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Transient wave imaging of anomalies: A numerical study Souhir Gdoura and Lili Guadarrama Bustos Abstract. In this paper, we first numerically test the validity of the asymptotic formulas for computing the scattered acoustic pressure by a small threedimensional anomaly in the near and far fields. We then propose three methods for detecting the anomaly from far-field measurements. We implement time reversal, back-propagation, Kirchhoff and MUSIC imaging techniques.



1. Introduction In this paper, we consider transient imaging of small anomalies in a nondissipative medium. Transient imaging has potential applications in medical imaging, particularly for assessing elasticity of human soft tissues [1, 10, 4, 12, 13]. Our purpose is twofold. First we test the validity of the near- and far-field asymptotic expansions derived in [3] of the transient wave induced by the anomaly. Then we develop anomaly detection procedures from far-field transient measurements. It is worth mentioning that in order to approximate the anomaly as a dipole with certain polarizability [8, 9], one has to truncate the high-frequency component of the far-field measurements. We design a time-reversal, a back-propagation, a Kirchhoff and a MUSIC imaging technique for locating the anomaly. The first two algorithms can be used with one frequency while the third one requires a wide frequency range. The paper is organized as follows. In section 2 we present the near- and farfield asymptotic expansions. Section 3 is devoted to the derivation of the detection procedures. In section 4, we present some numerical results to show the validity of the asymptotic approach as well as the performance of the designed detection algorithms. 2. Far- and near- field asymptotic formulas for transient wave We consider a small anomaly D with a conductivity k, D = B + z , where B is a bounded (reference) domain in R3 representing the volume of the anomaly, z is the position of the center and  is the scale factor of the diameter. This anomaly is placed in the background medium of celerity c = 1 and it is illuminated by 2000 Mathematics Subject Classification. 35R30, 35B30. Key words and phrases. Asymptotic formulas, time reversal, kirchhoff imaging, backpropagation imaging, MUSIC imaging. c
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Figure 1. configuration



an acoustic source point at the position y¯ far away from z. See figure 1. The (background) solution to the wave equation in the presence of the source term, Uy¯, is given by  ∂ 2 Uy¯   − c2 ∆Uy¯ = δx=¯y δt=0 in R3 × ] 0, +∞ [ ,   ∂t2 Uy¯(x, t) = 0 for x ∈ R3 , t < 0,   ∂Uy¯   Uy¯ (x, 0) = (x, 0) = 0 for x ∈ R3 , x 6= y¯. ∂t



The function Uy¯ represents the retarded Green function and is given by (1)



Uy¯ =



δ (t − |x − y¯|) 4π |x − y¯|



for x 6= y¯,



where δ is the Dirac mass at 0. The background solution of the three-dimensional reduced wave equation (i.e., in the frequency domain) is as follows: √



(2)



e− −1ω|x−¯y| V (x, ω) = 4π |x − y¯|



for x 6= y¯



To truncate the high frequencies in the wave equation, we introduce Z √ ψ (t − |x − y¯|) , (3) Pρ [Uy¯] = e− −1ωt V (x, ω) dω = 4π |x − y¯| |ω|≤ρ (4)



where ψ (t) =



2 sin ρt = t



Z



e−



√



−1ωt



dω



|ω|≤ρ



Note that Pρ [Uy¯] is then the solution of the following truncated wave equation:  in R3 × R. (5) ∂t2 − ∆ Pρ [Uy¯] = δx=¯y ψ (t)
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The wave equation in the presence of the anomaly reads    ∂2u   ¯ + kχ ∇u = δx=¯y δt=0 − ∇ · χ R3 \ D in R3 × ] 0, +∞ [ ,   2 ∂t 3 u(x, t) = 0 for x ∈ R , t < 0,   ∂u   (x, 0) = 0 for x ∈ R3 , x 6= y¯, u (x, 0) = ∂t where χ is the characteristic function of the anomaly. According [3], the asymptotic formula of the acoustic scattered field computed around the anomaly (in the near-field) where ρ = O (−α ) (α < 21 ) is given by     x −z (6) Pρ [u − Uy¯] (x, t) = ˆ v · ∇Pρ [U¯y ] (z , t) + O 2 (1 −α)  where vˆ is the solution of the following elliptic problem:  ¯ ∆ˆ v=0 in R3 \ B,     ∆ˆ v=0 in B, v ˆ | − v ˆ | = in ∂B, − + (k −   1) ν   −2  vˆ (˜ x) = O |˜ x| as |˜ x| → +∞.



