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Now it is not clear, how an angular momentum is distributed over a circularly 

polarized light beam. According to the standard electrodynamics, it is exclusively 

near to the surface of the beam. But, according to the quantum theory, the angular 

momentum fills all body of the beam because of photons’ spins. Therefore it is not 

clear, where the torque acts on a target. However there is a problem. If the torque 

acts near the boundary of the alight zone of the target, it means that, though energy 

of photons is absorbed by all alight area, their spin is absorbed in the other place, on 

periphery. If the torque is allocated on all area of the target, it means that Maxwell 

stress tensor gives a wrong local description of the phenomenon. We offer to 

interfere two beams, which pass through two half-wave plates, one of which is 

divided into two parts concentrically. Each of the parts of the plate can be rotated 

manually independently. Because of such a rotation, the torque works on the plate, 

and the light frequency changes. It results in a movement of interference fringes. 

Observing of this movement makes it possible to determine, where the torque is 

applied. 

PACS numbers: 12.20.Fv, 42.50.Vk, 42.25.Ja 

 

1. Introduction 

 

As is well known, a circularly polarized light beam [1,2],  
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carries an angular momentum [1-6]. So, a torque acts on a body, which absorbs at least a part of 

the beam or/and changes the polarization state of the beam.  

Fields (1) satisfy the wave equation in the paraxial approximation, which is widely used. 

The paraxial approximation implies kuuz <<<<<<<<∂∂∂∂  and 0222 ====∂∂∂∂++++∂∂∂∂++++∂∂∂∂ ukiuu zyyxx  [7,2]. A wide 

class of beams satisfies the paraxial conditions. We consider, together with [1,5,6], a wide beam 

and, in accordance with [5], we have made 0uu ====  constant over a large central region of the 

beam and confined the variation of the function u  from 0u  to zero to lie within a “skin” which 

lies a distance R  from the axis (see[5, Fig. 9.3]; [6, Fig. 1]; our Figure 1a). 

The Beth experiment [3] and many experiments on micro particles with tweezers 

confirm a presence of an angular momentum in a circularly polarized light beam. Unfortunately, 

now we have no experimental determination of the angular momentum distribution across the 

beam section.  

According to [2,4], z -component of the angular momentum volume density, zj , and z -

component of the angular momentum flux density, zµ , i.e. the torque density, are  
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These densities are proportional to the radial gradient of the light beam intensity while the 

energy volume density in the beam, w , and the Poynting vector, S , depend on the intensity 

itself:  
22

0 uw ωε==== ,     
22

0 ucS ωε==== .                                   (3) 

So, the ratio between the densities,  
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changes from place to place considerably.  

Allen et al. wrote: 

“Consequently, in a beam that satisfies the paraxial condition, this means inevitably that the 

ratio changes from place to place”. 

“At a particular local point the z -component of angular momentum flux divided by energy flux 

does not yield a simple value.” 

“A different amount of angular momentum might be expected to be transferred at different 

positions in the wavefront”. [2,8,9] 

Simmonds and Guttmann [5] wrote: 

“From Eq. (2) the electric and magnetic fields can have a nonzero z -component only within the 

skin region of this wave [i.e. of the beam]. Having z -components within this region implies the 

possibility of a nonzero z -component of angular momentum within this region. Since the wave 

is identically zero outside the skin and constant inside the skin region, the skin region is the only 

in which the z -component of angular momentum does not vanish.” 

Therefore the ratio )/1(/ ωµ >>>>>>>>Sz  in the skin region and 0/ ====Szµ  in the rest regions. 

It is naturally to conclude that the absorbing body experiences torque only there where the skin 

is absorbed and the large central region of the beam applies no torque to the body though the 

region of the beam brings almost all power to the body, according to (3). 

On spring 1999 the distribution of angular momentum across a circularly polarized beam 

was discussed at V.L. Ginzburg Moscow Seminar, and the problem was formulated in terms of 

an experiment [10]. Suppose that an absorber is divided concentrically at radius 1r  into an inner 

part where Rrr <<<<<<<< 1  and outer corresponding part ( 1rr >>>> ) such that the skin of the beam is 

absorbed by the outer part. Will the inner part perceive a torque (and rotate)? This question is of 

critical importance.  

Really, if the inner part does not perceive a torque, spin angular momentum of a photon 

is absorbed on peripheries of the absorber while energy of the photon is absorbed on the inner 

region. If the inner part does perceive a torque, Maxwell stress tensor of electromagnetic field 

does not have a local sense because, according to (2), this tensor provides no tangential forces in 

the inner part [5]. So, the both answers mean a considerable nonlocality of the electrodynamics 

Answering the question [10], Allen et al. [11] represent our beam as the superposition of 

two parts, 

)()()( rururu outin ++++==== ,                                               (5) 

such that the radius of the inner part is approx Rr <<<<1  and the outer part looks like a thick-wall 

tube located approx between 1r  and R . The authors conclude the inner part of the absorber does 

perceive a torque because )( 2

inr u∂∂∂∂  of (2) is not zero.  
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So, as we can understand, Allen et al. in [11] conclude that the ratio (4) is constant in the 

beam’s interior and has no maximum in the skin region contrary to their opinion in [2,8,9]. 

We criticized this conclusion in [12]. I think we must take into account the both 

components of the superposition and the interference between them. Then we obtain zero for the 

torque density (2) at any point of inner or outer part of the absorber, except the skin region of 

the beam. Indeed, according to (2), 
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at any point of inner or outer part of the body except the skin region, and the zero will hold 

when (5) is substituted into (6).  

On the other hand, R. Feynman explains a torque acting on the body in another manner [13]. 

