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Heterogeneous Medium Elementary transducers ]p(F;’ t)
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Heterogeneous Medium Ejementary transducers ]'b(F;’ t)
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Effective, but impractical...

Courtesy M. Fink

There have to be ‘smarter’ ways to exploit time-reversal invariance...
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A simple ‘time reversal mirror’
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A simple ‘time reversal mirror’

Ray-Chaos-enabled Single-Channel Time Reversal Mirror

Draeger and Fink PRL 1997
ACTIVE SOURCE

reflecting boundaries
of a ray-chaotic billiard
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reflecting boundaries
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A simple ‘time reversal mirror’

Ray-Chaos-enabled Single-Channel Time Reversal Mirror
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A simple ‘time reversal mirror’

Ray-Chaos-enabled Single-Channel Time Reversal Mirror
Draeger and Fink PRL 1997
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A simple ‘time reversal mirror’

Ray-Chaos-enabled Single-Channel Time Reversal Mirror
Draeger and Fink PRL 1997

ACTIVE SOURCE RECEIVER

Sona signal

Time-reversed Sona signal

Transceiver in reflecting boundaries Transceiver in
Receive Mode of a ray-chaotic billiard Transmit Mode

Even though only a small fraction of energy is actually measured, the reconstruction can be very good ...

Image courtesy of M. Fink g
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- ! The Reconstruction is Also Localized in Space

Field Strength
of Reconstruction
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J. of Electromagnetic Waves and Applications 27, 1262 (2013)

Focusing an arbitrary RF pulse at a distance using time-reversal
techniques

Sun K. Hong™*, Biniyam T. Taddesc”, Zachary B. Drikas", Steven M. Anl;lgch and
[im D. Andreadis®
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Extension of Quantum Fidelity to Classical Waves
Loschmidt Echo:
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Wave Chaos in the Time-Domain

Extension of Quantum Fidelity to Classical Waves
Loschmidt Echo:

‘\IJ> Hamiltonian H e—zHr LIJ>

Hamiltonian H + H’

oI H+H) —zHr‘\P> —e—ﬂr LP)

» time

0 t
T _ ((H+H")t —iHt
ot S ()= ([T Y)

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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Experiment to test the sensing techniques @

Schematic of the stairwell
used as a resonant cavity.

Appl. Phys. Lett. 95, 114103 (2009)
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Ray-Chaos-enabled Single-Channel Time Reversal Mirror
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Time-reversed Sona signal

Transceiver in reflecting boundaries Transceiver in
Receive Mode of a ray-chaotic cavity | Transmit Mode

Image courtesy of M. Fink 18




2018 IEEE SYMPOSIUM ON ELECTROMAGNETIC COMPATIBILITY, SIGNAL AND POWER INTEGRITY
YOUR PORT FOR EMC+SIPI COMPLIANCE

July 30 - August 3, 2013%3@:4 @4
ORDINARY TIME REVERSAL MIRROR

Ray-Chaos-enabled Single-Channel Time Reversal Mirror

ACTIVE SOURCE

'RECEIVER

Time-reversed Sona signal

Sona signal

reflecting boundaries Transceiver in
Receive Mode of a ray-chaotic cavity Transmit Mode

Transceiver in

Can We Achieve Energy Focusing Without the ACTIVE SOURCE Step?

Image courtesy of M. Fink 18
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PASSIVE NONLINEAR OBJECT

“==.._ Interrogation Pulse

Frequency
Translation N ——— ,,'\
f =>2f - _
reflecting boundaries
of a ray-chaotic cavity |
Based on similar ideas in nonlinear acoustics M. Frazier, et al., PRL 110, 087002 (2013)
T. I. Ulrich, ef al., JASA (2006) M. Frazier, et al. Phys. Rev. E 88, 062910 (2013)
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Potential WPT System

Supplier searches for participating devices

Initialization (which may or may not have charge)

Small fraction of power reflected by device,
Steady State allowing supplier to find new location

(Power from Grid)
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Future: Multi-Element Spatial Microwave Modulator
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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
Could 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 http://anlage.umd.edu/RCM/index.htm
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Summary

* We have developed the first electromagnetic nonlinear time-reversal mirror

* T/R Waves have applications in Communications, Wireless Power Transfer and
EMC

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

* Results with synthetic sonas show that impulses can be directed to arbitrary

locations inside a ray-chaotic billiard, given knowledge of the scattering
geometry

Related Publications:
B. Xiao, et al., Phys. Rev. E 93, 052205 (2016)
M. Frazier, et al., Phys. Rev. Lett. 110, 087002 (2013)
M. Frazier, et al. Phys. Rev. E 88, 062910 (2013)
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Why is the Reconstruction Less than Perfect?

| Incident pulse: 23 dB
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Why 1s the Reconstruction Less than Perfect?

| Incident pulse: 23 dB
Peak SNR = 20 loglo (Vsignaf,peak /Vnoise:peak) Unperturbed case: 8.7 dB

Perturbed case: 4.7 dB
1) Use of a Finite Time-Window

For best reconstruction: Window size T >> t; (Heisenberg time, ~ 1/Af...)
In this case, T ~ t; only

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

Ideal case: zero losses, T — oo:
Perfect time reversal requires recording at both ports, not just one

3) Resistive losses in the system

The walls have finite conductivity (acting like parasitic un-recorded channels)
Loss parameter o ~ 1, meaning mode width =~ mode spacing

Frequency domain @ 7 GHz: 1-|S,;]* =-3 dB, |S,,]* =-25 dB
1) Identical antennas: Little energy re-emerges after cavity excitation
11) 2 energy promptly reflected, Y2 enters cavity
i11) 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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