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Dielectric absorbs spin of an infinite plane wave
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It is demonstrated that a dielectric, which absarlgcularly polarized perfect plane
electromagnetic wave, absorbs spin. This meanghbatvave carries spin. And this fact is in
accordance with the concept of the canonical ssdr. The given calculations show that
spin is the same natural property of a perfectgkactromagnetic wave, as energy and
momentum, contrary to the standard opinion.
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PACS 75.10.Hk

1. Introduction 1. Spin density is proportional toenergy density
It was suggested as early as 1899 by SadowskynfiLha 1909 by Poynting [2], that any circularly
polarized light carries angular momentum volute@sity which is proportional to the energy
volume density. That is the angular momentum isqamein any point of the light.

J.H. Poynting: If we put E for the energy in unit volume and @ tiwe torque per unit area,

we have G = El /2p [2].
This sentence points that any absorption of a kartyupolarized light results in a mechanical
torque density acting on the absorber. We haveareled this effect and have found that this
torque density induces specific mechanical streisst®e absorber [3].

According to the Lagrange formalism, this angutermentum volume density $pin

density The spin of electromagnetic waves is described byin tensor [4 — 6].

U™ = 2Algl
T N1.A)
where is a Lagrangian and\’ is the magnetic vector potential of the electronsig field. So,
any infinitesimal 3-volumelV, contains spin

(1.1)

ds” =u"dyv,. (1.2)
In particular, the canonical spin tensor are olgidiby the Lagrange formalism from the canonical
LagrangianL =- F, F™/4:
um™ =-2Al pmn; (1.3)
here F,, is the electromagnetic field tensor.

In the case of perfectplane monochromatic circularly polarized electrgmetic wave

travelling in z-direction and with infinite extewsi in the xy-directions
E, = E (x+iy)exptkz- iwt) [V/Im], H,=-ie,cE, [A/m], ck=w, (1.4)
the component
U9 =-2AF2 = AH, +AH, [J/nf] (1.5)
of the spin tensor (1.3) gives the spin flux denditected alonge -axis.

The spin tensor (1.3) was successfully used ierai confirm the fulfillment of the
conservation laws with respect to flux densitiesnaimentum, energy, spin, and number of photons
when a plane circularly polarized electromagnetwevwith infinite extension reflects from a
receding mirror [7]. These calculations prove tinectionality of the spin tensor and show that spin

is the same natural property of a perfect planetrelmagnetic wave, as energy and momentum, and
spin density is proportional to energy density.

1 Email: khrapko ri@mai.ry http://khrapkori.wmsite.ru
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The classical experiments [8 — 11] confirm tha&t $pin density of plane waves is
proportional to energy density. In these experimeiie angular momentum of the light was
transferred to a half-wave plate, which rotatedw®dk was performed in any point of the plate.
This (positive or negative) amount of work reappéaas an alteration in the energy of the photons,
i.e., in the frequency of the light, which resultadnoving fringes in any suitable interference
experiment.

Some texbooks point that infinite plane circulgsblarized electromagnetic wave carries
angular momentum:

F.S. Crawford, Jr.: "A circularly polarized travelling plane waverdas angular momentum"
[12, p. 365].

R. Feynman "... the photons of light that are right circulagglarized carry an angular
momentum of one unit along the z-axis ...light whighight circularly polarized carries an
energy and angular momentum” [13].

2. Introduction 2. Is the spin density proportionalto gradient of theenergy density?
However, since 1939, another concept of electroayegspin is in use. The point is, Belinfante &
Rosenfeld added specific terms,

1. (A"F™) and 27, (x!' A"F™), (2.1)
to the canonical energy-momentum and total angn@mentum tensors (2.2) and (2.3) respectively
[14,15]

-[mn: 'ﬂ mAaFna +gmnFabFab /4 (22)

J mn = 2x! T mn U mn = 2x!! T mn_ Al prin, (2.3)
This procedure gives the energy-momentum ten'§8?, and the total angular momentum tensor
;]t'm” , which we named "standard" [3].
TO=T ™, (ATF™), (24)
J mn = 2x! T Mo 2AN EMY 429 (X ATE™)
=2x! T Mo 2ANEM 4 2d ATE™ 4 2% (ATF ™) = 2x! It"i” . (2.5)
But this procedure eliminates spin tensgr'rt“: 0). Really, the standard total angular momentum

tensor (2.5) is equal to moment of the standardgga@omentum tensor only2x!’ Tt”?”. The
S

corresponding spin term is absent. As a resutherabsence of electrodynamics spin tensor, it was
declared the absence of spin in a plane wave,lendléctrodynamics spin was defined as a part of
a moment of linear momentum [16, p. 7].
J= dVe,y  (E" B)=L+S.

