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I. BRIEF OUTLINE OF RESEARCH FINDINGS

During the last year we have worked on problems of wave propagation in random

media, reflection of waves from rough surfaces, effective parameters of heterogeneous ma-

terials, inverse scattering theory, acoustoelasticity, lill's equation and some other topics.

We shall describe some of this work in this section. Most of the rest of our completed work,

which is not described here, is contained in the research papers which are listed in Section

II. Some of the articles listed there have been published already, others have been accepted

for publication and are now in press and some have been submitted for publication but

have not yet been accepted. The status of each paper is indicated after its title, and the

references to the published papers are also given.

Concerning waves in random media, Dr. Grahain Eatwell and Professor J.B. Keller

have treated waves in a medium of randoinly distributed discrete scatterers. They have

used a method like the path integral procedure used by Dashen to find the moments of a

field in a continuous random medium. A paper on this work is in preparation.

l)r. .loh G. Watson and Professor l(eller have piiblished two papers, Nos. 83 and

112, on reflection of waves from rough boundaries. They are now completing a companion

paper on rough interfaces. The novel features are the calculation of second moments of

the scattered field, and the relation of the results to Twersky's method.

The effective viscosity of a periodic suspension and the effective elasticity tensor of

a periodic composite have been calculated by Dr. Kevin C. Nunan and Professor Keller
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in papers Nos. 100 and 101. The new features are that all components of the viscosity

and elasticity tensors are found at all concentrations up to close packing. Related work on

effective conductivity is being done by Mr. John Nevard and Professor Keller. So far the

reciprocal theorem has been extended to anisotropic media.

In inverse scattering theory Dr. Margaret Cheney has developed the two and three

dimensional theory in a number of papers (86, 99, 125), and applied it in several others

(104, 123, 124) to problems which are more realistic than many which were treated pre-

viously. Dr. John Fawcett has also developed some theoretical results on stability (116)

and on inversion of spherical means (121) as well as several more applied results (117,

118, 120). Professor Stephanos Venakides has employed the inverse scattering method to

solve the Korteweg-de Vries equaion in the zero dispersion limit (in paper No. 106) and in

a manuscript in preparation. Mr. William Boyse and Professor Keller are analyzing the

inverse problem for elastic media by the Born approximation.

Dr. Luis L. Bonilla has studied the effective elastic constants of aggregates of crys-

tallites, each with cubic symmetry, by using invariance and symmetry methods (115). le

and Professor Keller have also treated wave propagation and the acoustoclastic effect in

such media (119).

Dr. Michael 1. Weinstein and Professor Keller have successfully analyzed Hill's equa-

tion with a large potential and found the behavior of the stability bands in paper 122 and

in a paper in preparation.
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III. ABSTRACTS OF MANUSCRIPTS SUBMITTED DURING REPORT PERIOD

Newton's Second Law, by J.B. Keller

Newton's second law of motion is usually written in the form f = md. Here d denotes

the acceleration of a point particle, m denotes the mass of the particle, and f denotes the

force acthig on the particle. We wish to elucidate the empirical content, of this law, and in

particular to indicate whether it embodies a definition of force, a dcfinition of mass, or a S".

definition of both force and mass.

Effective Elastic Constants of Polycrystalline Aggregates, L.L. Bonilla

A method is presented for the determination of the elfective elastic constants of a trans-

versely isotropic aggregate of crystallites with cubic symmetry. The results obtained gen-

eralize those given in the literature for the second and third order elastic coustants. In

adlition, the second moments and the binary angular correlations of the second order

stiffnesses are obtained. It is also explained how these moments can be used to find the

two-point correltions of thc elastic constants.

O0m the Stability or Inverse Scattering Problems, J.A. Fawcett

Some aspects of the tim-d'pendejiL inverse scattering problem are discussed. Then some

simple stability results are prcsented. Several analytical and nmorrical examples are given

to illustrate them.
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Two Dimensional Modelling and Inversion of the Acoustic Wave Equation in

Inhomogeneous Media, J.A. Fawcett

In this paper we outline a fast and efficient method for the finite difference calculation of

solutions to the two dimensional acoustic wave equation in an inhoinogeneous medium.

We then implement our forward modeling scheme in an inversion procedure to determine

the two dimensional velocity variation. A numerical example is given.

Three Dimensional Ray Tracing and Geophysical Inversion in Layered Media,

J.A. Fawcett and II.B. Keller

In this paper the problem of finding seismic rays in a three dimensional layered miedium

is examined. The "layers" are separated by arbitrary smooth interfaces that can vary in

three dimensions. The endpoints of each ray and the sequence of interfaces it encounters

are specified. The problem is formulated as non-lincar system of equations and efficient,

accurate methods of solution arc discussed. An important application of ray tracing meth-

- ods, which is discussed, is the non-linear least squares estimation of medium paramieters

front observed travel tinies. In addition the "type" of each ray is also dcteriitied by the

least squares process - this is in effect a deconvolntion procedure sinilar to that desired

in scismic exploration. It enables more of the measured data to be use(d without filtering

out flie multiple rellections that are not pure P-waves.

