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It seems that the authors intend to discuss the angular momentum of light. But the manuscript is so
badly written that I’m still unable to understand what the author wants to report in the manuscript.
So it is recommended that the manuscript be rejected for publication in JOSA B. I give in the
following my main arguments:
No comment
1.
The manuscript is poorly organized and badly written. It’s just a draft of work, far from a final
paper. There are many incomplete sentences. The manuscript is composed of separated pieces
without logic between them.
No comment
2.
The title is too vague, too general. We cannot know what is dealt with in the manuscript.
Angular momentum of light is discussed in the manuscript
3.
The abstract is not well written.
a.
The logic of the second sentence is not correct: he talks at the same time “momentum” and “total
angular momentum” in the reason but he concludes only in “spin and moment of momentum”.
No, the logic is correct: J = S + L, L = r × P , so conservation of P and J entails conservation of
S and L : dL = dr × P = mdr × dr / dt = 0
b.
What means here “concrete value”? Does he want to compare with some physical quantities which
are “non-concrete”?
Sorry, I have written, “spin and moment of momentum have concrete values”. I compare my
concept with the standard concept. According to the standard concept, spin is a moment of
momentum, so spin and moment of momentum have the same concrete value.
c.
How the “two types of angular momentum” can be “spatially separated”?
Spin is in the bulk of a circularly polarized beam with plane front, and moment of momentum
exists at the lateral surface of the beam
d.
What’s the “supposition” to be verified? If the author proposes a supposition, it must be stated
clearly.
Yes, I have stated the supposition: “These two types of angular momentum are spatially separated.
Flux of spin and flux of moment of momentum act on an absorber independently”.
4.
The author can cite the work of other researchers, but it must be reformulated in a coherent style.
The direct copy of the original text is not encouraged, since it can be confusing in different context.
The author cites too much original texts and they are not well commented, no well-organized
neither.
Sorry, I state at the very beginning of the Introduction: “A torque acts on a body, which absorbs a
circularly polarized light”. And my comment is: “the angular momentum density j z , which is
proportional to the energy density, is the spin density s z , s z = j z ” (according to Feynman, Beth,
Carrara). If Reviewer agrees, he can skip all copies; the copies only confirm the state.

5.
The title of the first section is strange: Is that the introduction of the manuscript or is it devoted to
the Spin of light which is only one type the angular momentum of light the author want to talk in
the manuscript.
The section, 1. Introduction. Spin of light, is the introduction of the standard concept of light
angular momentum. According to the standard concept, angular momentum of light with plane
phase front is spin.
6.
The first section of a paper is often an introduction to present a state of art of the subject treated in
the paper, formulae and figures are usually not necessary. The author should state clearly the
position of the problem and what he wants to deal with. But the content of the first section of the
manuscript is so confusing (only some citations without comments) that I do not understand what
the author wants to say. The section is closed without conclusion, nor statement on the relation with
what he wants to deal with.
The Introduction is not contents and is not a plan of the manuscript. The only aim of the
Introduction is to recall that, according to the standard concept, a circularly polarized light with
plane front acts on a body with a torque because of its spin, and the spin density is proportional to
energy density
7.
At the beginning of the section 2 the author claims that “Unfortunately, now there is no
conventional expression for the spin torque density µ z . in terms of electromagnetic fields”. Then
he discusses the calculation of density of spin and total spin. He should know that even the spin
torque is related with the spin density but they are not the same. When we talk about a torque, it
means a torque exerted on an object. So the torque exerted on an object depends also on the
property of it.
Yes, the torque depends on the object. But we must be able to calculate the torque in terms of
electromagnetic fields around the object.
8.
The section 3 deals with “boundary of wave” but I have not understood what the author wants to
show. Here I cite an example to show that the author is not rigorous: at the first line of this section:
“… which sometimes can be calculated by the formulae (2.1), (2.9)…”, the conditions should be
stated clearly.
Sorry, I am rigorous. I have written in page 3: “The expression (2.1) is successfully used for simple
plane waves. But it appears that the expression is wrong for a somewhat complicated wave. Really,
consider a standing wave…”
9.
In the paragraph before Eq. (4.2), the author claims that “But they are mistaken” and the author
cites only his unpublished paper. Furthermore, the text that follows is so badly written that I cannot
understand his arguments.
1
Physicists are sure that moment of momentum, L = 2 ∫ (r × S)dV , is spin, ε 0 ∫ E × A dV ,
c
because spin is equal to moment of momentum
1
ε 0 ∫ E × A dV = 2 ∫ (r × S)dV
(4.1)
c
for a light beam with plane phase front. To confirm this identification, Jackson [8] and Becker [20]
tried to generalize equation (4.1) to a free electromagnetic radiation produced by a source localized
in a finite region of space. And they obtained the equality (4.1) as well. But they were mistaken. A
straight calculation presented in published paper [21] for the radiation of a rotating dipole gives
1
2 ε 0 ∫ E × A dV = 2 ∫ (r × S)dV .
(4.2)
c

