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Two components of vibrations 8V

1885 Rayleigh waves Lord Rayleigh England
half-space

1911 Love waves AEH. Love England One SH component of vibrations, layered
half-space

1917 Lamb waves H. Lamb England Two components of vibrations 8V plate
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1924 Stoneleywaves R.Stoneley England _ o
solid-solidinterface
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1947 Scholte waves J.G. Scholte Holland o
solidliquid interface
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2022 Y A S O OWagesNa.l A PM.YA SOOI & Z ®dlakd between conventional and metamaterial
elasticsolid, SPHike

One SH component of vibrations, interfac
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Surface Plasmon Polariton (SPP)
electromagnetic wave at a metal- dielectric
Interface

Dielectric constant

-0 ) - ¢(p —) Plasmonic optical

NEIEEELS

Dr u dmoded of dielectric constant - in metals:
1 = Plasmon angular frequency

Fig.1

Fig.2

Entire presentation is a novelty

The concept of a surface wave:
elastic and/or electromagnetic wave

Newly discovered (SH) Surface Elastic Wave:
Elastic analogue of optical SPP waves
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510 8. Cress-Section of the
Waveguide supperting the new.
proposed SH elastic surface Waves
prepagating in the direction ¢, with
exponentially decaying fields in the
transverse direction c .

Elastic metamaterial The mechanical displacement 6

half-space of the new SH surface elastic wave
2) IS polarized along the w axis.

s, (w)<0 p,>0

4
1 = Angular frequency of local oscillators

embedded in the lower half-space

i (g i ¢<p 1—) Dr u drmodle




Newlyidiscovered SHIstace elasticiwave propagaing attheNnteErmace (62 =10)
PEWEER ElaStICISEMIESPacE andimetamalenal elastic SEMI=SPACE
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Pure elastic ‘ () = const > 0 4
half-space Q

© pp raii i PMMA) / New SH acoustic wave
IS evanescent in the

Interface

transverse direction x,
\ ‘i()=p]’" ‘[O( T ]

Interface

S

Elastic metamaterial ‘ i ( )G ) <0 S
half-space (ST Quartz) \
(Q pdOQUL v @) 0
. ’ : Fig4. Fig5. Direction of propagation
it l ¢<p —) along the Xp axis

i ( )1 follows D1 u draoflet Only one SH component of mechanical

displacement 0 along the w axis.




i()G) i ¢(p —) Fig.6.

O an elastic

Elasticicompliancet ( )1

metamatenal substrate fellows D rsuid e 0 S
moedel

Plasmonic elastic materials.

Meta T 11 Greek means: after, heyond

E.g., Metaphysics = After Physics

Angular frequency w

As can be seen, the elastic compliance | ( )G )
IS negative intherange 0 ] -] 8
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Movement of material particles Is governed by

the equation of motion along with

the appropriate boundary conditions at Fig.6. Elastic compliance i ¢ 771  of an elastic

the waveguide interface. metamaterial substrate (half-space) as a function of
angular frequency] .



VIATHENATICAIEVIODEIS

15 ASSUMPUGRS:

a) ali=SpPaCeS are: lInear; ISeePIC; I0SSIESS and NeMEYENELUS
) thErE IS NG Varations: along therce: axis
c) absence of body forces:

\We started frem first principles: N E W) O-Nsecond law of dynamics: "' = shear modulus

e ~a1%2 Fig.7

/ New SH acoustic wave
is evanescent in the
transverse direction x5

Constitutive equations (relations):
t pii T0jTw

T pji ToOjTw

ﬂ‘ug’

Direction of propagation
along the x4 axis
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0 isthe mechanicaldisplacementof the new
SHelastic surfacewave
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Fig.8. Dispersion curve (angular frequency]
as a function of wavenumber "Q
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New SH elastic =)
surface wave ( h )

Layeredvaveguideot the new
. ShearFoenzontal(SH)

roup Direction .
VeIOCIty of propagation SU rfaceelaSt|Cwave

Elastic
half-space

(,, Fi () EIastlc
metamaterlal
half-space

Mechanical
displacement Fig.9




VieehanicatiSplacemenpithe newwave

elastic direction of wave
half-space Propagat'on [Lowermetamaterial

elastiehalEspace

elastic

metamaterial Upperpure

half-space

: elastichalt-space
mechanical ,

displacement

Powerflow
Poyntingvector
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) Rzt el lofofay v () 5 i 2) GroupVelocity U= (7) St
fofw | forfw >