Here ν denotes the outward normal to ∂B. If the observed point is away from the anomaly, the asymptotic formula of the acoustic scattered field is as follows [3]: Z (7) Pρ [u − Uy¯] (x, t) = −3 ∇Pρ [Uz ] (x , t − τ ) · M (k , B ) ∇Pρ [U¯y ] (z , τ ) d τ R   3 + O 4 (1 − 4 α) , where M (k, B) is the polarization tensor given by [8, 9] Z M (k, B) := (k − 1)I + (k − 1) ∇ˆ v (˜ x) d˜ x, B



and I is the 3 × 3 identity matrix. Note that Uz is defined by the same formula as Uy¯ with y¯ replaced with z. In the case of a spherical anomaly the polarization tensor has the following form: k−1 |B| I. (8) M (k, B) = 3 k+2 The scattered acoustic pressure wave is a function of the gradient of the pressure of the incident acoustic wave computed from the point source to the center of the anomaly and the acoustic characteristics of the anomaly. From the expression (6), the radiation from the anomaly is equivalent to the radiation of an acoustic dipole because of the gradient of the incident wave at t (sinc derivation), where t is the propagation time of the wave from the source point to the center of the anomaly. 3. Imaging techniques We present three methods for detecting the location z of the anomaly D from far-field measurements.



34



SOUHIR GDOURA AND LILI GUADARRAMA BUSTOS



3.1. Time reversal. In the context of anomaly detection, the main idea of time-reversal is to measure the perturbation of the wave on a closed surface surrounding the anomaly, and to retransmit it through the background medium in a time-reversed chronology. Then the perturbation will travel back to the location of the anomaly. See, for instance, [15, 14, 22, 16, 2]. Suppose that we are able to measure the perturbation and its normal derivative at any point x on a sphere S englobing the anomaly D. The time-reversal operation is described by the transform t 7→ t0 − t. Both the perturbation and its normal derivative on S are time-reversed and emitted from S. Then a time-reversed perturbation, denoted by wtr , propagates inside the volume surrounded by S. Using the asymptotic formula (7), one can prove that the time-reversed perturbation wtr due to the anomaly D can be approximated by [3] (9) Z wtr (x, t) ≈ −3



p (z , τ ) · ∇z [Pρ [Uz (x , t0 − τ − t)] − Pρ [Uz (x , t − t0 + τ )]] d τ,



R



where p(z, τ ) = M (k, B)∇pρ [Uy¯] (z, τ ). The formula can be interpreted as the superposition of incoming and outgoing waves, centered on the location z of the anomaly. To see it more clearly, let us assume that p(z, τ ) is concentrated at τ = T := |z − y¯|, which is reasonable since p(z, τ ) peaks at τ = T . Under this assumption formula (9) takes the form (10) wtr (x, t) ≈ −3 p(z , T ) · ∇z [Pρ [Uz (x , t0 − T − t)] − Pρ [Uz (x , t − t0 + T )]] d τ. It is clearly sum of incoming and outcoming spherical waves. By taking Fourier transform of (9) over the time variable t, we obtain that   sin (ω (|x − z |)) , (11) w ˆtr (x, ω) ∝ 3 p(z , T ) · ∇ |x − z | where ω is the wavenumber, This shows that the anti-derivative of time-reversal perturbation w ˆtr focuses on the location z of the anomaly with the focal spot size limited to one-half the wavelength which is in agreement with the Rayleigh resolution limit. 3.2. Kirchhoff imaging. Let v be the Fourier transform of u, solution of (2). Suppose that |z − y¯|  1 and |x − z|  1. Then (12)



v(x, ω) − V (x, ω) ≈ −



¯ x ω 2 3 (z − y¯)M (k, B)(z − x) −√−1ωz·( |yy| + |x| ) ¯ , e 2 2 2 16π |z − y¯| |z − x|



