JOHN DAVID CRAWFORD 1954-1998

John David Crawford diedon23 August, 1998 from Burkiit's Lymphoma at the age of 44. John
DNavid geduated with honors from Princeion Univerrity in 1977 and with a doctomte in Physics
from the University of Califomia at Berkeley in 1983. His thesis on Hopf Bifurcution und Plustnt
Instebilities was written uader the direction of Henry Abarbanel. Duriag his career. Jochn David
spent six years at the University of Califoria at San Diego, at first in the Physics Department
working on non-neutral plasinas and subsequently at the Institute for Nowinear Science pursuing
his iaterests in bifurcation theory. In 1989 he held visiting positions at the Mathematics Instituie
at the Cniversity of Warwick and at the Institute for Fusion Studies at the University of Texas at
Austin. He joined the faculty of the Depariment of Physics and Astronomy at the University of
Pitisburgh in 1990.

John David's interests ranged from the physics of collisionless plasmas to the mathematics
of patiern formation. However, there was a common thread: understanding the development and
equilibration of instabilities in diverse systems, bathey Hamiltonian or dissipative. This workshop
focused on pattem formation in contimious systems, a subject to which John David oconttibuted
greatly. He worked on developing group-theoretic methods for use in pattern forination studies
of dissipative systems and aew techaiques for studying bifurcation phienomena in Hammiltonian
systems associated with the emergence of an eigenvalue from a continuous spectrum. The former
area of research was motivaied primarily by his interest in parametrically driven water waves (the
Faraday system) and the latter by the beam-plasma instability in the Vlasov-Poisson system.

The Famday inswbility is a subhammonic instabilxy and is therefore associated with a Floquet
multiplier at --1. Joha David’s early work with Edgar Knobloch and Hermamn Riecke [10]-[12]
discussed mode interaction in the Faraday experiment in a circular container, focusing on the dy-
namics of discrete time-1' maps with —1 Floquet multipliers of double multiplicity as appropriaie
for modes that break the {X2) symmetry of the container, Of parficular interest was the clas-
sification of the conditions under which the mixed patterns resulting from such ianteraction drift
azirnuthally. Such rotaling paterns were observed in experiments by Sergio Cilibeno aad Jepry
Gollub. His subsejuent and classic work on the Faraday systiem in a square container [18] was
alsv motivated by Gollub’s experiaents. In this work Johit David focused on undersianding the
hidden symmetries, both translations and rotations, inwoduced into the Faraday systemy by Neu-
mana boundary conditions [18, 21]. These depzand on the modes excited and on their degzneracy.
John David’s obsecvation that as a result there is a significant difference between the Faraday
system in a square container and one with Dy symmetry bui in a nonsquare container [17] was
confirmed in subsequent experiments by Gollub and David Lane [20]. Related work on paramet-
ricaliy modulatad Hopt bifurcation in systems with O(2) symmetcy [4, 1.3] predicted that snch
modulation would stabilize standing waves even in cases in which traveling waves were preterred
in the absence of moduladon. This prediction was also condirmed in elegant ex peciments by Victor
Steinberg and David Andececk and their colleagues.

At the sarne time Johu David continued lis studies of biturcations in collisiouless plasinas.
Using the technique of spectral deformaton developed in landmack papess with Peter Hislop [8, 9]
he was able tounderstand in detail the appearance of & ncutral cigenvalue (or mode) embedded ina
continuous spectrum st threshold for instability. In this problem, as in the closely related shear flow
problems for ideal fluids, the instability appeacs when the electron distribution function or shear
flow profile are gradually changad, for example, by injacting a beam of fast elecirons o creaie
a bump on the tail of the electron disribution or changing the pressure distaibution driving the
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flow. However, because of the presence of the coatininm center manifold theory caanaot be used o
study the resulting bifurcation. John David’s uaderstanding of the structure of the linear problem
led him to coasider the equilibration of the resulung iastability using the instability growth rate
-y as the bifwrcation pararseter. In a remarkable paper [23] he showexd that in the limit of fixed
(i.c. heavy) jons the instability saturates at O(y2) amplitude, in contrast to the Ofy3) amplitude
familiar from dissipative systems. This result is nonperturbative, and tenms of all orders contribuie
to the equilibration as v — 0 [24]. Thus not only do these instabilities saturatz at a much smaller
amplitade but they do not have to approach the equilibrium monowonically. ‘The predicted 42
“trapping” scaling agrees with numerical and expedmental observations. Subsequent work by John
David’s student Anand Jayarqaman [27, 30] generalized these conclusions © mobile jons showing
thai the scaling changes to 2,

While engaged in this work John David realized that similar mathematics applies to the Ku-
ramoto mode] of phase-coupled oscillators. This model consists of many globally coupled oscil -
lators with frequencies drawa from a prescribed frequency distribution and exhibits a remarkable
“phase transition” as the strength X' of the interaction increases in which the oscillators begin o
phasz-lock. As i the Vlasov-Poisson system the stability problem for the incohereat state has a
coniruous speciram and this state loses stability at X = K, when an uistabk eigenvalue pops out
of the neutral continuumm. As a result of a calculation to all orders similar to the plasma onc, John
David showed [22] that the saturated amplitude (the fraction of synchronized oscillators) scales
like (X — Kc)% for the Kuramoio model but scales like K — X, for more general couplings than
assumead by Knamoto [25, 29]. “These resuits resolve analytically several long-standing issues in
both theosetical and numerical studies of this important model.

John David wrote wo influeatial ceview articles. one on basic bifurcation theory [ 19] and one
with Edgar Kuobloch on the use of equivariant bifurcation theory for studies of pattern formation
in fluid dynamics [16]. A bibliography of John David’s contributions to pattera formation and
bifurcation theory is included below.

John David was a consummate scholas, devoted to deep understanding of important and chal-
lenging problens. His solutions to these problems were always innovativeofiering a fresh perspec-
tive. At home both in physics and mathematics John David was an invaluable colleague, generous
with histirne and ideas, and a rare knack Tor explaining scientific principles Lo friends, colleagues
and students. His kectures were a model of clarity and he was a much sought-after speaker. At
the workshop his delight in being back in the milieu he so loved was almost palpable. He will be
greatly missed by all of us.

Edgar Knobloch
October, 1998

Click “Next” (below) for bibliography.
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