As a result, equality (4.2) proves the moment of momentum is not the spin!
I can insert materials of the paper into the manuscript, but such result (4.2)
must be expected because when radiating into space photons are directed
variously, and their spins are not parallel to each other as in a beam.
Angular distribution of z-component of the spin flux for the rotating dipole
radiation (d), and for a beam (e) is depicted here.
10.
Section 5: here again, does the author want to talk about the torque or the
angular momentum? (cf point 7 above).
Section 5, Absorption of the circularly polarized beam, talks about the torque, which exerted on
an object because of absorption of the angular momentum of the circularly polarized beam.
11.
The experiment described in section 6 is a real experiment or a thought experiment? Here again, the
section ended without conclusion. The author makes just two suppositions at the end of this section.
A thought experiment or Gedankenexperiment (from German) considers some hypothesis,
theory, or principle for the purpose of thinking through its
consequences. A famous example, Schrödinger's cat (1935),
presents a cat that might be alive or dead, depending on an earlier
random event. It illustrates the problem of the Copenhagen
interpretation applied to everyday objects.
The experiment described in section 6 is a real experiment. It will
show where the torque is exerted. The conclusion is: “If spin
(2.9) exists, the fringes shift (6.5) must be equal to 2 when the inner part is rotated. If angular
momentum (3.1) exists, the enormous fringes shift must be at the edge of the alight zone when the
outer part is rotated”.
12.
The author gives no clear conclusion in the conclusion section. He claims that he “attempts to
clarify and correct some questions in one of the 4 or so century-old controversies in classical
electrodynamics, perhaps the major one of interest in modern optics”!!! But what questions and
what controversies? These merit a very clear statement here if any.
Well, now Conclusion is:
Simmonds and Guttmann [16] claimed: “A classical quantity associated with the electromagnetic
field does not necessarily indicate the value of that quantity which will be measured. The angular
momentum density of the wave was zero at the center, yet when we attempted to measure it there
the classical field adjusted themselves and produced a nonzero measurement”. We suggest an
experiment to explain this magic trick.
Reviewer 2
This article seeks to clarify the nature of the angular momentum of light and suggests an
experiment to measure the torque acting on an absorber. I do not recommend the publication of
this article for the following reasons
1.
It does not have a coherent thread, but rather discusses in a cursory fashion different aspects related
to the angular momentum of light, reviewing articles in the literature on the subject with quotations.
The coherent thread is: According to Sadowsky, Poynting, Feynman, Beth, Carrara, et al., spin
density is proportional to energy density (section 1), but there is no conventional expression for the
spin density. The expression used by Ohanian, Friese, et al. is wrong (section 2). At the same time
according to Heitler, Simmonds and Guttmann, et al., the spin density is proportional not to energy
density but to gradient of the energy density (section 3). Contrary to this opinion, Humblet,
Nieminen, Jackson, Becker, et al. consider spin, which proportional to energy, and “spin”, which
proportional to gradient, as the same matter. But their reasoning contains an error (section 4). So,

the question arises: where are located these two type of “spin”? (section 5) The experiment can
show the location (section 6).
2.
The author’s contribution to the subject of optical angular momentum are obscure and
unconvincing, referring to own unpublished work for example in refs. [21] and [22]
The works [6, 7, 21, 22, 24] by Khrapko are published. But I can insert materials of these works
into the manuscript with pleasure.
3.
The experiment suggested is based on questionable concepts. In particular, the author says on
page 7, lines 1 to 4 `If the plate rotates in its own plane, work will be done. This ( positive or
negative) amount of work must reappear as an alteration in the energy of the photons, i.e. in the
frequency of the light, which will result in moving interference fringes in any suitable interference
experiment.’ This is conceptually wrong. If light does work, it simply exchanges energy by
processes of absorption or emission of whole photons without changes in frequency (i.e. quantum
of energy carried by one photon is intact). In my opinion the premise on which this suggested
experiment is based is totally wrong.
This conclusion discredits the Reviewer 2 completely. R. Atkinson [27] wrote about the Righi’s
experiment: “the experiment is shortly described in Wood’s Physical Optics. Righi’s arrangement
may be somewhat simplified, so that the effect can be observed with an ordinary student’s optical
bench and Fresnel biprism”.

