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Premise and Motivation 

D. C. Woods Purdue University 

• High impedance-difference interfaces 

• Methods for increased stand-off pressure and   
energy transmission 

• Applications to trace vapor detection: 

 

 

Low-frequency source Energetic material 
• Increase in temperature 
• Increase in vapor 

pressure 

Stand-off distance 
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Premise and Motivation 
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• Propagation of evanescent plane waves  
      (Brekhovskikh, 1960; Bertoni & Tamir, 1973) 

• Transmission across high impedance-difference 
interfaces 

      (Chapman et al., 1992; Godin, 2008, 2011) 

• Energy flux in elastic media and reflection/refraction 
(Hayes, 1980; Leroy et al., 1988; Deschamps, 1994) 
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Evanescent Plane Waves 
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Evanescent Plane Waves 
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• Complex angle representation 

𝜃 = 𝜃𝑟 + 𝑗𝜃𝑖 

𝑘 𝑥 = 𝑘 cosh 𝜃𝑖 sin 𝜃𝑟 + 𝑗𝑘 sinh 𝜃𝑖 cos(𝜃𝑟) 

𝑘 𝑧 = 𝑘 cosh 𝜃𝑖 cos 𝜃𝑟 − 𝑗𝑘 sinh 𝜃𝑖 sin(𝜃𝑟) 

 
𝑝 = 𝐴 𝑒−𝛽𝑛 ∙𝑟 𝑒−𝑗𝑘 cosh 𝜃𝑖 𝑡 ∙𝑟  

 

Evanescent decay parameter, 𝛽 



Material Interfaces 
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Trace wavenumber continuity 

𝑘1 sin 𝜃 1 = 𝑘2 sin 𝜃 2 = 𝜅2 sin 𝛾 2  



Numerical Results: Air-Water 
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Transmitted Normal Intensity (W/m2) 
1-Pa, 1000-Hz incident wave 
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Numerical Results: Air-Water 
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Transmitted Pressure (Pa) 

θ1,𝑟 = 15°, 𝛽 = 0.01 rad/m 

Transmitted Normal Velocity (m/s) 



Numerical Results: Air-Water 
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Transmitted Normal Intensity (W/m2) 



Numerical Results: Air-Solid 
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Transmitted Normal Intensity (W/m2) 
1-Pa, 1000-Hz incident wave 

𝜷 = 𝟎 (homogeneous) 
𝜷 = 𝟎. 𝟎𝟎𝟏 rad/m 
𝜷 = 𝟎. 𝟎𝟏 rad/m 
𝜷 = 𝟎. 𝟎𝟐 rad/m 

Sample solid 
𝜌 = 1000𝜌𝑎𝑖𝑟  
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𝑏 = 7𝑐𝑎𝑖𝑟  

𝐼𝑧 =
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 −(σ𝑧𝑣𝑧 + τ𝑥𝑧𝑣𝑥

𝑇

0

)𝑑𝑡 



Numerical Results: Air-Solid 
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Magnitude of Reflection Coefficient (1000 Hz) 



Numerical Results: Air-Solid 
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Magnitude of Reflection Coefficient 
Near Rayleigh Angle 



Numerical Results: Air-Solid 
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Transmitted Normal Stress (Pa) Transmitted Normal Velocity (m/s) 

θ1,𝑟
∗ ≈ 9.3657°, 𝛽∗ ≈ 1.07 × 10−4 rad/m 



Numerical Results: Air-Solid 
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Transmitted Normal Intensity (W/m2) 

Compare with 
~5 × 10−7 W/m2 
for homogeneous 
waves below the 

critical angle 



Conclusions 
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• Evanescent plane waves incident at material interfaces 

• Nonzero energy flux for all oblique incidence angles 

• Significant transmission increases near the Rayleigh 
angle and the critical decay rate 

• Future work: 

• Propagation in linear viscoelastic materials 

• Measurements of stress and intensity transmission 
in energetic materials 
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Wave propagation in  
dissipative materials 



Acknowledgement 

D. C. Woods Purdue University 

 

The authors would like to thank the U.S. Office of 
Naval Research for its support of this research under 
ONR Grant No. N00014-10-1-0958 

16 


	Purdue University
	Purdue e-Pubs
	5-18-2015

	Use of Evanescent Plane Waves for Low-Frequency Energy Transmission Across Material Interfaces
	Daniel C. Woods
	J Stuart Bolton
	Jeffrey F. Rhoads

	Use of Evanescent Plane Waves for Low-Frequency Energy Transmission across Material Interfaces

