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Abstract:
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Genera l Diffraction and Scattering 1972—1974
(Excluding Hi gh Frequency Techniques , Transient

Electromagnetics and Numerica l Methods)

Prepared for Internationa l Commission V I , URSI
Triennial Report

by
R. E. Kle i nman *

Interdisci plinary Interact ion:

A few years ago , Mark Kac (1972) observed hopefull y tha i~ physics and

mathematics , then in a period of alienation were showing si gns of a rapprochement.

Activity in the area of Genera l Diffraction and Scattering during the period

1972—197k appears to support this optimistic view and increase the circle of

rapprochees to include radio eng ineering .

Perhaps the most signifi cant area of contact concerns the application to

obstacle scattering problems of methods developed in quantum mechanica l scattering.

A detailed rev i ew of approximate methods in potential and partic le scattering ,

including methods which have not yet been applied in electromagnetic scattering

as wel l as those which have, was presented by Joachim and Qui gg ( 197k). Methods

which have found applicat ion in electromagnetics in ’th is period include the use

of symmetry groups (Darnt et al ,1973) WKB methods (Chakraborty, 1973), and a Volterra

integra l equation technique for solving the Lippman-Schwinger equation (Kouri , 1973).

The infusion of ideas developed in other discipl i nes also included applications

of the extinction theorem in molecular optics (Pattanayak and hblf , 1972), (Wolf , 1973)

and analogies with elasticity (Peng , 1973). The method of matched asymptotic

*Natjonal Research Council Resident Research Associate
Air Force Cambrid ge Research Laboratories
(Permanent address: Mathematics Department , Un i vers i ty of Delaware, Newark,
Delaware 19711)
The outstanding faci lities of the AFCRL Research Library were Invaluable In the
preparation of this report and their use is gratefull y acknowledged . 
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expansions and singular perturbations were applied to acoustic scattering

(Lesser and Lewis , 1972a b,1974) and variationa l methods found continued

app lication in both acoustics and electromagnetics (Coen and Wexler , 1973 )

(Foster and Andersen , 1973). (Hazel and %4exler, 1972) (Kulikov , 1973 )

(Voytôvich et al ,1972). Reviews of acoustic diffraction theory were presented

by Jones (1972) and Horton (1972) and an extens i ve bibliograph y of acoustic

scattering was assembled by Wh i te and Sonn (1972).

Integral equation formulation ’s have provided the basis for most of the

analytica l as well as numerica l work in this period and underlie many of the

investigations inc l uded here under other headings . Not mentioned elsewhere ,

however, is the work on Fredhoim equations of the first kind of Belward (1974 )

and Kravtsov and Shatov (1973), Bojarski’ s (1972) K-space formulation of

electromagnetic scattering , deJong ’s (1972a~ for mulation of plezoelectric

diffraction problems , the surface integral equation formulations of Fawz i (1974)

and Gruner et al (1974), and the treatment of far zone scattering g i ven by Kul’ko

and Mikhr,ova (1972).

Elgenva l ues and Mod~ l Expansions: ‘

Because of the equiva l ence of the complex ei genvalues (decay rates) of the

exterior problem and the poles of the resol vent in the Integra l equation formulation

of the scattering problem , considerable understand i ng has been ga i ned of the

Intimate connection between the transient problem whose solution may be represented

In terms of the correspond i ng exterior eigerifunctlons and the time harmonic prob l em

whose solution may be represented in terms of the resolvent. The location and
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scattering geometry dependence of these poles will undoubtedly be the objects

of research efforts for some time but cons i derable progress has been made in

this period by Arsenev (1972), Beale (1973), Daboul and Jensen (1973), Goldste in

(1974), GuI icher and Krasnushkin (1972), Lax and Phillips (1972a ,b), Majda (1974),

Man n and Latham (1972), Ma n n  (1973 , 1974a), Morawetz (1972), Ramm (1972), Shenk

and Thoe (1972), Tesche (1973a ,b) and Valnberg (1972). The use of characteristic

modes directly in electromagnetic scattering problems was treated by Harrington

et al (1972), Nikol ’skiy and Feoktisto v (1972), Ram (1973) and Zaboronkova and

Kondrat ’ev (1972).

