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Relativistic Compton Wavelength

Espen Gaarder Haug

Abstract

In 1923, Arthur Holly Compton introduced what today is known as the Compton wavelength. Even if the Compton scattering
derivation by Compton is relativistic in the sense that it takes into account the momentum of photons traveling at the speed of
light, the original Compton derivation indirectly assumes that the electron is stationary at the moment it is scattered by electrons,
but not after it has been hit by photons. Here, we extend this to derive Compton scattering for the case when the electron is
initially moving at a velocity v.

Index Terms

Compton scattering; Compton wavelength; moving electron.

I. INTRODUCTION

In 1923, Arthur Holly Compton introduced Compton scattering [1] and, indirectly in his formulation, the Compton wavelength
of the electron. The Compton wavelength of the electron plays a central part in several areas of physics. It can be used to find
the rest mass of an electron as described by Prasannakumar et al. [2]. It can indirectly be found in the relativistic wave equation
of Klein and Gordon and in the Dirac equation [3] as well as in the non-relativistic Schodinger equation [4]. Haug has recently
suggested that the Compton wavelength is the true matter wavelength, and that the de Broglie [5], [6] wavelength is merely a
mathematical derivative of the Compton wavelength. We will not discuss or make any conclusion about that suggestion here,
but it is worth noticing that the de Broglie wavelength is always identical to the Compton wavelength multiplied by ¢, and
naturally the Compton wavelength is then always equal to the de Broglie wavelength times %.

Here we will shortly repeat how to find the Compton wavelength from a rest-mass electron as Compton did in 1923, and
next extend our derivation to also take into account Compton scattering done with an initially moving electron.

II. COMPTON SCATTERING AND THE COMPTON WAVELENGTH

We have the following two equations:

pic+me? = pac +mey, (1
where p; and p, are the photon momentum in the incoming and outgoing wave, respectively, m is the electron rest mass, and
Yo = %, where v, is the velocity of the electron after the impact of the photon. Further, we have

2
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where 6 is the angle between the incoming and outgoing photon Be aware that here we, like Compton, assume the electron is
at rest immediately before impact. This gives
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(p1 — p2 +mc)® = pi + p3 — 2p1pa cos b

P — 2p1p2 + p3 + 2mepy — 2mepy = pi + p3 — 2p1pa cos b
mepe — mepy = p1p2(1 — cos )

1 1 h

— — — = —(1—cos¥)

b1 p2 mc

h h h

— — — = —(1—cos¥)

Y4 P2 mc
h

A1 — Ao = — (1 —cosb). 3)
me

ISSN: 2684-4451

DOI: http://dx.doi.org/10.24018/ejphysics.2022.4.4.190

Published on July 26, 2022.

E. G. Haug, Norwegian University of Life Sciences, Norway. (e-mail: espenhaug@mac.com)



EUROPEAN JOURNAL OF APPLIED PHYSICS, VOL. 4, NO. 4, JULY 2022 25

This is the well-known Compton scattering formula, where % is what today is known as the Compton wavelength. This

means the rest wavelength of the Compton wavelength can be found directly from the incoming and outgoing wavelength of
the photon plus a measurement given the angle 6, so we have

A —2A2 = A1 —cosb)
AL — A
A= —= 4
1 —cosé @)

where X is the Compton wavelength of the particle at rest (the electron). The Compton wavelength is therefore indirectly

measured by watching the change in wavelength in the photon used to scatter the electrons. However, Compton’s formula,

even if relativistic, assumes the electron that is scattered by the photon is itself at rest before the scattering.
Compton scattering, if the electron is also moving initially, at velocity v relative to the laboratory frame (and v =

N
V1-v2/c? ),

is given by

pic+mc*y = pac+mciy,
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The relativistic Compton wavelength is therefore given by

2 AL —A
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In other words, we only need to measure the photon wavelength before or after the scattering and the angle 6 to know the
relativistic Compton wavelength. This means the relativistic Compton wavelength can also be written as

;
A= —— = x 12 (7)
mey c

Since the relativistic de Broglie wavelength is given by A, = # this means the de Broglie wavelength always is equal

to the Compton wavelength multiplied by £, as also shown by Haisch, Rueda, and Dobyns [7], and discussed in more detail
by Haug [8], [9]. Interestingly, the de Broglie wavelength is not defined or is infinite for a rest-mass particle since this gives
Ap = Pl and is mathematically undefined. Or we could claim it is infinite, as several other researchers have done since we
can make v as close to 0 as we want, and we then see the de Broglie wavelength converge to infinite, see [11], [12]. It seems
almost absurd to assume the matter wavelength of a particle at rest is infinite or not defined. The Compton wavelength, on
the other hand, is always well defined. One can question why there should be two matter waves, and not only one. We [8]
have recently suggested it is the Compton wavelength that is the true matter wavelength and that the de Broglie wavelength
is a mathematical derivative of this wavelength, as the relation shown here also indicates. However, this discussion is not the
main focus here, but worth thinking about. The main purpose here was to show that we can derive a fully relativistic Compton
wavelength based on the assumption that also the electron is initially moving also before it is hit by photons.