Acotistoelastic Effects and Sound Wave Propagation inn Ileterogeous Anisotropic

*Materials, L.L. lonilla and J.B. Keller

A theoretical analysis of acousloclastic effects is presented. It is based upon the theory of

sound wave propagation in a stressed heterogeneous anisotropic elastic medium coiuposed
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of grains. The effect of residual stress is included, and shown to be different from that

of applied stress. The statistics of grain orientation and grain correlation are taken into

account. The acoustoelastic coefficients and the effects of dispersion, attenuation and

texture of thle icdiunm arc dctcrmincd.

Tomnographic Reconstruction or Velocity Anomnalies, J.A. Fawcett and R.W. Clay-

ton

An approxiinatc inversion formiula is prop~osed for the reconstruction of slowness anomalies

in at knowni depth varying background field. The data are observed traveltinie perturbations

for reflections from a known planar reflector. The limitations of the formula are discussed

r and numerical examples are given.

Inversion of N-dimensional Spherical Averages, J.A. Fawcct

In this paper we give at simple inversioni foiia. for (leterniining the even part of a function

froiti its kveratges over the suirfaces of spheres in 111, Centred on a liyperplaiie y 0. We first

* give the forimila in 17-mirier space anid dihen iii physical space as at generalized convolutional

back- projction.

Hill's E quation with a Large Potential, M.l. Weinistein and J.11. KellerL We (obLaitt .asynptotic expantsion~s, for lar-ge values of the paramecter A, of the stablility

b~ou~ndaries, the stability hanmd w id ths, the Floquct mutltipliers wdl the solutions of H ill's

* equation

d l u =Eu.
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The potential q(z) is assumed to be periodic and to have a unique global minimum within

each period, at which q" > 0. The results for the stability band widths show that they

decay exponentially with A as \ increases. These results generalize those for symmetric

potentials due to larrell, and that for the Mathieu equation due to Meixner and Schiike.

Inversion of the 2.5-d Acoustic Equation, M. Cheney, S. Coen and A. Weglein

An inverse acoustic scattering theory and algorithin is presented for the reconstruction

of a two dimensional inhoniogcneous acoustic medium from surface measurements. The

nteasturements of the surface pressure due to a harmonically oscillating surface point source

at two arbitrary frequencies allows the separate reconstruction of the density and velocity

of the subsurface. The solution of the inverse acoustic scattering problem is obtained by a

transformation to an inverse quantum scattering problem in two dimension, the solution

of which has been obtained recently by Cheney, who was inspired by Newton's sollition in

three dimensions. The solution presented is it generalization of Coen's and Stickler and

Dcift's solutions of the three diniensional acoustic problem for a plane stratified acoustic

*Iediliii.

The Connection Between Time- and Frequency-domain Three Dimensional In-

verse Scattering Nethods, M. Chency, .1.l. Hose, and 1. DcFacio

We rlate three ,linitsioital scaLttring ilheory for the tine-idi(leeiCntt Sdhrodiiigr C(qua-

tion wit houi, spherical synimuctry to scattering thery for the plasmut wave equ.ition (PW E).

We review a recent inverse scattering method for the lWIV and finod the corresponl-

ing method for the Schirdinger equation. We then review Newton's three dimensional

NMarchen ko method for the Schir6diiger equpationi and transformu it to the corresponding

I1



PWE method. The resulting time-domain hyperbolic method clarifies the role of causality "

in Newton's important recent work.

A Rigorous Derivation of the "Miracle" Identity of Three Dimensional Inverse

Scattering, M. Cheney

The large-energy asymptotic behavior of scattering solutions of the three dimensional time-

* dependent Schr~dinger equation is investigated. The second terni of the expansion leads

to lite "miracle" of Newton's three dimensional inverse scattering theory.

Small Gap Flows, E.O. Tuck

This report consists of five chapters, namely:

1. Airfoils in Extreme Ground Effect, pp. 2-6.

2. Automobile Aerodynamics, pp. 7-11.

3. Shallow-water Waves at Discontinuities, pp. 12-16.

4. Sliding Sheets, pp. 17-20.

,° 5. Wings Over Water, pp. 21-24.

"p..

These chapters are independent of cach otlhcr, althotigh linked by the "small-gap" theme.

Cliapters 1-4 were origin ally presenLtvd in the forum of a hcture s', is in the Iiparhient (of

Naval Architecture and Olfshore Engineering, University of Califormnia at Berkeley, during

Fcbruary and March 198,4. Chapter 5 formed the basis for a presentation to the panel 115

(Analytical Ship-Wave lclations) of the Society of Naval Architects wud Marine Eingineers,

on Mardi 2001, 1984.
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Research for and preparation of this report was carried out during a period spent by I

the author in the Departnient of Mathemiatics, Stanford University, January-May 1984.