Problems associated with eigenvalues of interior problems and their

relevance to exterior scattering were also examined (~~lomey and Tabbara , 1973)

(Jones , 197i~) (Kleinma n and Roach , 1974) (Leis, 1974) (Rogers , 1973b) (Shamma and

Karp, 1972) (Tal and Shaw, 1974) (Ursell , 1973) and (Wirgin , 1973a).

Appl i cation of more genera l modes , not necessaril y ei gcnfunctions associated

with a particular scatterer , was made by t-larrington and Mautz (1972a ) and Mautz

and Harrington (1973). The use of spherica l harmonics in problems involving

nonspherlca l scatterers , as exemplified in the “extended boundary condition ” method

(Waterman , 1971), continued to rece i ve attention (Bates and Won9, 1973, 1974)
(Bolomey and W irg in , 1974) (Devaney 4è i’~~

.)1973, 1974)
(Eyges , 1973) (Hiza ’l , 1973, 1974) (Hiza ’l and Tosun , 1973) (Peterson and Str~m ,

1973, 1974a,b) (Str~m , 1974). Reilly (1973) also used spherica l harmonics for

nonspherica l scatterers but , in contrast to the above, did not assume convergence

on the surface but matched coefficients on the smalles t enclosing sphere. The

question of convergence of expansions in spherica l harmonics on nonspherical

surfaces has ap~~~ent1y been resol ved (Millar , 1973a) and conditions for the

validity of expansions In terms of outgo i ng waves only, the Rayleigh criteria ,

have been provided (Bates et a), 1973) (Ikuno and Yasuura, 1973) 
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(Kozachek and Sachemko , 1971+) (Landsberg , 1973) (M illa r , 1973b). Related

work took place on problems involving radiation conditions (Naylor , 1972)

(Naylor et a l , 1923) (Roach and Adams , 1972).

Gratings:

Use of the Raylei gh criteria in single body sc.attering does not mean that

grating problems , which fostered a flourishing controversy over its validity ,

have been i gnored. In addition to a rev iew of grating problems (Petit and

Maystre, 1972a) and the aforementioned work of M i ll ar . (1973a) on Raylei gh criteria ,

results have been obtained on sinusoida l gratings (Dailami et al , 1972) (Fang, 1972),

Eche l ette gratings (Jovicevic and Sesnic , 1972), i mperfectly as wel l as perfectl y

conducting gratings (Maystre, 1972 , 1973) (Maystre and Petit , 1972b) (Neviere

et al , 1973), double gratings (Blok and Mur, 1972) (Butenko and Litvinenko , 1972)

gratings separating -different media (Kitajuna , 1972) (Adonina et al , 1972)

and gratings of strips (Kent and Lee, 1972), cylinders (Bezug ’lyi and Shestapalov ,

1973), dielectric cylinders (Barkley et al , 1973), dielectric bars (Kasalov and

Repa , 1972) and cylinders of arbitrary cross section (Astapenko , 1972) (van den Berg

and Voorman, 1972). The closely related problem of s.cattering by periodic arrays

was also considered (Litvinenko .and Ob’Iyvach , 1972) (Kasanski i et al , 1971+)

(Kirilenko and Masalov , 1972a ,b) (Solymer and Appel—Hansen , 1974) and arrays of

wires also received attention (Otteni , 1973) (Wait 1972a’,b) (Wilson , 1974).