which holds for a broadband of frequencies. Then, for a given search point z S , the Kirchhoff imaging functional can be written as X y ¯ x x 1 1 √−1ωl zS ·( |y| + |x| ) ¯ IKI (z S , ) := e (v(x, ωl ) − V (x, ωl )), 2 |x| L ωl ωl ,l=1,...,L



where L is the number of frequencies (ωl ). See [17, 6] and the references therein. From the asymptotic expansion of the far-field measurements (12), we have Z √ y ¯ S x x + |x| ) ¯ )≈C IKI (z S , e −1ωl (z −z)·( |y| dω, |x| ω
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for some constant C independent of ω and z S and therefore, IKI (z S ,



x ) ≈ Cδ(zS −z)·( y¯ + x )=0 . |y| ¯ |x| |x|



Hence, to determine the location z of the anomaly, one needs three different measurement directions x/|x|. 3.3. Back-propagation imaging. From single frequency measurements, one can detect the anomaly using a back-propagation-type algorithm. Let θn = xn /|xn | for n = 1, . . . , N, be N measurement directions. For a given search point z S , the back-propagation imaging functional is given by IBP (z S ) :=



1 N



√



X



e



¯ +θn ) −1ωz S ·( |y y| ¯



(v(rθn , ω) − V (rθn , ω)),



r  1.



θn ,n=1,...,N



See [1]. Since for sufficiently large N , N 1 X √−1ωθl ·x e ≈ j0 (ω|x|), N n=1



where j0 is the spherical Bessel function of order zero, it follows that IBP (z S ) ≈ Cj0 (ω|z − z S |), for some constant C independent of z S [5]. Note that IBP uses a single frequency which can be selected as the highest one among those that maximize the signal-to-noise ratio. 3.4. MUSIC imaging. We apply multiple signal classification (MUSIC) algorithm for locating the anomaly [7]. First we define the multi-static response matrix Al = (Alnm )N n,m=1 by Alnm = v(xm , ωl ) − V (xm , ωl ) where Anm represents the effect of the scattered wave on the mth receiver due to the nth emitter for lt h frequency. Let Pl be the orthogonal projection onto the range of Al . The any test point z S coincides with the position of the anomaly z if (I − Pl )gl (z S ) = 0 with gl (z S ) =







ωl



θ1 √−1ωl zS ·θ1 θN √−1ωl zS ·θN , · · ·, ωl e e r1 rN



T



where T denotes the transpose operator. We find the position of the anomaly by plotting the multiple-frequency MUSIC imaging functional [19]: IMU (z S ) := PL



l=1



1 ||(I − Pl )gl (z S )||2



,
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Figure 2. The near fields computed by the asymptotic formula compared to those computed by the direct Freefem++ code. −5
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Figure 3. The far-fields computed by the asymptotic formula compared to those computed by the direct Freefem++ code. 4. Numerical results To illustrate our main findings in this paper, we first tested the accuracy of the derived asymptotic expansions. Then we implemented algorithms for anomaly detection. The configuration is the following: a spherical anomaly of radius 0.05 and physical parameter k = 3 is placed at z = (−0.1, 0, 0). The source is at y¯ = (3, 0, 0). To truncate the high frequencies, we took ρ = 2.15 or equivalently α = 1/3. Figures 2 and 3 show comparisons between the fields computed by the asymptotic formulas and by Freefem++ code [11]. The near fields were computed at x = (−0.3, 0, 0) and the far fields were computed at x = (−8, 0, 0). The fields obtained by the asymptotic formula are after being rescaled by a multiplicative factor in a good agreement with those computed by Freefem++ code. We use directly the truncated wave equation with and without anomaly (3) to compute the scattered field. The Freefem++ code is based on a finite element discretization in space and a finite difference scheme in time. We have chosen a Crank-Nicolson scheme with step ∆t = 0.01. To simulate the truncated wave equation we model the impulsion δ by Gaussian distribution when the standard deviation σ = 0.1.
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Figure 4. Detection result using the Time-reversal technique, ’*’ shows the transceiver location.