III. WHY HAS THIS NOT BEEN DERIVED BEFORE?

As demonstrated in the section above, to derive a relativistic Compton wavelength that also takes into consideration the fact
that the electron is initially moving is easy. So, an interesting question is why has it then not been done before? After all, the
Compton wavelength has been well known since 1923. One of the reasons for the lack of interest in deriving and investigating
the consequences of a full relativistic Compton wavelength is likely related to the physics’ community’s negativity towards
the relativistic mass concept.
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In 1899, Lorentz [13] already suggested relativistic mass as we know it today: m~. Einstein, at the end of his famous
1905 paper on special relativity, also suggested relativistic mass formulas; namely m~? and m~?3, though neither of them
is used today. We must remember that Lorentz’s relativity theory was, for many years, considered a competing theory to
Einstein’s special relativity theory. Perhaps because Einstein likely got the relativistic mass wrong and did not want to rely on
the competing theory, he decided to ignore relativistic mass later on. Many well-known physicists have followed in Einstein’s
footsteps in regard to this point and have been very negative towards relativistic mass; for example, Okun [14], Adler [15],
Hetch [16], and Taylor and Wheeler [17], while a minority have been quite positive towards the concept of relativistic mass,
such as Rindler [18] and Jammer [19]. A series of researchers, see for example Milne [20], Grgn [21], and Haug [22], have,
however, also mistakenly thought (or given the impression) that relativistic mass as known today, i.e., m+y, was introduced
by Einstein. More importantly, the consequences of incorporating relativistic mass were never fully investigated before it was
rejected.

In 1906, Max Planck introduced relativistic momentum, i.e., p = muv~y, which is identical to how we know it today, and
this was later incorporated into fourth momentum. According to Adler, Okun, Hetch, and Taylor and Wheeler, the mass is
always the rest mass as there is no such thing as relativistic mass in their view. The only other thing the Lorentz factor can
act on instead of the mass in the relativistic momentum formula is the velocity itself. However, as recently pointed out by
Haug, [23] if v > % ~ 0.71c then the relativistic velocity, vy is above ¢ which is contradictory to the assumptions in the
theory. We could even claim such a view of relativistic velocity above the speed of light would be absurd. The only thing
that, in our view, makes logical sense is that the Lorentz factor acts on the mass in the relativistic momentum formula. We
personally think one of the biggest mistakes in modern physics was to reject relativistic mass before full investigations into
its implications, both in respect to prediction results and logic.

The standard, non-relativistic Compton wavelength is given by A = %, so to implement a Lorenz factor makes little sense
as long as one has the view that there can be no relativistic mass, because then the Lorentz factor must, in such a view, act
on either the Planck constant or the speed of light, which are both considered constants. So this could be the reason why no
one has derived a full relativistic Compton wavelength before'. It is trivial to incorporate relativistic effects in relation to the
Compton wavelength if we just accept the concept of relativistic mass. The relativistic Compton wavelength we can derive
by simply multiplying the mass m with « to incorporate relativistic mass; this gives a relativistic Compton wavelength off
A, = - which is the same formula we derived more formally in the sections above.

myc’

IV. CONCLUSION

We have shown how Compton scattering for the case where an electron is moving initially can be derived. This gives us
the relativistic Compton wavelength rather than the Compton wavelength for an electron at rest, as was achieved by Compton
himself. The relativistic Compton wavelength, for example, plays a central role in the recent quantum gravity theory presented
by Haug [8], [10]. Moreover, when we also have a relativistic Compton wavelength formula, then we see that the de Broglie
wavelength is always the Compton wavelength multiplied by . While the de Broglie wavelength is infinite (or undefined,
but it is anyway convergent towards infinity, as there are no limitations in standard physics of how close v can be to zero.)
for a rest-mass particle, the Compton wavelength is more well-defined and has been measured for rest-mass particles. Even if
the derivation in this paper is trivial, we think it could be important for the physics community to be aware of the difference
between the Compton wavelength and the relativistic Compton wavelength.
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