Low Frequency Scattering :

An Integra l equation method was developed in scalar scattering which y ields

the unknown surface field as the limit of Interates of a surface Integ ral operator

for a wide cl ass of scatterer geometry (Ahner and Klelnman , 1973). Extensions to

pi ecewise homogeneous media were derived (Ahner, 1974) and a related formulation 

~~~~~~~~~~~ -~~~~~-~~~~~‘-~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



in electromagnetics was discussed (Orinsb y, 19714). Al though limited to low

frequencies , the technique differs essentiall y from standard low frequency

expans ions in that it apparently has a larger radius of convergence. Totally

independent integra l equation methods were developed to sol ve the two dimensiona l

problem for cy linders of arbitrary cross section using conforma l mapp ing by

Hill et a1 ,(1~ 73)and Shafal , (1973a).

In the area of low frequency expansions , a method was derived for utilizing

po larizability tensors which are independent of the incident field to determine

the first (di pole) term in a Ray leigh series representation of the electro —agnetic

field scattered by a perfect conductor (Keller et al , 1972) ~~)ê riman and Senior , 1972)
C 1i I eg V) ~~~~ Y~ ~~~~Corresponding results in acoustic scattering were obtained by Senior (1973).

Similar results in scattering by small apertures were derived by Fikhnanas and

Fr i dberg (1973a ,b), Stepanyuk et al (1973) and van Blade ) (1972). A circui t

parameter interpretation of the first two terms in an expansion of the fi eld

scattered by -small dielectric objects was g iven by van Bladel (1973) and the

anistropic case was cons i dered by Dc Mey (1974).

tow ‘frequency scattering results for partic u lar ~onfigura t ions were obtained

by Hill and Wait (1972 ,1973 ,1974) for spheres nea r the ground , cylinders and

-Spheroi ds and by Love (1974) for a torus. Determ i nation of the first (dipole)

term is essentially an electrostatic potential problem and relevent results were

obtained by Beluga (1972) for cylinders of arbitrary cross section , Fik ioris (1973 )

for ~pheroI ds and Murashima (1973) for f~n1te cylinders . Variationa l methods

In electrostatics were treated by Kulikov (1972) and Kuliko v and Lev i na 

(1972)5
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while the applications of probabilistic potential theory were discussed by

Bevensee (1973).

Inverse Scat tcr in~,:

Continued interest in the i nverse scattering problem was evidenced in

this period. An Idea of various approaches may be obtained fro~n the contributions

collected by Coh n (1972).

Pertinent work has been done for the wave equation (Ka l~ ba and Zagustin , 1 9714)

(Weston , 1972 ,1974) (Weston and Krueger , 1973), the Helmholtz equation (Sleer~an , 1973),

low frequency approximation s (Boerner and Ahou l-Atta , 1973) (i-ill ) , 1 973 )

(Van den berghe and Boerner. 1972a,b), and hig h frequency approximations

(Ilamid and Mohsen , 1972) (Van den berghe and Boerner , 1972c) and (Tabbara , 1973).

Perry (1974) considered hi gh frequency methods via regularization techniques which

were also discussed by Deschamps and Cabayan (1972). The role of impedance bounda ry

conditions in inverse scattering was studied by Boerner and Ah luw al ia (1972) and

applied in particul ar cases by Ah I~walia and Boerner (1973 ,1974), Chap lin and

Aksel’rod (1972) and Chebyshev (1972). Some numerica l problem s were treated by

Cabayan et al (1973). Related work was done on inversion of molecular scattering

data (Buck, 1971+), dIscrete methods (Case , 1973) (Case and Chiu , 1973) (Case and Kac,

1973), one dimensiona l profile i nversion (Jordan and Krltiko s, 1973), and logarithmic

potential scattering (Parasyuk et a), 1972). The purported exact solution of

Bojarskl (1973) merits study to determ i ne its va lidity , limitations and applicability .

Wavegulde Scattering :

Inclu ded in the vast literature on waveguldes during this period is the usua l

compl ement of wavegulde scattering problems. Integra l equation methods predominated

this work which Inc l udes scattering In dielectric loaded wavegu i des (Bates et a), 1972),
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periodic dielectric loadings (perng, 1972), stepped guides (Kazakova and

Percikov , 1972), dielectric steps (Royer and Mittra , 1972), slotted guides

(Khadzhino v, 1972), guides with circular sections (Lapta and Sologub, 1973)

(Zhurav and Loser, 1973), cylindrica l obstacles in rectangular guides

(de Jong , 1972b), ellipt i ca l guides and obstacles (Ga l and Khizhnyak , 1972)

(Laura , 1972) (Ukra i nets and Khizhnyak , 1973) , and plana r waveguides (Fel’d et

al , 1973) (Il’ insk ii and Galishn i kova, 1973) and (Nefedov and Fialkovsk y, 1972).

Moving Boundaries:

Electrodynam i cs of moving media has been an area of increasing activity

over the past decade and this trend continued during the period 1972—74. One

class of problems invo l ves scattering of waves by the moving boundary between

two half spaces with differing constitutive parameters and work in this area

was reported by Censor (1972a), Ilosono (1974), Ostrovskii (1972), Sohimeno (1974a ,b)

and Yasumoto (1972). I nhomogeneous moving media were treated by Aivazyun and

Megelyan (1973) and Tanaka and Hazama (1972).

Scattering by moving obstacles in a stationa ry med i um was studied with

increasing intensity with specific consideration of moving half planes (Candel , 1973),

plates (Krasilshchikova , 1972), mirrors (Ohlendorff , 1972), strips (Hunter , 1972a),

spheres (Bhartia , 1974), cylinders (Censor, 1972b) (LeVine , 1973), (Hunter , 1973a,b),

arbitrary small obstacles (Nerukh and Khizhnyak ,’1973) (Petrov , 1972a, 1973), and

pl asma col umns (Shiozawa and Seika i , 1972a,b). 
‘

Rotating systems were discussed (Petrov, 1972b) (Shiozawa , 1973) as were

radially expanding systems (Censor, 1973) (Pogorzelskl , 1973). Scattering from

oscilla ting Irregular planes also received attention (Borker and Yang , 1973)

(Konrady , 1974).

7
- ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~---~ -~~~~~~ ~~~~~~~~~~ ~~~~~~~~



- n_._— ___’ 
~~~~~~~~~~~~~~~~~~~~~~~ ~—~--.~~~- . r - rn ’ “ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - -

Scattcrinq by Specific Geometric Configurations:

Most of the long standing favorite geometries have not been neglected

In this period. New cand i dates have appeared as the exact solutions for

scattering by a strip (Wolf, 1972, 1973) and the dielectric ~iedge (Lantz, 1973).

Other treatments of the strip and complementci ry slit problem were presented

by Guiraud (1973a ,b) and Pimcnov and Press (1973). New approximate solutions

have appeared for narrow stri ps and slits (Lebedey and Skal’ skaya , 1972)

(Leeb, 1972), med i um slits (Lin , 1972), sli ts in thick screens (Deryck, 1 973 )

(Roumiguires ct al , 1973), slits in screens separating two media (Col ombea u et al , 1973 )

(Facq and Robin , 1972) (Neerhoff and Mur , 1973), slits in an impedance plane

(Ilongo , 197a), slit formed by staggered parallel planes (Kashyap, 1974), and a

rectangular groove in a metal lic screen (Wirgin , 1973b).

tleixner (1972) examined the consequences of his edge condition at the edge of

a dielectric wedge. Another edge condition study was made by Lang (1973b) at the

common edge of a wedge and a resistive sheet. Scattering by dielectric loaded

wedges was treated by Ilohsen and Hamid (1913) and Towaij •and Hamid (1974) while

Bates (1973) considered both dielectric wedges and prisms .

