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Abstract 
The Planck constant is considered one of the most important universal con-
stants of physics, and despite all we know much about it, the physical nature 
of it has not been fully understood. Further investigation and new perspec-
tives on the Planck constant should therefore be of interest. We demonstrate 
that the Planck constant also can be directly linked to the Compton frequency 
of one, which again is divided by the Compton frequency in one kg. If this is 
right, it means also the Planck constant is linked to quantization of matter, not 
only energy. However, as we will show the frequency of one when expressed 
in relation to kg will be observational time dependent. This means the miss-
ing mass gap surprisingly both is equal to the Planck mass, which is larger 
than any known particle and also it is linked to a very small mass that again is 
equal to what has been suggested as the photon mass in the existing literature. 
This new view could be an important step forward in understanding the physi-
cal nature of the Planck constant as well as the mass gap and even the rest 
mass of a photon. 
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1. Background 

The Planck constant is a corner stone in much of modern physics including quan-
tum physics where it plays an important role in the Heisenberg’s uncertainty 
principle [1], the Schrödinger equation [2], the Klein-Gordon equation and the 
Dirac equation [3]. The Planck constant was first published by Max Planck [4] 
around 1900. The Planck constant is linked to that energy comes in quanta, so 
energy is clearly quantized, and from photon energy, we have the well-known 
relation: 
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 E hf=  (1) 

A series of methods to measure the Planck constant exist, for example, Lan-
dauer quantization [5], photoemission spectroscopy technique [6], the kibble 
balance technique [7] [8] [9] and other methods [10]. Since 2019, the Planck 
constant has been fixed to an exact number that then again is linked to the kilo-
gram through the watt balance [11] [12]. Despite many relations to the Planck 
constant are known, we think the Planck constant has not been fully understood 
from a deeper perspective. This is not only our view, but also a view that we think 
reflects the wider view on the Planck constant, for example, Chang [13] in 2017 
writes: 

Planck’s constant h is now regarded as one of the most important universal 
constants. The physical nature of h, however, has not been well understood. 

See also [14] for a discussion on the Planck constant and its physical nature. 
In this paper, we will discuss how the Planck constant is likely the frequency of 
one divided by the Compton frequency in an arbitrary amount of matter that we 
call one kilogram, which again is multiplied by c2. That is the Planck constant is 
linked to a frequency ratio. Most important is that the Planck constant is linked 
to a frequency of one. This will give us new insight into energy and matter, and 
also a new way to measure and define the Planck constant. 

2. The Planck Constant at the Compton Frequency of One, 
Divided by the Compton Frequency in One Kilogram  
Multiplied by c2 

The reduced Compton frequency per second in a mass is simply the speed of 
light divided by the reduced Compton wavelength in the mass. For an electron, 
we have: 

 207.76 10 per seconde
cf
λ

= ≈ ×  (2) 

Next, the hypoteticaly reduced Compton wavelength of one kilogram can be 
found by Compton’s [15] wavelength formula: 

 433.52 10 m
1mc kg c c

λ −= = = = ×
×

    (3) 

This means the reduced Compton frequency in one kilogram is: 

 50
1

1

8.52 10 per secondkg
kg

cf
λ

= ≈ ×  (4) 

All masses expressed in kilogram can be described as the reduced Compton 
frequency divided by the reduced Compton frequency in one kilo, see Haug [16] 
[17]. This gives for example the kg mass of the electron equal to: 

 
20

31
50

1

7.76 10 9.11 10 kg
8.52 10

e
e

kg

f
m

f
−×

= ≈ ≈ ×
×

 (5) 

A frequency divided by a frequency is a dimensionless number, which should 
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have no output units, so how did we get it to be kg? Well, what exactly is one ki-
logram? The kilogram mass of something is the amount of matter relative to the 
decided-upon kilogram of matter. Our calculation above corresponds to the ob-
served mass of the electron in terms of kg. This mass is in general also observa-
tional time independent. If we reduce the observational time window to half a 
second, both the reduced Compton frequency in the electron and in the one kg 
will be reduced in half, so their ratio will stay the same. However, if the observa-
tional window is close to, or below the Compton time then this mass is observa-
tional time dependent. 

