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The textbook “Magnetic Properties of 
Josephson Junction Networks: An Introduction” 
authored by Prof. Roberto De Luca, University 
of Salerno, Italy, builds on the wonderful and 
rich world of quantum physics emerging from 
the Josephson effects in superconducting 
systems, realized in different geometries, 
from the basic ones with Euclidean shapes 
to the three-dimensional networks of 
superconducting Josephson junctions. 

The Josephson effect is the most spectacular 
evidence of the macroscopic quantum and 
coherent behavior of the superconducting 
state, leading to the experimental 
demonstration of the existence of a single 
phase of the superconducting wave-
function, associated with the spontaneous 
symmetry breaking of the phase below the 
superconducting critical temperature. When 
two bulk superconductors are separated 
by a thin insulating barrier, forming a 
superconducting-insulator-superconducting 
junction, an injected current can flow 
through the junction and it can quantum-
mechanically tunnel across the barrier 
without a voltage drop at the extreme of 
the junction. The dissipationless electrical 
flow persists up to a critical current, which 
is usually (much) smaller than the critical 
current of the bulk superconductors and 
depends on their microscopic parameters 
and from the resistance of the barrier. This 
is the Josephson effect and the system 
is called Josephson junction. It has been 
predicted by Brian D. Josephson in 1962 
(Nobel Prize in 1973) when he was only 
22 years old, elaborating the Bogoliubov 
Hamiltonian of the superconductors, coupled 
by a weak perturbation. Nowadays, the 
Josephson effect is considered the ultimate 
experimental confirmation requested when 
a new superconducting or superfluid system 
is discovered. We can also consider this 
prediction as one of the greatest successes 
and confirmation of the microscopic BCS and 
Bogoliubov theory of superconductivity, on 
which the discovery of Josephson was based.

According to the author, as stated in the 
preface, his book is a guide for advanced 
physics students to explore 3D networks 
of Josephson junctions, as a starting point 
to work on their own research projects. I 
add that in my opinion this extended and 
comprehensive book, with its gradual 
approach crossing over from the basics of 
the Josephson effect to the complex network 
devices, will represent a resource of physical 
concepts, mathematical and numerical tools, 
and scientific bibliography that could result 
useful also to engineers and other experts 
working in the field of quantum technologies.  

The introductory chapters have been 
written by the author summarizing the 
enormous amount of literature available 
on the Josephson effects following a 
personalized logical path, explaining with a 
simple language, an affordable mathematical 
approach, and clear schemes and figures 
the key physical concepts and laws of this 
fascinating quantum phenomenon. With an 
eye to what would be needed in the following 
chapters.

The specialized chapters have been realized 
on the basis of the direct research activities 
and achievements of the author, who has a 
long record of high quality research articles on 
the subject, realizing in this manner the close 
connection between research and teaching, 
which is one of the foundational characteristics 
of the university studies.

Let us now enter in some more details on 
the book’s contents:

The first part of the book is dedicated 
to present the basic physics and the 
mathematical instruments needed to 
understand the fundamental quantum 
mechanical properties of the Josephson 
effects and of the Josephson junctions, also 
considering carefully the external circuits 
and electronics to operate the junctions. 
The Josephson equations are introduced 
and explained by means of Ohta’s semi-
classical model, an extension of the Feynman 
approach to include the energy contribution 

of the external circuit. The important 
effects of the magnetic field applied to the 
junctions are discussed, together with the 
most relevant configurations and devices, 
as the superconducting rings interrupted 
by a Josephson junction. Understanding the 
magnetic response of Josephson junction 
networks can be useful to describe the 
behavior of superconducting electronic 
devices, in conceiving new types of 
magnetic sensors, and in describing the 
low-field magnetic properties of granular 
superconductors, as also discussed below. 
Interestingly, two entire chapters are dedicated 
to the Superconducting Quantum Interference 
Devices (SQUIDs), also including thermal noise 
and thermal fluctuations, which are indeed 
key degrees of freedom when a device is 
working at finite temperature, not far from the 
superconducting critical temperature. This is a 
very useful part of the book, because all master 
degree and Ph.D. physics students should 
know the quantum behavior and the main 
applications of SQUIDs, for instance as a very 
high sensitivity magneto-flux meter. 

Then, the second and central part of the 
book is focused on the networks of Josephson 
junctions in low-dimensional geometries, from 
one dimension to two dimensions, entering 
into the details of the different geometries, 
from the simplest to the more complex ones, 
discussing analytic and numerical results for 
different regimes of the relevant parameters 
of the networks. Before concluding, the 
author breaks the flux of the book with a 
very stimulating chapter which has a taste of 
more fundamental physics: the application 
of the Josephson junction network concepts 
to the study of superconductivity in granular 
systems. For many microscopic or macroscopic 
reasons, several superconducting materials 
can display an intrinsic granular structure, from 
the micro to the nanoscale. Even elemental 
metals, as niobium, when grown by sputtering 
on top of a substrate, can form columnar 
grains. Grainy nature of the atomic structure 
is very common in organic superconductors 



and amorphous materials, but also strong 
electronic correlations coupled to the lattice 
might form puddles of charges. Cooper pairs 
can form locally within the grains already 
at high temperatures and then they will 
lock in a coherent fashion by Josephson 
tunneling between grains, forming a network 
of Josephson junctions, as nicely and clearly 
discussed in this book. It is interesting and 
stimulating to attract the attention of a wider 
audience of researchers and students in 
reading the book.

The last part of the book presents the most 
advanced topic and the state of the art of the 
Josephson devices: the three-dimensional 
Josephson junction networks, a sort of 
3D-SQUIDs, and their applications to a three-
dimensional superconducting interferometer. 
The physical description of these complex 
systems may find application to fabricate 
ultrasensitive vectorial magnetic field sensors. 
In a project on which I am currently working, 
Lunar Gravitational Wave Antenna – LGWA, 
superconducting technologies including 
Meissner effects, zero resistance electrical 
flow, and SQUIDs for detecting extremely 
weak magnetic fields, are exploited to realize 

the ultrahigh sensitive seismometers for 
gravitational wave detection at the Moon, the 
Moon being the vibrating mass coupled to the 
gravitational waves! Just another fascinating 
example of breathtaking applications of the 
Josephson effects, aside from their most 
common citation of being used for Qubits in 
quantum computers.   

The book by Roberto de Luca is a valuable 
resource for both advanced students and 
scientists. It could be used to get an overview 
on the Josephson effects and the emergence 
of new quantum phenomena in Josephson 
junction networks, by acquiring the key 
mathematical tools to evaluate relevant 
physical quantities. It could also be exploited 
by experts in the field by selecting directly 
the subject of their interest, with access to 
detailed figures and to a rich and updated 
list of references to further deepen the most 
advanced topics of the book. This book will 
certainly remain an important contribution to 
the knowledge of the Josephson effects and 
devices for several years in the future. 
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