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Simple acoustic multiplexer
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Simple structures enabling the multiplexing of acoustic waves are presented. Such structures are constructed
out of two monomode acoustic wires and two masses bound together, and to the wires by springs. We show
analytically that these simple structures can transfer with selectivity and in one direction one acoustic wave-
length from one wire to the other, leaving neighbor acoustic wavelengths unaffected. We give closed-form
relations enabling to obtain the values of the relevant physical parameters for this multiplexing phenomena to
happen at a chosen wavelength. Finally, we illustrate this general theory by an application.
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The directional ejection from one wave guide to anotherand(5, 6) ared. As can be also seen from a classical Taylor
was considered before for elastic waves in slender t{ibes expansion of a radial potential, for such a geometry there is
and for optical phonons in atomic chaif]. Such transfer no nonzero harmonic force constants coupling the in-plane
processes are particularly important in wavelength multiyransverse motions defined above to the other types of dis-
pIemgg and in tg:gcomg_]umc.anoln routing dfv'ief‘ﬂ', placements. The system shows two perpendicular mirror

fA evice ena llngg] flrectlona eJeCt'cf[n 0 ?”‘fafrt]'c Wt?]\’esymmetry planes. Moreover, the simple system presented
of a given wavelengtn irom oné acoustic wire 1o the othe€l, oo -5 e solved in closed form. This enables to determine
should Ie_ave_ the o'gher nel_ghbor Wavelengt_hs, trayel Wlthouu!—iasily all the parameters necessary for its fabrication
perturbation in the input wire. At the same time this wave of ’

one selected and well-defined wavelength is expected to b Many oth_er SYSte”_‘S and geom_etrles of this type can be
transferred to the other wire with a phase shift as the onl evised, which differ in some details but show generally the

admitted distortion. To meet the above requirements asame Multiplexing property. On the other hand, an analogous

closely as possible an appropriate coupling geometry shomgeometry reallzeq on an atgmlc.or nanometric scale offers
be designed. even a richer variety of multiplexing systems.

In the present paper we describe a simple and general The acoustic dispersion relation of the transverse modes
system, which, under certain conditions, makes possible thf the wires is
directional transfer of one acoustic wave with a very good

selectivity and directivity. The system is depicted in Fig. 1. o o
1 2

The structure consists of two wires conducting predomi- 1 d 2 —»
nantly the in-plane transverse waves. The wires are charac H
terized by their linear mass densjtyand the speed of the L I I L
transverse acoustic waves propagating along them. Twc Br) | B
identical masses, undergoing a constrain to move perpen I |
dicularly to the wires by appropriate frictionless rails, are 5 By 6
coupled to the motionless support by a force conskafr o— KX . O=-= —(5— -5
these, and only these, transverse waves. The masses are ¢ M] IM
ditionally coupled with each other by a spring whose free 1 I
length is slightly longer than the distanddetween the rails. Bil 1B
As can be seen from a classical Taylor expansion of a radia o, 1 I 0,
potential, this assures an effective harmonic force constanemm l l —
Bo=¢'(d)/d between the masses, whegé(r) is the first 4 4 3

derivative of the potential energy of the spring linking the ) )
masses. The coupling of the wave motion in the wires with 'G- 1. Sketch of one possible geometry of the considered
the motion of the masses is assured by four springs of th imple acoustic multiplexer. It consists of two wires and two masses
harmonic force constantg, (see Fig. 1 The wires go, re- " "€ two massed are bounded to two fixed points by two
spectively, through pointel, 2) and(3, 4) and the massés are springs having an harmonic force const&nhaind are restricted by

. : . an appropriate device to move only in the direction parallel to the
at points 5 and 6. The distances between pdihis), (3, 4), wires. They are bound also between themselves by a spring with an

harmonic force constam, and to pointg1-4) of the wires by four
springs out of equilibrium with harmonic force constgdt We
*Corresponding author; Email address: consider one inpuk; or two inputsl; =1, of longitudinal acoustic
leonard.dobrzynski@univ-lille1.fr waves and four output®;, O,, O3, andO,.

1539-3755/2005/71%)/0476013)/$23.00 047601-1 ©2005 The American Physical Society



BRIEF REPORTS PHYSICAL REVIEW H1, 047601(2005

w=ck, (1) The total acoustic wave transfer from a single input at
_ ) . . gate 1 to the output 3, i.ely(kd)=1, O;(kyd)=0, Ou(kyd)
where k=27r/\ is the propagation vector of the acoustic =0, O4(kyd) =1, andO,(k,d) =0 can be realized exactly at the

wave of wavelength\. : i
- . angular frequencywy=ck,, when the following conditions
In general, any incident acoustic wave launched onto th%re?fulfilled'q Woo=cko g

coupling structure, e.g., from the input gate 1, generates, as a

result of scattering processes, the reflected wave at node 1, 5 (dlc)?
along with the three transmitted waves at nodes 2, 3, and 4 (kod)* = T[K + 21+ Bal, (11
(cf. Fig. 1. The corresponding reflectiait ;) and transmis-

sion (t1,,n=2, 3,4 amplitudes can be expressed in terms of

the elements of the Green’s functigrof the system vid1] cogkyd) = -

t1=2iFg(1,1) - 1 (2a)