Figure 5. Real and imaginary part of the Back-propagation. Here ’*’ and ’+’ respectively show the transceiver and the receivers positions. Now we come to imaging. Figure 4 shows the performance of the time-reversal for detecting the anomaly. To illustrate the four inversion algorithms we used the scattered field generated by the asymptotic formula. Consider a linear array of 46 receivers placed parallel to the y-axis and spaced by half a wavelength. Figure 5 shows the detection result using back-propagation imaging. Assume that we have a co-located linear array. We build the N − by − N multistatic response matrix Al for each frequency. The singular values decomposition of the multi-static matrix gives a maximum of three non zero singular values associated with each anomaly [20, 21]. We limited ourselves to the frequency range [0.15; 3], by step ∆ω = 0.1. Figure 6 shows that the MUSIC imaging for multiple frequencies gives a good result to locate the anomaly.
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Figure 6. MUSIC imaging of multiple frequencies by using two non zero singular vectors. Here ’+’ show the transceivers and the receivers positions.



Figure 7. Real and imaginary part of the Kirchhoff functional when the receiver is at [4λ cos(π/4), 4λ sin(π/4), 0], ’*’ indicates the transceiver location ,’+’ indicates the receivers position. Now, consider 3 receivers located at: • [4λ cos(π/4), 4λ sin(π/4), 0], • [4λ cos(π/4), −4λ sin(π/4), 0], • and [4λ cos(π/4), 0, 4λ sin(π/4)]. We limited ourselves to the frequency range [0.15; 3]. If we take the frequency range [−3; 3], we reconstruct the position of the anomaly only from the real part of the Kirchhoff functional. Figures 7, 8, 9, and 10 show the results of the Kirchhoff imaging functionals for the three different receiver locations. The position of the anomaly is obtained as
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Figure 8. Real and imaginary part of the Kirchhoff functional when the receiver is at [4λ cos(π/4), −4λ sin(π/4), 0], ’*’ indicates the transceiver location , ’+’ indicates the receiver position.



Figure 9. Real and imaginary part of the Kirchhoff functional when the receiver is at [4λ cos(π/4), 0, 4λ sin(π/4)], ’*’ indicates the transceiver location , ’+’ indicates the receiver location. the intersection of the three plans where each of the Kirchhoff functionals attains its minimum. In the previous imaging simulations, we used the asymptotic data. When we use the freefem++ simulation data with both imaging methods, we also detect the anomaly. In order to reduce computational time in freefem++, we moved the
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Figure 10. Sum of the real and the imaginary parts of the Kirchhoff functional when the receivers are at [4λ cos(π/4), 4λ sin(π/4), 0]; [4λ cos(π/4), −4λ sin(π/4), 0],[4λ cos(π/4), 0, 4λ sin(π/4)], ’*’ indicates the transceiver location ,’+’ are the receivers locations.



Figure 11. Intersection of 3 plans of the real and the imaginary parts of the Kirchhoff algorithm when the receivers are at [4λ cos(π/4),−4λ sin(π/4),0]; [4λ cos(π/4),−4λ sin(π/4),0];[4λ cos(π/4), 0, 4λ sin(π/4)].
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Figure 12. Real and imaginary part of the back-propagation imaging computed by the asymptotic data. Here ’*’ and ’+’ respectively show the transceiver and the receivers positions.



Figure 13. Real and imaginary part of the back-propagation imaging computed by the FreeFem++ data. Here ’*’ and ’+’ respectively show the transceiver and the receivers positions. emitter and the receivers closer to the anomaly (both at a distance of d = 3 from the anomaly). Figures 12 and 13 show the comparison of the back-propagation imaging method simulated by the freefem++ data versus asymptotic data by considering 12 receivers placed parallel to the y-axis. Figures 14 and 15 show the same comparison for the Kirchhoff imaging method.
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Figure 14. Sum of the real and the imaginary parts of the Kirchhoff functional computed by the asymptotic data when the receivers are at [3 cos(π/4), 3 sin(π/4), 0]; [3 cos(π/4), −3 sin(π/4), 0], ’*’ indicates the transceiver location ,’+’ are the receivers locations.