Discriminant, Transmission Coefficient, and stability bands of Hill's equation,

J.B. Keller

The discriniinant A(k 2 ) of lull's equation is shown to be related to the trainmission coef-

ficient T(k)eO(k) of one period of the potential by A(V2 ) -[2/T(k)I cos[k~r + 0(k)]. This

result is used to find the boundaries of the stability bands.

One Hundred Years of Diffraction Theory, J.B. Keller

The dcvelopmient of diffraction theory in the last 100 years is discussed fromn a personal

viewpoint, with emiphasis on the geomnetrical theory of diffraction. First sonic carly work

*of Kirclhhoff, Rayleigh, Soninuerfcld, MacDonald and others is mientioned to indicate the

s state of the field in the 1940's. Next thc author's work dutring World War 11 is (described.

Then the considerations that led himi to the geometrical theory of diffraction arc explained,

and the defects of that theory are outlined. Finially (hie advances in glue dheory since its

in trodutc tion, which have rencdied miany of these defects, areC 11ieuitiotied.

Solition Generation and Nonlinear Wave Propagation, J.11. K~eller

Sol itiogi genuerationt by various iiueanls is ulexe rilwd . Fl'ust experiiul~a I gesuult of %elialiscii

et al ont sohitoits generated b~y a sip niodlel in at towing tank are presenited. Thlen TA'. Wit's

* related flotssinesq systemn of equations for shallow water nijotion with a ioving pressure

distrubance on the free surface is introduced. Niinuerical solutions of this systein by Wu and

Wu are shown to conipare well with the exp~erinttal results. Similar numerical results on



an initial-boundary value problem for the KdV equation by Chu et al are presented which

also yield soliton generation. Then Keener and Rinzel's analysis of pulse generation in the

Fitzhugh-Naqumo model of nerve candutions is described. Next Whithain's modulation

theory of nonlinear wave propagation is explained and the problem of relating its results to

initial and boundary data is mentioned. Asymptotic methods for solving this problem for

the KdV equation are described. They include the Lax-Levermore theory for the case of

small dispersion, its extension by Venakides, and the centered simple wave solution of the

modulation equations by Gurevich and Pitaevskii. Finally the theory of weakly non-linear

waves of Choquet-Bruhat and of Hunter and Keller is described.

Computers and Chaos in Mechanics, J.B. Keller

Much recent progress in mechanics is related to the use of computers in the solution of

problems, in the control of experiments, and in the analysis of data. These tools have

made certain kinds of calculations and measurements easier. But they have also revealed

the widespread occurrence of chaotic and stochastic behavior of nuechanical systems, and

have shown that there are certain regularities in this behavior. The understanding of the

chaotic behavior and its regularites, and of how to analyze and control it, are unsolved

probleis. Many theoretical attacks have been made on these problems, ut they have L

only toll hd the surface.

Semiclassical Mechanics, J.13. Keller

Classical mechanics and the quantum conditionts of Planck, Bohr, Sommerfeld, Wilson and

Einstein are presented. The virtues and defects of this "old quantum theory" are poiutcd
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out. Its replacement by quatuni mechanics is described, leading to the Schrclinger equa-

tion for the wave function and the corresponding energy eigenvalues. For separable sys-

tens, the reduction of this equation to ordinary differential equations and their asymptotic

solution by the WKB method are described, as well as the resulting corrected quantum

conditions with integer or half-integer quantum numbers. For nonseparable systems, the

*" analogous asymptotic solution constructed by the author is described, together with the

corrected quantum conditions to which it leads. Exanples of the use of these conditions

in the solution of eigenvalue problems are presented. It is explained that difficulties arise

in using this method when the classical motion is stochastic or chaotic. Suggestions for

overcoming these difficulties are mentioned.
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Publications of the Applied Mathematics Group

72. P. F. Rhodes-Robinson On the generation of water waves at an 0,

inertial surface

Pub: J. Australian Math. Soc. B, 366-383, 1984.

73. R.E. Caflisch Dynamic theory of suspensions with Brownian

G. C. Papanicolaou effects

Pub: SIAM J. Appl. Math., 43, No. 4, 1983.

74. R. E. Caflisch Instability in settling of suspensions due
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Pub: Theory of Dispersed Multiphase Flow,
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J. Mvungi water profile after the collapse of a dam wall
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Pub: Proc. 3rd Intl. Conf. on Numerical Ship
"ydrodynamics,Paris, France, June 16-19, 1981,
227-246.

* . . -. '



93. A. Spence The numerical computation of turning points of
A. Jepson nonlinear equations

Pub: Treatment of Integral Equations by Numerical
V" Methods, 169-183, London, 1982.

p-. 94. J. B. Keller Biot's poroelasticity equations by homogenization
R. Burridge Pub: Springer Lecture Notes, in Macroscopic
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