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s The report is of a mathematicai study of elertromapgnet e phenomena avsaeciated —
-:'

y with nonlinear dierlectrics having memory. Definite details are available in
ﬁ the scientific papers produced anc in the SIAM monograph, "Tll~posed Problems
- for Integrodifferential Equati-ons in Mechanirs and Electromagnetic Theory",
SIAM Studies in Applied Mathematics, Aupust 1981. The basic thrust of the work
has been the derivation of stability and growth ertimates (in suitable function
space norms) for both electric fieldr and electric induction fields (CORT.)
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In the summer of 1977, this author initiated a program of study whosc hasic
aim was to describe the qualitative behavior of rigid, nonconducting material dic-
lectrics exhibiting wemory effects. In effect, this program led to the study of
specific evolution equations (syntcn.of partial integro-differential equations)
which result when the classical local forms of Maxwells equations in a lorent:
reference frame are combined with the simple vector identity

A E=grad (div B) - curl curl B

(vhere E is the electric field) and various constitutive hypotheses relating the electric
field and the electric induction field !.J as vell as the magnetic field ! and the magnetic
intensity [l Two basic types of comstitutive relations were examined; the first of thene
was proposed by Maxwell in 1877 and subsequently uséed by Hopkinson in connection with
his studies on the residual charge of the Leyden jar. The Mawell-Hopkinson thecory is

governed by the constitutive relation

D(x,t) = ¢ E(x,t) + S‘ ¢(t-1) E(x,t)dy, H(x,t) = u-ll(;.t)

where ¢ > 0, ¥ > 0, and ¢(t), t > 0 1is a continuous wmonotonically decrasaing function
of t. lIwplications of the Maxwell-Hopkinson theory have been durived {n refercnces

[8) and [9) as well as in the recent SIAM wmonograph by this author ([1])). The accond,

and more interesting set of constitutive hypothes@s, upon which a good desl of our work
has heen based, are those which tncorporate the concepts of holohedral and hemihodral
isotropic dielectric response as introduced by R.A. Toupin and R.$. Rivlin in 1960.
Noting that the Mamwell-Hopkinson constitutive relations do not account for the ohmerved

absorbtion and dispersion of electro-magnetic waves in material non-conductors, Toupin

and Riviin effectively build into their comstitutive relations both magnctic memory

effects as vell as the coupling of electric and magnetic influcences. A siwplificd

version of the Toupin-Rivliin hypotheses has been studied by this author in the papers
(4], [3) and [10) and & complete presentation summarizing all of this work may he found

in Chapter 111 of the S1AM monograph [1); the Toupin-Riviin wodels are of particular
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can stand as a guide for the laboratory measurement of constitutive conatants vhich
appear in both the Maxwell-Hopkinson and Toupin-Rivliin thoories. Throughout the

course of t.hil work the basic tools have been certain differential 1nqqullty argu~
ments (logarithmic convexity, concavity, or a combination thereof) which had earlier
been proven sucessful in dealing with ill-posed problems for Linear partial differential
equations. In almost every instance we have had to extend and modify these arguments
(or invent new ones) to deal with the systems of partial-integrodifferential equations
vhich were relevant to our studies.

The principal investigator began work on this project while an assistant professor
in the Mathematics Department at the University of South Carolina; he is currently an
associate professor in that same Department. During the yesr 1980-81 the principal
investigator vas a visiting associate professor in the School of Mathematicms at the
University of Minnesota. The principal investigator was invited by the AMS to organize
a special session on ill-posed problems for integro-differential and partial differcnti:
equations at the annual meeting of that society in Atlanta in 1978. He almo lectured
for four weeks, by invitation, on the subject matter of the AFOSR Gran;’in the Math-
ematics Department of the Technion, The Israel Institute of Technology, in Decewber 197¢

notes from that series of lectures resulted in the invitation from SIAM to produce

the Monograph which is listed as reference {1] in the bibliography.




3.

6.

e
.

10.

REFERENCES

(Bibliography for AFOSR Grant 77-3396)

111-Posed Problems for Integradifferential Equations in Mechanics and
Electromagnetic Theory (Mongraph), SIAM Studies in Applied Mathematics,
August, 1981,

"Nonexistence of Globally Bounded Sélutions to Initial-History Value
Problems for Integrodifferential Equations™, J. Applicable Analysis,
Vol. » (1981), -

"On Exponential Growth Estimates for Solutions of 1l1-Posed Integro-
differential Initial-Value Problems in Hilbert Space". Jour. of Math. Anal.
and Applic. Vol 79 (1981), 0-89.

"Asymptotic Bounds for Solutions to a System of Damped Integro-
differential Equations of Electroragnetic Theory", Jour. of Math. Anal

and Applic., Vol. 73 (1980), 524 - 542.

"Bounds for Solutions to a Class of Damped Integrodifferential Equationa
Associated with a Theory of Nonconducting Matherial Dielectric Responae

" SIAM Journal on Analysis, Vol. 11, (1980), 265 - 291.

“Lower Bounds for Solutions to a Class of Nonlinear Integrodifferential
Equations in Hilbert Space", Applicable Analysis, Vol. 10 (1980), 295 - 307.

“Remarks on the Asymptotic Behavior of Solutions to Damped Evolution Equations
in Hilbert Space"
Proceedings of the American Mathematical Society, Vol. 75, (1979), 25-31.

“Growth Estimates for Electric Displacement Fields and Bounds for Constitutive
Constants in the Maxwell-Hopkinson Theory of Dielectrics", International Journal
of Engineering Sciences, Vol. 17, (1979), 1-15.

"Stability and Growth Estimates for Electric Fields in Nonconducting Material
Dielectrics"”, Journal of Mathematical Analysis and Applications, Vol. 67 (1979),
296-322.

“Concavity Arguments and Growth Estimates for Damped Linear Integrodifferential
Equations with Applications to a Class of Holohedral Isotropic Dielectrics",
Zeitschrift fur Angewandte Mathematik und Physik, Vol. 29 (1978), 644-663.