We will claim that the minimum mass above zero that one can observe inside 
a time interval always is linked to a reduced Compton frequency of 1. This is 
because observed frequencies must come in integer numbers, and a frequency 
of for example, a half does not make any sense from an observational point of view, 
even if it can be linked to probabilities of such an event, see [16] [17]. If we are 
operating with observational window of one second, then the smallest observable 
reduced Compton frequency we can observe in one second is still one. To turn 
this into a kg mass, we need to divide one by the reduced Compton frequency in 
one kg, this gives: 

 511
1 50

1

1 1.17 10 kg
8.52 10kg

fm
f

−= ≈ ≈ ×
×

 (6) 

To make the energy equivalent of this, we can use the energy mass relation of 
Einstein 2E mc= , this gives us: 

 2 2 34
50

1

1 1 1.0545 10
8.52 10kg

c c
f

−= ≈ ×
×

 (7) 

This is the same numerical value as the reduced Planck constant, ħ. This is in 
our view much more than a coincident. It shows that the Planck constant indeed 
is linked to the quantization of energy, but also of matter. We will claim matter 
comes in discrete units linked to their reduced Compton frequency, and that the 
smallest frequency that can be observed indeed is 1. Still, so far, this is not a new 
way to find the Planck constant as we used the Planck constant to find the re-
duced Compton wavelength of the one kilogram, so one could easily think this is 
just that we are getting back what we were putting in, by a little algebra massage. 
However, we will soon see how we also can find the Compton frequency in mat-
ter without any knowledge of the Planck constant. 

Inside a given time interval one can only observe integer numbers in the fre-
quency (collisions), non integer numbers can be linked to probabilities for ex-
pecting to observe them, but observed phenomena comes in integer numbers of 
frequencies [16] [17]. The Planck constant has since 2019 been exactly defined as 
1.054571817 × 10−34 (NIST CODATA). Further, the output units from the Planck 
constant are given by Joules per second, in other words, it is a time unit there in 
seconds. Further Joule is kg∙m2∙s−2. So, the Planck constant is linked to both the 
kg, meters and seconds. Let’s now look more precisely at the reduced Compton 
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frequency in one kg more based on this exactly 2019 (NIST) defined value of the 
reduced Planck constant, we must have: 

2

1 34
1

89875517873681800
1.054571817 10

1
852246536697289379581438217023772407526798148826311.7503

kg
kg

c c cf

kg c
λ −= = = =

×
×

≈



  (8) 

That is the reduced Compton frequency for one kg in one second is given by 
only the speed of light and the reduced Planck constant. Both the speed of light 
and the Planck constant are after 2019 defined exactly, and we see that this leads 
to a non-integer reduced Compton frequency in one kg during an observational 
time window of one second. That is a non-observable reduced Compton fre-
quency, as only integers in relation to frequencies can be observed. As indicated 
earlier the mass gap seems to be related to a frequency of one, and the reduced 
Planck constant is this frequency of 1 divided by the frequency in one kg multip-
lied by c2. As we have assumed kg physically represent a frequency ratio. A fre-
quency of one divided by the reduced Compton frequency in one kilogram in-
side the chosen observational window is then the kg definition of the mass gap, 
and to turn it into the energy gap we need to multiply by c2. An issue here is that 
the reduced Compton frequency that is linked to the Planck constant as defined 
by the 2019 NIST value never can be observed in one second, as it is liked to one 
1 divided by  
852246536697289379581438217023772407526798148826311.7503∙∙∙, and the re-
duced Compton frequency of any clump of matter that we can observe inside a 
time interval must be an integer number. An alternative and exact definition of 
the reduced Planck constant would therefore be to decide on a new definition of 
the kilogram that where linked to an exact integer number in the reduced Comp-
ton frequency during a given time interval. For example we could round the cur-
rent number up to exact: 

852246536697289379581438217023772407526798148826312 

or down to: 

852246536697289379581438217023772407526798148826311 

we could decide on any integer number and link it to a kilogram, but if we want 
it close (and almost unrecognizable) to the current kilogram definition it would 
make sense to round up this number indirectly given by the current definition of 
c and ħ, but again this new definition would have to change ħ slightly or alterna-
tively c slightly. If we hold c as it, is then the new definition of the reduced Planck 
constant would be: 

2

34

1
852246536697289379581438217023772407526798148826312

1.05457181699999999999999999999999999999999999999999969 10

c

−

=

≈ ×





 (9) 

or alternatively one could decide on rounding the reduced Compton frequency 
down to the integer below and get a Planck constant definition off: 
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2

34

1
852246536697289379581438217023772407526798148826311

1.054571817000000000000000000000000000000000000000000928 10

c

−

=

≈ ×





 (10) 

This later one is nice as one, as then one could use 341.054571817 10−≈ ×  as 
an increadible accurate approximation, or one could use the exact formula above 
when needing maximum precision. 

