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But lossy classical waves still display coherent behavior 000
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Extension of Quantum Fidelity to Classical Waves
Loschmidt Echo:

e i(H+H ')t e - iHt

Hamiltonian H

-----------------1----. time
t

Fidelity
Amplitude

Fidelity decays rapidly (-exponentially in time), particularly for classically chaotic systems

Apply this concept to classical waves:
"Chaotic Time-Reversal Sensor"
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How Could Time-Reversed Electromagnetic Waves Be Used for EMC?

Targeted EMC Testing
Direct an arbitrary time-domain waveform to an arbitrary location
in a reverb chamber or other scattering environment

Nonlinear EMC Testing
Nonlinear response offers "back door" entry into systems
Cou ld be used to inject un-wanted signals ...

Time-Domain Random Coupling Model (RCM)
Generalize our RCM to time-dependent and nonlinear phenomena
Statistical theory of induced voltages in complex enclosures
See Jillp:ljanlage.umd.edujRCMjindex.htm
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Summar\[

• We have developed the first electromagnetic nonlinear t ime-reversal mi rror

• T/R Waves have applicat ions in Comm unicat ions, Wi reless Power Transfer and
EMC

• Ray-Chaos is beneficial for Time-Reversal and Statistical modeling (RCM)

• Results with synthetic sonas show that impulses ca n be directed to arbit rary
locations inside a ray-chaotic billiard, given knowledge of the scattering
geometry

• .. * •

: 3' ~ ' '.• •
• •
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Peak SNR = 20 log., (VSignal ,peak / V noise,peak)

Why is the Reconstruction Less than Perfect?
Incident pulse: 23 dB
Unperturbed case: 8.7 dB
Perturbed case: 4.7 dB
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Peak SNR = 20 log., (VSignal ,peak / V noise,peak)

Why is the Reconstruction Less than Perfect?
Incident pulse : 23 dB
Unperturbed case: 8.7 dB
Perturbed case : 4.7 dB

I) Use ofa Finite Time-Window

For best reconstruction: Window size T » tH (Heisenberg time, ~ 1I6.["",n)
In this case, T ~ tH only

2) Loss of information from use of a single time-reversal recording channel

Ideal case : zero losses, T ---t 00 :

Perfect time reversal requires recording at both ports, not just one

3) Resistive losses in the system

The walls have finite conductivity (acting like para sitic un-recorded channels)
Loss parameter a ~ I , meaning mode width > mode spacing

Frequency domain @ 7 GHz: I-IS11 I' "" -3 dB , IS21 I' "" -25 dB
i) Identical antennas : Little energy re-emerges after cavity excitation
ii) Y2energy promptly reflected, Y2 enters cavity
iii) Despite very little energy emerging in port 2 we still get good reconstruction

Small fluctuations in Q: Each mode affected by loss in nearly the same way
45
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