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Introduction

Why complex frequencies and wavenumbers?

m Complex frequencies describe the decay (or attenuation) of vibrations in time.

m They are most useful for localized resonances.
m The quality factor of a resonance, @, measures the number of oscillations a resonator can
support before the vibration energy has decreased by a factor e ™2™ ~ 0.2%.

= Define a complex frequency wo = w,(1 + 55), with w, = .

m Complex wavenumbers describe the decay in space of outgoing waves.
m They are well suited for monochromatic waves in periodic media.
m The complex band structure k(w) can describe frequency-dependent material loss [30, 31].
m It also describes evanescent Bloch waves in relation to periodicity, both in the direction of
propagation (Bragg band gaps, local resonances) and in the transverse direction (orders of
diffraction).
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Sonic crystals

Evanescent Bloch waves of sonic crystals

m Write the pressure wave equations as

fEVp +ika=p = wv,
p

w'=p = V-(wv)—ka- (w).
m Normal acceleration (or acceleration along the propagation direction):
¢ = wao -V,

m Considering a vector of two test functions (¢, p’) in the same finite element space as (¢, p).
Generalized eigenvalue problem [2]:

/dXA(¢/’p/;¢7b) = (Zk)/dXB(¢/7pl;¢7p)7V(¢/7p/),
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Sonic crystals

Sonic crystal of steel rods in water, 2D SQ |
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Sonic crystals

Sonic crystal of steel rods in water, 2D SQ Il
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Phononic crystals

Evanescent Bloch waves of phononic crystals

m Assuming monochromaticity and the Bloch-Floquet theorem, we can write for the periodic part of
the solution

= Gijta (U1 — vkayTy),

<

- .
Tijj — tkaj T = —pw” Ui

m Considering a vector of 2r test functions (uj,77) living in the same finite element space as (u;, 7;),
i=1,---,r. Generalized eigenvalue problem [2]

/ drA(T' v’ T, u) = (zk)/ drB(t',u'; T, u),¥(T', u)
Q Q
with

A(T' s u) = ()i i — cijc (777 iy + pw*(@'); i — Cijwt (T')7 T 1
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Phononic crystal of holes in silicon, 2D SQ, I'X direction |
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Figure: Complex band structure d/a = 0.85. Pure shear waves.
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Phononic crystal of holes in silicon, 2D SQ, 'X direction Il
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Figure: Evolution of the polarization across the lower band gap for some pure shear Bloch waves.
Points A, B, and C are for the entrance, the middle, and the exit of the lower band gap, respectively.
Point D is for an evanescent Bloch wave at the same frequency as point B.
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Phononic crystals

Phononic crystal of holes in silicon, 2D SQ, X direction Il
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Figure: Complex band structure. d/a = 0.85. In-plane waves.
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Phononic crystal of holes in silicon, 2D SQ, 'M direction |
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Figure: Complex band structure. d/a = 0.85. Pure shear waves.
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Figure: Complex band structure. d/a = 0.85. In-plane waves.
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Phononic crystals

Phononic crystal of holes in silicon, 2D SQ), lossless
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Phononic crystals

Phononic crystal of holes in silicon, 2D SQ), lossy
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