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Quantum field theory

• Spontaneous breakdown of symmetry

• coherence

• dissipation (non-equilibrium thermodynamics)

• phase transitions

• scale laws - self-similarity
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Spontaneous breakdown of symmetry ⇒

long range correlations ⇒

ordered patterns

order = lack of symmetry
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In QFT long range correlations are indeed dynamically generated

through the mechanism of SBS.

These correlations manifest themselves as the Nambu-Goldstone (NG)

boson particles or modes,

which have zero mass and therefore are able to span the whole system.

The NG bosons are coherently condensed in the system lowest energy

state, the vacuum or ground state (Bose-Einstein condensation).

Due to such correlations in this way established, the system appears

in an ordered state.

The vacuum density of the NG bosons provides a measure of the

degree of ordering or coherence: the order parameter, a classical

field specifying (labeling) the observed ordered pattern.
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Stability of order parameter against quantum fluctuations is a 
manifestation of the coherence of boson condensation. 

 

“change of scale” (from microscopic to macroscopic scale) dynamically 
achieved through the coherent boson condensation mechanism. 

 

The order parameter is not affected by quantum fluctuations. In this sense, 

it is a macroscopic observable. It is a “macroscopic quantum state”. 
 



"...we must not only give a correct account of celestial 
matter, explaining in what way the wandering of the sun 
and moon occur and by what power things happen on earth. 
We must also take special care and employ keen reasoning 
to see where the soul and the nature of the mind come from,..." 
 
(Titus Lucretius Carus, 99 -  55 B.C. De rerum natura) 
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Walter J Freeman               University of California at Berkeley5

EEG, Cat hungry, then satiated

My cat with bipolar electrodes fixed across the prepyriform dipole field was
deprived of food for two days and was waiting patiently in a box; There was a
constant flow of air into the box, into which I introduced an odor of fish (at the
arrows), after the cat had settled into an alert but relaxed state. Within seconds of
onset of the odor at the arrows the cat was prowling and miauing in search of the
food.

After feeding to satiety, the same odor elicited no comparable gamma
oscillations with inhalation.

My interest came to focus on the background activity, which was robust,
formless, and pervasive.
This broad-band "1/f"  'spontaneous' oscillation looks like chaos, but it is not, at
least, not deterministic chaos, which is noise-free, stationary, time invariant, and
autonomous. Brains and their parts and networks are noisy, nonstationary, time-
varying, and engaged with the environment.

The activity proves to be self-organized, controlled, bandpass filtered noise
maintained by a non-zero point attractor, which is stabilized by the thresholds
and refractory periods of neurons everywhere.



A week olfactory stimulus activates about 103 neurons in the olfactory

bulb. These stimulate the excitation of 106 neurons and the inhibitory

activity of 107 neurons, which propagates in 5...10 ms over a distance

of about 10 mm, even if the average lengths of the axons are of about

1 mm and the synaptic propagation time is about 10 times longer.
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• stimulus = ϵ s eiϕ → 0 for ϵ → 0,

ϵ s = modulus, ϕ = phase

M = limϵ→0Mϵ = limϵ→0 ϵ s e
iϕ m
ϵ s = eiϕm

The “order parameter” M does not depend on the inten-

sity (modulus) of the stimulus, but depends on its phase∗

∗H. Umezawa, Advanced field theory: micro, macro and thermal concepts. AIP,
N.Y. 1993
G. Vitiello, My Double Unveiled. John Benjamins Publ. Co., Amsterdam 2001
M. Blasone, P. Jizba and G. Vitiello, Quantum field theory and its macroscopic
manifestations. Imperial College Press 2011
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Dissipation ⇒ time-evolution of |0(t)〉N at finite volume V controlled

by the entropy variations ⇒ irreversibility of time evolution (breakdown

of time-reversal symmetry) ⇒ arrow of time (a privileged direction in

time evolution)
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• order ⇔ phase correlation (“tissue”)

