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ARBITRARILY WIDE-ANGLE WAVE EQUATIONS AND THEIR APPLICATIONS TO UNBOUNDED DOMAIN MODELING AND SUBSURFACE IMAGING Murthy N. Guddati, A. Homayoun Heidari, and Keng-Wit Lim Department of Civil Engineering, North Carolina State University, Raleigh, NC 27695-7908, USA INTRODUCTION Standard (full) wave equations are used to model the propagation of disturbances in acoustic and elastic media. These disturbances tend to propagate in all directions, i.e. 360o range of angles. In contrast to full wave equations, one-way wave equations (OWWEs), as their name implies, represent waves propagating in 180o range of angles. Due to this special property, OWWEs have found applicability in the areas of unbounded domain modeling, underwater acoustics and subsurface imaging. In order to make OWWEs computationally tractable, they are approximated. While there are many good approximations of OWWE are available, most of them have limitations with respect to their applicability, especially for more complex problems involving wave propagation in anisotropic elastic and poro-elastic media. Most of the approaches to date are based on rational approximation of the factorized wave equation. The fundamental difficulty with the existing approximations of OWWE for complex anisotropic media is that there do not appear to be a plausible way of factorizing the wave equation. With the goal of developing OWWE for complex media, Guddati [1] has recently developed a systematic framework for deriving OWWEs that are of arbitrarily high accuracy. Named Arbitrarily Wide Angle Wave Equations (AWWE), they do not require explicit factorization and, depending on the order of the approximation, tend to accurately propagate waves in a range of angles as high as 180o . This presentation includes a brief overview of the procedure, followed by the application of AWWE to subsurface imaging and modeling acoustic waves in unbounded domains. ARBITRARILY WIDE ANGLE WAVE EQUATIONS AWWEs are derived using a five-step procedure. The first step uses the idea of representing one-way wave equations in terms of half-space stiffness, subsequently reducing the problem into approximating the halfspace stiffness. The half-space is discretized using finite element mesh (step 2), and the resulting discretization error in half-space stiffness is completely eliminated with the help of special integration rules (step 3). Fourth step involves truncating the number of elements to make it computationally tractable, while the final step requires the use of imaginary finite-element lengths to represent traveling waves, or complex lengths to represent both traveling and evanescent waves. The resulting AWWE would take the form, for example for elastic waves,



⎧ ∂ 2u ⎫ ⎪G xx 2 ⎪ ∂x ⎪ ∂2 ⎪⎪ ⎪ ⎨ 0 ⎬ + ( Λ1 + Λ 2 ) 2 ∂t ⎪ M ⎪ ⎪ ⎪ ⎩⎪ 0 ⎭⎪



⎧ u ⎫ ⎧ u ⎫ ⎪u ⎪ ⎪ 2 ⎪ ∂ ⎪ u1 ⎪ ⎪ 1 ⎪ ⎨ ⎬ + Λ3 ⎨ ⎬ ∂z∂t ⎪ M ⎪ ⎪ M ⎪ ⎪⎩u n −1 ⎪⎭ ⎪⎩u n −1 ⎪⎭



⎛ ⎛ ⎧ u ⎫⎞ ⎧ u ⎫⎞ ⎜ ⎜ ⎪ u ⎪⎟ ⎪ ⎪⎟ ∂ ∂⎪ ∂ ∂ ⎪u ⎪ ⎪ + ⎜ ΛT3 ⎨ 1 ⎬ ⎟ − ⎜ Λ 4 ⎨ 1 ⎬ ⎟ = 0. ∂z ⎜ ∂t ⎪ M ⎪ ⎟ ∂z ⎜ ∂z ⎪ M ⎪ ⎟ ⎜⎜ ⎟⎟ ⎜⎜ ⎟ ⎪⎩u n −1 ⎪⎭ ⎪⎩u n −1 ⎪⎭ ⎟ ⎝ ⎠ ⎝ ⎠ In the above, u is the displacement vector, while u1 , L, u n −1 are auxiliary variables defined implicitly by the equation. G xx , Λ1 , Λ 2 , Λ 3 , Λ 4 are positive definite or positive semi-definite coefficient matrices. The accuracy of AWWE depends on the number of auxiliary variables as well as AWWE parameters (reference phase velocities) that determine the coefficient matrices. The accuracy of AWWE is clearly illustrated in the adjacent figure, which contains the slowness diagram for the elastic AWWE (using six auxiliary variables) with pressure wave velocity α = 2 and shear wave velocity β = 1 . The exact slowness is also shown in the same figure. It is clear from the figure that AWWE was able to approximate the slowness in a highly accurate manner. Similar observations were made for anisotropic acoustic and elastic media.



