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PREFACE 
The papers in these Proceedings are an outgrowth of lectures delivered at the 

eighteenth Summer Research Institute of the American Mathematical Society. 
The topic of the institute was partial differential equations, and it was held at the 
University of California at Berkeley from August 9 to August 27, 1971. The 
institute was financed by the National Science Foundation. 

Notes of lectures were distributed during the conference (and remaining notes 
shortly afterward) to the participants, and many of the papers appearing in this 
volume are revised versions of the informal notes. Although some of the papers 
are expositions of known material, many contain new results. The papers are 
arranged under the headings of the five seminars of the conference: linear problems, 
nonlinear problems, geometry, mathematical physics, and singular integral 
operators. 

The organizing committee for the institute consisted of: Alberto P. Calderon, 
Lars Hormander, Charles B. Morrey, Jr., Louis Nirenberg (Chairman), James 
B. Serrin, Isadore M. Singer and Donald C. Spencer. 

The editor would like to thank the many persons who cooperated to make 
the institute and this volume possible. Of special direct help were Lillian R. 
Casey, Beth Clarke, Hope Daly (conference secretary), Carole Kohanski and 
Margaret Reynolds. 

D. C. SPENCER 

vn 
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equation, 5 

Dirichlet's principle, 426 
distributed control, 287 
divergence, 322, 410 
Dolbeault complex, 136 
domain of holomorphy, 138,140 
dot product, 322 
drag, 422, 428 
dynamical formulation, 321 
dynamical system, degenerate, 310 

eigenfunction, generic, 71 
eigenvalue, 81 

simple, 72 
Einstein equations, 309 

existence for, 312 
uniqueness for, 319 

elliptic, 34, 48, 50, 51,126 
strongly, 114 

elliptic boundary value problem, 
121,153,162,163,183 

elliptic equation, 370 
degenerate, 79 

second order, 370 
nonexistence, 391 
nonlinear, 391 

elliptic integrand, 232 
elliptic operator, 11, 225, 372 

null-space of, 225 
dimension of, 225 

transversal, 11,12,106 
ellipticity bound, 233 
energy type estimate, 315 
envelope of holomorphy, 137 
EPD theory, 97,100 
Euclidean field, 416 
Euler angle, 100,101 
Euler-Poisson-Darboux equation, 97 
evolution equation, 195, 322 
excess, 236 

existence theorems of the Borsuk-
Ulam type, 285 

existence theory for solutions of 
boundary value problem, 269 

extension of the strong maximum 
principle for the solutions of 
minimal surface equations, 6 

exterior problem for the reduced 
wave equation, 153 

exterior trace, 3 
external field, 444 
external field problem, 469 

fall, 
steady, 421 
isolated direction of, 433, 435, 

436 
families index, 11,14 
finite difference approximation, 183 
finite element method, 199, 202 
finite speed of propagation, 164,165 
finiteness theorems, 141 
first boundary value problem, 219 
first order equation, 309, 370 
first order operator, 373 
first variation distribution, 255 
first variation of area, 254 
fixed point formula, 11 
$OK space, 445 
foliation, 370, 371, 373, 375 

leafof,370,371,372 
forcing function, 72, 309, 323 
formally exact, 125 
formally integrable differential 

equation, 380 
formally transitive Lie equation, 381 
Fourier transform, 102,103 

partial, 99 
fourth order perturbation, 304 
Fredholm alternative, nonlinear, 285 
Fredholm index, 225 
Fredholm operator, 225 
functional, 287 
fundamental kernel, 38, 49 
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Galerkin approximant, 281 
Galerkin method, 285 
G&rding's inequality, 114 
(Jauss-Bonnet theorem, 387 
Gauss mapping of a minimal 

surface, 354 
Gaussian curvature, 348, 354, 387 
Gaussian stochastic process, 414 
general boundary conditions, 114 
generalized degree theory, 285 