• coherence

• fractal self-similarity

2



Figure 11. Evidence is summarized showing that the mesoscopicbackground activit y conforms to
scale-free,low-dimensionalnoise[Freemanet al., 2008]. Engagement of the brain in perception and other
goal-directedbehaviors is accompaniedby departures from randomnessupon the emergenceof order (A),
asshown by comparing PSD in sleep,which conformsto black noise,vs. PSD in an arousedstate showing
excesspower in the theta (3 � 7 Hz) and gamma (25 � 100 Hz) ranges. B. The distributions of time
intervals betweennull spikesof brown noiseand sleepECoG are superimposed. C,D. The distributions
are comparedof log10 analytic power from noiseand ECoG. Hypothetically the threshold for triggering
a phasetransition is 10� 4 down from modal analytic power. From [Freeman,O'Nuillain and Rodriguez,
2008and Freemanand Zhai, 2009]

last long enough to transmit 3 to 5 cycles of the carrier frequency [Freeman, 2005], and they
also have the long correlation distancesneededto span vast areasof primary sensorycortices.
These attributes of size and persistencemake them prime candidates for the neural correlates
of retrieved memories.

The PSD of background noise from mutual excitation and dendritic integration contain all
frequenciesin a continuous distribution, which is necessaryto support the appearanceof beats
in every designatedpassband. Endogenousinhibitory negative feedback does not break this
scale-freesymmetry. Explicit breaking of symmetry (Mode 1) can occur by applying electric
shocks that causeexcitatory or inhibitory bias and initiate the band limited perturbations that
are observed in the impulse responses(Fig. 7). Spontaneoussymmetry breaking (Mode 2) can
occur by a null spike. When that happens,the sensoryinput that activates a Hebbian assembly
already formed by learning intro ducesinto the broken symmetry a powerful narrow-band gamma
burst (Fig. 8) that is facilitated by the increasedsynaptic gain, kee, with learning (Fig. 1), the
increasedcontrol parameter, Qm , with arousal, and the asymmetric gain around the operating
point for the KI I set (Fig. 6).

The crucial step in perception is the phasetransition from the excited microscopicassembly
to the large-scalemesoscopicAM pattern. That possibility occurs when a null spike (Fig. 10,



Figure 1F). We reasoned that if nLFP waveform similarity across

sites arose as a sequential, loss-less process intrinsic to the cortical

network, then nLFPs occurring n ms apart that formed part of a

sequence (Figure 7B, top) would be more stable in their waveform

similarity across each step in the sequence relative to amplitude-

matched nLFPs separated by similar time intervals that were not

part of a sequence (Figure 7B, bottom). Remarkably, nLFPs within a

sequence were highly stable in their correlation relative to the

initial nLFP; the median correlation of nLFPs at each position in

the sequence relative to the first nLFP decreased only slightly from

,0.94 to 0.86 in nine time steps in vivo (<18 ms, Figure 7C, top)

and from ,0.78 to ,0.75 in twelve time steps in vitro (<12 ms,

Figure 7C, bottom). In contrast, correlations between nLFPs

separated by correspondingly larger intervals were significantly

worse than their within sequence counterparts (p,0.02 up to

p,1025 by KS test), decaying to no better than comparisons of

random nLFPs of similar amplitude within 15 to 30 ms (Figure 7C,

open squares; median random correlations were 0.47 and

0.4960.013 in vivo and 0.5860.03 in six cultures, p,1024 when

compared to within sequence correlation for all cases). In sharp

contrast to this behavior of coherence potentials, sequences

constructed predominantly of small or subthreshold nLFPs, i.e.,

before the transition to the regime of high spatial coherence

(Figure 7A), decayed progressively to random in a manner that

Figure 5. Coherence potentials are spectrally diverse negative–positive waveforms. (A) Sketch showing method of identifying periods
around the nLFP for which sites maintained correlation of R$0.8. Starting from the peak of an nLFP identified on a given electrode (#24 SD in vivo,
#29 SD in vitro) the period of time-aligned comparison (gray) was increased in each direction (arrows) up to 6500 ms or until R dropped below 0.8.
Duration was taken as the combined period in both directions. (B) Durations distributed with a heavy tail spanning a wide range up to 500 ms with
median values of 200 ms and 178622 ms in monkey A (M1left) and monkey B (average of four arrays), respectively, and 92612 ms in vitro (n = 6
cultures). (C) Corresponding distribution of the number of negative excursions over the duration of the correlations. Roughly 90% included only one
baseline crossing indicating that correlated periods generally included part of one negative and one positive excursion. In the remaining fraction,
periods with R$0.8 extended over multiple negative excursions with exponentially decreasing likelihood. This demonstrates that the nLFP periods
capture a large fraction of the full extent of the correlation around negative peaks validating our initial approach that focused on nLFPs. (D) Power
spectrum density for correlated periods both in vivo (left, middle) and in vitro (right) shows a systematic decay with higher frequencies (black), similar
to the power spectrum for non-correlated periods (red) and the complete recording (grey). (E) Coherence potentials involve specific phase
relationships among frequencies. Median correlation (Rmed6SD) for coherence potentials (R$0.8) after phase shuffling of their waveforms shows
dramatic loss of correlation.
doi:10.1371/journal.pbio.1000278.g005