Salient Features of AWWE AWWEs have several desirable properties: (a) AWWEs represent forward propagating waves associated with the general wave equations, even in anisotropic and poro-elastic media. The only restriction of the procedure is that the governing differential equation (full wave equation) must be second order. (b) AWWEs are exact for waves propagating with phase velocities coinciding with the reference phase velocities. Thus, knowledge of the approximate propagation characteristics could be used to easily design an effective AWWE. (c) AWWEs can not only represent propagating waves, but also evanescent waves. This is done by simply choosing imaginary or complex-valued reference phase velocities. (d) Increasing the number of auxiliary variables will make the AWWE accurate for wider angles of propagation. (e) The choice of complex reference phase velocities are expected to aid in developing stable approximations in cases where one-way approximations could be unstable (e.g. elastic wave propagation). APPLICATION TO ACOUSTIC IMAGING This section contains a representative result from an AWWE-based imaging procedure [2] applicable for acoustics waves. The problem involves detecting a hidden crack by sending ultrasonic waves into the structure and measuring the reflected waves at the surface. In order to test the imaging algorithm, the surface trace is generated synthetically using a computational experiment with the help of forward finite-difference wave propagation model. The resulting surface response is processed using a downward continuation procedure based on acoustic AWWE to predict the location of the crack. Adjacent figure contains the actual crack (bold white line), as well as the predicted crack location. As explained in reference [2], the accuracy of this prediction is significantly better than using more conventional 15o and 45o wave equations that are popular in seismic migration literature. APPLICATION TO UNBOUNDED DOMAIN MODELING Absorbing boundary Neumann boundary



Absorbing boundary



Unbounded domain modeling using AWWE can be shown to be equivalent to the continued fraction absorbing boundary conditions (CFABC) previously developed in [3]. AWWE formalism, however, helps in extending CFABC to elastic media, media with corners and heterogeneous media. The adjacent figure is a representative result from reference [4], which shows the wave front snapshot for an explosion. The domain consists of a vertical acoustic layer attached to a half space extending to the right. The explosion is at the middle of the interface. It can be clearly seen that all the waves are being absorbed by the absorbing boundaries in a very effective manner.



Absorbing boundary



CONCLUSIONS Arbitrarily wide-angle wave equations (AWWEs) are highly accurate approximations of OWWE. Since they do not need explicit factorization, they are applicable for simulating one-way propagating complex heterogeneous and anisotropic, elastic and poro-elastic media. Preliminary applications of AWWE to acoustic imaging and unbounded domain modeling show excellent promise of AWWE. Ongoing research focuses on the application of AWWE to wider array of problems including elastic imaging and modeling unbounded elastic and poro-elastic domains. Acknowledgement This material is based upon work supported by the National Science Foundation under Grant No. CMS-0100188. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the authors and do not necessarily reflect the views of the National Science Foundation. References [1] Guddati M.N.: Arbitrarily Wide Angle Wave Equations for Complex Media, to be submitted. [2] Guddati M.N., Heidari A.H: Acoustic Migration with Arbitrarily Wide Angle Wave Equations, Geophysics, in review. [3] Guddati M.N., Tassoulas J.L.: Continued Fraction Absorbing Boundary Conditions for the Wave Equation, Journal of Computational Acoustics, 8: 139-156, 2000. [3] Guddati M.N., Lim K.W.: Continued-Fraction Absorbing Boundary Conditions for Corner Regions, to be submitted.



