Even if one has chosen to operate with seconds in the SI unit system, this is an 
arbitrary chosen time interval. If there is a fundamental time interval in nature it 
is likely the Planck time. The reduced Planck constant re-formulated in relation 
to Planck time would be: 

2

3

1

852246536697289379581438217023772407526798148826312

852246536697289379581438217023772407526798148826312

p
p

p

c
l
c

c
l

=

=



 (11) 

or 

2

3

2

1

852246536697289379581438217023772407526798148826311

852246536697289379581438217023772407526798148826311

1954056587

p
p

p

p

c
l
c

c
l

m c

=

=

≈ =



 (12) 

However, since there is considerably uncertainty in the Planck time because it 
is considerably uncertainty in the Planck length it would be considerably uncer-
tainty in this number, but for the CODATA value of the Planck length the divi-
sor value is approximately 45,994,327.12, and then the Planck constant is equal 
to the Planck mass energy. Still again the divisor number can for observational 
purposes likely only be an integer. If the current Planck constant as given by 
CODATA (2019 definition) should show itself to not give an integer number 
at the Planck time for the reduced Compton frequency in one kg, then the 
current definition is perhaps not fully consistent. Still if any correction it will 
be mini-scule, as it would require for example to re define 45,994,327.12 to 
45,994,327. However, the main problem here is we do not know accurratley the  
Planck length and therefore also not the Planck time. The Planck length is nor-

mally is given by the formula first described by Max Planck [18] [19] 3p
Gl
c

=
 ,  

so it looks like one need to know the Planck constant to find the Planck length. 
Recent research has shown how to measure the Planck length independent on 
any knowledge of G, or ħ, see [20] [21]. 

3. A New Way to Define or Find the Planck Constant 

First, we measure the Compton wavelength [15] in an electron by Compton scat-
tering, it is given by: 
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 ,2 ,1

1 cose
γ γλ λ

λ
θ

−
=

−
 (13) 

That is we shoot a photon on an electron and measure the wavelength of the 
photon when we send it towards the electron and after it has hit the electron. 
Further we measure the angle between the photon we sent out and the photon 
reflected by the electron θ . We could also have found the electron Compton 
wavelength from the kg mass of the electron by the well known formula (also 
given by Compton in 1923): 

 e
h

mc
λ =  (14) 

but here, our purpose of finding the Compton wavelength is to determine the 
Planck constant. Therefore, this formulaic approach cannot be used for our pur-
pose. After we find the Compton wavelength, independent of the electron kilogram 
mass and independent of the Planck constant, we then proceed to utilize the fact 
that the cyclotron frequency ratio of a proton to an electron must be identical to 
the ratio of their Compton wavelength. This cyclotron frequency is given by: 

 
2
qBf

m
=

π
 (15) 

And since the proton and electron charges are the same, we end up with: 

 
2

1836.15

2

e e eP

P e P

P

qB
f m m

qBf m
m

λ
λ

= = = ≈
π

π

 (16) 

This is more than theory; the cyclotron frequency has indeed been used as a 
method to find the proton-electron mass ratio, which is identical to their Comp-
ton length ratio (see, for example, [22] [23]). Now that we know the Compton 
wavelength of the proton, it is approximately: 

 
12

152.42 10 1.32 10 m
1836.15

e
P

e

P

f
f

λ
λ

−
−×

= ≈ ≈ ×  (17) 

The CODATA 2019 values for the Compton wavelength of the electron and 
the proton are respectively 2.426,310,238,67 × 10−12 m and 1.321,409,855,39 × 
10−15 m. 

Now that we know the proton’s wavelength, we can decide how many protons 
we want in our kilogram definition. Counting the number of atoms is nothing 
new; it’s one of several important ways to define the Planck constant (see, for 
example, [24] [25] [26]). What is new here is how we link this at a deeper level to 
the Compton frequency in matter. We could define it as exactly 6 × 1026 protons 
plus 6 × 1026 electrons. This sum represents the number of these individual pro-
tons. The binding energy can also be easily treated as mass equivalent. 

This means the Compton frequency per second for such a mass is: 
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 26 506 10 1.36 10 times per second
P e

c c
λ λ

 
× × + ≈ × 

 
 (18) 

If we take a frequency of one per second and divide by this, we get: 

 51
50

1 7.35 10 kg
1.36 10

−≈ ×
×

 (19) 

We have put kg after it, that is we will claim the kg mass at a deeper level is 
the frequency of the mass (energy) of interest divided by the Compton frequency 
in the arbitrary mass called a kilogram, this is a view we have discussed in [16] 
and also will be discussing further in this paper. If we multiply this by c2, we get 
energy, so we get: 

 2 34 2 2
50

11 6.6 10 kg m s
1.36 10

hf h c −= × = ≈ × ⋅
×

 (20) 

and we naturally have per definition 34 21 1.05 10 kg m s
2
h −= × ≈ × ⋅
π

 . This is  

very close to the Planck constant and the reduced Planck constant, and we could 
make it as close to the current Planck constant we want, by linking the Planck 
constant to the Compton frequency in today’s kg defenition. The main point is 
not exactly what the Planck constant value should be, as we see it is linked to an 
arbitrary quantity of matter, which we choose to call one kilogram. The Planck 
constant is always equal to one divided by the Compton frequency in this chosen 
upon quantity of matter multiplied by c2. The multiplication of c2 is simply needed 
because the Planck constant is directly linked to the minimum quantum of energy 
and therefore also indirectly to the minimum quantum of mass. 