Coherence Potentials in the Cortex

PLoS Biology | www.plosbiology.org 8 January 2010 | Volume 8 | Issue 1 | e1000278
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Figure 6: Log-log power density spectra of membrane potential signals of a representative cell in clusters of
increasing size, stimulated by a postprandial glucose concentration ([G] = 9.5mM): a) single cell; j) 10× 10× 10
cluster; b)-i) intermediate cases n× n× n (with n integer and 1 < n < 10). The slope at low frequencies (SLF ) is

highlighted in green, the slope at high frequencies (SHF ) in red. As in fig.3 Continuous lines segments highlight the
PDS points used for the linear fitting; dotted lines segments are the prosecution of the linear estimation. Transition

region between the two linear zones is highlighted in blue.
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Figure 3: Log-log power density spectra of membrane potential signals of a representative cell in a 5 × 5 × 5 cluster,
stimulated by different glucose concentrations: a) [G] = 4.7mM ; b) [G] = 9.5mM ; c) [G] = 12.6mM ; d)

[G] = 16.6mM . The slope at low frequencies (SLF ) is highlighted in green, the slope at high frequencies (SHF ) in
red. Continuous lines segments highlight the PDS points used for the linear fitting; dotted lines segments are the

prosecution of the linear estimation. Transition region between the two linear zones is highlighted in blue.

coherent state |qα〉 is obtained by applying qN [23], called the fractal operator [19, 20], to |α〉

qN |α〉 = |qα〉 = exp

(
−|qα|2

2

) 1∑
n=0

(qα)n√
n!

|n〉 . (7)

Note that |qα〉 is actually a squeezed coherent state[15, 23] with ζ = ln q the squeezing parameter. Thus, qN acts in
F as the squeezing operator. Notice the high nonlinearity of qN and |qα〉. As observed in Refs. [16, 17, 19, 20], the
n-th power component un,q(α) of the self-similarity Eq. (3) is obtained by applying (a)n to |qα〉 and restricting to
real qα

〈qα|(a)n|qα〉 = (qα)n = un,q(α), qα→ Re(qα). (8)

Eqs. (7) and (8) are the searched result. They indeed establish the one-to-one formal correspondence between
the n-th power component un,q(α) with n = 0, 1, 2, ..,∞, Eqs. (3), and the n-th term in the q-deformed coherent
state series. In other words, they provide the isomorphism relation between self-similarity properties of the observed
phenomenology and the q-deformed algebra of the squeezed coherent states [16, 17, 19, 20].

In conclusion, the cellular activity of beta-cells analyzed in previous Sections can be described in terms of coherent
state formalism. The low frequency (long wavelength) behavior which has been identified as a signal of collective
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log-log straight line plot

⇒ dynamical formation of self-similar fractal structures in water

self-similarity/coherent-state theorem‡

⇒ dynamical formation of coherent structures in water

‡G.Vitiello, New Mathematics and Natural Computation 5, 245 (2009)
Phys. Lett. A 376, 2527 (2012)



Theorem:

The global nature of fractals emerges from coherent local deformation

processes.

⇒

the dynamical formation of fractals



Outlook: A unified vision of Nature

1



The result relating the coherent dynamics to the fractal formation

accounts for the universality of the recurrence in space and in time

of self-similar patterns, including the so widely observed logarithmic

spiral and Fibonacci progression.

Coherence appears as the universal morphogenetic paradigm.

An integrated ecological vision thus emerges, where the appearance

of forms through coherence becomes the formation of meanings.

∗∗ G. Vitiello, New Mathematics and Natural Computation 5, 245 (2009); Phys.

Lett. A 376, 2527 (2012)



Perhaps, one might conclude with Darwin that  

 

“[. . .] in this view of life, with its several powers, having been  

originally breathed into a few form or into one; [. . .]  from so  

simple a beginning endless forms most beautiful and most wonderful  

have been,and are being,evolved.” 

