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MAIN RESEARCH ACHIEVEMENTS

David Rand has made lasting contributions to pure and applied dynamical
systems, and also to theoretical physics, fluid dynamics, ecology and epidemi-
ology, immunology and circadian rhythms. His most recent work is on the
interface between mathematics and systems biology.

David Rand did foundational work on dynamics and symmetry [15,16] using
the symmetries to predict the space-time structure of flows in systems with S1
and O(2) symmetry and their bifurcations with applications to rotating fluids.
These two papers have approximately 166 and 77 citations respectively.

David Rand and L. Jonker discovered and proved the topological-dynamical
structure of 1-dimensional unimodal maps (see [12, 13, 14]).

The papers [17,18] opened up a substantial area in dynamical systems by dis-
covering the universal fine-scale structure of the transition from quasi-periodic
dynamics to chaotic behaviour in circle maps and the breakdown of invariant
circles in dissipative systems, and also explaining this in terms of a renormal-
isation transformation with a conjectured hyperbolic structure. These papers
have received over 500 citations.

In [20], David Rand and his coauthors uncovered the detailed scaling and
fractal structure of quasiperiodic Schrodinger operators, particularly at the
boundary of extended states.

The papers [22] and [27] contain the first non-heuristic and rigorous formu-
lation of the thermodynamic formalism for multifractal invariants such as f(«)
relating geometric, ergodic, dynamical and fractal properties of attractors and
repellers. These papers are highly cited (approximately 166 and 77).

David Rand and his coauthors developed new general dynamical theory of
evolutionary stability and coevolution [39,40,54,55]. This puts Darwinian evo-
lution in such mean-field models of complex dynamical ecologies onto a firm
mathematical basis.

David Rand and his coauthors developed pair approximations and correla-
tion equation methods for spatial ecologies and infection [51,54,55,58].

In [30], Rand and Wilson introduced the notion of chaotic stochasticity. This
paper has been influential and has received over 110 citations.

David Rand and Alberto A. Pinto have developed an extensive theory char-



acterising the flexibility and rigidity of one and two dimensional hyperbolic
dynamical systems and have constructing Teichmiiller spaces for them, in par-
ticular for their C'* conjugacy classes. This work that has appeared in a number
of papers (e.g. [44,59,61,63,66,71,96]) has been collected into a monograph that
is to be published by Springer in 2008.

In [6], David Rand published a dynamical game based on Cournot duopoly
and showed that under rather natural conditions this game would have chaotic
trajectories.

David Rand, Hugo van den Berg and Nigel Burroughs developed a new
approach to one of the central questions of immunology: how can the exquisite
antigen specificity of T cells be reconciled with the low affinity of the binding
between the T cell receptor (TCR) and the MHC/peptide complex and how can
this lead to an effective and safe immune response.

In chronobiology, David Rand has addressed two centrally important current
problems: (a) To determine how the structure of the genetic network allows it
to accommodate multiple, possibly conflicting goals, and to characterise these
goals [65,70]. (b) To understand why circadian clocks have multiple intertwined
regulatory loops and complex genetic control at the core of the clock mechanism
even though a single feedback loop with a very simple structure will produce
robust oscillations [65,76,77]. This work is part of a larger project to develop
analytical tools that will aid in the understanding of regulatory and signaling
networks. In particular, Rand has worked on: infinitesimal response curves
(IRCs) (see [65,70]); mapping sensitivity (see [77]); flexibility (see [65,70]); ex-
perimental optimization (see [65,89]); statistical estimation of regulatory and
signaling networks (see [73]).

Other areas where David Rand has contributed include: game theory and
economics, the evolution of altruism and cooperation, bifurcation theory, non-
linear oscillations, the topological classification of Lorenz attractors, singular-
ity theory and eikonal equations, local adaptive Galerkin bases, mechanisms
for localised turbulence, turbulent transport, vortex dynamics, turbulence and
linear stability in Ginzburg-Landau models, spatio-temporal chaos, patterns in
spatially-extended ecologies, epidemics on dynamic networks, the timing of flow-
ering, temperature compensation in circadian clocks. Several of the papers in

these other areas have significant citations.




SPONTANEOUS COMMENTARIES FROM OTHER AUTHORS

A chapter in a recent book "Oligopoly Dynamics: Models and Tools, Ténu
Puu and Irina Sushko (Eds.)” is devoted to a review of this work and that which
followed it up. To quote from a review of this book in the Journal of Economic
Behavior Organization: "The second chapter, by J. Barkley Rosser, surveys the
recent literature on nonlinear oligopoly dynamics that followed the seminal work
of David Rand from 1978. Using the Cournot duopoly model, Rand was the first
to make a thorough study of nonlinear dynamics in an economic framework.”

David Rand and Hugo van den Berg and Nigel Burroughs developed a new
approach to one of the central questions of immunology: how can the exquisite
antigen specificity of T cells be reconciled with the low affinity of the binding
between the T cell receptor (TCR) and the MHC /peptide complex and how
can this lead to an effective and safe immune response? Their approach is the

subject of an invited review in Immunological Reviews [72].
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