Figure 15. Sum of the real and the imaginary parts of the Kirchhoff functional computed by the FreeFem++ data when the receivers are at [3 cos(π/4), 3 sin(π/4), 0]; [3 cos(π/4), −3 sin(π/4), 0], ’*’ indicates the transceiver location ,’+’ are the receivers locations.
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5. Conclusion In this paper, based on rigorously derived formulas for the effect of a small anomaly on transient wave, we present a time-reversal imaging technique as well as Kirchhoff, back-propagation and MUSIC techniques for locating the anomaly from far-field measurements of the perturbations in the wavefield. We have also shown the validity of the asymptotic formalism in both the near- and the far-field. In a forthcoming work, the imaging methods provided in this paper will be generalized to transient imaging in attenuating media.



References [1] H. Ammari, An Introduction to Mathematics of Emerging Biomedical Imaging, Math´ ematiques et Applications, Vol. 62, Springer-Verlag, Berlin, 2008. [2] H. Ammari, E. Bretin, J. Garnier, and A. Wahab, Time-reversal in attenuating acoustic media, Contemporary Mathematics, this volume. [3] H. Ammari, P. Garapon, L. Guadarrama Bustos, and H. Kang, Transient anomaly imaging by the acoustic radiation force, J. Differ. Equat., 249 (2010), 1579-1595. [4] H. Ammari, P. Garapon, H. Kang, and H. Lee, A method of biological tissues elasticity reconstruction using magnetic resonance elastography measurements, Quart. Appl. Math., 66 (2008), 139–175. [5] H. Ammari, J. Garnier, V. Jugnon, H. Kang, Direct reconstruction methods in ultrasound imaging, Mathematical Modeling in Biomedical Imaging II, Lecture Notes in Mathematics, Springer-Verlag, Berlin, to appear. [6] H. Ammari, J. Garnier, H. Kang, W.-K. Park, and K. Sølna, Imaging schemes for perfectly conducting cracks, SIAM J. Appl. Math., 71 (2011), 68–91. [7] H. Ammari, E. Iakovleva, and D. Lesselier, A MUSIC algorithm for locating small inclusions buried in a half-space from the scattering amplitude at a fixed frequency, Multiscale Model. Simul., 3 (2005), 597–628. [8] H. Ammari and H. Kang, Reconstruction of Small Inhomogeneities from Boundary Measurements, Lecture Notes in Mathematics, Volume 1846, Springer-Verlag, Berlin, 2004. [9] H. Ammari and H. Kang, Polarization and Moment Tensors: with Applications to Inverse Problems and Effective Medium Theory, Applied Mathematical Sciences Series, Vol. 162, Springer-Verlag, New York, 2007. [10] H. Ammari and H. Kang, Expansion Methods, Handbook of Mathematical Methods in Imaging, 447–499, Springer, New York, 2011. [11] F. Hecht, O.Pironneau, K. Ohtsuka, A. Le Hyaric, FreeFem++, http:// www.freefem.org/ (2007). [12] J. Bercoff, M. Tanter, and M. Fink, Supersonic shear imaging: a new technique for soft tissue elasticity mapping, IEEE Trans. Ultrasonics, Ferro., Freq. Control, 51 (2004), 396–409. [13] J. Bercoff, M. Tanter, M. Muller, and M. Fink, The role of viscosity in the impulse diffraction field of elastic waves induced by the acoustic radiation force, IEEE Trans. Ultrasonics, Ferro., Freq. Control, 51 (2004), 1523–1536. [14] D. Cassereau and M. Fink, Time-reversal of ultrasonic fields. III. Theory of the closedtimereversal cavity, IEEE Trans. Ultrasonics, Ferroelectrics and Frequency Control 39 (1992), 579–592. [15] M. Fink, Time reversed acoustics, Physics Today 50 (1997), 34. [16] M. Fink, Time-reversal acoustics in Inverse Problems, Multi-Scale Analysis and Homogenization, 151–179, edited by H. Ammari and H. Kang, Contemp. Math., Vol. 408, Rhode Island, Providence, 2006. [17] P. Docherty, A brief comparison of some Kirchhoff integral formulas for migration and inversion, GEOPHYSICS, 56 (1991), 1164–1169. [18] J.F. Greenleaf, M. Fatemi, and M. Insana, Selected methods for imaging elastic properties of biological tissues, Annu. Rev. Biomed. Eng., 5 (2003), 57–78. [19] S. Hou, K. Solna, and H. Zhao, A direct imaging method using far field data, Inverse Problems, 23, 1533–1546, 2007.