 
C. Darwin, On the Origin of Species, John Murray, London, 1860, 490 
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By generalizing and extending this to the case of any other \ipervolume"H one
considers thus the ratio

H(¸L 0)
H (L 0)

= p ; (2.2)

and assuming that Eq. (2.1) is still valid \by de¯nition", one obtains

p H(L 0) = ¸ dH(L 0) ; (2.3)

i.e. p = ¸ d. For the Koch curve, setting ® = 1
p = 4 and q = ¸ d = 1

3d , p = ¸ d gives

q®= 1 ; where ® = 4 ; q =
1
3d ; (2.4)

i.e.

d =
ln 4
ln 3

¼ 1:2619: (2.5)

d is called the fractal dimension, or the self-similarity dimension 50.

Fig. 1. The ¯rst ¯ve stages of Koch curve.

With reference to the Koch curve, I observe that the meaning of Eq. (2.3) is that
in the \deformed space", to which u1;q belongs, the set of four segments of which
u1;q is made \equals" (is equivalent to) the three segments of whichu0 is made in
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Is Spacetime Fractal and Quantum Coherent In the Golden
Mean?

By Mae-Wan Ho, Mohamed el Naschie &Giuseppe Vitiello
University ofSalerno, Italy

Abstract- We consider the fabric of spacetime from a wide perspective: from mathematics ,
quantum physics, far from equilibrium thermodynamics, biology and neurobiology. It appears
likely that spacetime is fractal and quantum coherent in the golden mean. Mathematically, our
fractal universe is non-differentiable and discontinuous, yet dense in the infinite dimensional

spacetime. Physically, it appears to be a quantum coherent universe consisting of an infinite
diversity of autonomous agents all participating in co-creating organic, fractal spacetime by their
multitudinous coupled cycles of activities. Biologically, this fractal coherent spacetime is also the
fabric of conscious awareness mirrored in the quantum coherent golden mean brain states.

Keywords: whitehead's phtlosophy, discontinuous nondltteremiebte spacetime, fractals, coupled

activity cycles, deterministic chaos, quantum coherence and fractals, golden mean.

GJSFR-A Classification: FOR Code: 020699, 020109
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FIG. 2: The anti-clockwise and the clockwise logarithmic spiral.

with r0 and d arbitrary real constants and r0 > 0, whose representation is the straight line of slope d in a log-log plot
with abscissa θ = ln eθ:

d θ = ln
r

r0
. (8)

The constancy of the angular coefficient tan−1 d signals the self-similarity property of the logarithmic spiral: rescaling
θ → n θ affects r/r0 by the power (r/r0)

n. Thus, we may proceed again like in the Koch curve case and show the
relation to squeezed coherent states. The result also holds for the specific form of the logarithmic spiral called the
golden spiral (see Appendix A). The golden spiral and its relation to the Fibonacci progression is of great interest
since the Fibonacci progression appears in many phenomena, ranging from botany to physiological and functional
properties in living systems, as the “natural” expression in which they manifest themselves. Even in linguistics, some
phenomena have shown Fibonacci progressions [14].
As customary, let in Eq. (7) the anti-clockwise angles θ’s be taken to be positive. The anti-clockwise versus (left-

handed) spiral has q ≡ ed θ > 1; the clockwise versus (right-handed) spiral has q < 1 (see Fig. 2); sometimes they are
called the direct and indirect spiral, respectively.
In the next Section we consider the parametric equations of the spiral:

x = r(θ) cos θ = r0 e
d θ cos θ , (9a)

y = r(θ) sin θ = r0 e
d θ sin θ . (9b)

III. SELF-SIMILARITY, DISSIPATION AND SQUEEZED COHERENT STATES

According to Eqs. (9), the point on the logarithmic spiral in the complex z-plane is given by

z = x+ i y = r0 e
d θ ei θ , (10)