He wrote,  

“The electric vector E goes in a circle – as drawn in Fig. 17-5(a). Now suppose that such a light 

shines on a wall which is going to absorb it – or at least some of it – and consider an atom in the 

wall according to the classical physics. We’ll suppose that the atom is isotropic, so the result is 

that the electron moves in a circle, as shown in Fig. 17-5(b). The electron is displaced at some 

displacement r from its equilibrium position at the origin and goes around with some phase lag 

with respect to the vector Е. As time goes on, the electric field rotates and the displacement 

rotates with the same frequency, so their relative orientation stays the same. Now look, there is 

angular momentum being poured into this electron, because there is always a torque about the 

origin”.  

So, according to Feynman, the large central region of the beam brings not only energy 

but also angular momentum to the large central region of the absorbing body. This inference is 

confirmed by the concept of photons. Photons, which are absorbed by the large central region of 

the absorbing body, bring energy ωh , momentum c/ωh , and (spin) angular momentum h  per 

photon. So, according to Feynman, the local ratio of angular momentum to energy is  

ωµ /1/ ====Sz                                                     (5) 

in the central region. This entails a uniform shear stress in the central region of the body [12] 

(we abstract away from light pressure). 

Beth used a transparent birefringent plate as the body [3]. His reasoning leads to the same 

conclusion as Feynman’s one. He wrote: 

“The moment of force or torque exerted on a doubly refracting medium by a light wave passing 

through it arises from the fact that the dielectric constant K  is a tensor. Consequently the 

electric intensity E  is, in general, not parallel to the electric polarization P  or to the electric 

displacement PEKED π4++++========  in the medium. The torque per unit volume produced by the 

action of the electric field on the polarization of the medium is EP ××××====V/τ ”. 

N. Carrara [14] wrote: 

“If a circularly polarized wave is absorbed by a screen or is transformed into a linearly polarized 

wave, the angular momentum vanishes. Therefore the screen must be subjected to a torque per 

unit surface equal to the variation of the angular momentum per unit time. The intensity of this 

torque is ω/S±±±± .” 

In any case, it is important to obtain an experimental solution of this problem. Such an 

experiment is brought forward in this paper. 
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2. The Righi experiment (1882) 

 
Let our body is a half-wave plate, which reverses the handedness of the circular polarization so 

that the plate experiences a torque, and zµµ 2====  is the torque density. In the Righi experiment, 

the plate is rotated manually in its own plane with angular velocity Ω . So, work is in progress. 

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 [15]. The alteration in the Poynting vector is Ωµ∆ zS 2==== , 

and the frequency shift is  
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where ω  is the light angular frequency. 

Coresponding phase shift in time t  is tωϕ ∆==== . The phase shift per revolution ( π=Ω 2t ) is  
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and the fringes shift per revolution is  

ω
µ

S
N z2==== .                                            (9) 

According to the standard concept (2), there is no fringes shift in the large central alight 

region of the plate because 0/ ====Szµ  in this region, and there is an enormous shift, 1>>>>>>>>N , in 

the narrow skin region because )/1()/( ωµ >>>>>>>>Sz  in this region. 

It is remarkable that the effect can readily be observed with an ordinary student’s optical 

bench and Fresnel biprism [15]. 

 

3. Modification of the experiment 

 

We hope to answer the question [10] by watching the local fringes shift (9). We propose to place 

two half-wave plates in the paths of the beams in a two-beams interferometer, but one of the 

plates must be divided into an inner disc and a closely fitting outer part so that the both parts can 

be rotated manually just as in the Righi experiment, but independently from each other (see 

Figure 1b). The half-wave plates differ in thickness by a small value a . Because of the 

difference, interference rings occur at the observer screen where the beams are superimposed.  

A calculation of the path difference is presented in Figure 2. If the angles of incidence of 

the beams are α , optical path length ABC equals αβαβ sin)tan(tancos/ −−−−++++ aan , and 

corresponding path AD trough air equals αcos/a . The condition of a constructive interference 

is λααβαβ kaaan kkkkk ====−−−−−−−−++++ cos/sin)tan(tancos/ , i.e.  

akn kk /coscos λαβ ====−−−− ,  ...,2,1,0====k                                             (10) 

If 2/1cos,sin 2αααα −−−−======== , then Eq (10) gives 

aknnn k /2/)1(1 2 λα ====−−−−++++−−−− .                                          (11) 

Omitting constant term 1−−−−n  we obtain the angular size of a ring number k  

an
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Fig. 1a     Half-wave plate, parts of which are rotated manually 

Fig. 1b     Circularly polarized beam is divided into two beams which go through half-wave 

plates and then interfere at the screen 

 

Let nm630====λ  and a quartz half-wave plate be in use, 009.0,55.1 ====−−−−======== eo nnnn ∆ . 

Then the minimal thickness of a half-wave plate is mnl µλ 352/2/1 ======== ∆ . If we put 

mla µ59517 2/1 ======== , then kk 0772.0====α , and 2

maxmax 167α≤≤≤≤k . According to Figure 1, 

175.010max ====≈≈≈≈ oα . So, 5max ====k . These five rings are depicted in Figure 3. 

 
Fig. 2. Calculation of the path difference ABC – AD         Fig. 3.  Interference rings 

 

We expect, accordingly with [12], that the fringes shift (9) will be equal to 2 when the inner 

part is rotated, and we expect the enormous fringes shift at the edge of the alight zone when the 

outer part is rotated. As far as we can judge, the fringes shift in the alight region, in fact, was 

two per revolution in the Righi experiment [15], though they probably did not catch sight of the 

enormous fringes shift in the narrow skin region because very small part of light provides the 

shift. 
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re-formulation of electromagnetism, something for which there is both no evidence and no need. 
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