B

12
28, 12

and

d
o | sinkgd) _ po(c/d), .
tin=2Fg(LN), (n=2,3,9. (2b) k) F (13

In Egs.(2), i=v~1 stands for the imaginary unit, while The transferred wave has some widttkiharoundkod. If
F = cpjo. (3a) one wishes the corresponding pealQg(kd) to be symmet-

. ric, then one obtains another conditifih2], namely
The necessary Green’s-function elements can be readily

obtained taking into account the symmetry of the system.
Consequently, for acoustic waves incoming through gate 1,
the expressions for the reflection and transmission wave-
function amplitudes can be conveniently written as

kod:(1+4n0)g, np=0,1,2,.. (14)

However, this condition and the ones given by E(d®)
and (13) are only fulfilled for 8;,=0 and3,=0. So in what

t1 =z +2+z3+z,— 1, (49 follows, we will tolerate a small dissymmetry of the peak in
O3(kd) and a small imprecision on the condition given by
to=21+t2-23- 2, (4b)  Eq.(14).

Let us also define the quality factor associated with the

Ya=2 — 2o+ 23— s, (40) linewidth of the transferred signal by
and Qlkd) = %k;), (15)
=2 -2-23+2, (4d)
whereA(kqd) is the width of this signal foO5(kd)=0.5.
where An approximated value of this quality factor is found to
be
ST © M E
: : : . Qlkod) = (1 + 4np)“—-——. (16)
with they,’s determined by the particular resonant-coupling 4 B.d
structure under considerati¢h]. For the structure of Fig. 1, To give an illustrative and at the same time realistic ex-
2/35 ample complying with the above assumptions we consider
y1=y2—F(M 2 _K-28)’ (6) ny=0, M=0.001 kg,c=10 m/s, p=0.07 kg/m,d=0.02 m,
@ B K=475 kg/$, B,=110 Kg/¢, and8,=22 kg/<. This set of
parameters corresponds to typical elastic wires and macro-
Y= tar(k—d> _ B @) scopic springs able to transmit acoustic waves.
2 2 F’ Figure 2 presents the transmission coefficie@igkd)
(solid ling), O,(kd) (dashed ling O4(kd) (dotted ling, and
kd\ | B 0, (kd) (dotted-dashed lineas functions of the reduced wave
y3=—|t ) T E ®) vectorkd. One remarks that the dissymmetry with respect to
kd=m/2 is negligible. The peak in the transmission coeffi-
and cient O;(kd) shows a width at half maximum of the order
28 predicted by Eq(16). In this figureO,(kd) is basically con-
Y4=Y3— 5 1 . (9) stant and equal to 1 aft&d=7/2. This result comes from
F(Mo® - K =281 -28) the parameters used in this calculation, but remains for other

possible parameter sets as long as the analytical conditions
given above are satisfied with a good precision and the cho-
sen quality factor is not too low.

Oj(kd):|tlj|2,j =1,2,3,4. (10 Now, with two inputs of intensityl,(kd)=I,(kd)=1 at

For an incoming acoustic wave intensitykd)=1, the
outgoing acoustic wave intensiti€(kd) are given by
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FIG. 2. The transmission coefficierBg(kd) (solid line), O,(kd)
(dashed ling O,(kd) (dotted ling, andO;(kd) (dotted-dashed line
as functions ofkd for the structure of Fig. 1 fomy=0, M
=0.001 kg, c=10 m/s, p;=0.07 kg/m, d=0.02 m, K=475 kg/$,
B1=110 kg/$, and 3,=22 kg/$&, for one single input,=1.

FIG. 3. Output-signal intensitie®;(kd)=0,(kd) (dashed ling
and O3(kd)=0O4(kd) (solid line) as functions okd for the structure
of Fig. 1 for the same parameters as in Fig. 2 when two inputs of
intensity 11(kd)=l,(kd)=1 at gates 1 and 2 are simultaneously
present.

gates 1 and 2, the output transmission probabilities are  acoustic wave multiplexing and also cross transfer of two
acoustic waves, respectively, from gate 1 to gate 3 and from
— — —_1]2 .

Oy(kd) = Oy(kd) =2z + 2) - 1| (173 gate 2 to gate 4. Moreover, the above derived closed-form
and expressions enable to find easily the optimal parameters for
the desired device, enabling one to engineer it at will for
specific applications.

Os(kd) = O4(kd) = |2(z, - ) > (17b) fic a _ _ _ _
, , This simple acoustic multiplexer is expected to stimulate
In other words, two transverse acoustic waves of particUs,rther research.

lar propagation vectok, are cross transferred through the

structure to gates 3 and 4, respectively. This “cross-talk” ef- Thanks to Pr. B. Djafari-Rouhani for stimulating discus-

fect is illustrated in Fig. 3. sions. The authors acknowledge “le Fonds Européen de
The results of the present paper show that the simpl®éveloppement RégionallFEDER and “le Conseil Ré-

structure presented in this brief report can realize transversgional Nord-Pas de Calais” for their support.
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