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stein introduced the concept of

atimulated emission of electro
magmetie radiation that led to the in-
ventlon of masers and lasers. Ever
since, there has been a propensily (o
regard stimulated and spontamneoss
emission as gquantum-mechanical ef-
ferts. However, these concepls have
clear classical (nongquantum)] ana
logues Lhat we demonstrate in ex-
perimenis with ultrasoursd,

We have designed an electrome-
charical system consisting of ultra
somie oscillators that emibt both ST~
tancously and by stimulated emis-
sion like atoms in an optical laser.
The set of nominally independent os
cillators lock 1o each other and pra-
duce a high-intensity coherent fiekd.
In the ahsence of stimulated emis
shor, 1|'|.-|~:|,' proxluce a weak and inco-
herent field

Classical lasers have pedagogic
value and potential in laser research,
We anticipstes that ullrasonic ana-
logues [nasers), with their longer
wavelengths and convenlent fre
fuencises will allow experimments not
[_'p:_rhg.ll;ulg' with |,||'_:-I||;':|!| lasers, The ILIHJH
senaitivity of the spectrally narrow
uasing line o perturbations makes
the uaser suitabile for precision sens-
ing measurements n acouslics.

I m his seminal paper', Albert Ein-
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To design an acoustic analogue of
i laser requires '.|||.|.|l::-iu|11l:'h of thie two
{:-ssl_‘nl:m] components al a laser: the
optical resonator to confine the Hghi
and the gain medium to amplify the
light, Making the former for an
acoustic device s trivial — any chunk
of metal will do. Ultrasound waves
bounce off the boundaries of the
meetal block much like light boLnces
betwesn mimmors in a laser resonalor,
We used acoustical resonators of var-
jous sipes and shapes. An r_':.'.amp]c s
secn in Figure 1,

Electromechanical ‘aloms’

Realizing a gain medium was the
chief challenge. Stimulated emission
["se” in the laser acronym) encom
passes (wo properiies: The emitted
radiation has the same l'r-r'-:;l:wlu'_'r'
and the same phase as the incident
wave, Quanium mechanical proper-
ties of atoms ensure That both con-
dittons are met in lasers,”

To emulate stimulated emission of
ullrsonind waves, we constrnscted an
et et molo-cscillaioe, whdch
is simiply an KL clreutt fadth negative
resistance [R]]. At some resonant fre
ey dheteerrrdne] by the circudt pa-
rameters, the voltage temls o oscil-
late in & way that is similar to the os
cillation ol the l:'|::|::|:'|..':-|' distribution in

ard L

Weaver

an atom at 1ts transiton fregquency,

When one inscris a plece of plezo-
elecire malerial into the capacitor,
the oscillating voltage across Che ca-
pacitor plates causes the material to
deform. The deformation can be
transhed into real vibratbons, The
device that operates according (o this
principle Is called a plezoelectric
transducer: It converts mechanical
vibrations into voltage oscillations
and back (Flgure 2)

In other words, the electronic cir-
cult aula-oseillator (the electro-
mechanical “atom”) interacis with
the reverberating acoustic cavity via
the piesoelectric transducer. which
can el andd absorh aooustic waves.
This is similar to the way an atom
interacts with an optical resonator
through emisaion and absorption of
the electromagnetic waves.

To demonstrate that our artilicial
atoms are capable of stimulated
emission, we attached a second
transducer to another point on the
cavity (Figure 3a). After we applied
a CW signal of suffleient amplitude
Ig‘l._“l to the tramesducer, we absenved
entrainment: The atom adjusted ils
frequency to match that of the inci
dent scoustic wave produced by the
CW signal. and the phase between
the two became fixed, Theoretical
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