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Infinitesimal: How a Dangerous 
Mathematical Theory Shaped the Modern 
World
By Amir Alexander
One World
Lying midway between the history and the 
philosophy of science, this book illuminates 
a fascinating period in European history 
during which mathematics clashed with 
common thought and religion. Set in the late 
16th and early 17th centuries, it describes 
how the concept of infinitesimals – a quantity 
that is explicitly nonzero and yet smaller than 
any measurable quantity – took a central 
role in the debate between ancient medieval 
ideas and the new ideas arising from the 
Renaissance. The former were represented 
by immutable divine order and the principle 
of authority, the latter by social change and 
experimentation.

The idea of indivisible quantities and 
their use in geometry and arithmetic, which 
had already been developed by ancient 
Greek mathematicians, underwent its own 
renaissance 500 years ago, at the same time as 
Martin Luther launched the Reformation. The 
consequences for mathematics and physics 
were enormous, giving rise to unprecedented 
scientific progress that continued for the 
following decades and centuries. But even 
more striking is that the new way of thinking 
built around the concept of infinitesimals 
crossed the borders of science and strongly 
influenced society, up to the point that 
mathematics became the main focus of the 
struggle between the old and new orders.

This book is divided into two parts, each 
devoted to a particular geographical area 
and period in which this battle took place. 
The first part leads the reader to late 16th 
century Italy, where the flourishing and 
creative ideas of the Renaissance had given 
birth to a prolific number of mathematicians 
and scientists. Here, the prominent figure of 
Galileo Galilei – together with Evangelista 
Torricelli, Bonaventura Cavalieri and 
others – was at the forefront of the new 
mathematical approach involving the 
concept of infinitesimals. This established 
the basis of inductive reasoning, which 
makes broad generalisations from specific 
observations, and led to a new science 
founded on experience. On the opposite side, 
the religious congregation of the Jesuits used 
these same mathematical developments in 
its fight against heresy and the Reformation. 
To them, the traditional mathematical 
approach was a solid basis for the absolute 
truth represented by the Catholic faith 
and the authority of the Pope. The fierce 

opposition of the Jesuit mathematicians 
led Galileo and the “infinitesimalists” to 
damnation, with irreparable consequences 
for the ancient tradition of Italian 
mathematicians. 

The second part of the book moves 
the reader to 17th century England, just 
after the English Civil War in the years of 
Cromwell’s republic and the Restoration. In 
that context, the new ideas represented by 
infinitesimals were not only condemned by 
the Anglican Church but also opposed by 
political powers. Here, the leading figure of 
Thomas Hobbes took the stage in the fight 
against the indivisibles and the inductive 
method. For him, traditional Euclidean 
geometry – which, contrary to induction, 
used deduction to achieve any result from 
a few basic statements – was the highest 
expression of an ordered philosophical 
system and a model for a perfect state. 
Hobbes was also concerned about the threat 
to the principle of authority that emanated 
from traditional mathematical thought. In 
his struggle against infinitesimals, he was 
confronted by the members of the newly 
founded Royal Society, eager for scientific 
progress. Among them was John Wallis, 
who considered mathematical knowledge 
as a “down–up” inductive system in which 
calculus played the role of experiments 
in physics. Solving many of the toughest 
mathematical problems of his times by 
infinitesimal procedures, Wallis defeated 
traditional geometry – and Thomas Hobbes 
with it. The triumph of Wallis made way 

for scientific progress and the advance 
of thought that opened the door to the 
Enlightenment.

This book is excellently written and 
its mathematical concepts are clearly 
explained, making it fully accessible to 
a general audience. With his fascinating 
narrative, the author intrigues the reader, 
depicting the historical background and, 
in particular, recounting the plots of the 
Holy See, the Jesuits’ fight for power, the 
Reformation, the absolutist power of the 
kings, and the early steps of Europeans 
towards democracy and freedom of thought. 
The book includes extensive notes at the 
end, a useful index of concepts, a timeline 
and a “dramatis personae” section, which 
is divided between “infinitesimalists” and 
“non-infinitesimalists”. Finally, the images 
and portraits included in the book enhance 
the enjoyment for the reader. 

 ● Pablo Fernández Martínez, CERN.