As we can see the Planck constant is linked to a frequency of one divided by 
the Compton frequency in a reference mass, and this is again multiplied by c2. If 
we go back and look at the quantization of energy, this makes sense. Energy comes 
in quanta based on the following formula: 

 cE hf h
λ

= =  (21) 

That is naturally that energy is h multiplied by a frequency. The frequency is 
per a time unit. If we express the energy in Joule then we have to remember 
Joule is kg∙m2∙s−2. That is we see Joule is linked to time. In particular, if we only  
look at the frequency f it is easy to see it is time dependent, as the Planck con-

stant just is a constant, and the frequency is a frequency per second, cf
λ

= . 

4. Can Composite Masses Have a Compton Wavelength? 

In Section 3 of this paper, we determined the Compton wavelength of a proton. 
This was accomplished by first calculating the Compton wavelength of an elec-
tron, and subsequently utilizing a cyclotron to estimate the Compton wavelength 
of a proton. One might posit that a Compton wavelength is only applicable to 
elementary particles like electrons, rather than composite masses like protons. 
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We generally concur with such arguments. Nevertheless, composite masses are 
fundamentally composed of a series of elementary particles. It is our assumption 
that each of these elementary particles possesses a genuine Compton wavelength. 
To ascertain the Compton wavelength of a composite particle, we should be able 
to aggregate these individual wavelengths together. 

The aggregated Compton wavelength of a composite mass must inherently 
align with the standard mass aggregation principle, i.e. it must be consistent 
with: 

 1 2 3 nm m m m m= + + + +  (22) 

Additionally, as any kilogram mass can be expressed mathematically as  
1m
cλ

=
 , we can once again rewrite it as: 

1 2 3

1 1 1 1 1

nc c c c cλ λ λ λ λ
= + + + +

    



 

1 2 3

1 1 1 1 1

nλ λ λ λ λ
= + + + +

 

1 2 3

1
1 1 1 1

n

λ

λ λ λ λ

=
+ + + +

                     (23) 

This would not exhibit precisely the same Compton frequency as a composite 
mass composed of atoms. The underlying rationale for this phenomenon is the 
presence of binding energy, as illustrated in Reference [27]. Ordinarily, the mass 
of a composite entity is marginally less than the cumulative sum of the individu-
al masses constituting the composite mass. Nevertheless, the nuclear binding ener-
gy typically constitutes less than 1% of the total mass-energy. Nonetheless, we can 
consider binding energy as having mass equivalence, leading us to the expression 
for a composite mass: 

1
1 2 3 2 2

n
n

EEm m m m m
c c

= + + + + − −

 

                  1 2 3

1
1 1 1 1

n

λ

λ λ λ λ

=
+ + + +

                       (24) 

Consequently, any mass inherently possesses a Compton wavelength, even as-
tronomical entities such as planets, the Sun, and stars. Nevertheless, any mass 
greater than the Planck mass exhibits a Compton wavelength shorter than the 
Planck length, strongly implying that it does not constitute a physical Compton 
wavelength, as the Planck length is likely the shortest feasible physical Compton 
wavelength. However, the aggregated Compton wavelength can indeed be shorter 
than the Planck length, given that it does not represent a physical length but ra-
ther an amalgamated value that proves invaluable in computations and in com-
prehending the underlying reality. Hence, utilizing the Compton wavelength of 
one kilogram, as we have done earlier, is not erroneous. In fact, recent research 
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suggests that matter resonates at the Compton frequency, as expounded in ref-
erences such as [28] and [29]. 

Interest in the Compton wavelength of the proton (a composite mass) traces 
back to at least 1958 in a paper by Levitt [30]. More recently, there has been a re-
newed focus on the Compton wavelength of the proton. Trinhammer and Bohr 
[31] have shown that the Compton wavelength of the proton could potentially 
be directly linked to the proton’s radius. 

