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1 Berry’s Operator

The operator, ﬁg(gé) = A.VB is defined by,
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where z1, x2, and 3 =z, ¥y, 2.
(from eq. 1.4 of [1])

2 The Momentum Density

P « Re[ﬁ*x[ﬂ

o Im {E* X (V X E)} (—i%uﬁ = -V x E)

= Im [E*.VE — (E*V)E] (1)
(Wikipedia: Vector calculus identities, Section: Cross product rule)
Consider,
Vx(E*xE) = E*NV.E)—E(NV.E*)+ (ENV)E* — (E*V)E
= —2i Im [(E*.V)E] (Charge frec Maxwell’s eqns)
= m [(B*9)F] = 5v « (B* x B)

Since éﬁ x (E* x E) is real,



where S is the spin angular momentum density.

The first term may be recognized as the canonical momentum, whereas the
second term is the spin momentum.

Using the ’electric-magnetic democracy’[1] principle, we should also add the
contribution from the magnetic part, thus modifying the equation to,
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3 Force equation

From [2], the optical force terms of complex fields and dipole moments,
F xRe [d:.VE +d, . VH]
where J; = aeE_", cfm = amﬁ , are complex electric and magnetic dipole

moments and «., a,,, are complex electric and magnetic polarizabilities.

F =Re [}E*VE + o, H* VH]
= Re [a]Re [E*.VE]4+Re [a]Re [H* . VH]~Im [of]Im [E*.VE]—Im [a,]|Re [H*.VH]

= Re [e]Re [E*.VE]4+Re [an]Re [H* .V H]+2puwlm [ae] P +2ewlm [a,| PE™
From,
1
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Vuw = [eRe [E*.VE] + uRe [H’*ﬁﬁ]] = Vw, + Vwy,
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4 Spin angular momentum density
Evanescent fields are given by,
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where, k = k, 2 + ik &, and k? = k? — K2

The corresponding magnetic field,
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Consider,
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Now consider,
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Therefore,
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B |:/<& _ - 2Im(m) k }62’”

From eq. (5) from the paper [3],
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This agrees with our derivation.



5 Canonical Momentum

From eq. (6) from [3],
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Therefore,
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Similarly,
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Finally,
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In agreement with eq.(9) from [3].

6 Spin Momentum

From eq. (7) from [3],
Prin o 29 x §

where § is given by eq. 2,
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S = []Zy + 0-]{22:| 6_2Km
= Prin aﬁy ~ B ge2ee
k. k.,



From (10) from [3],

= - -
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in agreement with eq. 3

References

1]

M. V. Berry, Optical currents, Journal of Optics A: Pure and Applied Optics

11 (9) (2009) 094001. doi:10.1088/1464-4258/11/9/094001.

URL https://dx.doi.org/10.1088/1464-4258/11/9/094001

K. Y. Bliokh, A. Y. Bekshaev, F. Nori, Extraordinary momentum and
spin in evanescent waves, Nature Communications 5 (1) (2014) 3300.

doi:10.1038 /ncomms4300.
URL https://doi.org/10.1038/ncomms4300

K. Y. Bliokh, Transverse spin and momentum in structured light: Quan-
tum spin hall effect and transverse optical force, in: 2016 URSI Interna-
tional Symposium on Electromagnetic Theory (EMTS), 2016, pp. 345-348.

doi:10.1109/URSI-EMTS.2016.7571393.