Heitler W: "A plane wave travelling in z-direction and witifinite extension in the xy-

directions can have no angular momentum about-tresz becaus¢E” B) is in the z-

direction and(r * (E” B)), =0" [17].
According to the nowday conception, electrodynarspas density is proroptional gradient of
energy density

Allen L., Padgett M. J.: "... the local spin angular momentum density pertphads
proportional to the radial intensity gradient digit beam:
rofi(u®)
o S
2u° 9r

wheres = + Ifor right- and left-handed circularly polarizedHit respectivelyu? is



the beam intensity, ands the distance from the axis. For a plane waeeetis no gradient
and the spin density is zero." [18]

Simmonds J. W., Guttmann M. J.:"The electric and magnetic fields can have a nanze
component only within the skin region of this wakkaving z-components within this region
implies the possibility of a nonzero z-componenanfjular momentum within this region.
So, the skin region is the only in which the z-camgnt of angular momentum does not
vanish” [19, p. 227]

We have noted [20] that this concept "Spin is anlthe skin region" threatens us with a
considerable nonlocality of the electrodynamicsaoese the concept implies that energy and
momentum of photons are absorbed everywhere ialiberber, but spin is absorbed in the remote
boundary of the wave.

In this paper, we confirm the Poynting's and Saskyg concept by a new calculation. We
consider absorption of spin, momentum and energnohfinite wave by a dielectric.

3. The Poynting vectorP
Let a plane monochromatic circularly polarized #lmmagnetic wave (1.4)

E, = E/(x+iy)exptkz- iwt) [V/Im], H, =-ie,cE, [A/m], ck=w (3.1)
impinges normally on a flat surface of lossy digliec which is characterized by a complex
permittivity € (we mark complex numbers and vectordbbgve. As is known, in this case, the
reflected and the passed waves have the forms

E, =E,(x+iy)exp(ikz- iwt), H,=ie,cE, E, =%E1 k =ve =k¢+ike (3.2)
+
E, = E;(x+iy)explkkz- iwt), H,=-ie,kE,, E; :ﬁEl (3.3)
+

(k designates the complex refraction coefficient).

The mass-energy flux density, which impinges ndignman the dielectric surface and then is
absorbed by the dielectric, i.e. the total Poyntiagtor P , can be calculated taking into account
that the incident and reflected beams do not iated with each other, and, so, one may simply
subtract energy flux density of the reflected bdam energy flux density of the incident beam.
4k¢ J

2
= z . 4
€cES A+k9?2+k®& m?3s (34)

P :Pl' Pz =eoCE12 - eOC‘EZ‘Z =eOCE:L2 1- ﬁ
1+k

4. The absorption of energy and angular momentumybthe dielectric
The energy flux density (3.4) enters into the dile and can be calculated by the use of
expression (3.3) for the wave inside the dieleckicnechanism of the absorption such a wave was

explained by Feynman [13]: the rotating electr@ddiE, = E,(X +iy)exp(- iwt) exerts a torque
t =d” E, on rotating dipole moments of molecul@sof the polarized dielectric and makes a
work. The power volume density of this work has fibren

w:\P' Es‘w W/m], P=(e-1e,E,, e=k?=k€¢- k& +2ikkdt (4.1)
P is the polarization vector, arfl” E, [J/m% is atorque volume denstfty The calculation gives

WSO exp(- 2kk A{(e- (- - D}[E,|"

we, - = =
20 A{(e_ 1)(E3XE3y - E3yE3x)} =

= we, exp(- 2kk A(e- D|E,|" = we, exp¢ 2k )2k KHE,|". (4.2)

The energy flux density, which comes on the surtdadielectric from the waves, can be obtained
by an integration of the power volume density (929r z

w="A(RE, - BE,} =

% Do you remember? Poynting's G is a torque sudaosity!
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4k

A+k9> +k @ (4.3)

¥ ¥ 2 k¢ 2
P = wdz=we, exp( 2k @2k kUE,| dz=weo?‘E3‘ = e,CE?

This expression is coincident with (3.4).

But we must recognize that the torque volume dghsi = P’ E,, which supply with
energy the interior of the dielectric, in the saimee, is a volume density of angular momentum
flux, which comes inside the dielectric. The torquadume densityP” E, produces specific

mechanical stresses in the dielectric [3]. Andhasvolume density of angular momentum flux, the
torque volume density requires angular momentumdkensity, which comes on the dielectric
surface from the waves. We get this angular mommetilux density by integrating the torque
volume densityr _ over z.

P _eCE’ 4k J

W w (1+k¢?+k®& m?

The results of this Section were first publishegaper [21].

Now our task is to make sure that electromagmvedizes (3.1), (3.2) contain angular
momentum flux density (4.4).

(4.4)

U= ¥‘P' Es‘dzzl " wdz=
0 W 0

5. Calculation of an angular momentum flux densitywhich is contained in the

electromagnetic waves

Because angular momentum (4.4) is absorbed unéey square meter of the dielectric surface per
second, one can conclude that the angular momeistbmought to the surface by waves (3.1),
(3.2). To calculate this bringing angular momenfiux, it is natural to use the equation (1.5) for
the spin flux density

U™ =-2AF = AH, +AH, [J/nT]. (5.1)
Note that the lowering of the spatial index of #eetor potential is related to the change of tige si
in the view of the metric signatui@ - - - . $ince for a monochromatic field
A =- Edt=-iE, /w, densitiy (5.1) can be expressed through therel@etgnetic field:
U =(-ig,H, - iIE,H )/w. (5.2)