5. The Relation between Compton Wavelength and Photon 
Wavelength 

The energy of a photon is given by: 

 ,cE hf h
γλ

= =  (25) 

where γλ  represents the wavelength of the photon. Einstein’s [32] most re-
nowned formula provides a crucial insight into the relationship between energy 
and matter: 

 2 ,E mc=  (26) 

which implies that we must also have: 

 2 .ch mc
γλ
=  (27) 

Furthermore, since all masses in kilograms can be expressed as 1hm
cλ

= , 

which is essentially the rearranged form of the Compton wavelength formula 
h

mc
λ =  solving for m, this indicates that we must also have: 

21c hh c
cγλ λ

=  

                             γλ λ=                             (28) 

Despite the simplicity in its solution, this result has been scarcely discussed 
before. It reveals that the photon wavelength in terms of pure energy corresponds 
to the Compton wavelength in rest mass. One speculative idea is that matter might 
actually consist of photons moving back and forth over the Compton wavelength 
within material objects, undergoing collisions [33]. It is likely that such collisions 
between photons contribute to the creation of mass. Importantly, this concept 
does not conflict with the fundamental principles of the standard theory, where 
photon-photon collisions indeed are expected to give rise to the formation of 
matter (see [34]). 

Matter wavelengths are typically associated with the de Broglie wavelength 
and not the Compton wavelength. In his Ph.D. thesis, de Broglie [35] proposed 
that in addition to particle properties, matter also exhibits wavelike properties.  

In addition he suggested that the matter wavelength takes the form b
h

mv
λ =  in 
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the non-relativistic case and b
h

mv
λ

γ
=  in the relativistic case [36]. 

In 1927, Davisson and Germer [37] published experimental results confirming 
the wavelike nature of matter. Consequently, de Broglie’s hypothesis that matter 
possesses wave-like properties was substantiated. However, it appears that the 
scientific community made a possibly mistake in connecting this concept direct-
ly to the de Broglie mathematical wavelength. This overlooks the fact that around 
the same time, Compton had determined the wavelength of electrons through 
Compton scattering, so that one had discovered wave like properties in matter 
could just as well be related to the Compton wavelength. 

The de Broglie wavelength presents several challenges and peculiarities. Nota-
bly, it is mathematically invalid for a particle at rest, as it would involve division 
by zero when setting 0v = . This concern can be partially addressed by invoking 
Heisenberg’s uncertainty principle [1], which implies that a particle can never be 
completely at rest. Nevertheless, even with this consideration, the de Broglie 
wavelength approaches infinity as the velocity v approaches zero. On the con-
trary, the Compton wavelength always behaves consistently and always has 
length of atomic and subatomic distances. This does not mean the de Broglie 
wavelength is wrong, but that it likely simply can be seen as a derivative of the 
real matter wavelength: the Compton wavelength. The de Broglie wavelength is  

always equal to the Compton wavelength multiplied by c
v

. Everything we can  

do with the de Broglie wavelength we can do with the Compton wavelength, 
however in addition, the Compton wavelength is also valid when the particle is 
fully at rest, that is for rest-mass particles. 

The question arises as to why matter would exhibit two distinct types of wave-
lengths—the Compton wavelength and the de Broglie wavelength—while photons 
are associated with only one type. As we have demonstrated, the wavelength of 
photons is linked to the Compton wavelength rather than the de Broglie wave-
length. Furthermore, the Planck constant indeed appears to be the minimum 
quantum of energy and matter. This can be expressed as the frequency of one 
divided by the frequency in a chosen clump of matter used as a mass standard, 
such as the kilogram. 

We encourage readers not to accept these notions without scrutiny, but rather 
to thoroughly investigate these possibilities themselves. They should ask how we 
can be certain that the de Broglie wavelength is the true measure of matter wa-
velength and not the Compton wavelength, which is the current consensus that 
we are challenging. For an in-depth discussion about the many implications of 
understanding the Compton wavelength is the real matter wavelength (see [38]). 

6. Conclusion 

We have shown how the Planck constant can be derived or defined as one divided 
by the Compton frequency in one kilogram. And the kilogram can be defined as 
a given number of protons. The Compton frequency in one kilogram will be the 

https://doi.org/10.4236/jamp.2024.121013


E. G. Haug 
 

 

DOI: 10.4236/jamp.2024.121013 178 Journal of Applied Mathematics and Physics 
 

sum of the Compton frequency in all the protons and electrons making up the 
kilogram. We can define the Planck constant in this way, it is naturally impor-
tant that we can find the Compton frequency of a proton independent of know-
ing the Planck constant as we have demonstrated is fully possible. We think this 
gives new insight into the Planck constant and even into the mass gap. The mass 
gap is related to a Compton frequency of one. 
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