44



SOUHIR GDOURA AND LILI GUADARRAMA BUSTOS



[20] D. H. Chambers, Analysis of the time-reversal operator for scatterers of finite size, Journal of the Acoustical Society of America, 112(2):411–419, 2002. [21] D. H. Chambers and J. G. Berryman. Time-reversal analysis for scatterer characterization, Phys. Rev. Letters, 2004. [22] J. de Rosny, G. Lerosey, A. Tourin, and M. Fink, Time reversal of electromagnetic Waves, Lecture Notes in Comput. Sci. Eng., Vol. 59, , 2007. ´matiques Applique ´es, CNRS UMR 7641, Ecole Polytechnique, 91128 Centre de Mathe Palaiseau E-mail address: [email protected]; [email protected]



























des documents recommandant







[image: alt]





Transient anomaly imaging by the acoustic ... - Souhir GDOURA 

Jul 29, 2009 - The radiation force essentially acts as a dipolar source. A spatio-temporal ... book [5] on different algorithms in wave imaging. The paper is ...... [8] G. Bao, S. Hou, and P. Li, Recent studies on inverse medium scattering prob-.










 


[image: alt]





MUSIC-type imaging of a small dielectric sphere ... - Souhir GDOURA 

A small dielectric sphere is buried within the lower half of a two half-space medium and illuminated from the upper one by a dipole array. The Multi-Static ...










 


[image: alt]





MUSIC-type Imaging of Dielectric Spheres from ... - Souhir GDOURA 

Abstractâ€” Imaging of a dielectric sphere from its Multi-Static Response (MSR) matrix at a single frequency of operation is considered herein via a MUSIC-type, ...










 


[image: alt]





S. Gdoura1, D. Lesselier1, PC Chaumet2 and G ... - Souhir GDOURA 

is fed by a current In when operated in transmission mode). ... The polarization tensor of a body at finite non-zero distance from the interface ..... and H. Kang, Reconstruction of a small inclusion in a two-dimensional open waveguide, SIAM J.










 


[image: alt]





Numerical Simulation of a two-dimensional internal wave attractor 

Internal wave attractors may form in stably stratified fluids enclosed in containers that have non-normal ... A refined analysis, from the computation of spatial spectra along four ... âž¢To carry on new experiments about non-linearities and mixing.










 


[image: alt]





Numerical simulation of a two-dimensional internal wave attractor 

Analysis of the numerical data for two different attractors yields values of the exponent close to ...... Fruitful discussions with J. Hazewinkel and L. Maas are also.










 


[image: alt]





Multi-Static Response Matrix of a 3-D Inclusion in ... - Souhir GDOURA 

Multi-Static Response Matrix of a 3-D Inclusion in. Half Space and MUSIC Imaging. Ekaterina Iakovleva, Souhir Gdoura, Dominique Lesselier, Senior Member, ...










 


[image: alt]





Coherent transient spectroscopy with continuous wave quantum 

Jun 13, 2013 - selection rule for transitions between these hyperfine levels is. AF = 0, Ð–1 where .... sample of NH3 pumped with a high power N2O laser.18 In their study they found ..... L. Diehl, C. PflÑŒgl and F. Capasso, Electron. Lett., 2009,.










 


[image: alt]





How to adapt numerical simulation of wave ... - Dimitri Komatitsch 

A case study for a complex .... For example the P- and S-wave velocities were found to be quasi-constant for this ... different PVC samples of varying thickness.










 


[image: alt]





NUMERICAL APPROXIMATION OF A TWO-PHASE 

approximated in a domain shared in two homogeneous parts, each of them being ... give the mathematical study of the convergence of a scheme which can be used in the ..... Similar works have already been done for example in [12], [13] in.










