Summary of Curriculum Vitae

(Account of Scientific Activities)

M. W. Evans



Personal Information . . ... . .. .. 1

Education & Education Prizes . . ....... ... e 1
Medals, Awards, & HONOIS . . . . ... .. e 1
Competitive Academic Fellowships. . . ... ... 2
Postdoctoral, Research & Academic Positions . . . ........... ... . ... ... .. ... 3
Administrative & Editorial POSts . . ... ... .. e 3
Short Summary of Sources of Funding . . ... ... ... .. .. 4
Outside INterestS . . .. .. 4
Video ANIMaAtioNS . . . . ... e 4
Book Publications. . . . ... ... . e 5
List of Publications, 1990 Present. . . . .. .. ... . . . i e 7
List of Publications, 19732 1989 . . . .. .. ... . . . e 17
Plenary LeCtUresS . . .. .. 31
Summary of Scientific Contributions : M. W. Evans and Co-Workers.. . .. ....... 33
Detailed Description of Scientific Contributions. . .. ........................ 33
1971-1978 Ph.D. and D.Sc. (Early Post-doctoral) . ... ................. 33
1978-1983: S.E.R.C. Advanced Fellowship. ......................... 34
Experimental Results.. . . ... ... 34
Theoretical Results . . . ... ... . 35
1083-1087: . .. 36
1088 t0 Present. . . ... . 38
Microrheology . . ... 38
Chirality and Non-Linear OptiCS . . . . ... .. i e 38
The Zeeman Effect, Optical ESR and NMR and Related Magnetizing Effects of
Light .. 39
The Photon's Mass and the Evans-Vigier Field, B(3). ... ........... 40
Field Applied Computer Simulation in Nonlinear Optics. . . .......... 40
Quantum Simulation of Nonlinear Optical Effects. . . .. ............. 41

Brief Summary . ... ... 41



PERSONAL INFORMATION

Date of Birth: 26 May, 1950

Place of Birth: Craigcefnparc, South Wales, U.K.

Nationality: Citizen of Great Britain, Permanent Resident of the U.S.A.
Marital Status: Married

EDUCATION & EDUCATION PRIZES

D. Sc. 1977 University College of Wales at Aberystwyth, (D.Sc. stands for Doctor of
Science. In the British system, the D.Sc is awarded for contributions to
Scientific Knowledge judged to be 'substantial'.)

Ph. D. 1974 University College of Wales at Aberystwyth
1972 French Government Travel Bursary and Scholarship, Nice, Nancy and Paris.

B.Sc. 1971 University College of Wales at Aberystwyth
1971 Dr. Samuel Williams post-graduate studentship for best undergraduate finals
results. Graduated summa cum laude, top first of the class of 1971.
1969 Mathews Prize for best first year undergraduate.

Pontardawe Grammar School (1961 - 1968)
1966 School Prize for best "O level" results.

Craigcefnparc Primary School (1954 - 1961)

MEDALS, AWARDS, & HONORS

1993: Sigma Pi Sigma, honorary member

1989: Author Recognition, 1.B.M. Data Systems Division. Kingston, NY
1989: Honorary Senior Research Fellow, University of London.

1987: Honorary Research Fellow, University of Lancaster, Great Britain
1980: Royal Society of Chemistry Meldola Medal

1979: Royal Society of Chemistry Harrison Memorial Prize
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. Science and Engineering Research Council, U.K. of Great Britain
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SUMMARY OF SCIENTIFIC CONTRIBUTIONS : M. W. Evans and Co-Workers.

(1) About four hundred and thirty publications to date (May, 1993), including mono-
graphs, reviews, papers and letters in the international scientific journals.

(2) Planning of the Delta Project of the European Molecular Liquids Group. This work
applied spectroscopy, simulation and analytical theory to the study of molecular
diffusion processes in a variety of new materials, including liquid crystals, molecular
liquids, glasses, rotator phases and compressed gases.

3) Development of the far infra red region as an incisive investigative technique for
diffusion processes in condensed matter, summarised in detail in "Molecular
Dynamics", Evans et al.

4) Development of the analytical theory and computer simulation of diffusion processes
to describe data from the far infra red and lower frequency regions on a variety of
new materials.

