
Preface

In this book, the name “quantum graph” refers to a graph con-
sidered as a one-dimensional simplicial complex and equipped with a
differential operator (“Hamiltonian”). Works that currently would be
classified as discussing quantum graphs have been appearing since at
least the 1930s in various areas of chemistry, physics, and mathemat-
ics. However, as a coherent and actively pursued topic, the area of
quantum graphs has experienced an explosive growth only in the last
couple of decades. There are manifold reasons for this surge. Quantum
graphs arise naturally as simplified models in mathematics, physics,
chemistry, and engineering when one considers propagation of waves
of various nature through a quasi-one-dimensional (e.g., “meso-” or
“nano-scale”) system that looks like a thin neighborhood of a graph.
One can mention in particular the free-electron theory of conjugated
molecules, quantum wires, photonic crystals, carbon nano-structures,
thin waveguides, some problems of dynamical systems, system theory
and number theory, and many other applications that have led inde-
pendently to quantum graph models. Quantum graphs also play a role
of simplified, although still non-trivial, models for studying difficult
issues, for instance, Anderson localization and quantum chaos.

There are fruitful relations of quantum graphs with the older spec-
tral theory of “standard” (combinatorial) graphs [191,195,213–215,
415] and with what is sometimes called discrete geometric analysis
[682]. Quantum graphs present new non-trivial mathematical chal-
lenges, which makes them dear to a mathematician’s heart. As the
reader will see, work on quantum graph theory and applications has
brought together tools and intuition coming from graph theory, com-
binatorics, mathematical physics, PDEs, and spectral theory.

In the new millennium, these relations between the various topics
leading to quantum graphs were noticed, which has triggered a series
of interdisciplinary meetings and intensive communication and coop-
eration among researchers coming from different areas of science and
engineering. Surveys and collections of papers on quantum graphs and
related issues have started to appear (e.g., [98,121,122,126,161,353,
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421,438,477–480,536,614,615,622]). These surveys, however, usu-
ally focus on special features of quantum graph theory and there is still
no comprehensive introduction to the topic, which is why the authors
decided to write this text. The book is intended to serve a dual pur-
pose: to provide an introduction to and survey of the current state of
quantum graph theory, as well as to serve as a reference text, where
the main notions and techniques are collected.

The authors are indebted to many colleagues, from whom they have
learned over the years a great deal about quantum graph theory and
related issues. This includes, in particular, M. Aizenman, R. Band,
J. Bolte, R. Carlson, Y. Colin de Verdiere, P. Exner, A. Figotin,
M. Freidlin, L. Friedlander, S. Fulling, S. Gnutzmann, R. Grigorchuk,
J.M. Harrison, J. P. Keating, E. Korotyaev, V. Kostrykin, M. Kotani,
T. Kottos, L. Kunyansky, S. Molchanov, V. Nekrashevich, S. Novikov,
K. Pankrashkin, B. Pavlov, O. Post, H. Schantz, R. Schrader, M. Shu-
bin, U. Smilansky, A. Sobolev, M. Solomyak, T. Sunada, A. Teplyaev,
B. Vainberg, I. Veselić, and B. Winn. The second author has been sig-
nificantly influenced by the late M. Birman, R. Brooks, and V. Geyler.
We cordially thank S. Fulling, W. Justice and our graduate students
N. Do, W. Liu and T. Weyand for their critical reading of the manu-
script and numerous corrections.
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without whose insistence this book would have never been finished, and
C. Thivierge for constant support during the production.
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