In our case, we have for the incident and refleetades, similarly to (3.4)
U = A{-iE,H,, - iIE, H,, - IE, H,, - iE, H,,} /2w
_ ) 2 _ e, CE; 4k ¢ (5.3)
=== g2-|g,| = : .
W w  (1+k9*+ke&
Expressions (4.4) and (5.3) coincide. Expressi8nd) @nd (5.3) differ by the factav. This result

was also presented in paper [21]. The observahlaliég U =P /w is a consequence of the
relation between photon spinand photon energyw.

e,C

6. Conclusion

The given calculations show that spin is the saataral property of an infinite plane
electromagnetic wave, as energy and momentum. Re&tog the existence of photons with
momentum, energy and spin in an infinite planetedgcagnetic wave, it is strange to deny the
existence of spin in such a wave, as is done inemoelectrodynamics.

| am eternally grateful to Professor Robert Rorhaxing courageously published my question:
"Does a plane wave really not carry spin?” [22]

® We mark pseudo densities by indésta. The volume density of moment of forte.is a pseudo
density, as opposed to the moment of farce
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Rejection of this paper "Dielectric absorbs spin ofan infinite plane wave"

Journal of Modern Optics
01-Aug-2017 Dear Professor Khrapko:
Many thanks for sending us your manuscript entit@@lectric absorbs spin of an infinite plane
wave" # TMOP-2017-0726, which you submitted tordatiof Modern Optics. Our editorial team
have now considered your paper but feel that thie tdiscussed is not best suited to the Journal of
Modern Optics.

Physical Review A
01-Aug-2017 Dear Dear Dr. Khrapkq
We are sorry to inform you that your manuscriptas considered suitable for publication in
Physical Review A. A strict criterion for acceptann this journal is that manuscripts must convey
new physics. To demonstrate this fact, existingkvam the subject must be briefly reviewed and
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the author must indicate in what way existing tlya@srinsufficient to solve certain specific
problems. Then it must be shown how the propos&dtheory resolves the difficulty. Your paper
does not satisfy these requirements, hence wetringiteve cannot accept it for publication.

Dear Dr. Khrapko,

This is in reference to your appeal on the abovatioeed paper.

Dear Author, | have to say that | completely agrmgé the conclusion of Mark Saffman, Associate
Editor. | regret, but OBVIOUSLY (!) your manuscrigpes not meet the requirements of the
Physical Review A. Yours sincerely, Vladimir Korabo

Author's answer:

Dear Editor in Chief of the APS,

| request that the case be reviewed by the Edit@hief of the APS, as it is provided with the
Editorial Policies and Practices

This is in reference tonfair double rejections of my paper AH11359 “Dielectric absorbs spin of
an infinite plane wave”.

There was no scientific review of this paper. Thesgages of Mark Saffman igléeché. It does not
concern this paper at all. In this way, the Editmsceal the contradictionbetween nowadays
concept of electrodynamics spin and the Sadows#yParynting's theory, which is confirmed
experimentally and theoretically and is stateceittiooks.

| contest the Mark Saffman’s allegation that thenaszript does not convey new physics. Contrary,
this paper, for example, refute thewadays delusiorthat the spin density is proportion to gradient
of the energy density.

| ask you to review this paper.

Dear Dr. Khrapko,

| have reviewed the file concerning this manusanpich was submitted to Physical Review A.
The scientific review of your paper is the respbitisy of the editor of Physical Review A, and
resulted in the decision to reject your paper. Ebeor in Chief must assure that the procedures of
our journals have been followed responsibly andyfan arriving at that decision.

On considering all aspects of this file | have doded that our procedures have in fact been
appropriately followed and that your paper receiaddir review. Accordingly, | must uphold the
decision of the Editors.

Yours sincerely, Michael Thoennessen Editor in CAmerican Physical Society

Author's answer:
Dear Michael Thoennessen, Editor in Chief AmeriBaysical Society,
Your letter dated 09/11/2017 (see the attachmesnih | received on 10/07/2017 by air mail,
contains a lie: in fact, the paper "The dielecibsorbs the spin of an infinite plane wave"
AH11359did not receive any review Please read my email dated 08/22/2017:
Dear Editor in Chief of the APS,
| request that the case be reviewed by the Edit@hief of the APS, as it is provided with the
Editorial Policies and Practices.
This is in reference tonfair double rejections of my paper AH11359 “Dielectric absorbs
spin of an infinite plane wave”.
There was no scientific review of this paper. Thesgage of Mark Saffman ihché. It
does not concern this paper at all. In this wag,Bditorsconceal the contradictionbetween
nowadays concept of electrodynamics spin and tdevisky and Poynting’s theory, which is
confirmed experimentally and theoretically andtaed in textbooks.
| contest the Mark Saffman’s allegation that thenoszript does not convey new physics.
Contrary, this paper, for example, refute tlogvadays delusiorthat the spin density is
proportion to gradient of the energy density.
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| ask you to review this paper.
Failure to review an article that proves mistakiesuthorities indicates theorruption of the
American Physical Society.

The previsions version

Absorption of angular momentum of a plane electromgnetic wave
http://khrapkori.wmsite.ru/ftpgetfile.php?id=161&chae=files

Radi I. Khrapko
Moscow Aviation Institute - Volokolamskoe shossiE28993 Moscow, Russia

We show that a dielectric or magnetic medium absarigular momentum if the medium
absorbs a circularly polarized plane electromagneéive. This means that the wave contains the
angular momentum, which is spin angular momentuteflp; spin. And this fact is in
accordance with the concept of a classical elegtrachics spin tensor. Lorentz transformations
are used for energy, momentum, and angular momefhixndensity because a moving absorber
is considered.