Reviewer 3
This paper attempts to clarify the following question: Does plane wave not carry a spin?
It proposes an original version of an experiment already proposed by the author some years ago
(Ref. 24). The major critical point of this paper is that it does not correctly cite the existing
literature on the argument that was already debated some years ago. In particular ref. 24 received a
very good answer by V. B. Yurchenko (Am. J. Phys. 70, 568 (2002).
In reality, Ref. 24 received two bad answers (Am. J. Phys. 70, 567, 568): by L. Allen, M. J.
Padgett, and by V. B. Yurchenko. Unfortunately, Jan Tobochnik, AJP Editor, rejected my
comments on the answers (manuscript #15916). He wrote on 19 Jun 2002, “I believe that this paper
should not be published. I think it attempts to raise issues with, and modify, the standard
formulation of electrodynamics that already does an adequate job of describing physical systems”.
Luckily, Prof. Jonathan Marangos, Editor Journal of Modern Optics, published my comments on
Allen & Padgett’s answer [25]. I wrote in [6]:
Allen and Padgett [25] try to explain the action of a circularly polarized plane wave by
a torque on a central region of an absorbing plane in the frame of the standard paradigm.
They cut the wave into coaxial pieces in their mind and then claim that every piece produces
a torque because the large intensity gradient near the boundary of the piece results in
azimuthal components to the momentum density.
I think this is not correct. An intensity gradient near a wall of a beam results in the
azimuthal components only in the case of a real beam satisfying the Maxwell equations.
There are no azimuthal components in a piece of a wave that is simply cut off from a whole
wave. Such a piece cannot be considered at all because it does not satisfy the Maxwell
equations.
Unfortunately, there is no answer on this criticism during four years.
I comment Allen & Padgett’s answer [25] in the present manuscript as well. But I ignored
Yurchenko’s answer because Yurchenko [27] gave no answer, does or does not an inner part of the
absorber perceive a torque in a circularly polarized light? And his trivial conversation about
“performing an integration by parts, which moves the nonzero values of the density of J from the
border to the bulk of the beam” is discussed in section 4 in details. Nevertheless I greet

Yurchenko’s proof “that angular momentum is carried by an infinite uniform circularly polarized
plane wave”, and now I cite Yurchenko’s answer in the revised version of the manuscript.
#
The paper by Yurchenko [27] must be absolutely cited. In particular in the introduction of
Khrapko’s paper the following sentence from the Yurchenko’s answer must be inserted “A rigorous
answer (to the question Does plane wave not carry a spin) is provided by quantum mechanics so
that the question is a matter of an adequate quasiclassical approximation. A useful discussion of the
angular momentum using a quasiclassical approximation is given by Simmons and Guttmann”.
And the book by Simmons and Guttmann [16] must be cited with the pages where this argument is
treated.
Sorry, I used the option “find quasiclassical”. The answer was: “Reader has finished searching the
document. No matches were found”
#
Finally the paper by Allen et al PRA 45, 8185 (1992) on orbital angular momentum and LG laser
modes must be cited as well.
No, the paper by Allen et al. is devoted to Laguerre-Gaussian modes, which have an azimuthal
angular dependence. I discuss this topic in details in another place:
http://www.mai.ru/science/trudy/articles/num27/article10/auther.htm (in Russian), “Inevitability of
the electrodynamics’ spin tensor” http://khrapkori.wmsite.ru/ftpgetfile.php?id=29&module=files
(A series of theoretical and experimental works confirms reality of the spin tensor. Rejected by all
scientific journals).
#
These are considered as major revisions because it is not possible to continue to insist on an
argument without even considering the answers that were received previously.
Oh! Yes! Please summon L. Allen and M. J. Padgett to answer on my criticism!
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