Remark:

Newly discovered SH
SuUrface elastic wave Is a
direct

analogue of the Surface
Plasmon Polariton (SPP)
TM electromagnetic wave

Fig.11.
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Frequency f [kHz] Fig.12
"QQkHz] 0 [m/s] 0 [m/s] 1 [mm] | [mm] _amm] _ [mm]

1094.2 1082.7

1077.1 1034.0 . Table.2

970.2 782.2
194.2 9.45
77.6 0.61
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Type of wave Resolution Frequenc
i h 2 of the orderof of the order of . ‘
Table.3 (‘j’_s'”gt € NEWY Il o Resolution of the order of
iscovered wave [ U Oaq

Using . of the order of of the order of
conventional . . 004 MHz not GHz

. a
elasticwaves

4. Breakinghe diffractionlimit

5. \VMvetrapping (zero group and energy velogity




Qb
<
QL
(0)

>
‘ﬁ
D
®
E B
Q.
195
(e
@
R
@
_n
L

VARESCERHW,
([SCHEMZLICVIEW)

NEW:SIHFElastic\WaVe InRERIS A Oty ol sArr:urJJr Ay PIOREN rss
o1 SUliace Plasmon Pelarten wave (SPPR); €.d.; ampliiication: o eVanescent WaVves

Metamaterial Plate

Tt

With elastic metamaterial plate

)
§e
-
=
S
S
©
o
@
N
©
S
| .
o
Z

- J.B. Pendry, Physical Review Letters, 85, No 18, (2000),
0.3 Negative Refraction Makes a Perfect Lens




NEWIV EISCOVEREM urJ SURCCETEISUIEC V] |
RFEIECOmMAUREUSI= SUlicCe Plasmoen Pelaiten (SRR WWaVve

=
S
(b
~
>
=
(x5
Ui
b
>
L
><
(ab
(D
b
>
(b
6
(S
=
@

H.(x )=magnetic u,(x,)=mechanical
field [07a ] displacement
XA X5 A & ]
|TM model ;
dielectric elastic >H-mode
half-space H,(x,) half-space u,(x.)
> >
metallic elastic
half-space metamaterial
half-space

TM Electromagnetic Surface Wave

SH Elastic Surface Wave
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lasmoen Poelaniten (SPP) type

Analegies between Mechanics and Electromagnetism
Here: Newly discovered SH surface elastic waves bridge the gap betweer

MECHANICS and ELECTROMAGNETISM

-;
7

These two waves have the same:

. Fleld distributions
. Geometry of the waveguide

. Equations of motion

. Boundary conditions

. Dispersion equation

. Analogous analytical solutions
for field variables



Viimedes (SPR): EFECTROMAGNETISIVIS INEW SH StUHace elasticwave: MECHANICS

HElmhelizZediateniesulingiomivia X -WeeguauuiEs| Helmholizeguationrestitngiiem Equation e meLen

IS DIEIECIHCIAlFSPACENTMOUES IEEIASUCH Al FSPaCE
Q0O - Qo -
— ‘-1 g0 Qg0 13 — () g Qo
O (13) O ¢ ¢ (17)

3. Boundary conditions 3. Boundary conditions

a) continuityof -— andO atw Tt a)continuityof ——— and6 atw T

4. Dispersion equation (Eigenvalue equation): 4. Dispersion equation (Eigenvalue equation):

where:p  JQ * -]
n Vo ‘-1
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SPP electromagnetic surface wavas

metal-dielectric waveguides

New SH elastic surface waves elastic
metamaterial waveguides
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Phase velocity of SPP

electromagnetic waves" elastic surface waves
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1HValieUS classicalWaVves are gevermeaViassimilaistypES OiWavereguation

2) /ANclegIES PEWWEERINOSE WaVES ale VERArtititifana repeatedly resuliean tie muttial
EXPONT Ol IdEAS BEIWEER OPLICS aNd acEUSHES
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\ ) Surface
(

NAVES at INtErfaces Petween continues media, such as Surface Plasmoen
plariton 3 gl

V\
SPP) are highly impertant for modern optics

"U

4) Surface modes are particularly important in the context of topological guantum or
classical-wave systems, which are currently attracting enormous attention

5) The equations for SH elastic waves in solid media also have a form compatible to
Maxwell equations (-H ) and also involve two medium parameters: the densitt and
mechanical compliance (" h )

6) Many acoustic and electromagnetic quantities (e.g., the Energy density, Poynting
vector etc.) have similar forms