Key Words: classicalspin, circular polarization, spin tensor

PACS 75.10.Hk

1. Introduction
It was suggested as early as 1899 by Sadowskyfllaa 1909 by Poynting [2] that any circularly
polarized light contains angular momentdensity That is the angular momentum is present in any
point of the light.The concept of angular momentum density seems toiirmed by classical
interference experiments [3 — 6]. Really, in thesperiments, the angular momentum of the light
was transferred to a half-wave plate, which rotaa] work was performed. This (positive or
negative) amount of work reappeared as an alteratithe energy of the photons, i.e., in the
frequency of the light, which resulted in moving@es. This proves that the work was performed
in any point of the plate.

The concept of angular momentum density was coefirtheoretically in the frame tie
Lagrange formalism. According to the formalismstangular momentum densitysgindensity.
The spin of electromagnetic waves is described gpyimtensor [7 - 9].

um = oAlgn 1
°N(T,A)
where is a Lagrangian and\’ is the magnetic vector potential of the electronsig field. So,
any infinitesimal 3-volumealV, contains spin

(1.1)

ds” =udv,. (1.2)

However, this spin tensor was discredited and elted by the Belinfante-Rosenfeld
procedure [7 - 11], and the Poynting's and Sado\wsioncept was overrided. According to the
nowday widespread opinion, angular momentum oftedetagnetic field is moment of linear
momentum only, and this moment of momentum someigmamed spin because of the Humblet
transformation [12,13Below we cite a few typical examples of this opimi
Heitler: "A plane wave travelling in z-direction@with infinite extension in the xy-directions can
have no angular momentum about the z-axis, bedauisein the z-direction angr " P), =0"

[14] (Here P denotes the Poynting vector).

Simmonds & Guttmann: "The electric and magnetildfean have a nonzero z-component only
within the skin region of this wave. Having z-compats within this region implies the possibility
of a nonzero z-component of angular momentum withisiregion. So, the skin region is the only
in which the z-component of angular momentum dags/anish” [15, p. 227]

Allen & Padgett: "For a plane wave there is no i@hithtensity) gradient and the spin density is
zero" [16]



On the other hand, the Poynting's and Sadowskysept seems to be supported by a
suggestion that a circularly polarized electromaigneave must induce specific mechanical
stresses in any point of an absorber of the wavause of absorption of spin density [17].
Otherwise a considerable nonlocality of the elebtmamics threatens us: the concept "Spin is only
in the skin region" implies that energy of lightalssorbed everywhere in the absorber, but angular
momentum is absorbed in the remote boundary ofvthe only [18]. And that is more, it was
shown that the Belinfante-Rosenfeld procedurdegitimate and that the Humblet transformation
proves nothing [17,19].

In this paper, we confirm the Poynting's and Saskyg concept by a new calculation.

Since 1905, when Einstein explained the photogtffelbas become clear that an
electromagnetic wave consists of photons. Photame Bnergy, momentum and spin (internal
angular momentum), and if the wave is circularfapaed, spins of all the photons are directed in
the same direction that is parallel to that ofrtt@mentum of the wave. Therefore, one can use such
notions as volume density and flux density of motaem energy, and spin as well as number of
photons in an electromagnetic wave. Densities ®ftiergy and momentum are quantitatively
described by the Maxwell energy-momentum tensoe. ddnsity of the spin should be described by
the spin tensor (1.1). The numeric density of phstis obtained either by dividing the energy
density of a wave by the energy of a single photan or by dividing the spin density by the spin
of a single photon (if polarization is circular).

In a famous paper [20], the reflection of lighdarfir a moving boundary between two media
was almost exhaustively investigated. In additinrgur previous paper, we have examined the
laws of conservation of energy, momentum and sminthfe incidence of a plane electromagnetic
wave on a mirror [21]. In this paper, we consider incidence of such a wave on the surface of a
moving "symmetric absorber".

2. A symmetric absorber
We call "symmetric absorber" a medium, which ishbdielectric and magnetic with=r. Such a

medium does not require generating a reflected whiesimplifies formulas.
So, let a plane monochromatic circularly polarieégttromagnetic wave
E = E(x+iy)exp(kz- iwt) [V/Im], H =-ie,cE [A/m], ck=w (2.1)
impinges normally on a flat x,y-surface of the abgo, which is characterized by complex
permittivity and permeabilitye = (we indicate complex numbers and vectors bybtieeemark)
and moves along the z axis with a speed
As is well known, the wave (2.1) carries the vodudensity of mass-energy, the flux
density of mass-energy (the Poynting vecter)the volume density of momentu@, and flux
density of momentum (pressure), as described by the formulas
2 2
u :i k_ga , P = G :£ k_g
c m C m’s ms
but because of Doppler Effect [22 § 48], our wass lesser frequency and, according to [10], has
lesser amplitudeelative to the moving absorber

we=w 22 pe=p [P 2.3)
1+b 1+b

whereb =v/c. So, relative to the absorber, the impinging wiavexpressed by the formulas
E¢=E¢x +iy)exp(ke- iw¢), HC=-ie,cEC, k(=w( (2.4)

Accordingly, the Poynting vector and the momentilur tlensity prove to be lesser relative to the
moving surface

L ozep? S9N 5y

2 m2

2 -
eOEé — eOE 1' b ¢: eOE@ :eOE21 b .

