Then, the time duration of a cycle is

λ

v
= h

mv2
, (2.6)

E = 1
λ/v

∫ λ/v

0
EPdt = EPH

λ/v
= EPH

v
λ
= EPHν, (2.7)

once again yielding E = E in the Planck-Einstein equation if EPH = h. Note, as λ becomes
smaller, the energy waveform becomes closer to existing on a larger segment of its cycle,
thus reflecting more classical behavior. It is the coming into and out of 4 dim spacetime
existence that, we suggest, is the key to understanding nonclassical behavior.

3. Observations

(1) The energy waveform EX(t) is characteristic of a moving particle that comes in and
out of view (existence), yet produces waves as a result of its periodic movement through
a media.

(2) Instantaneous velocity is a mathematical construct. In practice, it is average ve-
locity (usually over a small time interval) that is determined experimentally. The same
applies to instantaneous energy. This is all the more true in the microscopic world where
ultimate space, time, and energy are clearly defined by the Planck scale.

(3) In our interpretation of the Planck-Einstein equation, energy of frequency ν is de-
livered over a time shorter than the time wavelength λ/c, and with energy much higher
than E. This may help explain how photons pierce the surface of metals, then expel elec-
trons within. It is conceivable that a very small proportion of E does the piercing in the
form of a large spike of energy during Planck time duration.
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(4) We may ask, what happens to the energy when the waveform is 0? Does conser-
vation of energy still hold? Classically, conservation of energy is time instantaneous; that
is, at any instant, the total energy is constant. Thus, we may argue that if a particle has
energy at one instant and not in the next, this in itself does not contravene the law of
conservation of energy. Secondly, conservation of energy may still be preserved but with
respect to a higher-dimensional space. That is, when a photon or particle’s energy in 4-
dimensional space-time vanishes, the energy may actually be transferred to the 6 or 7
additional curled-up space dimensions that string theory [3] purports to exist. In such a
scenario total energy would be conserved with respect to a 10- or 11-dimensional space.

(5) The interpretation can be generalized by allowing multiples of EP on different mul-
tiple Planck time units as long as the total area under these energy blocks adds up to h.

(6) String theory uses Planck energies but in order to end up with realistically low
energies, the notion of negative energy is invoked. The foregoing itnerpretation offers a
possible alternate mechanism for achieving low energies, namely, time averaging.

4. Application to the age of the universe

We distinguish between two times in a particle experiment: (a) the time since the begin-
ning of the experiment, which we refer to as the “age” of the experiment, (b) the total time
during the experiment in which the particle actually exists in 4-dimensional spacetime,
which we call the “time of existence.” It is implicit in this that time runs continuously
from the beginning of the experiment, but the particles within 4-dimensional space time
come in and out of existence.

It is our objective to correlate the age of the universe and its time of existence based
on particles that came into existence at the time of (or close to) the Big Bang. The best
candidates for this are the particles of ultra-high energy (UHE) cosmic rays. It was first
noted by Greisen [4] and Zatsepin and Kuzmin [8] (GZK) that the upper bound on the
spectrum of these rays is 1018 eV. However, recent experiments [2] have confirmed that
the cosmic ray spectrum does not end with the GZK cutoff.

It is known that cosmic rays below 1019 eV are created in our galaxy [7]. In [1] it is
suggested that these particles are “metastable supermassive relic particles that were cre-
ated in the early universe and are decaying in the current epoch. The highest end of of the
cosmic ray spectrum can thus be used as a probe of new fundamental physics beyond the
standard model.”

In [6] a new cutoff is predicted in the UHE cosmic ray spectrum of the order 1013 GeV.
As no such particles have yet been discovered we conservatively choose a smaller number
for the cutoff: E = 5× 1012 GeV. Now the de Broglie wavelength of a particle is

λ= h

mv
= h

(E/c2)v
. (4.1)

Since UHE particles move at speeds very close to c, we assume v = c. Then we have
λ = hc/E, where E is in Joules, and λ/c = h/E. From Einstein’s formula for conversion
of energy to mass, we know that 1GeV/c2 = 1.783× 10−27 kg. Thus a particle with en-
ergy 1012 GeV has mass= 1.783× 10−15 kg. Using 1GeV= 1.602× 10−10 Joules, we obtain
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5× 1012 GeV= 801J. Then

λ

c
= 6.626× 10−34

801
= 0.818× 10−36 sec. (4.2)

Since H = 3.39× 10−43 seconds, the fraction of each cycle on which the energy is nonzero,
and hence on which the particle exists in 4-dimensional space time is given by

α= λ/c

H
= 2.4× 106. (4.3)

Assuming that we can regard a UHE particle as having come into existence close to
the time of creation, its age is about 14 billion years. But the time it has existed in 4-
dimensional space time is a fraction of this time, given by

14000000000
2400000

= 5833 years. (4.4)

Incidentally, this number is in close accordance with the Biblical figure of 5765 years as
the total time the universe has existed.
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