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Abstract
It is pointed out that the evanescent light wave occurring at total
reflection does not possess a transverse spin angular momentum as
Bliokh, Bekshaev, and Nori claimed recently in (2014) Nature Communications, 5, 3300. This is not only because of the nonlocality
of the photon spin but also because the evanescent wave is such a
state whose angular momentum cannot be separated into spin and
orbital parts.
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1. Introduction
Lorem ipsum dolor sit amet, consectetuer
adipiscing elit. Ut purus elit, vestibulum ut, It was once believed [1] [2] that separating the photon angular momenplacerat ac, adipiscing vitae, felis. Curabitur tum into its spin and orbital parts is physically meaningless. Howevdictum gravida mauris. Nam arcu libero, er, since the seminal work of Allen et al. [3], theoretical identification
nonummy eget, consectetuer id, vulputate a,
of spin and orbital parts of photon angular momentum have drawn
magna. Donec vehicula augue eu neque. Pellentesque habitant morbi tristique senectus et much attention [4–14]. In a recent publication, Bliokh, Bekshaev, and
netus et malesuada fames ac turpis egestas. Nori [15] claimed that the evanescent light wave occurring at total
Mauris ut leo. Cras viverra metus rhoncus reflection has a transverse spin, which is independent of the polarizasem. Nulla et lectus vestibulum urna fringilla
ultrices. Phasellus eu tellus sit amet tortor tion. They arrived at that conclusion by resorting to the so-called
gravida placerat. Integer sapien est, iaculis in, local densities for the spin and orbital angular momentum (OAM),
pretium quis, viverra ac, nunc. Praesent eget which were constructed in Ref. [11].
sem vel leo ultrices bibendum. Aenean fauBialynicki-Birula [12] showed that even though the total angular
cibus. Morbi dolor nulla, malesuada eu, pulvmomentum
of a light wave is local, after the splitting into spin and
inar at, mollis ac, nulla. Curabitur auctor semper nulla. Donec varius orci eget risus. Duis orbital parts, “the locality is lost”. Furthermore, one of the authors
nibh mi, congue eu, accumsan eleifend, sagit- [16] found that the spin of the photon can be derived from a set of
tis quis, diam. Duis eget orci sit amet orci
two relativistic quantum equations for those states with respect to
dignissim rutrum.
Nam dui ligula, fringilla a, euismod sodales, which the momentum operator is Hermitian. The nonlocality of the
sollicitudin vel, wisi. Morbi auctor lorem non photon spin originates in the nonlocality of the photon itself that is
justo. Nam lacus libero, pretium at, lobortis expressed by the relativistic quantum constraint. On the basis of
vitae, ultricies et, tellus. Donec aliquet, tortor sed accumsan bibendum, erat ligula aliquet these discussions, we will demonstrate in this paper that the notion of
magna, vitae ornare odio metus a mi. Morbi transverse spin advanced in Ref. [15] is physically incorrect.
ac orci et nisl hendrerit mollis. Suspendisse
ut massa. Cras nec ante. Pellentesque a nulla. Cum
sociis natoque penatibus Mar.
et magnis
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Aliquam tincidunt urna. Nulla ullamcorper
vestibulum turpis. Pellentesque cursus luctus
mauris.
Nulla malesuada porttitor diam. Donec felis
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2. Description of Demonstration Method
For clarity, let us first take a brief look at how Bliokh et al. came
to their conclusion. Consider a monochromatic light wave of angular
frequency ω in the air. The local spin density they defined reads
s = ψ † Ŝψ =


Σ̂ 0
0 Σ̂

γ
Im(E ∗ × E + H ∗ × H),
2

(1)



is a vector matrix, (Σ̂k )ij = −iijk with ijk


pγ E
is the spinor wavethe Levi-Civitá pseudotensor, ψ =
2
H
function with E and H the complex electric and magnetic vectors,
respectively, the superscript “†” denotes the conjugate transpose, the
superscript “∗” denotes the complex conjugate, Gaussian units with
γ = (8πω)−1 are used, and ~ = 1 is assumed. They claimed that the
spin density is generated by the so-called spin part pS of the momentum density in the following way,
where Ŝ =

s = x × pS ,

(2)

where x is the position vector relative to the origin. Meanwhile, they
claimed that pS is expressed in terms of s as
pS =

