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Abstract

In this paper all components of tensors of electric, magnetic and chiral polarizabilities of one-turn
and double-turn helices are calculated. The equality of axial components of above-named po-
larizabilities has been confirmed at the frequency close to the resonance. The comparison of fre-
quency dispersion and anisotropic properties of the polarizabilities for both kinds of the helices is
performed.

1. Introduction

Metal helices are widely used as inclusions in the metamaterials. They are characterized by electric,
magnetic and chiral polarizabilities. The optimal geometric parameters of the helices were determined
before. These parameters provide the equality of axial components of polarizabilities at the frequency
close to the resonance. It is necessary to calculate all tensors components of the polarizabilities for
determination of anisotropic properties of metamaterials. The results of calculation make it possible to
choose more preferable helices for creation of metamaterials. Particularly the helices with the optimal
parameters can be used for wave flow method cloaking as elements of non-scattering claddings.

2. Calculation of the polarizabilities tensors of the helices with the optimal shape
In this section determination of tensors components of the polarizabilities for a helix is performed. The
helices are characterized by the optimal parameters [1]:

The one-turn helix: Nr=1, a=13.6", L=0.05 m, r=7.75-10" m, h=12-10° m, d=1.51-10" m.
The double-turn helix: Ny=2, a=7.1", L=0.05 m, ¥=3.95-10° m, h=3.1-107 m, d=0.8:10" m,

where a is the helix angle with the plane perpendicular to the helix axis, L is the length of the wire
forming the helix, 7 is the turn radius, /4 is the helix pitch, and d is the wire diameter. Its behavior in an
electromagnetic field can be described by the coupling equations [2]:
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Here o, and «,,, are the dielectric and magnetic polarizability tensors, ¢, and «,, are the pseudo

tensors describing the chiral properties of the helix, and &,and x, are the electric and magnetic con-
stants. In the dipole approximation, the intensity of the electric filed of the radiated wave has the form

[3]:
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where R is the radius vector passing from a helix to the observation point, R is the distance from a

iR
helix to the observation point, 7 is the unit vector of the wave normal, ¢ is the velocity of light in vac-
uum, and points above the vectors denote time differentiation. Let us use limitations of helix symme-
try and Onsager’s reciprocal relations so that we should calculate components of tensors e, Gem, Gies
Omm- The one-turn and double-turn helices with the optimal shape are modeled with ANSYS HFSS (a
commercial finite element method simulator). The simulation model has a single helix, made of per-
fect electric conductor (PEC), in free space. As the excitation, linear-polarized incident electromag-
netic waves with different parameters are used. The different choose of incident wave parameters pro-
vides to calculate different components of the polarizabilities tensors. Final expressions for compo-
nents of the tensors are following:

1) E#0, H#0 — these vectors determine polarization of incident electromagnetic wave
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where 4 =

2
27 &y ROEO S , Ey is the incident electric field, f'is the working frequency,  FE| is elec-
tric field radiated by the helix (left index denotes direction of wave investigation, right index denotes
projection of electric field at this direction). All components of the tensors aee, Gems Ome, Gmm Of the one-
turn and double-turn helices were calculated in the far field region at the frequency range 2-4 GHz
using equations (4)-(7). For example, the components of magnetic polarizability tensor are shown for
comparison in Fig. 1. The axial components of all polarizabilities of every helix differ less than to
10%. This confirms theoretical results obtained before. As one can see from Fig. 1, the component
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a is the biggest. The theoretical calculations for helices with the optimal shape have the same re-
sults.
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Fig.1 — a) Magnetic polarizability of the one-turn helix; b) Magnetic polarizability of the double-turn helix

The one-turn helix is excited in more wide frequency range than the double-turn helix is. This means
the one-turn helix is more preferable for broadband cloaking by the wave flow method. The compo-
nent ¢} of the double-turn helix is significantly bigger of other components in the tensor. Other po-

larizabilities tensors have the same property. Therefore, in some approximation one can take into ac-
count only one component, and not consider the whole tensor. This simplifies the calculations of prop-
erties artificial media very significantly. But this is not satisfied for the one-turn helix. The optimal
shape helices are excited by arbitrary polarized incident electromagnetic wave. This simplifies process
of placing the helices.

3. Conclusion

The obtained results make it possible to determine more exactly all components of polarizabilities ten-
sors for the helices with the optimal shapes. Based on these results one can conclude that the double-

turn helices are more preferable for some reasons and they can be used for cloaking by wave flow
method.
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