Pc¢= ,
C c 1+b 1+

(2.5)
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3. The Lorentz transformations

However, from the viewpoint of an observer at rédstse latter quantities, i.e. mass-energy and
momentum flux densities through the surface, hakerosalues. These values must be found by the
Lorentz transformations for coordinates of a 4-paimd for components of 4-momentum

16+ vz ¢? - z0+vte m_m<1>+vp<1702 _ pt+vme

’ ’ I/ p .
J1- b? J1- b? J1- b? J1- b?
We denote these flux densities By,, ,. Taking into account that densities satisfy theag¢iqus,

P,=m/at, ,=p/at, P(=m{/at(, (= patC, (3.2)
wherea is an area, which is not being transformed, atdtsuting values (3.1), whent= ,(nto
expression (3.2), we get Lorentz transformatiomghe flux densities
P,=PCtv ¢ 2, .= (+Pu. (3.3)

So, from the viewpoint of the observer at rest,fltve density of mass-energy, which enters into the
absorber, equals

t

(3.1)

¢ 21-
PO:P¢+V2 _&E"1 b+lze0E
c 1+b ¢

2 1' b _ eOE2
1+b

(L- b) (3.4)

4. Filling of the space with mass
Flux densityP , (3.4) is lesser than flux densiB (2.2), which is brought by the incident wave.

The difference between the mass fluxes (2.2) ardlj (8 spent on filling of the space that is vacated
by the moving absorber. This filling requires a miass density, which we denote ,

2 2
P =uv:£v:eOE b. (4.1)
o C
As a result, we obtain the simple equality
2
P=p+p,=SE (4.2)

c
But it is desirable to demonstrate the mechanisthefbsorption of mass flux densRy (2.5) in
the symmetric absorber. See next section.

5. Absorption of energy and angular momentum
According to (2.4), the wave propagated in the dieos described by the formulas

E¢= E€x +iy)exp(kiz- iwd9, HC=-iecEC, ck(=w( k =./em=e=m=k +ik, (5.1)
The mechanism of the absorption in dielectric wagdared by Feynman [23]. According to the
explanation, the rotating electric fielElt= E¢x +iy)exp(iw& exerts a torqué =d” EC¢on the

rotating dipole moments of moleculdsof the polarized dielectric and makes a work. Towegr
volume density of this work is

W, =

P,” E¢ut [J/nPs], P, = (e- e E¢, (5.2)
P, is the polarization vector, arfé],” E¢[J/m’ is atorque volume densitfrhe calculation gives

W‘;O A{(e- 1(E(ES- EJEQY} =

= wek, exp( 2k&,z)A(e- )EE = weke, exp(- 2kk,2)k,EE. (5.3)
Naturally, the rotating magnetic field of electragmetic wave (5.1) makes the same work
over rotating magnetic dipoles in the absorber.

W, =[P, " Hemwe [I/nfs], P, =(m DHE, (5.4)
w, =wWA{P H¢- P, HBm, /2 =winA{(m- D(HH - HIHH}/2. (5.5)

expt k&, 2)A{(e- D(-i- i)}EE

(- = — (
w, = CA{P,E¢- PEG = W
2 2
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Substituting value (5.1) for the magnetic fieldoir§b.5), we see that the work of the magnetic field
is equal to the work of the electric field

w, =weA{(e- 1)(ESES- ESED}/2=w,. (5.6)
The energy flux density, which is carried to theface of the absorber by the wave, can be obtained
by the integration of the total power volume densw = w, +w,, = 2w,, over z

: 2w, dz =2, ;exp(- 2kk,2)k,EE¢dz= Wliio E¢ =¢g,cE¢ =P¢&* (5.7)

m-s

So, the total energy flux density (5.7) coincidethwP &> (2.5).
But we must recognize that the torque volume dghsi =P,” E¢+P_~ Hén,, which

brings energy into the absorber, is also a volueresily of theangular momentum fluxvhich

enters into the absorber. The torque volume deusitygroduces specific mechanical stresses in the
dielectric [17]. And, as the volume density of alagumomentum flux, the torque volume density
requires angular momentum flux density, which isught onto the surface of the absorber by the
wave. We get this angular momentum flux densitynbggrating the torque volume density over

zZ.

z—— “w, +w)o|z_£_%|z¢2 g (5.8)
wt  we m?

Using formulas (2.3), we can express thls angulmnﬁmtum flux density in terms of the incident

wave (2.1)
Ut=SCee = &Cp2 [1-D (5.9)
we w 1+b’

And in order to transform it to the laboratory @st; we must take into account that the angular
momentum flux density satisfies the identities
U, =Jd/at, U(=J(at, (5.10)

wherea is an area, that is not being transformed, ardJ ( is an angular momentum relative to
the axisz, that is not being transformed as well. Taking etoount (3.1), equations (5.10) yield
the angular momentum flux density that enters tisoeber from the viewpoint of the observer at
rest:

U¢—

U0=U¢G¥t—eCE2 1- \/1 b? = ecE - b). (5.11)

The results of this Section concerning the absmmp:bi‘ energy and angular momentum in
dielectric were first published in paper [24].