(5) Exploration and definition of the limits of conventional diffusion theory with the
theory of memory functions and computer simulation.
(6) The development of the principles of group theoretical statistical mechanics and their

application to non Newtonian rheology. Discovery of novel flow induced dissym-
metric time cross correlation functions by computer simulation and the application of
symmetry principles for the prediction of new rheological phenomena in fluid
materials.

(7) Discovery using the D symmetries of g.t.s.m. of novel non-linear optical phenomena,
including i) spin-chiral dichroism; ii) novel laser induced polarisation and magnetis-
ation effects; iii) novel laser induced forward backward birefringence and dichroism;
iv) the optical Zeeman effect; v) optical or "laser" NMR/ESR. Supercomputer
simulation and animation of these effects at the Cornell Theory Center. Theory and
experimental development of optical NMR spectroscopy.

(8) Development of optically induced magnetic effects due to the conjugate product and
longitudinal equivalent magnetic field of the photon.
(9) Investigations of the role of chirality in quantum mechanics and spectroscopy, using

D symmetry analysis.
(20) Development of computer simulation methods for the investigation of nonlinear
optical effects, culminating in "field applied molecular dynamics" (FMD).
(11) Theory and development of the optical equivalent of the Bohm-Aharonov effect.
(12) Theory of finite photon mass, with Jean-Pierre Vigier, Univ. Pierre et Marie Curie.

NOTE: For (2) and (3) above, received recognition in the form of two awards of the U.K.
Royal Society of Chemistry. International recognition in the form of visiting
professorships, plenary lectures, and publication contracts.

DETAILED DESCRIPTION OF SCIENTIFIC CONTRIBUTIONS

1971-1978 Ph.D. and D.Sc. (Early Post-doctoral)

This early period produced about 43 publications, including two Theses and several review
articles.
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Several lines of research developed from my Ph. D. work under Prof. Mansel Davies, which
was primarily concerned with far infra red interferometric investigations of molecular dynamics

in liquids, liquid crystals, condensed gases, and rotator phases. | produced the first far infra red
spectrum of a liquid crystal in 1972 / 1973, and applied to its interpretation the theory of the
itinerant oscillator. This produced several insights to Brownian dynamics in a potential well
as applied to the far infra red and lower frequency regions. Other activities of this time
included the measurement of the quadrupole moment of compressed gases using collision
induced absorption; the discovery using this technique of the hexadecapole moment of oxygen,
and its measurement; the discovery and measurement of quantised rotation in the liquid state;
introduction of the Mori formalism to the far infra red; the measurement of some of the higher
multipole moments of dipolar molecules; characterisation of water dynamics free of H bonding;
generalisation of the itinerant oscillator theory in terms of Mori formalism; early development
of computer simulation at Oxford, and its application to the far infra red.

| was awarded the Ph. D. degree of the University of Wales in 1974 and its D. Sc. degree in
1977.
1978-1983: S.E.R.C. Advanced Fellowship

About 130 papers and books were produced in this period by a group which | established and
led under the terms of the Fellowship.

Experimental Results.

Q) A large body of data was collected by a combination of far infra red interferometry
and submillimetre laser spectroscopy and a systematic classification scheme
established for power absorption profiles of molecular liquids, supercooled liquids and
glasses, associated liquids, proteins and enzymes, chiral liquids and disordered solids.
Among the significant results obtained was the first far infra red spectrum of
bacteriorhodopsin in an attempt at detecting the Frohlich giant oscillation frequencies.
The work on molecular liquids led to the unification, experimentally and theoretically,
of the absorption and dispersion spectra from static to THz frequencies, a range of
fourteen frequency decades.

(2) Laser induced fluorescence in vapours was investigated with a spectrometer which we
built using an Apollo Instruments laser system. Fluorescence was studied at very high
resolution with a view to looking at time resolved studies of intermolecular collisions.

A Nuffield Foundation grant was awarded to extend the system for infra red / radio
frequency double resonance and inverse Lamb dip spectroscopy.

3) A range of data was collected in rotator phases, with a view to establishing the
rototranslational nature of the fundamental molecular dynamics. These far infra red
data were interpreted with computer simulation algorithms developed inside the group
for the same systems. The results showed that rotation and translation are strongly
coupled, a new and fundamental characteristic of "rotator" phases in general.