Other problems involving cy lindrica l geometries which were reported included

scattering from circular cylinders (Koshero i and M ikhai lovski , 1972), notched

cIrcular cylinders (Hunter, 1974), cylinders il l um i nated by Gaussian beams

(Alexo poulis and Park, 1972), cy linders of varying cross section and constitutive

material (Beloozero v and Dolgova , 1972) (Lion, 1972) (Maystre and Vincent , 1972)

(Shafa l , 1973b) (Shafa l and Bhartia , 1973a,b) (Vasi l’ ev and Solodukhov, 1973)

(Yeh and Wang , 1972), coated cylinders (Fedele , 1973) (Kovner , 1973)

(Syeshniko v et al , 1972) (Uslenghi , 1973), cylinders near an Impedance surface

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ - ‘ - ~~~~~~~~~~~
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(Bombardt , 1973) (Shcherbitski y, 1972), ellIpti c cylinders (Al exopou lis et al , 1 9714)

(Kaufman et al , 1973) (Van den Berg and Van Schaik , 1973), po l ygona l cylinders

(Hunter , 1972b), hol low semi—infi ni te cy linders (Lee et a), 1 973), hollow

finite cylinders (Lebedev and SkaI’skaya , 1973) and cylinders in a piezoe lectric

medium (de Jong, 1972c).

In addition to the work on the edge condition cited above in connection with
was

wedge problems , a careful study of edge conditionsi’presented by Flayashi (1973 )

in his treatment of scattering from open surfaces , Fel’d (1973 , 19714) and

(if irntsev (1971+) also considered this problem . Radin and Shestopalov (19714) considered

apertures on a sphere and Hunter and Bates (1972) examined small apertures -

(close edges) on perfect conductors. Edge diffraction in connection with scattering

by a spherica l cap was treated by Jam and Kanwa l (1972) and a paraboloida l cap

by James (1974), Rogers (I973a) and Watson and Ghobria l (1972).

The plana r open surfaces , aperture in a plane screen and complementary disc ,

was the object of a number of scattering investig ations . Half plane problems were

treated by Hamid and Towaij (1972), Myshkin (1972) and Tan and Cheng (1972).

Diffraction by arbitr arily shaped apertures was examined by liorita (1972) and thin

plates were treated by Lin ct al (1974) and Mittra et al (1973). Lit (1972 ) worked

with the somewhat controversial bounda ry diffraction waves at the rim of an aperture

and Tanaka et al (1972) studied aperture diffraction of beams. Scattering by a

circular disc on the interface between different medi a received attention from

Boersma (1972), Dmitriev et a) (1973), arid Lugovo i and Sologub (1973). A Babinet ’s

Principle for a resistive aperture in a conducting screen was presented by Lang (I973a)

—- — ‘-— - -— ‘~~~~~— ~~~ -- -—.-~ ;._ -~~~~~- - - — -  .rn~~~~~~~~~~~ -— —~ - ~~~~‘— ~~~~~~~~~~~~ - — - -— - ~~~~~~~~~~~~ - —~~~‘ -
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and criticized by Ilarrington and Mautz (1971+). Scattering by a disc near an

aperture was considered by Ivanov (1972) and Kuzmin (1972). Van Dueren (1972)

analyzed scattering by a dielectric ring and Teague and Zitron (1972) treated

an aperture between two wedges .

Other geometric shapes which were considered as scattering objects inc l uded

the sphere (Inada , 1973) (Manda l , 1973), cone (Nikolc ~ev11972), prolate spheroid

(Gatkin et al , 1972), quarter plane (Satter’-.’hite , 19714), straig ht line segm ent

(Ranger , 1973, 19714), dielectric step (Mergel yan , 1972a), dielectric loaded corner

ref l ector (Towaij et a), 1972), and V shaped wires (Lin , 1972). Shestopalov and

Shcherbak.(1972) treated obstacles which consisted of comb i nations of bodies for

which the scatter ing properties were known . Ogawa and Fujioka (1972) examined

scattering by the interface between two conducting media and Avetky~n (1972)

treated dielectric bodies of revolution.