The Many Faces of Maxwell, Dirac and 
Einstein Equations: A Clifford Bundle 
Approach (2nd edition)
By Waldyr A Rodrigues Jr and Edmundo Capelas 
de Oliveira
Springer
In theoretical physics, hardly anything is 
better known than the Einstein, Maxwell 
and Dirac equations. The Dirac and 
Maxwell equations (as well as the analogous 
Yang–Mills equations) form the basis 
of the modern description of matter via 
the electrodynamic, weak and strong 
interactions, while Einstein’s equations 
of special and general relativity are the 
foundations of the theory of gravity. Taken 
together, these three equations cover scales 
from the subatomic to the large-scale 
universe, and are the pillars on which the 
standard models of cosmology and particle 
physics are built. Although they constitute 
core information for theoretical physicists, 
they are rarely, if ever, presented together.

This book aims to remedy the situation 
by providing a full description of the Dirac, 
Maxwell and Einstein equations. The 
authors go further, however, by presenting 
the equations in several different forms. 
Their aim is twofold. On one hand, different 
expressions of these famous formulae may 
help readers to view a given equation from 
new and possibly more fruitful perspectives 
(when the Maxwell equations are written 
in the form of the Navier–Stokes equations, 
for instance, they allow a hydrodynamic 
interpretation of the electrodynamic field). 
On the other hand, casting different 
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The jobs description, the Candidate’s profiles and the Rules of Procedures of Selection can be found at 
http://www.eli-np.ro/jobs.php.

The applications shall be accompanied by the documents required in the Rules and Procedures of Selection for these positions

The applications shall be sent to the Human Resources Department at human.resources@eli-np.ro.

IFIN-HH – ELI-NP is organizing competitions for filling 
the following positions: 

Senior and Junior Researchers, 
Postdoctoral research assistants, 

PhD students,Engineers/Physicists (laser engineers 
for 10PW lasers; control systems; contamination 
control; particle accelerators; mechanics; optics; 

electronic; vacuum R&D) and Technicians 
(vacuum systems-laser operations; vacuum R&D; 

detectors,DAQ and control systems)

Extreme Light Infrastructure – Nuclear Physics (ELI-NP) 
will be a new Center for Scientific Research to be built by the 
National Institute of Physics and Nuclear Engineering 
(IFIN-HH) in Bucharest-Magurele, Romania. 

ELI-NP is a complex facility which will host two state-of-the-
art machines of high performances: 
l A very high intensity laser with two 10 PW lasers; 

l A very high intensity laser with two 10 PW lasers;  A very 
intense, brilliant γ beam, very low bandwidth, with E γ until 
19 MeV, which is obtained by incoherent Compton back 
scattering of a laser light off an intense electron beam 
(Ee> 700 MeV) produced by a warm LINAC.

Senior and Junior Researchers, Postdoctoral research assistants, 
PhD students, Engineers, Physicists and Technicians at 

Extreme Light Infrastructure – 
Nuclear Physics (ELI-NP) 

Accelerator Division Director NSLS- II
The NSLS-II is a state-of-the-art 3 GeV electron storage ring and 
is on course to be the world’s brightest source of synchrotron 
light. The NSLS-II will support the nation’s scientific mission by 
providing the most advanced tools for discovery class science in 
condensed matter and materials physics, chemistry, and biology – 
science that ultimately will enhance national and energy security 
and help drive abundant, safe, and clean energy technologies. 
NSLS-II will fuel major advances in materials that will enable 
new energy technologies – such as nanocatalyst-based fuel 
cells; the widespread, economical use of solar energy; the use of 
high temperature superconductors in a high capacity and high 
reliability electric grid; advanced electrical storage systems for 
transportation and harnessing intermittent renewable energy 
sources; and the development of the next generation of nuclear 
power systems.

We are currently seeking an experienced Division Director 
to provide leadership in managing and directing the efficient 
operation of the accelerator complex. The Division Director is a 
key member of the management team at NSLS-II and will report 
directly to the NSLS-II Facility Director.