 


[image: alt]





Numerical Simulation of a Turning Operation 

etaA and etaB illustrate these positions (etaA = âˆ’â†’. DA Â·âˆ’â†’e or. âˆ’â†’ .... We would like to thank Dr Lapujoulade from PNC2 Lab (ENSAM-Paris,. France) for the ...










 


[image: alt]





Numerical optimization of a hysteresis model 

Elektra program. References. [1] A. Bergqvist, G. Engdahl, A thermodynamic representation of pseudoparticles with hysteresis, IEEE Trans. Magn. 31. (6) (1995) ...










 


[image: alt]





Numerical Investigation of Flow Past a Prolate 

calculations are performed using the Spalart-Allmaras one-equation model. The influence ..... hand side of 9 represents one of many possible quadratic com-.










 


[image: alt]





NUMERICAL APPROXIMATION OF A TWO-PHASE 

On the other hand, in reservoir engineering, the capillary trapping can reduce the ... The aim of this paper is to propose a general model for this phenomenon, and to ..... domains linked by the equations (1.6)-(1.7) (or (2.4) for the discrete proble










 


[image: alt]





A supersaturation wave of protein crystallization 

... consists of two. J.Ma. GarcÄ±Ã¡-Ruiz et al. / Journal of Crystal Growth 232 (2001) 149â€“155. 150 .... Rings, Cambridge University Press, Cambridge, 1988.










 


[image: alt]





ABSTRACT Anomalies and Paradoxes of CE - Exvacuo 

Apr 21, 2004 - 7) Classical electromagnetic theory predicts emfs at the corners of ...... In the third mode of operation, the magnet is rotated by motor A and the disk .... This DC output of this generator is not predicted by classical magnetic.










 


[image: alt]





Corticosterone administration leads to a transient alteration of foraging 

Recently, experimental studies using CORT admin- istration have attempted to understand the complex relationships between baseline CORT levels, foraging.










 


[image: alt]





Numerical and Physical Diffusion: Can Wave Prediction ... - Surfouest 

wavenumber vector space and integrated in time on an. Eulerian grid. This type of .... rays, thus eliminating the garden sprinkler effect of fi- nite-difference ...... Zaslavskii, M. M., and V. G. Polnikov, 1998: Three wave quasi- kinetic equation ..










 


[image: alt]





Imaging Electron Wave Functions Inside Open Quantum Rings - CMT 

Sep 28, 2007 - temperature imaging of the electron probability density j j2Ð•x; yÐ– in embedded mesoscopic quantum rings. The tip-induced ... Bohm effect, indicating that they originate from electron wave function interferences. Simulations of ...










 


[image: alt]





Numerical modeling of a gravity-driven instability of ... - Jerome Faillettaz 

3Department of Earth Sciences, ETH-ZÃ¼rich, CH-8092 ZÃ¼rich, Switzerland. 4Institute .... âˆ¼40 m at the crown crack and 20 m at the glacier terminus. (Fig. ... Moreover, surface melting and high water pressure at ... (1895) and Du Pasquier (1896) an










 


[image: alt]





Numerical simulation of rock avalanches: Influence of a ... - CiteSeerX 

Jun 26, 2012 - and m*) are easy to identify and have a relevant physical meaning. ...... Allen, M. P., and D. J. Tildesley (1989), Computer Simulation of Liquids,.










 


[image: alt]





A parametric study of mucociliary transport by numerical simulations of 

Apr 5, 2016 - Mucociliary clearance is the natural flow of the mucus which covers and protects the lung from the outer world. Pathologies, like cystic fibrosis, ...










 


[image: alt]





Application of transient interferometric mapping - eufanet 

Scanning heterodyne interferometer + Michelson. - 3ns and 1.5Âµm resolution. - phase shift transients recorded at each scanning position. - repetitive stressing ...










 


[image: alt]





TRANSIENT RESPONSE OF COMPOSITE AXISYMMETRIC SHELLS 

Jul 30, 2008 - TRANSIENT RESPONSE OF COMPOSITE AXISYMMETRIC SHELLS SUBMITTED TO PYROTECHNIC SHOCKS, Application to a payload ad ...










 














×
Report Transient wave imaging of anomalies: A numerical ... - Souhir GDOURA





Your name




Email




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





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