1
∇ × s.
2

(3)

The local OAM density about the origin they defined is as follows,
l = x × pO ,

(4)

where
pO = Re(ψ † P̂ ψ) =

γ
Im[(∇E) · E ∗ + (∇H) · H ∗ ]
2

(5)

is the so-called canonical part of the momentum density and P̂ = −i∇
is the operator for the canonical momentum. They required that the
sum of pS and pO should be equal to the momentum density that is
proportional to the Poynting vector and is expressed in terms of the
complex electric and magnetic vectors as
p = γk0 Re(E ∗ × H),

(6)

where k0 = ω/c is the wavenumber in the air. When applying Equation (1) to the evanescent wave that occurs at a total reflection, they
found that s is perpendicular to the propagation direction.
It is well known [17] [18] [19] that
R the angular momentum of a light
wave about the origin is given by x × pd3 x, where the integrand is
known as the angular-momentum density about the origin,
j = x × p,

(7)

and p is the momentum density (6). As a physically meaningful notion, the angular-momentum density has to be unique. So if s in
Equation (1) and l in Equation (4) are true local spin and OAM densities, respectively, one must have s + l = j. This can also be seen
from pS + pO = p if s is generated by pS via Equation (2). To demonstrate the nonexistence of the transverse spin in an evanescent wave,
it is enough to show that there is no such relation in that case. This
is done below.
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3. Demonstration of Nonexistence of the
Transverse Spin
Because it was claimed in Ref. [15] that the transverse spin in an evanescent wave is independent of the polarization, we consider such
an evanescent wave that occurs when a TM-polarized plane wave is
totally reflected by an interface between a dielectric medium of refractive index ni > 1 and the air of refractive index n0 = 1 as is shown in
Figure 1.
The complex magnetic vector of the evanescent wave in the air assumes the following form,
H = A exp[i(k0 · x − ωt)]ȳ,

x ≥ 0,

(8)

where A is a constant, k0 = iκx̄ + kz z̄ is the complex wavevector,
κ = (kz2 − k02 )1/2 is the decay coefficient in the air, kz = ki sin θ,
ki = ni k0 , θ is the incidence angle that is larger than the critical angle
for total reflection θc = sin−1 (1/ni ), x̄, ȳ, and z̄ are unit vectors along
the corresponding axes. The corresponding complex electric vector is
given by
E=

kz x̄ − iκz̄
A exp[i(k0 · x − ωt)],
k0

x ≥ 0.

(9)

It is needless to say that the electric vector (9) is “perpendicular”
to the associated complex wavevector, E · k0 = 0, as the Maxwell
equation ∇ · E = 0 requires. Substituting Equations (8) and (9) into
Equation (6), we find for the momentum density,
p = γkz |A|2 exp(−2κx)z̄,

(10)

which is in the propagation direction, the z-axis. Upon substituting it
into Equation (7), we have for the angular-momentum density about
the origin,
j = γkz |A|2 exp(−2κx)(yx̄ − xȳ).
(11)
It is transverse, having both x and y components.
Substituting Equations (8) and (9) into Equation (1), one gets

Figure 1. The evanescent wave that occurs at the total reflection of a
TM-polarized plane wave by an interface at x = 0 between two dielectric
media of refractive indices ni and n0 .
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s=

γkz κ 2
|A| exp(−2κx)ȳ,
k02

(12)

which is in the transverse y direction. It is on the basis of this result
that Bliokh et al. [15] claimed that the evanescent wave possesses a
transverse spin. However, substituting Equations (8) and (9) into
Equation (5), one finds
pO =

γkz3 2
|A| exp(−2κx)z̄,
k02

(13)

which, when substituted into Equation (4), gives
l=

γkz3 2
|A| exp(−2κx)(yx̄ − xȳ).
k02

(14)

