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Overview

Classically chaotic systems display extreme sensitivity to initial
conditions ... which suggests good sensor applications

Sensors often ut
for detection

: waves (acoustic. electromagnetic, seismie, ete.)

Wave Chaotic systems show extreme sensitivity to perturbations

Time Reversal and Spatial Reciprocity are two ‘hidden’
i ion that can be exploited 1o

A of the wave eg
simplify the wave chaotic sensor
We have developed a novel sensor paradigm that combines the
extreme sensitivity of wave chaotic systems with the simplicity
of ime-reversed and spatially reciprocal waves to create:

The CHAOTIC TIME-REVERSAL S

NSOR

Wave Chaos?

1) Classical chaotic systems have diverging trajectorics
2-Dimensional *billiard” tables with kard wall boundaries
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2) Linear wave systems can’t be chaotic

In the ray-limit
it is possibile 1o
defime chaos.

1t makes na semse tn

talk about *diverging .
trajectories” for waves =

ray chaos™

3) However in the semiclassical limit, you can think about rays
Wave Chaos concerns selutions of wave equations which, in the semiclassical
timit, con be described by my trujectories

Ray Chaos

Many enclosed three-dimensional spaces display ray chaos

Now Consider Wave Propagation in Ray-Chaotic Enclosures

Stadium Hay Chacs,
whach i illustrated by the spatial ergodicity of a ray trgjectony

Propagation of a Gaussian Wave Packet

T = time to propagate aboeg horiz. s

Salve the wave equatson (Elect tie, Acouste, Schrod,

n a my-chactic enclosure

ger equation, ele.)
Exnmine the solutions m the semiglassical regime: 0 < L << System Size
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Quantifying Sensitivity to Perturbation of
Wave Chaotic systems using
Fidelity or Loschmidt-Echo (M{t))
Consider an analogous quantum system -
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Mt), Leschmidi-Echo, s expected to decay
(for such

The Loschmidt-Echo is measred using the Scattering Fidelity, which is the St
Croas Corelation of scattering matrix elements before and afer perturbation. ™
The ratin of preak 1o peak amplitude of initial and finad state of the

illustrated {cassical) wave evolution is shown 1o be indicator of pesturbation

Sensitivity 1o perturbation of wave chaotic systems can be used 1o
build semsors wsing classical waves (acoustic, electromagnetic, ... )
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Acoustic CTRS
in a Stairwell

Small, Cheap
Simple Sensot
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used bere

Acoustic CTRS in
Stairwell:- The incident
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Coda Signal

The coda signal is digitally band pass fitered using
I center frequency of 7 kHz and bandwidth of 3 kHz.
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Acoustic CTRS: Effects of Perturbation
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Problem: Dissipation of A tic Waves inside the Stairwell

Ve Decay Time = 0.2 sec
Consistent with Sabine's Formmla
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(60 dB decay tinme)

Exponential Amplification to overcome dissipation

Multiplythe coda signal by

an exponertial & ™"t is smoothly 18}
termunated after time i §
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Solution: Exponential Amplification to overcome loss
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Conclusions
A mew sensor parsdigm lias been P of aystems
Lo s ] perturbatbom.
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