for A-proper mappings, 285 
generalized Dirichlet form, 270 
generic, 71 

eigenfunction, 71 
geodesic polar coordinates, 98, 100, 

101 
geometric measure theory, 231 
Gevrey classes, 80 
Gevrey function, 196 
G-index, 12 
global existence for the perturbed 

problem, 305 
global hypoelliptic, 145 
growth theorem, 97,102 

Hamiltonian, 41,402, 417 
harmonic coordinates, 309, 311, 319 
harmonic function, 483 
Harnack inequality, 329 
heat equation, 15 
helicity spectrum, 443 
Hermitian metric, 261 
Hessian, 322 
Holmgren's theorem, 91, 166, 196 
Holmgren's uniqueness theorem, 372 
holomorphic semigroup, 122 
holomorphy, 

domain of, 138,140 
envelope of, 137 

homotopy index, 296 
Huyghens' Principle, 166 
hyperbolic, 34, 48 

hyperbolic equation, 309, 310 
canonical infinite sequence of, 97 
Lp-, ^-estimates for, 479 
singular integral operator arising 

from, 479 
hyperbolic mixed problem, 161 
hyperbolic system, 365 

singular, 441, 454, 475 
strictly, 162, 309 
symmetric, 161, 309, 315 

hypercontractivity, 415 
hyperdifferential operator, 195, 196 
hypersurface, 

asymptotic, 310, 313, 316, 345 
minimal, 331, 353 
of Rn with prescribed mean 

curvature, 1 
hypoelliptic, 34, 37, 38, 41, 43, 44, 

46, 47, 48, 61,145 
analytic-, 34, 38, 44, 46 
global, 145 

index, 
families, 11,14 
G-, 12 
homotopy, 296 
mod 2,11 
ordinary, 11 
transversal, 11,12 

index theory, 11 
initial value, 

resolvent, 99,101 
subharmonic, 97 

initial value problem, 135, 303, 311, 
312, 315 
periodic, 303 

integral current, 251 
modulo v, 251 

integral curve, 371 
integral manifold, 370 

maximal, 370, 371 
integral varifold, 251 
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integrand, 232 
elliptic, 232 
m-dimensional area, 232 
nonparametric, 242 
with constant coefficients, 232 

integro-differential sesquilinear 
form, 121 

interior trace, 3 
interpolation, 204, 397 
interpolation space, 81 
intertwining properties, 394 
isolated direction of fall, 433, 435, 

436 
isolating block, 296 
isometric deformation, 344 

Kelvin transformation, 263 
Klein-Gordon divisor, 461 
Klein-Gordon equation, 262 
Klein paradox, 445 
Korn's inequality, 207 
Korteweg-de Vries equation, gener­

alizations of, 303 

Lp-, Z/7-estimates for hyperbolic 
equations, 479 

Lp regularity theory, 266 
Lagrangian, 323, 324 

degenerate, 324 
Lagrangian system, 310, 323 
Laplace-Beltrami operator, 264 
Laplacian, 388 
leaf of the foliation, 370, 371, 372 
Legendre's operator, 79 
Leray-Schauder theorem, 434 
Leray-Schauder theory, 432 
Levi convexity, 136 
Levi form, 127,138,140,142 
Lewy, H., 

example of, 140 
problem, 137, 

obstruction to the, 140 
Lichtenstein Theorem, 355 

Lie algebra, 370 
transitive, 382 

Lie derivative, 322, 324, 325 
Lie equation, 381 

formally transitive, 381 
nonlinear Spencer cohomology 

group of, 383 
linear diflferential equation, 319, 380 
linearized problem, 305 
Lipschitz continuous, 353 
Ljusternik-Schnirelman, critical 

point theory of, 264 
local existence for the perturbed 

initial value problem, 304 
locally coercive C1 vector field, 353 
locally solvable, 34, 37, 41, 43, 44, 

46, 47,140 
long range potential, 393 
lower closure theorems, 288 
lower semicontinuity, 288 

mappings in Banach spaces, new 
classes of, 269 

marginally hyperbolic, 164,165 
Markoflf field, 416 
Markoff property, 416 
mass gap, 406 
mass renormalization, 405 
mass spectrum, 443 
matched asymptotic expansion, 337 
maximal integral manifold, 370, 371 
maximum principle, 354, 356, 360, 