(4) Submillimetre and dielectric spectroscopy of liquid crystals isolated some novel
features in several conditions, including the supercooled and aligned nematogenic.
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Theoretical Results

(1)

(2)

3)

(4)
(5)

(6)

(7)

The theoretical work of this period enveloped the theory of the itinerant oscillator,
tested in detail with far infra red and lower frequency data; computer simulation; the
interface with hydrodynamics; the theory of power reflection; and ab initio studies of
the intermolecular pair potential. All this was forged into the "Delta" pilot project of
the European Molecular Liquids Group. Computer simulation was extended rapidly
from simple diatomics to medium sized molecules, using a variety of new algorithms.
The interrelation between the fundamental molecular modes of diffusion was
established in a series of papers dealing with the statistical correlation between
rotation and translation using the molecule fixed frame of reference.

The theory of the itinerant oscillator was developed to include different model
potentials, including the first attempt at using a non linear (cosine) potential. The
itinerant oscillator was classified as a sub theory of Mori form, and by linking
empirically the molecular mean square torque with the volume of rotation, a
classification scheme was developed in terms of empirical coefficients.

Reduced model theory was developed in cooperation with Grigolini and his Pisa
group, thus providing a formal and rigorous means of numerically approximating the
fundamental equations of motion by projecting into Hilbert sub spaces, forming
different types of continued fractions akin to the original Mori formalism of 1965.
The framework of reduced model theory was applied in several subject areas in a
monograph edited with Grigolini and Pastori, vol. 62 of the "Advances in Chemical
Physics" series.

R.M.T. was used to generalise non-linear itinerant oscillator theory with what came
to be known as the "Pisa Algorithm".

The "Decoupling Effect”, due to competition between an aligning field and thermal
motion in a molecular ensemble, was confirmed by computer simulation, using an
electric field, proving the inherently non linear nature of the effective potential
between diffusing molecules.

Non Markovian and non Gaussian effects were studied in detail with computer
simulation, and the phenomenon of fall transient acceleration discovered by
simulation and interpreted and explained with reduced model theory. This showed for
the first time the existence of an effect capable of providing unambiguous evidence
for the non linear nature of diffusion processes, in or out of equilibrium.

Computer simulation was developed rapidly in cooperation with the U.K. Science and
Engineering Research Council's Collaborative Computational Project, and a library
of algorithms established at the S.E.R.C. Daresbury Laboratory during the European
Molecular Liquids Group Delta project, which | planned and coordinated. Simulation
was used to solve numerically the fundamental equations of motion and to interpret
Zero-THz data on a wide range of systems. Among many successful developments
were the reproduction from model pair potentials of the far infra red power absorption
spectrum of dipolar liquids; the discovery of fall transient acceleration and decoupling
effects in molecular liquids; the characterisation of statistical cross correlation in the
molecule fixed frame; the explanation of chiral properties using these cross
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correlations; the development of techniques to look at the dynamical effect of applied
external fields of arbitrary intensity.

(8) Detailed simulations of spectral data from many sources were carried out for a range
of molecular symmetries, exemplified by: dichloromethane, chloroform, bromoform,

t butyl chloride, methyl iodide, acetonitrile, acetone, ethyl chloride, and chiral
molecules in the liquid, rotator, supercooled, enantiomeric and racemic conditions
over a range of temperature. For each case a range of correlation times was computed
and compared with experimental data from sources that included far infra red and
dielectric spectroscopy, infra red and Raman bandshape analysis; N.M.R. relaxation;
light and neutron scattering; and other available sources. This provided, for the first
time, a comprehensive appreciation of self consistency among the available
experimental sources, a central theme of Project Delta of the European Molecular
Liquids Group, (E.M.L.G.).

(9) Some ab initio computations were made to try to develop pair potentials to replace
the atom atom form, a method which was later taken up with the IBM Clementi
Organisation at Kingston, New York, with Lie, Clementi, and co workers. Among the
many novel outcomes of this approach was the discovery that the molecular dynamics
of an enantiomer and racemic mixture are differentiated only in terms of time cross
correlation functions, providing a fundamentally new explanation which was revealed
by computer simulation.

