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THE REACTIVE POWER IS A CLASSIC CONCEPT IN ANTENNA THEORY

W. Geyt and P. Jarmuszewski, The foster reactance
theorem for antennas and radiation Q, IEEE Trans.
Antenn. Propag. 48, 401 (2000); W. Geyi, Foundatios
of Applied Electrodynamics (J. Wiley, New York, 2010).
Sec. 4.4.1.

WHAT ABOUT AS REGARDS TO THE HELICITY?:

Bliokh, Kivshar, Nori, PRL 113, 033601 (2014) introduce the term: “Magnetoelectric energy”.
No physical meaning nor physical law provided. No mention of any reactive property.

Kamenetskii, Berezin, Shavit, Appl. Phys. B, 2015, introduce the term: “Real helicity”.

No physical meaning nor physical law provided. No mention of any reactive property.
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WHAT ABOUT NANOANTENNAS?:

A study of reactive quantities: reactive power and reactive helicity aims to controlling

dynamic effects (optical forces) in the near-field, and resonances of re-emitted (scattered)
energy and helicity.
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The Physics of the Reactive Power = CSIC

/ Time-harmonic fields

» The fundamentals of antenna theory:
—— The complex Poynting theorem:

Far-field

|
Imaginary / |:—J>}< -E4+ V. Si|d3r = z2w[((wm) — (wg))d3r
Reactive Poynti? g v 2 |4
energy \ momentum

flow

Im{S} is the reactive (imaginary) Poynting vector. It
Stored . alternates back and forth from the scattering

N object at 2w building-up reactive power:

2w (Kwm>-<we>)

S(r) = ﬁm) « B*(r).
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The Physics of the Reactive Helicity csic
/‘ T harrmonic fields A=) A

What about helicity theory?:

y />

Radiated
helicity

MN-V & X. Xu, , PRR 3, 043080 (2021)

Ear-no We establish the Reactive Helicity theorem:

Reactive

Reactive < helicity flow

helicity

2
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helicity

_ 27TC2((8m) —(8). (Spin angular
n momenta)

F »#, alternates back and forth from the scattering
object at 2w building-up the reactive helicity:

A (r) = (1/2k)\/§Re{E(l‘) B (r)}



EVANESCENT WAVE
BY T.I.R.

REACTIVE QUANTITIES

iq
B=n(—-——

_’i_q
k

Lo =1,

7,17,

K
k

_TJ_

K

k

Dielectric

TII) exp(iKx — qz),

) x exp(iKx — qz).
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k(spy,s.) = (K,0,iq), g = VK? — k?, k* = K* — ¢°.



Reactive quantities: —cSslc

|
BY T.I.R. C q
—=(ITL[* = |T)?) exp(—2g2).

Wreqet = A ?

Hoa = (/K YR{TLT] } exp(~2q2)

Reactive Poynting vector and Reactive Momentum:

1 ck K

jf@ ’ _w?"eact]-

g' = Im{g}=Im{S}/c’



Dielectric

Reactive power conservation:. CSIC
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The z-component of Im{S depends on
the reactive power density, V - I'm{S}, of the evanescent
wave in the hall-space z > 0, (which actually concen-
trates in the near field region above the interface z = 0,
namely at z << A), flowing back and forth along OZ
at twice the frequency w, without contributing to a net
energy flow SICe 1ts time-average is zero. l.e. one has
from the CPV theorem:

V - I?’I’L{S} = 8ZIm{S} — Wreact
= —2qIm{S}..




' ICI ion. CSIC
Reactive helicity conservation: ~ColC
SY TR, Reactive helicity flow:

F 1. 27K
a f%@ —— [O , W—wreact , Ckc%@].
Ai q kz

;}e por J ps
S
y

Im{S} the z-component of F s, de-

{ 3 ——
. wtop _ <poy PS nds on the reactive helicity density, V - . of th
|m{3}2¢ L "\{ pends on the reactive helicity density, V - F 4. of the
\«‘@9 |

evanescent wave in the halt-space z > 0, concentrated
in the near field on z = 0, flowing up and down in the
the z-direction without yielding a net flow since its time-

average 1 zero.

V- Fu, =0.F=—20Fn,). =2wHyp.

Dielectric



REACTIVE
QUANTITIES

g’ whose components come from two vectors that we put

forward next: the density of both reactive spin momentum
P and reactive orbital momentum P

1 K k K
P = (P =PIy = —(0, —Hp, ——Wreqct),
m e ) cq I ck?
Superslcrlpt I is imaginary part
q q
PO _ §(P2LI PO I) QCq (0’ 0’ —Ckz w?"eact)- (25)

P> and PO are the spin and orbital, electric or magnetic, momenta

Namely,
g =P° + P (26)
We emphasize that g,é 1S fully due
to 73,5, while g1 comes from P> + PC.
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THE PHYSICS OF THE REACTIVE (IMAGINARY) POYNTING MOMENTUM : OPTICAL FORCES

& We shall analyze forces on magnetodielectric particles due to reactive quantities of an
evanescent wave. These are its reactive helicity and its flow
and its reactive power and its flow: the Imaginary Poynting momentum.