6. Calculation of the angular momentum flux densityof the electromagnetic wave
By the fact that angular momentum (5.11) is absbrbeder every square meter of the absorber
surface per second, one can conclude that the anmaimentum is carried to the surface by the
wave (2.1). To calculate the corresponding angulamentum flux, i.e. spin flux, it is natural to use
the electrodynamics canonical spin tensor [7,8]

u'm™ =-2A' prin, (6.1)
here F™ is the electromagnetic field tensor, aAtlis the magnetic vector potential.

Spin flux density, which is directed alorzgaxis to xy surface, is given by the component

Uz = - 2AXE V2 =AH +AH, [3/nT]. (6.2)

* We mark pseudo densities by indésta. The torque volume density. is a pseuddensity as
opposed to the torquie.
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Note that the lowering of the spatial index of #eetor potential is related to the change of tiga si

in the view of the metric signatuie-- - - . $inceA =- E,dt=-iE, /w for a monochromatic
field, densities (6.1), (6.2) can be expresseduinadhe electromagnetic field:
U =(-ig,H, - iIE,H )/w. (6.3)

So, in our case, in addition to (2.2), we have $lpix density

2
U=<U™ >=A[{-EH, - iE,A,}/2w=%C g2 = PC (6.4)
w w

for the incident wave (2.1). This quantity, (6.4)Jarger than the angular momentum flux density
U, (5.11), which enters into the absorber. The difieeebetween the angular momentum fluxes
(6.4) and (5.11) is spent on filling of the spaeeated by the absorber moving at the speethis

filling requires angular momentum flux density, wihiwe denotel . Angular momentum volume
density is given by the component

Ut =-2AFYt = AD,+AD, =(E,D, - iED,)/w (6.5)
of the spin tensor (6.1). Using time averaging,get
<U™ >=A{(iE,D, - iE,D,)/2w= g,E* I w [Is/n]. (6.6)

So, the filling of the space requires

e,E* _ e, CE?
V=
w w

U=<U™>v= b. (6.7)
As a result, we obtain a simple equality

U=U+U, = , (6.8)

which is similar to (4.2)/

7. Conclusion
The given calculations show that spin is a naturaperty of a plane electromagnetic wave, similar
to energy and momentum. If we recognize the extgt@rf photons with momentum, energy and
spin in a plane electromagnetic wawes, have to admit the existence of the spin demsitige
wave. The nowday widespread opinion has to be reéwiseiew of the critisism.

| am eternally grateful to Professor Robert Rorhaking courageously published my
guestion: "Does plane wave really not carry spi@B].
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Rejection of the previsions version
"Absorption of angular momentum of a plane electronagnetic wave"

Dr Thomas Brown Editor in Chief Journal of Modern iOptwrote:

In view of the criticisms of the reviewer foundthre attachment, your manuscript "Absorption of
angular momentum of a plane electromagnetic waveVi®P-2017-0226.R1 has been denied
publication.

Referee reporton the paper "Absorption of angular momentum pllame electromagnetic
wave" by Radi I. Khrapko

The refereed paper presents a theoretical analytie problem of absorption of a
circularly polarized plane wave by a moving mediuiatid not check the paper's calculations but
have no ground to question their correctness. Tblelgm itself is, maybe, of a certain scientific
interest but the author does not explain the négemsd the meaning of his analysis. Granted that
everything is correct, the question remains aboeitaim of this calculation. Is it so important to
show that the equation for absorption of the feahdjular momentum (6.8) is quite similar to the
equation describing the absorption of energy (4.2)?

The author claims that due to his calculations haee to admit the existence of the spin
density in the wave. The nowday widespread opinestb be revised in view of the critisism" But
| believe the author's reproaches to the physinsnmonity for denying the spin density in a
circularly polarized plane wave are wrong. In fadbat the author stands for is a commonly shared
opinion that nobody calls in question.

See, for example, F.S. Crawford, Jr., Waves: BgrRleysics Course - V. 3, Education
Development Center, Inc., 1968, p. 365: ".. .Audlacly polarized travelling plane wave carries
angular momentum®”. The notion of the spin densitg pfane wave is widely used in the current
researches - e.g, K. Y. Bliokh, A. Y. Bekshaev, &ndllori, "Extraordinary momentum and spin in
evanescent wave\ature Commurb, 3300 (2014).
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The list of authoritative and credible books, &8¢ etc., treating and using the spin density
of a plane wave can be very long. However, theautites some well known sources that express,
apparently, the quite opposite statement: "A plaaee travelling in z-direction and with infinite
extension in the xy-directions can have no anguamentum about the z-axis", and makes hence a
conclusion that modern physics mistakes in whateors the spin angular momentum of a
circularly polarized light.

But it is merely his interpretation. Actually, tdeubtless fact that the spin density of a perfect
plane wave vanishes, only means that the perfaoeplave is nothing but a theoretical model, a
certain idealization of real objects, and its vi#§ids limited. There is no perfect infinite planeawe
in reality, and any "physical" plane wave does\capin.