426 
m-dimensional area integrand, 232 
m-dimensional Hausdorff measure, 

232 
mean curvature, 255 

boundary, 255 
mean value, 98,102 
minimal hypersurface, 331, 353 
minimal surface, 353 

Gauss mapping of, 354 
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minimax problem, 261 
Minkowski problem, 389 
mixed problem, hyperbolic, 161 
mod 2 index, 11 
modified wave operator, 393 
Morse function, 71 
m-rectifiable, 233 
multiplicative functional, 419 

Navier-Stokes equation, 421 
Navier-Stokes fluid, 421, 422, 430 
Newton's method, 344 
nodal set, 71 
nondegenerate critical point, 71 
nonlinear eigenvalue problem, 285 
nonlinear elliptic equation, 391 

nonexistence theorems, 391 
nonlinear Fredholm alternative, 285 
nonlinear hyperbolic differential 

equation, 365 
nonlinear mapping, 270 
nonlinear Spencer cohomology group 

of a Lie equation, 383 
nonlinear wave equation, 404 

relativistic, 365 
nonnegativity, 117 
nonparametric integrand, 242 
nonskew body, 437 
normal pseudo-differential boundary 

conditions, 118 
Novikov higher signature, 24 
null bicharacteristic strip, 41, 43, 44 

obstacle, 5 
obstruction to the H. Lewy 

problem, 140 
one-sided condition, 483 
optimization, problems of, 287 
ordinary index, 11 

Palais-Smale "condition C", 261 
parabolic, 34 

parabolic problem, 
abstract, 340 
quasilinear, 340 

parametrix, 50, 52, 55 
partial differential equation, 309,365 
partial Fourier transform, 99 
periodic initial value problem, 303 
perturbed initial value problem, 

local existence for, 304 
perturbed problem, 153, 304 

a priori estimate for, 305 
global existence for, 305 

phase function, 53, 55 
piecewise linear function, 203 
piecewise polynomial function, 202 
piecewise quadratic function, 203 
Plateau's problem, 235 
Poincare lemma, 137,140 
Poisson kernel, 483, 490 
Poisson's equation, 199 
polarization matrix, 426 
polynomial growth conditions, 269 
positive current, 130 
positive resolvent, 97,100,103 
potential, 323 

Coulomb, 393 
long range, 393 
short range, 393 

principle type, 33, 44, 45, 46 
problems of optimization, 287 
progressive wave, 294 
prolongement, 86, 90,94 
propagation of zeroes, 371 
property (Q), 289 
property (U), 289 
pseudoconvex, 6 

sets, 6 
pseudo-differential operator, 12, 

61,196 
pseudo-monotone with respect to 

V, 274 
pseudomonotonicity, 271 
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quantized field, 448 
quantum field, 401, 403 
quasilinear, 309 
quasilinear elliptic system, 269 
quasilinear equation, 315 
quasilinear parabolic problem, 340 

Rayleigh-Ritz-Galerkin method, 
202 

realization, 114, 115 
recurrence relation, 99 
recursion formulas, 102 
recursion relation, 101 
regularity almost everywhere, 233 
regularity theory, 

Lp, 266 
Schauder, 266 

relativistic nonlinear equation, 365 
relativistic wave equation, 365, 441 

nonlinear, 365 
Rellich Compactness Theorem, 

226, 316 
removable singularity theorem for 

d~130 
renormalization, 401 

mass, 405 
super-, 407 

resolvent, 
positive, 97, 100,103 
sequence, canonical, 99, 101, 102 

resolvent initial values, 99, 101 
Ricci curvature, 309, 310, 311, 322 
Riemann-Hilbert problem, 142 

additive, 138 
Riemannian metric, 321 
rotational symmetry, 438, 439 

scalar curvature, 261, 322, 391 
scale of Banach space, 195 
scattering, 153, 445, 455 
scattering frequency, 156 
scattering operator, 367 
Schauder regularity theory, 266 