The point z is fully specified only when the sign of d θ is assigned. The factor q = ed θ may denote indeed one of
the two components of the (hyperbolic) basis {e− d θ, e+ d θ}. Due to the completeness of the basis, both the factors
e± d θ must be considered. It is indeed interesting that in nature in many instances the direct (q > 1) and the indirect
(q < 1) spirals are both realized in the same system (perhaps the most well known systems where this happens are
found in phyllotaxis studies). The points z1 and z2 are then considered:

z1 = r0 e
− d θ e− i θ , z2 = r0 e

+ d θ e+ i θ , (11)

where for convenience (see below) opposite signs for the imaginary exponent i θ have been chosen. By using the
parametrization θ = θ(t), z1 and z2 are easily shown to solve the equations

m z̈1 + γ ż1 + κ z1 = 0 , (12a)

m z̈2 − γ ż2 + κ z2 = 0 , (12b)

respectively, provided the relation

θ(t) =
γ

2md
t =

Γ

d
t (13)
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By generalizing and extending this to the case of any other “ipervolume” H one
considers thus the ratio


H(λL0)
H(L0)


= p , (2.2)


and assuming that Eq. (2.1) is still valid “by definition”, one obtains


p H(L0) = λdH(L0) , (2.3)


i.e. p = λd. For the Koch curve, setting α = 1
p = 4 and q = λd = 1


3d , p = λd gives


qα = 1 , where α = 4, q =
1
3d


, (2.4)


i.e.


d =
ln 4
ln 3


≈ 1.2619 . (2.5)


d is called the fractal dimension, or the self-similarity dimension 50.


Fig. 1. The first five stages of Koch curve.


With reference to the Koch curve, I observe that the meaning of Eq. (2.3) is that
in the “deformed space”, to which u1,q belongs, the set of four segments of which
u1,q is made “equals” (is equivalent to) the three segments of which u0 is made in
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FIG. 2: The anti-clockwise and the clockwise logarithmic spiral.


with r0 and d arbitrary real constants and r0 > 0, whose representation is the straight line of slope d in a log-log plot
with abscissa θ = ln eθ:


d θ = ln
r


r0
. (8)


The constancy of the angular coefficient tan−1 d signals the self-similarity property of the logarithmic spiral: rescaling
θ → n θ affects r/r0 by the power (r/r0)


n. Thus, we may proceed again like in the Koch curve case and show the
relation to squeezed coherent states. The result also holds for the specific form of the logarithmic spiral called the
golden spiral (see Appendix A). The golden spiral and its relation to the Fibonacci progression is of great interest
since the Fibonacci progression appears in many phenomena, ranging from botany to physiological and functional
properties in living systems, as the “natural” expression in which they manifest themselves. Even in linguistics, some
phenomena have shown Fibonacci progressions [14].
As customary, let in Eq. (7) the anti-clockwise angles θ’s be taken to be positive. The anti-clockwise versus (left-


handed) spiral has q ≡ ed θ > 1; the clockwise versus (right-handed) spiral has q < 1 (see Fig. 2); sometimes they are
called the direct and indirect spiral, respectively.
In the next Section we consider the parametric equations of the spiral:


x = r(θ) cos θ = r0 e
d θ cos θ , (9a)


y = r(θ) sin θ = r0 e
d θ sin θ . (9b)


III. SELF-SIMILARITY, DISSIPATION AND SQUEEZED COHERENT STATES


According to Eqs. (9), the point on the logarithmic spiral in the complex z-plane is given by


z = x+ i y = r0 e
d θ ei θ , (10)


The point z is fully specified only when the sign of d θ is assigned. The factor q = ed θ may denote indeed one of
the two components of the (hyperbolic) basis {e− d θ, e+ d θ}. Due to the completeness of the basis, both the factors
e± d θ must be considered. It is indeed interesting that in nature in many instances the direct (q > 1) and the indirect
(q < 1) spirals are both realized in the same system (perhaps the most well known systems where this happens are
found in phyllotaxis studies). The points z1 and z2 are then considered:


z1 = r0 e
− d θ e− i θ , z2 = r0 e


+ d θ e+ i θ , (11)


where for convenience (see below) opposite signs for the imaginary exponent i θ have been chosen. By using the
parametrization θ = θ(t), z1 and z2 are easily shown to solve the equations


m z̈1 + γ ż1 + κ z1 = 0 , (12a)


m z̈2 − γ ż2 + κ z2 = 0 , (12b)


respectively, provided the relation


θ(t) =
γ


2md
t =


Γ


d
t (13)







 







 