There are different ways to reconcile the "plane@etadealization concept with more real
situations, and one of them is to take into accthedtany observation of the plane wave field, any
its interaction, even with a single atom, inevijatdestroys its "ideal" character and "selects"atert
finite fragment of its infinite cross section. Déspthe ideal plane wave 'per se' carries no angula
momentum density, the rigorously calculated angumamentum of this transverse fragment
exactly equals to what is dictated by the homogeselistribution of constant spin density across
the plane wave. | guess, this was reported setigres$ in a bit different forms; | refer to what |
know better: A. Y. Bekshaev, Spin angular momentdinmhomogeneous and transversely limited
light beamsProc. SPIE625456-63 (2006). Afterwards, this approach was dbsarin reviews:

A. Bekshaev, M. Soskin and M. VasnetsPsraxial Light Beams with Angular Momenti{idew York:
Nova Science Publishers, 2008) (see also arXiv:230D);

A. Bekshaev, K. Bliokh, M. Soskin, Internal flowsdaenergy circulation in light beams. J. Opt. 13,
053001 (2011).

Thus, the vanishing spin density of an ideal cadylpolarized plane wave is completely
compatible with its ability to carry angular momemt and to transmit it to absorptive media.
References [14-16], which seem to have motivatedattihor's efforts, are not misleading, and there
IS N0 necessity to prove again the well establighetthat a circularly polarized wave contains
angular momentum. As a result, in its present faha paper conveys no useful information. At the
same time, if the author properly explains the amd the meaning of his calculations and properly
describes their place among other known resuléstatvritten and reorganized materials can be
considered anew.

Author's appeal to the rejection

First, the referee must explain the difference leetwa perfect plane wave', which has no spin,
and aplane wave which carries spin.

This paper shows that ateal, perfectircularly polarized plane wave travelling in zatition and
with infinite extension in the xy-directiortarries spin density, just like such a wave
carries energy-momentum density! Nobody knowsfems

F.S. Crawford, Jr.: "A circularly polarized travely plane wave carries angular momentum®. But
he does not know that daeal, perfectircularly polarized plane wave carries spin dgnsi
He thinks that the ideal, perfect circularly patad plane wave carriesly energy and
momentum densities given by the Poynting vector.

K. Y. Bliokh at al. consider evanescent waves. tBay do not know that an ideal, perfect circularly
polarized plane wave carries spin density.

A. Y. Bekshaev considers inhomogeneous and trasshyeiimited light beams. But he does not
know that an ideal, perfect circularly polarizedne wave carries spin density.

Do not reconcile the "plane-wave" idealization agptowith more real situations because the ideal
plane wave ‘per se' carries spin density.

The perfection of a circularly polarized plane waees not deprive the wave of the spin density,
just like the perfection does not deprive the walvthe energy-momentum density.

It is important to show that the equation for apsion of the spin flux density (6.8) is quite sianil
to the equation describing the absorption of thesilux density (4.2) for an ideal, perfect
circularly polarized plane wave.
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The given calculations show that spin is a naturaperty of an ideal, perfect circularly polarized
plane electromagnetic wave, similar to energy andthentum.

Nobody used the spin tensor of an ideal, perfectularly polarized plane wave in order to
calculate the spin density of a circularly poladizgane wave with infinite extension.

The referee thinks that the spin density of a pepgame wave vanishes because there is no perfect
infinite plane wave in reality. But he does not lkexp how the "physicalness" supplies a
plane wave with the spin density.

And | think that the report shows the importanceulblishing of this paper.

The confirmation of the rejection by Journal of Modern Optics
Dear Dr. Khrapko, | regret to inform you that thHdO board of editors has considered your appeal
and has voted to uphold the rejection decisione ddhnot consider further appeals on this
particular manuscript.
Sincerely, Thomas G. Brown

Rejection of an old paper

Circularly polarized beam carries the double angula momentum
TMOP-2013-0483ttp://viXra.org/abs/1308.0147

This paper was rejected by Journal of Modern Ogticnymously without review on September
13, 2013:

- “Our editorial team have now considered your pdque feel the topic discussed is not best suited
to the Journal of Modern Optics. Editorial Office”

This decision was strange because JMO publishegex pa this topic:
Khrapko R.l. "Mechanical stresses produced byl liggam”J. Modern Optic®5, 1487-1500
(2008). So, the decision required an explanatiord ¥e found the explanation. The explanation
was presented in this message sent to JIMO.

DearProf. Jonathan Marang&ditor in Chief JIMO,
Editorial Office rejected the paper TMOP-2013-048Gt Be hope you remember that your
Reviewer-2007 wrote about another paper, "Mechéstoasses produced by a light beam™:
- "There is an additional spin angular momentunttierphoton, that is not present in standard
(Maxwell-based) theory".
- "This is a difficult paper to judge. It attemptsdiarify and correct some questions in one ofdthe
or so century-old controversies in classical etebtnamics, perhaps the major one of interest in
modern optics. | think the paper, almost in thespre form, would be a useful addition to the
research literature on the topic, and I'm williogécommend publication with minor changes.
This is despite the paper being in error, in my mpinThe paper is on a topic where the literature is
literately riddled with error, confusion, and dispuThe topic is of interest in practical issues in
optical micromanipulation and of theoretical inwrim the foundations of field theory and classical
electrodynamics. Given the confused situation efliterature on this topic, I'm prepared to
recommend the paper for publication despite thergrit won't make things worse, and does
make, in my opinion, a positive contribution.
- The main error in the paper, in my opinion, is ohdouble-counting. The angular momentum
transport by a light beam can be deal with, in ncases, either in terms of the moment of the
Poynting vector, or by the spin + orbital angulagaar momenta, as done by Humblet. For
example, there is a page of problems in Jacksone@rdevoted to this point. The author adds the
two together, which is wrong. However, | don't ththis will lead readers into error, so | don't see
this as a real obstacle to publication”.
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Nevertheless the Reviewer admitted publishing efgper because he was sure that the paper
being in error and would not damage the interefstiseophysical authorities. He wrote:

As a result, the Reviewer admitted publishinghef paper because he was sure that the
paper being in error and would not damage theestsrof the physical authorities.

And you,Prof. Jonathan Marangowyrote to the author:
- "September 9, 2007. We are pleased to acceptpaper in its current form and we look forward
to receiving further submissions from you".

However, Reviewer-2009, when considering the nektrsssion *), also was sure that the
paper being in error, but, unfortunately, as opddseReviewer-2007, he believed that “the
conventional (Maxwell and Poynting - based) theafrgptical angular momentum is in excellent
agreement with all recent experiments and thene iseed nor evidence for any correction of the
type envisaged by the author”. And the paper \epcted.

Now an anonymous Editorial team has recognizedttieatonclusion presented in this new
paper is true. The team requested a translation ofcapaper **). The team could give no
objections against the papers. And then the tegutesl this new paper because this paper would
damage the interests of the physical authorities.

This is the explanation of the rejection!

*) Khrapko R.I. "Experiments for Determination of AnguMomentum Flux Density".
This paper is now published: "On the possibilityanofexperiment on 'nonlocality’ of
electrodynamics"Quantum Electron2012, 42 (12), 1133
http://khrapkori.wmsite.ru/ftpgetfile.php?id=34&mad=files viXra:1307.0110 See also
http://khrapkori.wmsite.ru/ftpgetfile.php?id=46&mad=files (replies of journals are presented),
http://www.mai.ru/science/trudy/published.php?ID838 (2012).

**) Khrapko R.I. "Circularly polarized beam carri#®e double angular momentum. (2003)"
http://www.mai.ru/science/trudy/published.php?ID#32 (in Russian). See
http://viXra.org/abs/1309.0090

Addition

The content of the the new paper submitted to JMi@l&btric absorbs spin of an infinite plane
wave"was rejected earlier by some journals

American Journal of Physics.
We have reviewed your submission (our manuscrip82) and determined that it is not
appropriate for publication. David P. JacksonpiebV. Schroeder.

European Journal of Physics
EJP-102477. To be publishable in this journal, asichust be of high quality and scientific
interest, and be recognised as an important caniwoib to the literature. Your Paper has been
assessed and has been found not to meet thesecrite
Kit Durant, Ben Sheard, Lucy Joy, lain Trotter

Europhysics Letters

EPL G37916. Unfortunately we cannot accept your ssfion in regard to your past behaviour.
The EPL Editorial Office
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Journal of Physics A
JPhysA-107274. We did not believe that your papetraar editorial criteria and it was therefore
rejected without further review.
Lucy Joy, Sarah Whitehouse, Eimear O'Callaghan,Btbivn, Thomas Farrell, Kayleigh Parsons

Journal of Physics B
JPHYSB-103441. To be publishable in this journalckas must be of high quality and scientific
interest, and be recognised as an important caniwib to the literature. Your Paper has been
assessed and has been found not to meet thesecrite
Thomas Farrell, Emma Chorlton, Thomas Farrell, Mirtdowland, Lara Covill

Journal of the Optical Society of America A
The Optical Society is unable to consider your resabmission ID: 293183 to JOSA A for
publication.
Editor-in-Chief P. Scott Carney
Author's reply:
JOSA A proclaims: "Discussion Papers focus onaaitinterpretations, recurring misconceptions,
or the use of hidden hypotheses."
But, in reality, the Optical Society is unable everctonsider submissions 292977, 287106,
293183, where we criticizes a recurring misconcgpthat an electromagnetic plane wave of
infinite extension has no angular momentum. We stiawthe widespread delusion contradicts
Sadowsky's and Pointing's conception. The giverutations show that spin occurs to be the same
natural property of a plane electromagnetic wasesreergy and momentum.

Journal of Optics
Your article JOPT-104338 will not be consideredri®riew as it does not meet our strict
publication criteria.
Editor-in-Chief Nikolay Zheludev

New Journal of Physics
Your article, NJP-106994, will not be consideredriview as it does not meet our strict
publication criteria.
Barry Sanders - Editor-in-Chief

Annals of Physics
| have come to the conclusion that Annals of Plsysigot the appropriate journal for publication
of your work No. 72968
Editor-in-Chief: Brian Greene

Foundations of Physics
The editors had to conclude that this work FOOP-B2QZ62 is not suitable for publication in
Foundations of Physics.
Fedde Benedictus
COMMENTS TO THE AUTHOR:
The author of this manuscript fails to make cleaw ias/her work relates to current discussions in
the foundations of physics. Regrettably, this fdates the current submission outside the scope of
Foundations of Physics.
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