[image: Solving 3D anisotropic elastic wave equations on ...]
Solving 3D anisotropic elastic wave equations on ...












[image: Warm Up: Wave Characteristics Wave A Wave B]
Warm Up: Wave Characteristics Wave A Wave B












[image: Newton's method for generalized equations]
Newton's method for generalized equations












[image: Maxwell's Equations]
Maxwell's Equations












[image: Maxwell's Equations]
Maxwell's Equations












[image: The primes contain arbitrarily long arithmetic ...]
The primes contain arbitrarily long arithmetic ...












[image: MIMO Multiple Access Channel with an Arbitrarily ...]
MIMO Multiple Access Channel with an Arbitrarily ...












[image: module placement on arbitrarily rectilinear regions ...]
module placement on arbitrarily rectilinear regions ...












[image: MIMO Broadcast Channel with Arbitrarily Varying ...]
MIMO Broadcast Channel with Arbitrarily Varying ...












[image: Explicit Solutions for Transcendental Equations - SIAM - Society for ...]
Explicit Solutions for Transcendental Equations - SIAM - Society for ...












[image: Cylindrical wave, wave equation, and method of ...]
Cylindrical wave, wave equation, and method of ...












[image: WAVE STATISTICS AND SPECTRA VIA A VARIATIONAL WAVE ...]
WAVE STATISTICS AND SPECTRA VIA A VARIATIONAL WAVE ...












[image: Efficient FDTD algorithm for plane-wave simulation for ...]
Efficient FDTD algorithm for plane-wave simulation for ...












[image: Equations? Graphs?]
Equations? Graphs?












[image: equations]
equations












[image: Simulated wave water sculpture]
Simulated wave water sculpture












[image: Cheap 1Pcsâ�„Lot Mw Transmitter Tube Wave Wave Small Radio ...]
Cheap 1Pcsâ�„Lot Mw Transmitter Tube Wave Wave Small Radio ...












[image: Cheap 1Pcsâ�„Lot Mw Transmitter Tube Wave Wave Small Radio ...]
Cheap 1Pcsâ�„Lot Mw Transmitter Tube Wave Wave Small Radio ...












[image: Wave Basics.pdf]
Wave Basics.pdf












[image: Wave-Watcher.pdf]
Wave-Watcher.pdf















Arbitrarily Wide-Angle One-Way Wave Equations for ...






Standard (full) wave equations are used to model the propagation of disturbances in acoustic and elastic media. These ... special property, OWWEs have found applicability in the areas of unbounded domain modeling, underwater acoustics ... imaginary finite-element lengths to represent traveling waves, or complex. 






 Download PDF 



















 254KB Sizes
 2 Downloads
 153 Views








 Report























Recommend Documents







[image: alt]





Solving 3D anisotropic elastic wave equations on ... 

try-sized 3D anisotropic elastic data sets, we parallelized computation across multiple GPU devices ... 1Formerly the University of Western Australia, Centre for Petroleum Geoscience and CO2 Sequestration, Crawley, Australia. Presently the University














[image: alt]





Warm Up: Wave Characteristics Wave A Wave B 

A sound wave is shown with a solid line. Draw in a new wave that would have lower volume and a higher pitch on the same graph. Wave A. Wave B.














[image: alt]





Newton's method for generalized equations 

... 2008 / Accepted: 24 February 2009 / Published online: 10 November 2009 ..... Then there is a unique x âˆˆ Ba(Â¯x) satisfying x = Î¦(x), that is, Î¦ has a unique.














[image: alt]





Maxwell's Equations 

Jan 9, 2017 - Ïµr = 1.33, but at RF down to dc, it has n = 9. In Sec. 1.9, we discuss simple models of ..... The real and imaginary parts of Ïµ(Ï‰) characterize the refractive and absorptive properties of the material. ... exhibits strong absorption.














[image: alt]





Maxwell's Equations 

Jan 9, 2017 - The quantities Ï� and J are the volume charge density and electric current density. (charge flux) of any ... The electric and magnetic flux densities D, B are related to the field intensities E, H via the so-called .... nonlinear effect














[image: alt]





The primes contain arbitrarily long arithmetic ... 