1983-1987:

In these years a further 130 or so articles and books were produced. The scientific emphasis
shifted towards computer simulation, and more latterly, towards group theoretical statistical
mechanics and non-equilibrium molecular dynamics computer simulation. The following is a
brief highlight of some of the developments.

Insights into the fundamental nature of classical molecular diffusion processes using a
combination of field effect computer simulation, a technique which | developed in 1982/1983,

and analytical theory. In 1984 / 1985 it was demonstrated that an externally applied electric
field has the effect of making possible the dynamical cross correlation between molecular
rotation and translation direct in the laboratory frame (X, Y, Z). This was a fundamentally new

result which affects the theory of molecular diffusion at the basic level. This result turned out

to be the first in a series of new insights which has recently culminated in the emergence of
"group theoretical statistical mechanics" (g.t.s.m.).

This work extends the limits of diffusion theory, for example itinerant oscillator formalisms,
which were the subject of earlier development. Many computer simulations have been used to
show conclusively that a set of non vanishing cross correlation functions (c.c.f.'s) exists in
frame (X, Y, Z) which conventional theory assumes to have no members. The set exists in all
molecular symmetries, including that of the spherical top, which I first demonstrated in 1986
/1987. The members of this set are selected by Axiom 1, which is a variation on the Neumann
(or Curie) Principle, proposed originally in an entirely different context over a hundred years
ago. It is a key statement of equilibrium statistical mechanics. Powerful evidence for the role
of time c.c.f.'s governed by axiom (3) has emerged as recently as 1988: characteristic
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macroscopic phenomena such as convective and structural turbulence in couette flow were
traced to the appearance of new c.c.f.'s at the basic, atomic, level. These were induced by shear
in couette flow, an external force field which allows the appearance of c.c.f.'s of the same
symmetry, but, according to axiom (3), at the fundamental, microscopic level. These c.c.f.'s
provided, for the first time, a microscopic explanation for the well known Weissenberg effect,
the macroscopically measurable pressure generated in a plane perpendicular to the shearing
plane.

Axiom (2) was based on the results of many computer simulations, using the method |
developed in about 1981, in cooperation with G. J. Evans, M. Ferrario and the Brussels
School. It means essentially that members of the set of non vanishing time c.c.f.'s may appear
in frame (X, y, z) but not in frame (X, Y, Z), and that both frames are needed for a complete
picture to emerge. The axiom applies to all isotropic condensed matter, and was developed in
cooperation with D. H. Whiffen. It has been applied successfully to the results of my computer
simulations in an independent test carried out by Whiffen, proving the validity and consistency
of both approaches (1988). A combination of simulation with axioms (1) and (2) has made
progress far beyond the earlier modelling approach, exemplified by itinerant oscillators and
truncated Mori continued fractions.

Axiom (3) is a statement of how externally applied force fields of any kind set up extra
ensemble averages in condensed molecular matter. It is based on numerous computer
simulations which | carried out in the eighties. These have shown decisively that in the
presence of external fields, for example an electric field, or a strain rate tensor, the number of
independent c.c.f.'s of all orders is increased at the field-on steady state. This is independent
of the applied field strength, but depends on the field symmetry according to axiom (3).

Among the experimental developments of this time was the discovery of the inverse of the
Costa-Ribeiro effect by my colleague in the SERC Advanced Fellowship group, Dr. G. J.
Evans, which we developed jointly thereafter. This made a significant impression on scientific
contemporaries, judging from correspondence received.

1988 to Present

Micr orheoloqy

Using non-equilibrium molecular dynamics simulation, the existence of asymmetric time
correlation functions was demonstrated at a fundamental level. These appear in response to
shear stress and imply the existence of asymmetric correlation functions which are Fourier
transforms of observable frequency dependent spectra. For example, shear stress in a dipolar
molecular liquid produces asymmetric correlation between orthogonal components of the
molecular dipole. This implies shear induced polarisation and frequency dependent complex
permittivity which can be used to measure experimentally the response to shear. Other types
of shear induced asymmetric correlation functions imply the existence of other types of spectra,
for example depolarised light scattering, far infra red power absorption and N.M.R. relaxation.
Essentially speaking, we are finding effects that traditional rheology misses. An example is
the appearance of heat flux, and consequently thermal conductivity, in response to combined
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shear and elongational flow. The heat flux disappears when either type of flow is removed.
This was anticipated by group theoretical statistical mechanics and confirmed by non-
equilibrium computer simulation. There is now a pressing need to look at these many new
effects experimentally. This work was received with significant interest by contemporaries,
especially in regard to asymmetric correlation functions that appear to breach the Onsager
Casimir Principle.