For a full description of the position and its requirements and 
to apply online: https://jobs.bnl.gov/
Equal Opportunity/Affirmation Action Employer and *VEVRAA Federal Contractor
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  PhD	
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  at	
  the	
  Institute	
  of	
  Sound	
  
and	
  Vibration	
  Research	
  

A	
  number	
  of	
  Ph.D.	
  studentships	
  are	
  available	
  at	
  the	
  ISVR	
  in	
  the	
  area	
  of	
  
cochlear	
  mechanics	
  and	
  active	
  sound	
  and	
  vibration	
  control.	
  The	
  ISVR	
  is	
  a	
  part	
  
of	
  the	
  Faculty	
  of	
  Engineering	
  and	
  the	
  Environment	
  at	
  the	
  University	
  of	
  
Southampton	
  and	
  specialises	
  in	
  both	
  the	
  mechanical	
  and	
  medical	
  aspects	
  of	
  
sound	
  and	
  vibration,	
  with	
  about	
  40	
  members	
  of	
  academic	
  staff,	
  30	
  
postdoctoral	
  researchers,	
  and	
  100	
  Ph.D.	
  students.	
  
1. Modelling	
  the	
  mechanics	
  of	
  the	
  active	
  cochlea	
  
2. Active	
  control	
  of	
  scattered	
  sound	
  
3. Active	
  acoustic	
  metamaterials	
  
4. Acoustic	
  black	
  holes	
  for	
  the	
  control	
  of	
  sound	
  and	
  vibration	
  
5. Remote	
  sensing	
  strategies	
  for	
  active	
  structural	
  acoustic	
  control	
  
Applicants	
  should	
  have	
  at	
  least	
  a	
  first	
  or	
  upper	
  second	
  class	
  degree	
  (or	
  an	
  
equivalent	
  standard	
  in	
  other	
  qualifications	
  approved	
  by	
  the	
  university)	
  in	
  
physics	
  or	
  an	
  engineering	
  subject.	
  The	
  first	
  studentship	
  is	
  available	
  for	
  three	
  
years	
  at	
  the	
  standard	
  EPSRC	
  stipend	
  rates	
  and	
  is	
  open	
  to	
  all	
  qualified	
  
candidates,	
  but	
  will	
  only	
  support	
  EU	
  fees.	
  The	
  other	
  studentships	
  are	
  
restricted	
  to	
  EU	
  nationals	
  but	
  have	
  an	
  enhanced	
  stipend	
  of	
  up	
  £20k.	
  

Informal	
  enquiries	
  about	
  the	
  first	
  two	
  studentships	
  should	
  be	
  addressed	
  to	
  
Prof	
  Steve	
  Elliott	
  sje@isvr.soton.ac.uk	
  and	
  about	
  the	
  other	
  three	
  to	
  Prof	
  Steve	
  
Daley	
  S.Daley@soton.ac.uk	
  or	
  Dr	
  Jordan	
  Cheer	
  J.Cheer@soton.ac.uk	
  
To	
  apply	
  please	
  use	
  the	
  following	
  link:	
  
www.southampton.ac.uk/engineering/postgraduate/research_degrees/apply
.page	
  and	
  select	
  Faculty	
  of	
  Engineering	
  and	
  the	
  Environment	
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Inside Story

Boarding the ferry in Puttgarden, on the small 
island of Fehmarn in northern Germany, 
last September, I looked across the water to 
Denmark. We had two vans full of physics 
equipment, a minibus, 17 physics students, 
one postdoc, two technicians, two professors, 
and of course the bus driver – a real entourage! 
We were travelling to Copenhagen under 
invitation from the Niels Bohr Institute, 
and subsequently to Odense, to perform our 
new particle-physics show. We were road 
hardened after trips to Oxford and London in 
the UK in 2014, and Padua and Trieste in Italy 
the following year. In March 2016, we even 
went to Beijing to teach Bonn-show physics 
to students at Peking University and the 
Chinese Academy of Science. Every country 
is a new physics challenge, a new adventure, 
and has led to many interesting interactions. 
Denmark, here we come!

The Bonn Physics Show was established 
in 2001 with the goal of doing something 
different from the “lectures with 
demonstrations” format of traditional 
particle-physics shows.

For the past 15 years we have been 
successfully performing the Bonn show, 
mainly devoted to classical physics aimed 
at a younger audience, and our approach has 
evolved with our experiences. In 2012, as part 
of a large research grant from the German 
physical society (DFG), we received support 
to take a brand new particle-physics Bonn 
show on tour that is rooted in storytelling. 