The conjecture is best described as â€œclassicalâ€�, or maybe even .... many tools and concepts from ergodic theory, but often one must incur error .... j=1 Lijxj + bi,.














[image: alt]





MIMO Multiple Access Channel with an Arbitrarily ... 

Ashish Khisti is with the Department of Electrical and Computer Engi- neering at University of ..... The secrecy degrees of freedom (s.d.o.f.) region in Theorem 1: (a) ...... year 2008-2009, she was a Visiting Associate Professor with the Department 














[image: alt]





module placement on arbitrarily rectilinear regions ... 

1Department of Computer Science and Technology, Tsinghua University, Beijing, P.R.China, 100084 ..... list of all candidates CCPSs for all unpacked blocks are.














[image: alt]





MIMO Broadcast Channel with Arbitrarily Varying ... 

Dept. of Electrical and Computer Engineering, University of Toronto, Toronto, ON, M5S 3G4, Canada ... solely on assumptions on the communication network, usually ... This full text paper was peer reviewed at the direction of IEEE Communications Socie














[image: alt]





Explicit Solutions for Transcendental Equations - SIAM - Society for ... 

Key words. analytic functions, transcendental equations, Cauchy integral ... simple method of formulating exact explicit solutions for the roots of analytic tran-.














[image: alt]





Cylindrical wave, wave equation, and method of ... 

Sep 19, 2007 - Schrodinger wave equation in which the method of separation of variables is used for obtaining the general spreading of the wave.) 2 Invalidity of the separation of variables for obtaining cylindrical wave function from the wave equati














[image: alt]





WAVE STATISTICS AND SPECTRA VIA A VARIATIONAL WAVE ... 

WASS has a significant advantage ... stereo camera view provides three-dimensional data (both in space and time) whose ... analysis, to extract directional information of waves. The ...... probability to encounter a big wave within an area of the.














[image: alt]





Efficient FDTD algorithm for plane-wave simulation for ... 

propose an algorithm that uses a finite-difference time-domain ..... velocity is on the free surface; in grid type 2, the vertical component is on the free surface. ..... 50 Hz. The model consists of a 100-m-thick attenuative layer of QP. = 50 and QS














[image: alt]





Equations? Graphs? 

step takes a lot of critical thinking and trial and error. 4. What did you learn about Algebra in this project? Explain. There can be multiple solutions to a single ...














[image: alt]





equations 

As it stands, it is clear that given xo and B0, Broyden's method can be carried out with n scalar function evaluations per iteration. However, (2.6) and (2.7) seem ...














[image: alt]





Simulated wave water sculpture 

May 4, 2001 - instance, the surface may be symmetrical, asymmetrical, planar, convex, concave, canted about its longitudinal axis, and/or provided with ...














[image: alt]





Cheap 1Pcsâ�„Lot Mw Transmitter Tube Wave Wave Small Radio ... 

Cheap 1Pcsâ�„Lot Mw Transmitter Tube Wave Wave Small ... Am Transmitter Free Shipping & Wholesale Price.pdf. Cheap 1Pcsâ�„Lot Mw Transmitter Tube Wave ...














[image: alt]





Cheap 1Pcsâ�„Lot Mw Transmitter Tube Wave Wave Small Radio ... 

Cheap 1Pcsâ�„Lot Mw Transmitter Tube Wave Wave Small ... r With Base Kit Free Shipping & Wholesale Price.pdf. Cheap 1Pcsâ�„Lot Mw Transmitter Tube Wave ...














[image: alt]





Wave Basics.pdf 

Page 1 of 2. 24 My Revision Notes 1.5 Using waves. Properties of waves. All waves move energy. All waves move energy from one place to another. For example, throwing. a stone into a pond causes ripples to spread out. As the water particles. vibrate u














[image: alt]





Wave-Watcher.pdf 

Loadingâ€¦ Whoops! There was a problem loading more pages. Retrying... Whoops! There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Wave-Watcher.pdf. Wave-Watche


























×
Report Arbitrarily Wide-Angle One-Way Wave Equations for ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