Group theoretical statistical mechanics has been used to anticipate the existence of a variety
of new effects caused by a combination of shear and elongational flow. These phenomena
cannot be described on the molecular level with the customary methods used in finite element
analysis, and show considerable promise for the computer simulation of materials under shear
and elongational stress. This work shows the existence of a hitherto unestablished cross-
viscosity between elongation and shear.

The existence under shear of dissymmetric time c.c.f.'s (Evans and Heyes, Mol. Phys., 65, 1441
(1988)) implies shear induced polarisation and light scattering.

Chirality and Non-Linear Optics .

in Chemical Physics Letters52, 33 (1988) | discussed the molecular dynamical origin of
chirality and introduced the new phenomenon of "spin-chiral dichroism", or forward backward
birefringence due to the non-linear conjugate product of an intense electromagnetic field.
Within three years an invitation for a review of this and related effects was received from the
International J. Modern Phys., indicating peer interest in a rapidly expanding area. The original
work was based on the irreducible D symmetries of the three dimensional rotation-reflection
point group used in group theoretical statistical mechanics. D symmetry (g.t.s.m.) considerably
sharpens our appreciation of the basics of chirality, and may even provide a way of
appreciating the role of the weak force in parity non-conservation, quantum mechanics and
spectroscopy.

Chirality has been defined in the context of non-linear optics in letters and papers of 1990, for
example in the context of the inverse Faraday effect, which is circular birefringence due to an
intense laser. Using the field applied computer simulation methods which 1 first introduced
in 1982/1983 for an applied static electric field, the molecular dynamical nature of several non-
linear optical effects has been investigated using statistical analysis (correlation functions) and
computer animation. These include the inverse Faraday effect, inverse magnetochiral
birefringence, and a novel dynamic polarisation effect recently proposed (Phys. Rev. A, 1990)
with Prof. Georges Wagniere, University of Zurich.

The Zeeman Effect, Optical ESR and NMR and Related Magnetizing Effects of Light

My proposal and systematic theoretical and experimental development of various new
magnetizing effects of circularly polarized light near to and far from optical resonance (papers
circa 1989 to present), are based on the replacement of static magnetic flux density, used for
example to split spectral lines in the conventional Zeeman effect by the conjugate product of
an intense laser. One of the many useful practical outcomes of this work is "optical NMR /
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ESR", in which a laser beam is used in an ESR or NMR spectromete? (@ Fourier
transform spectrometer) to produce site specific spectral effects. | have described the
theoretical groundwork of this effect in a series of papers dated 1990/1991, and the effect has
been verified experimentally in Science, 255, 1683 (1992).

Optical NMR depends fundamentally on a non-linear optical process, magnetisation by the
conjugate product of a circularly polarised laser, and appears ultimately to be of widespread
interest, because it combines laser physics and the physics and chemistry of magnetic
resonance, two large contemporary fields. | have recently been awarded a Leverhulme Trust
Fellowship for the development of ONMR, roughly speaking the equivalent of a Guggenheim
Fellowship.

Of basic importance is that the laser induces a shift, analogous to the chemical shift, the latter
being the basis of analytical NMR. Therefore the technique is ultimately as useful as
conventional NMR in all its current variations.

Similarly, optical ESR, in which the conventional magnetic field is augmented by a pulsed,
circularly polarised, and tuned laser field, is useful for analytical application and fundamental
science.

Other optical effects due to the conjugate product, which work on the same fundamental idea
of augmenting a magnet with a circularly polarised laser include:

1) The optical Faraday effect and optical magnetic circular dichroism.

2) The optical Cotton Mouton and Majorana effects.

3) Various optically induced birefringence effects.

4) Developments with SQUID technology of the inverse Faraday effect, which is
magnetization due to light.

5) Other more exotic effects such as inverse magnetochiral birefringence (with
Wagniere).

6) Fundamental effects such as optically induced fringe shifts with electron beams.

7) Several other topics.