Multiple Scattering :

Two body scattering problems for spheres (Olaofe , 19714), spheroids

(Van Buren and King , 1972), stri ps (Kanwa l and Sa~ l edeva , 1973), elliptica l ref l ectors

(Soejima and Shimada , 1973), discs (Man n , 1974b), and cylinders in an inhomogeneous

med i um (Pavlov , 1973a, b) all rece i ved attention during this period .

Twersky (1973) treated the three dimension a l problem of a periodic line of

i dentica l obstacles and Leppington and Levine (1973) studied periodic apertures

in a plane screen. Ramm (1974a , b) analyzed both scalar and electromagnetic

scattering from collections of small bodies as did Peterson and Str&n (1973 , 1974a).

Two dimensIona l mul tiple scattering studies were carried out by Bezug ly i and

Shestopalov (1972) for arrays of slotted circular cylinders , Howarth (1973 )
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Howarth and Pavlasek (1973) and Howarth et a) (19714) for cylinders in a way

which suppressed the sing le body scattering contribution , Kop aleishvili and

Popovidi (1972a , b) for arbitrarily shaped cylinders at long wavelengths and

Kyurkchan (1972) us i ng on orthogonalization method to solve a system o integra l

equations for circular and ellip tic cylinders.

Rough Surfaces:

El ectromagnetic scatteri ng by a rough surface was treated by O’Ke)ly and

Kharadly (1972 ) whi le Ba ha r (1972a , b) cons idered rough impedance boundaries .

The related acoustic problem for statistically rough surfaces was examined by

De Santo (1974), Medwin and Hagy (1972), Welton (1973 ) and Zipfe) (19714). Gardner

(1973) considered backscattering at grazing incidence . Diffraction by a corrugated

dielectric surface (Mergel yan , 1972b), a per iodic ally corrugated surface

(De Santo, 1973) and act i ve corrugations (Lee, 1972) all received attention .

Scattering by rough cylinders was also stud i ed (Shah-and Vardya , 1972) (Tong1 1974).

Inhomogeneities and Equiva lent Bounda ry Conditions:

The effect of inhomogeneit ies , both in the constituent material of the scatterer

and in the media in which the scatterer is immersed , has been the subject of a

number of investigations. Spherically symmetric objects with radial inhornogeneities

were examined by Semenov (1972) and Shafai (1972a), inhomogeneous shells by

Alexopou lis (1972), and anisotropic as well as inhomogencous objects by Okamata

and Yamada (1973). Cylindrically symmetrIc objects were treated by Neelakantaswamy

et al (1973) and Shafa i (1972b).
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Inhomogeneous media were considered by Foster and Anderson (1973b),

Hassab (1972), Perm itin (1973) and Tikhonov et al (1973). Attempts to approximate

inhomogeneous media with equiva l ent bounda ry conditions were made for plane

Interfaces (Agranovich and Yudson , 1973 ) (Eaves, 1972) (Wegrowicz , 1972) and

non plana r grids (Kantorovich , 1972). impedance bounda ry conditions were treated

by Gudovich et al (1973) while Harnington and Mautz (1972b) studied reactive loading .

Selected Books: .

A publishing event of importance is the long awaited appearance of the book

on radiation and scattering by Felsen and Marcuvitz (1973). Another book tha t

merits attention of the scattering community, especially but not exc l us i vely

concerned with numerica l methods , was edited by Mittra (1973).

Other books deserving mention are the collection of papers on wave propagation

edi ted by Babich (1972), Monteath’s (1973) ~~rk on reciprocity , the time dependent

problems considered by Nussenzwe i g (1972), Stavroudis ’ (1972) work on optics ,

Tolstoy ’s (1973) work on wave propagation and the study of black body scattering

by Zakhar ’yev and Lemanskiy (1972).

Fin ally, a rev i ew of scattering and diffraction for this period would be

incomplete without mention of the publication of the extended abstracts of papers

presented at the 1974 URS I Symposium on Electromagnetic Wave Theory (URSI , 1971+).
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