Figure 11. Evidence is summarized showing that the mesoscopic background activity conforms to
scale-free, low-dimensional noise [Freeman et al., 2008]. Engagement of the brain in perception and other
goal-directed behaviors is accompanied by departures from randomness upon the emergence of order (A),
as shown by comparing PSD in sleep, which conforms to black noise, vs. PSD in an aroused state showing
excess power in the theta (3 − 7 Hz) and gamma (25 − 100 Hz) ranges. B. The distributions of time
intervals between null spikes of brown noise and sleep ECoG are superimposed. C,D. The distributions
are compared of log10 analytic power from noise and ECoG. Hypothetically the threshold for triggering
a phase transition is 10−4 down from modal analytic power. From [Freeman, O’Nuillain and Rodriguez,
2008 and Freeman and Zhai, 2009]


last long enough to transmit 3 to 5 cycles of the carrier frequency [Freeman, 2005], and they
also have the long correlation distances needed to span vast areas of primary sensory cortices.
These attributes of size and persistence make them prime candidates for the neural correlates
of retrieved memories.


The PSD of background noise from mutual excitation and dendritic integration contain all
frequencies in a continuous distribution, which is necessary to support the appearance of beats
in every designated pass band. Endogenous inhibitory negative feedback does not break this
scale-free symmetry. Explicit breaking of symmetry (Mode 1) can occur by applying electric
shocks that cause excitatory or inhibitory bias and initiate the band limited perturbations that
are observed in the impulse responses (Fig. 7). Spontaneous symmetry breaking (Mode 2) can
occur by a null spike. When that happens, the sensory input that activates a Hebbian assembly
already formed by learning introduces into the broken symmetry a powerful narrow-band gamma
burst (Fig. 8) that is facilitated by the increased synaptic gain, kee, with learning (Fig. 1), the
increased control parameter, Qm, with arousal, and the asymmetric gain around the operating
point for the KII set (Fig. 6).


The crucial step in perception is the phase transition from the excited microscopic assembly
to the large-scale mesoscopic AM pattern. That possibility occurs when a null spike (Fig. 10,
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”Physicists believe quantum fields to be the true protagonists of nature in the full variety of its 
wonderful, manifold manifestations. Quantum field theory is the tool they created to fulfill their 
visionary dream of describing with a universal, unique language all of nature, be it single particles 
or condensed matter, fields or many-body objects.


This is perhaps the first book on quantum field theory whose aim is to grasp and describe with 
rigor and completeness, but at the same time in a compelling, fascinating way, all the facets of 
the complex challenge it faces scientists with. It is a book that presents solutions but poses 
questions as well; hard, demanding yet fascinating; a book that can at the same time be used as 
a textbook and as a book of dreams that any scientist would like to make come true.”


Mario Rasetti
Dipartimento di Fisica, Politecnico di Torino, Torino, Italy


“This remarkable book dispels the common misconception that quantum field theory is ‘just 
quantum mechanics with an infinite number of degrees of freedom’, revealing vast new 
mathematical terrains, and new ways of understanding physical phenomena in both commonplace 
and exotic systems.


Uniquely valuable, and covering material difficult or impossible to find coherently assembled 
elsewhere, it will be welcomed by students and researchers in all fields of physics and mathematics.”


John Swain
Physics Department, Northeastern University, Boston, MA, USA


and CERN, Geneva, Switzerland


“This book gives an overall presentation of the most important aspects of quantum field theory, 
leading to its macroscopic manifestations, as in the formation of ordered structures. The list of 
topics, all covered in full detail and easy-to-follow steps, is really impressive.


The main features of the presentation rely on very simple and powerful unifying principles, given 
by the intermixing of symmetry and dynamics, under the general texture of quantum coherence. 
Most of the chapters share the typical flavor of the very intense personal research carried out by 
the authors over many years, but the style of presentation is always perfectly coherent, and all 
topics are presented in a mature and well-organized way.


I think that the book will be most useful for graduate students who are willing to be engaged in 
the fascinating task of exploring the full potentiality of quantum field theory in explaining the 
emergence of ordering at the macroscopic level, from the large-scale structure of the universe, 
to the ordering of biological systems. Of course, active researchers in all formation stages, and 
even mature scientists, will appreciate the intellectual depth and the scientific efficacy that the 
authors have transfused in their work.”


Francesco Guerra
Dipartimento di Fisica, Università di Roma, “La Sapienza”, Italy


“This book gives a very thorough treatment of a range of topics that are of increasing importance,
from a rather unusual, and very instructive, point of view.”


Tom W. Kibble
Theoretical Physics, Imperial College London, London, UK