Schrodinger operator, 393 
second-order, selfadjoint, C°° elliptic 

differential operator, 71, 145, 147 
semiboundedness, 114 
semicontinuity, 

lower, 288 
upper, 289 

semi-Fredholm operator, 227 
semilinear elliptic partial differ­

ential equation, 264 
semipositive holomorphic line 

bundle, 131 
shift vector field, 310, 322, 323 
shock wave, 293 
short range potential, 393 
simple, 127 

eigenvalue, 72 
singular equation, 104 
singular hyperbolic system, 441, 

454, 475 
singular integral operator arising 

from hyperbolic equation, 479 
singular perturbation problem, 337 
singular set, 253 
singular support, 42 
S-matrix, 456 
Sobolev class, 309, 310, 315 
Sobolev imbedding theorems, 264 
Sobolev inequality, 208 
solutions analytiques, 88 
solutions holomorphes, 85 
solutions hyperfonctions, 91 
Sonine formulas, 102 
Sonine integral formula, 100 
space-body transition, 323 
spacetime, 309 
spectrum, 

helicity, 443 
mass, 443 
spin, 443 

Spencer cohomology group of a 
differential equation, 381 
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Spencer cohomology group of a 
transitive Lie algebra, 384 

Spencer complex, 126 
Spencer sequence, 221 
spherical harmonics, 389 
spin manifold, 17, 20, 391 
spin spectrum, 443 
stable hyperbolic, 164 
state equation, 287 
stationary state for nonlinear wave 

equation, 261 
steady fall, 421 
steady falling motion, 421 
Stokes flow, 421,429, 431, 433 
strictly hyperbolic system, 309, 311 
strong ellipticity, 246 
strongly elliptic, 114 
strongly nonlinear, 269, 273 
strong maximum principle, 216 
structure theorem for set of finite 

Hausdorff measure, 252 
Sturm-Liouville theory, 71 
subcoercivity assumption, 285 
subelliptic, 34, 38, 40, 45, 46, 126 

at a point, 126 
subharmonic initial values, 97 
suitable viscosity matrix, 294 

uniformly, 301 
super-renormalizable, 407 
surface, minimal, 353 
symmetric derivative, 486 
symmetric hyperbolic system, 309, 

315 
symmetry, 437 

axial, 439 
rotational, 438, 439 

symmetry group, 325 
systemes hyperboliques nonstricts, 

85 

tangential Cauchy-Riemann 
complex, 105 

tangential Cauchy-Riemann 
operator, 136 

terminal speed, 429, 430 
theory of capillarity, 5 
trace, 1, 322 
trajectory, 371 

of a collection % of analytic 
vector fields, 371 

transitive Lie algebra, 382 
Spencer cohomology group of, 

384 
transversal elliptic operator, 11, 12, 

106 
transversal index, 11,12 
Trudinger inequality, 390 
2m-order elliptic differential 

operator, 113 

uniformly suitable, 301 
unilateral constraint, 288T 
upper semicontinuity, 289, 486 

vanishing theorem, 141 
variation measure, 250 
variational inequality, 285, 353 
variational principle, 429 
variational problems in parametric 

form, 231 
vector field, 61, 323 
viscosity, 294 

parameter, 300 
viscous fluid, 421 
von Neumann algebra, 183 

wave equation, 319, 320 
nonlinear, 404 
relativistic, 365, 441 
stationary states for nonlinear, 

261 
wave front set, 11, 43 
wave operator, 393 

modified, 393 



SUBJECT INDEX 505 

weakly advanced fundamental T 
solution, 454 

weakly degenerate zero, 72 
weakly retarded fundamental 

solution, 454 
Weinstein's recursion relations, 
well-posedness, 136 
Wightman distribution, 417 

Yang-Feldman equations, 453 

zero, 
propagation of, 371 
weakly degenerate, 72 

zero set, 71 
zeta function, 15 