A big challenge for a modern physics show 
is to find appropriate demonstrations, since 
few real effects can be seen on stage. From 
our previous shows on particle physics, one 
performed at CERN in French in 2010, we had 
a first set of experiments. Inspired by a simpler 
model at DESY, for example, we built a new 

wooden scattering experiment (pictured). 
We also designed our own electrically driven 
linear and circular accelerators, as well as 
an experiment showing real antimatter on 
stage using a β+ source, a Geiger counter and a 
strong permanent magnet.

For the new show, besides adding novel 
experiments, we wanted to make it more 
like a play to better capture the audience’s 
attention. At the end of 2013, I sat down 
and drafted a story that takes two heroes 

time-travelling through the history of 
particle physics, encountering many physics 
greats along the way who explain the physics 
with the help of 25 live experiments. This 
first draft was much improved in extensive 
rehearsals. We created the character of a 
caretaker as the master of time travel, adding 
a lighter element and bringing a common 
thread to the play. We also added many 
verbal and physical jokes to make the shows 
both fun and educational (the script and 
detailed descriptions of the experiments can 
be found at arXiv:1607.07478). 

We premiered the performance in the 
physics department at Oxford University 
in March 2014. The shows in the UK went 
well, but were not full. One reason was 
that schools there seem to have such a 
tight curriculum that there is little time for 
excursions. We also realised that we could 
improve the way the shows were advertised. 
For the Italy trip in 2014, I went to Padua 
two months before and gave a colloquium 
attended by all of the regional high-school 
physics teachers, in addition to members 
of the university physics department. Two 
months later, in the department’s beautiful 
lecture hall, the shows were all packed – 
apparently only Ed Witten drew a larger 
crowd – and were a resounding success. 
Within our team the Padua performance has 
taken on a mythical status for the wonderful 
rapport we had with the audience – there was 
a tremendous atmosphere. 

Denmark brought further highlights. The 
four Copenhagen performances last year 
were all booked out, mainly with high-school 
children. For the first time, two non-Bonn 
students, one from Harvard and one from 
Tel Aviv, were part of our team. We also 
incorporated a few Bonn undergraduates. 
In February 2016, the DFG grant was 
renewed for another four years. We are now 
looking forward to more exciting trips, such 
as to Valencia and Barcelona in Spain in 
September. 

The past 15 years have been full of exciting 
interactions with the Bonn physics students 
and with audiences in many countries. Not 
only has it been rewarding in itself, it has 
stimulated and benefitted my own research 
in theoretical physics. 

 ● Herbi Dreiner, University of Bonn.

On the road with the Bonn Show

A strong storyline and a bit of 
humour, not to mention good 
old-fashioned advertising, go a 
long way when engaging new 
audiences with particle physics. 

(Top) Maike Hansen and Lorenzo Ubaldi 
collide two boxes full of coloured balls to 
show the need for bunches in the LHC beams. 
(Above) The wooden scattering experiment 
built in Bonn, in which the distribution of 
scattered steel balls in the pockets at the edge 
can be used to infer the shape of the 
scattering centre (here triangular).

A big challenge for a modern 
physics show is to find 
appropriate demonstrations. 
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equations in similar forms may shed light 
on the quest for unification – as happens, for 
example, when the authors rewrite Maxwell’s 
equations in Dirac-like form and use this to 
launch a digression on supersymmetry.

Another feature of the book concerns 
concepts in differential geometry that 
are widely used in mathematics but 
about which there is little knowledge in 
theoretical physics. An example is the 
torsion of space–time: general differential 
manifolds are naturally equipped with 
a torsion in addition to the well-known 
curvature, and torsion also enters into the 
description of Lie algebras, yet the torsional 
completion of Einstein gravity, for instance, 
has been investigated very little. In the 
book, the authors take care of this issue by 
presenting the most general differential 
geometry of space–time with curvature and 
torsion. They then use this to understand 
conservation laws, more specifically to 
better grasp the conditions under which 
these conservation laws may or may not 
fail. Trivially, a genuine conservation law 
expresses the fact that a certain quantity 
is constant over time, but in differential 
geometry there is no clear and unambiguous 
way to define an absolute time.