& In our opinidn, and as far as we know, these forces have not yet been adequately studied.
Whether studied at all.

& Such forces, and the upsurge of the reactive quantities, are those due to the interaction
between the induced electric and magnetic dipole, that we predicted several years ago,

(cf. Op. Ex. 2010), from which the so-called extraordinary momentum of evanescent waves
was inferred (Bliokh et al. Nat. Comm. 2014), and the force due to it, measured
(Antognozzi et al. Nat. Phys. 2016).



Optical force on a magnetodielectric dipolar particle due to the * csic
Interaction of the induced electric and magnetic dipole:

MN-V, Juanjo Séaenz, et al., OpEx. 2010

Srkic
3

<Fe oy >=

/

Already studied for evanescent waves: 27
K. Bliokh et al. Nat. Comm. 5, 3300 -
(2014). (Prediction).

M. Antognozzi, et al. Nat. Phys. 12, 731

(2016). (detection).

At wavelenghts around the 2nd Kerker condition, the transversal force from
g', is opposite to <g>y !

o, and o, are the electric and magnetic polarizabilities



Optical force by an on a Si spherical particle placed on the T.I.R. “csic
Interface due to the reactive field (Poynting) momentum:
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Considered a
secondary weaker
force.

Not studied in depth.

MN-V & X. Xu, , PRR 3, 043080 (2021)



Sphere Air

Radius: 75 nm ~CSIC

EVANESCENT WAVE
BY T.I.R.

Incident linear
Polarization:

A=A

Dielectric
Refractive index: 1.5
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Results for the transversal force due to 8 .y e x. xu. . PRR 3. 043080 2021)
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Results for the perpendicular force due to g’ versus gradient force
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The field from a dipolar (in the wide sense) partic
(a (c)
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FIG. 3. 3D graphs of reactive powers as functions of wavelength A and radius a of a magnetodielelectric sphere of Si in air, illuminated
by a (linearly or circularly polarized) plane wave. (a): External Wsi.,. (b): Interior W) . . (c): Total W), , = Wer +WLU) . The sign of

act,int* react,int
W s opposite to that of Wé?ct for all A and a. The dip and peak of VVrf,jl)d correspond to the electric and magnetic resonance, respectively,

react,int
and are close to these resonances in Wrgct»im.

 vanishes in the proximities of these resonances, irrespective of a.

Like the resonances exhibited by the scattered power W) [46], these peaks and dips are redshifted

as a increases. W.*.
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FIG. 4. (a) Si sphere of radius a = 75 nm. (a) Square moduli of the electric and magnetic Mie coefficients, a; and by, and d; and ¢, of
the external and interior scattered field, respectively. (b) Scattered power W and reactive powers: external W', . interior Wrmct -, and total

W =W+ Wmt . Notice that W' vanishes at wavelenghts close to those of the electric and magnetic Mie resonances: A, = 492

react,T — react,
nm and 2, = 668 nm, where W is maximum. The lines |a;|* and |b,|* cross each other at the Kerker wavelengths: Ax; = 738.5 nm [at which

Wo =0and W . ~0]and Ag, = 608 nm [where both W, and W, . are near 0]. (c) Stored energies: external W), interior W ¢,
fotal WOOTT = OO Ly t0m0 “and difference W 00D = py (0) _ pp (swo.int)
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FIG. 5. 3D graphs of reactive helicities as functions of wavelength A and radius a of a magnetodielelectric sphere of Si in air, illuminated
by a left circularly polarized incident plane wave, CPL(+). (a) External H'). (1, a). (b) Interior ng)lct,int()\’ a). (c) Total Hféfmw(k, a) =
H (A, a) +HE) (A, a). The two dips of H') . and zero crossings of H"*)

it it ey react.int &re close to the electric and magnetic resonant wavelengths

A and A, and are redshifted with increasing a. Irrespective of the value of a, Hﬁg‘;a = 0 at Ag; and Hﬁg;ctj = (0 close to A, and A,,.
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FIG. 6. (a) 3D graph of the scattered helicity H" (X, a) generated by Si spheres in air, illuminated by a left circularly polarized incident
plane wave, CPL(+). It has two peaks, at 475 and 679 nm, influenced by the electric and magnetic resonant wavelengths A, = 492 nm and

An = 668 nm. (b) Making a = 75 nm, H®' (1), M)
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% In conclusion, CSIC
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9. Experiments observing these predictions are awaited...

9. Forces from the electric-magnetic dipole interaction in magnetodielectric particles,

and due to reactive quantities of the wavefield, may be larger than those so far observed
of the so-called extraordinary (transversal) momentum of the evanescent wave;

especially in the proximities at the electric and magnetic dipole resonances. They may also
neutralize the well-known gradient force.

These forces make observable both the reactive power and reactive helicity.

9. Reactive quantities yield a novel interpretation of the two Kerker conditions, which are
linked to an absence, or minimum, of the overall scattered reactive power.

9. The reactive helicity of chiral light incident on a chiral nanoparticle may separate
enantiomers by excitation of the external reactive power. An effect that we call
reactive dichroism.