Obviously, the sum of s and l in Equations (12) and (14) is different
from the angular-momentum density (11). Instead, one has
s+l=

γkz
|A|2 exp(−2κx)[kz2 yx̄ + (κ − kz2 x)ȳ].
k02

From this result it is concluded that the s in Equation (12) cannot
be the local spin density and therefore the evanescent light wave does
not possess a transverse spin.
Furthermore, substituting Equation (12) into Equation (3), one has
pS = −

γkz κ2 2
|A| exp(−2κx)z̄.
k02

(15)

The sum of (13) and (15) is indeed equal to the momentum density
(10). But upon substituting Equation (15) into Equation (2), one
cannot find Equation (12). Instead, one obtains
x × pS = −

γkz κ2 2
|A| exp(−2κx)(yx̄ − xȳ),
k02

(16)

which, in addition to a y-component, has a x-component. This is understandable. Resulting from Equation (1), the s in Equation (12) is
supposed to be independent of the choice of a reference point. Nevertheless, coming from Equation (2), expression (16) must depend on
the reference point, the origin. This further demonstrates that the s
in Equation (12) is not the local spin density. After all, as pointed
out by Bialynicki-Birula [12], “when one splits the total angular momentum into its orbital part and the intrinsic part, locality cannot be
preserved”.
It is noted that according to the definition in quantum mechanics
[20], the expectation value of the canonical momentum taken with
respect to state ψ is given by
R †
ψ P̂ ψd3 x
hP̂ i = R † 3 .
ψ ψd x
If the evanescent wave (8) and (9) can be regarded as a photon
state, the resultant expectation value of the canonical momentum is
complex, hP̂ i = k0 = iκx̄ + kz z̄. This shows that the evanescent
wave is such a state with respect to which the canonical-momentum
operator is not Hermitian. In other words, the canonical momentum of
DOI: 10.4236/jmp.2019.104031
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the photon in the evanescent wave is not an observable from the point
of view of quantum mechanics. Accordingly, the corresponding OAM
represented by the operator x × P̂ is not an observable, either. As
a consequence, dividing the angular momentum of the photon in the
evanescent wave into spin and orbital parts is physically impossible.
This also explains why the angular momentum density j given by
Equation (11) is different from the sum of s and l in Equations (12)
and (14).

4. Discussions and Conclusions
On a final note, the photon in the evanescent wave (8) and (9) does
have a transverse angular momentum about the origin. To see this
in more detail, let us calculate the energy density of the evanescent
wave,
k2
1
(|E|2 + |H|2 ) = z 2 |A|2 exp(−2κx).
u=
16π
8πk0
Considering that the energy of each photon is ω, we adopt the technique used in Ref. [6] to find the momentum of a single photon per
unit length along the propagation direction,
R
pdxdy
k2
x≥0
P = ωR
= 0 z̄.
kz
udxdy
x≥0
k2

Because of kkz0 < 1, its magnitude, P = kz0 , is less than that of
the momentum of free photon in the air, k0 . Correspondingly, from
Equation (11) we have for the angular momentum of a single photon
per unit length along the propagation direction,
R
jdxdy
P
x≥0
J = ωR
= − ȳ,
2κ
udxdy
x≥0
which is in the transverse y direction. According to the definition of
the angular momentum of a point particle about the origin, J = x×P ,
it follows from preceding two equations that the x-component of the
1
photon’s position vector x at any instant is x = 2κ
if we consider
the photon as a point particle. That is to say, the photon behaves
as a point particle of momentum P along the propagation direction
1
with a distance 2κ
away from the interface. The effect of such a
transverse angular momentum was observed twenty years ago [21] in
an experiment on combined Mie particles and was then explained as
the result of the vertical gradient of the longitudinal radiation pressure
that is expressed by the momentum density (10).
In conclusion, the evanescent light wave does not possess a transverse spin not only because of the nonlocality of the photon spin but
also because the angular momentum of the evanescent wave cannot be
separated into spin and orbital parts.
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