As an additional important point, the book 
contains a thorough discussion about the 
role of active transformations for physical 
fields (to be distinguished from passive 
transformations, which are simply a change 
in co-ordinates). Active transformations 
are fundamental, both to define the 
transformation properties of specific fields 
and also to investigate their properties from 
a purely kinematic point of view without 
involving field equations. A section is also 
devoted to exotic or new physical fields, such 
as the recently introduced “ELKO” field.

Aside from purely mathematical 
treatments, the book contains useful 
comments about fundamental principles 
(such as the equivalence principle) and 
physical effects (such as the Sagnac effect). 
The authors also pay attention to clarifying 
certain erroneous concepts that are 
widespread in physics, such as assigning a 
nonzero rest mass to the photon.

In summary, the book is well suited for 
anyone who has an interest in the differential 
geometry of twisted–curved space–time 
manifolds, and who is willing to work on 
generalisations of gravity, electrodynamics 
and spinor field theories (including 
supersymmetry and exotic physics) from a 
mathematical perspective. Perhaps the only 
feature that might discourage a potential 
reader, which the authors themselves 
acknowledge in the introduction, is the 
considerable amount of sophisticated 

formalism and mathematical notation. But 
this is the price one has to pay for such a vast 
and comprehensive discussion about the most 
fundamental tools in theoretical physics.

 ● Luca Fabbri, INFN Bologna, Italy.

Books received
The European Research Council
By Thomas König
Polity Press

Established in 2007 to fund 
frontier-research projects, the 
European Research Council 
(ERC) has quickly become a 
fundamental instrument of 
science policy at European 

level, as well as a quality standard for 
academic research. This book traces the 
history of the creation and development 
of the ERC, drawing on the first-hand 
knowledge of the author, who was 
scientific adviser to the president of the 
ERC for four years. It covers the period 
between the early 2000s – when a group 
of strong-minded scientists pushed 
the idea of allocating (more) money to 
research projects selected for the quality 
of the proposals, judged by independent, 
competent and impartial reviewers – and 
when the first ERC programme cycle was 
concluded in 2013.

The author is particularly interested in the 
politics behind those events and shows how 
the ERC could translate into reality thanks 
to the fact that the European Commission 
decided to support it, using a much more 
strategic, planned and technical approach. 

He also describes the way that the ERC was 
implemented and the creation of its scientific 
council, discusses the “hybrid” nature of 
the ERC – being somewhere between a 
programme and an institution – and the 
consequent frictions in its early days, as well 
as the process to establish a procedure for 
selecting applications for funding.

While telling the story of the ERC from 
a critical perspective and examining its 
challenges and achievements, the book also 
offers a view of the relationship between 
science and policy in the 21st century.

Synchrotron Radiation: Basics, Methods 
and Applications
By S Mobilio, F Boscherini and C Meneghini (eds)
Springer

Observed for the first time in 
1947 – and long considered as a 
problem for particle physics as it 
can cause particle beams to lose 
energy – synchrotron radiation 
is today a fundamental tool for 

characterising nanostructures and advanced 
materials. Thanks to its characteristics in 
terms of brilliance, spectral range, time 
structure and coherence, it is extensively 
applied in many scientific fields, spanning 
material science, chemistry, nanotechnology, 
earth and environmental sciences, biology, 
medical applications, and even archaeology 
and cultural heritage.

The book reports the lecture notes of 
lessons held at the 12th edition of the 
School on Synchrotron Radiation, held 
in Trieste, Italy, in 2013 and organised by 
the Italian Synchrotron Radiation Society 
in collaboration with Elettra-Sincrotrone 
Trieste. The book is organised in four 
parts. The first describes the emission 
of synchrotron and free-electron laser 
sources, as well as the basic aspects of 
beamline instrumentation. In the second 
part, the fundamental interactions between 
electromagnetic radiation and matter are 
illustrated. The third part discusses the most 
important experimental methods, including 
different types of spectroscopy, diffraction 
and scattering, microscopy and imaging 
techniques. An overview of the numerous 
applications of these techniques to various 
research fields is then given in the fourth 
section. In this, a chapter is also dedicated to 
the new generation of synchrotron radiation 
sources, based on free-electron lasers, which 
are opening the way to new applications and 
more precise measurements.

This comprehensive book is aimed at 
both PhD students and more experienced 
researchers, since it not only provides an 
introduction to the field but also discusses 
relevant topics of interest in depth.
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