The Photon's Mass and the Evans-Wier Field, B(3).

| have recently (1992/1995) made some contributions to the question of whether the photon
has mass and a longitudinal magnetic field. It appears possible theoretically at this point in
time to assert that the photon has a longitudinal magnetic field in vacuo. It has been shown
in various publications in 1992 to 1995 that this idea does not contradict fundamental theory,
as is widely assumed, and does not contradict fundamental energy laws and fundamental
relativistic quantum field theory. | have published recent collections of papers on the idea. The
novel longitudinal magnetic field is directly proportional to the conjugate product, i.e. to the
antisymmetric part of light intensity, and if verified experimentally, will be a novel
fundamental property of the photon. Its existence is related to questions concerning the mass
of the photon, a topic of thought in natural philosophy since the time of Cavendish. | have
recently published two volumes on the subject with Prof. Jean-Pierre Vigier, Editor of Physics
Letters A, and several letters and papers. The major theoretical properties and implications of
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the so-called Evans-Vigier field, B(3), have been developed in letters and papers in the journal
"Foundations of Physics", (See 1995 list), and several reviews have appeared of books dealing
with B(3). Experiments to detect it are planned at the time of writing, and a conference partly
devoted to it is planned for August 1995 in Toronto. It is now understood that B(3) changes
the group symmetry of electromagnetism to the non-Abelian O(3). It propagates FAPP at the
speed of light in vacuo with its source, the well-known conjugate product; and can be detected
via the Dirac equation through its action on matter, e.g. an electron or proton. It implies that
the photon has three physical degrees of poalrization, not two, and cannot be massless within
the structure of Wigner's theory. The existence of B(3) implies the existence of photon mass.
It produces, theoretically, an optical Aharonov Bohm effect, but no free space Faraday
induction due to the structure and symmetry of the Evans-Vigier field equations. The existence
of B(3) is shown experimentally in several magneto-optical effects.

For practical spectroscopy and optics, this new fundamental field has many useful possibilities,
some of which have been discussed already in terms of the conjugate product, to which the
field is directly proportional. These are all fundamental spectroscopies with widespread
applicative possibilities. The latest development (Jan. 1995) is radio-frequency enhanced NMR,
in which the so-called Evans-Vigier field, B(3), is demonstrated to have the ability in theory
of greatly enhancing NMR resolution (Physica B, submitted for publication). This work has
become the basis of two patent claims.

Field Applied Computer Simulation in Nonlinear Optics.

This technique has been developed and reported in articles from about 1990 to present at
Cornell and Zurich, and was recognised by an award in the 1992 IBM Supercomputer
Competition. The code applies the technique of molecular dynamics to nonlinear optical
effects in general, and is applicable in all materials and under all conditions, irrespective of
how intense or short the laser pulse. It is therefore applicable to materials analysis of all kinds,
as well as to fundamental questions in nonlinear optics.

So far (May 1993) the technigue has been used to produce several novel phenomena,

previously unknown in nonlinear optics, in particular novel birefringence effects due to light,
reported from the University of Zurich with Wagniére and iffak.

Quantum Simulation of Nonlinear Optical Effects.

This is the subject of current work, which aims to extend the classical work just described to
guantum mechanically based code.

BRIEF SUMMARY

These five hundred or so articles and books in natural philosophy are concerned with
developments in various kinds of spectroscopy and optics, with an element of computer
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simulation and theory used as an aid to analysis of data, originally analysis in the far infra red
range. The trend is towards fundamental analysis of the various phenomena studied
experimentally and computationally, and recently, theoretically, culminating in the inference
of the Evans-Vigier field and field equations. An attempt has been made to summarise some
points of interest, but such an attempt made by the author himself, is somewhat subjective.
An objective idea of the influence of this work may be based, perhaps, on voluminous
correspondence received (several thousand requests for reprints for example), citation indices
and so on, and on various awards, and interest generated among peers, culminating in the
forthcoming Toronto conference. The overall aim, as always in natural philosophy, has been
the development of hypothesis for comparison with data. When data are not yet available,
computer simulation has been found to be a valuable guide. Overall, the work has been in
fundamental optics, but with many possibilities for practical development, the latest being RF-
NMR (radio frequency enhanced NMR (and also ESR) spectroscopy).
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