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II. Sunmary of research mede under contract No. DE-ASDS-B1ER10947 during the

period 1984-1987.

Introduction

e el - -

Let us enumerate a fow areas where progress has been realized. (For a

review of these gquestions, see references [i] and [2].)

1 State gselection dynamics

During & symmetlry-brepking transitien, a system becomes extremely sensctive
to small =ymmetry nonconserving lnterﬂctlnnslﬁ'dl. This zensitiviiy 1ncreeses
Lf the system 12 made to evolve Lhrough the transition pornt slowly Our
theoretical predictions were verified both nDumericelly and through electronic
SImu]atlun3[5] lt has been pointed cut thaet through such processes, parity
nonconservalion 1n weak-neutral-current i1nteractions belween the eleciron and
the nucleons can become rnflusntial 1n Lhe determination of the charmlity of

mzlecules The mplications of this theory for the origin of the chiraluly of

Ficmolecules have been pointed out

2 o g a de oRequ b condityo
Nonegquilibrium copditions could lesd to new sequence distributions of

polymcrs[ﬁl

To understand these aspects more concretely, we siudied the
polymerization of mandel:i1c acid This acid exi15ts 1o two forms, R and 5 Its

polymeritation 15 a condensation with removal of water

S5-FER~R+575-R~-R-3+ H,0 i1)



In parallel, there 13 a reaction interchanging pelymer sequence. Specifically,

3-R-R-53+R-R-R+5-R-R-RBER-EKE+R-25 {2}

Hopeguilibrium condilions can be created by starting with monomers and removing
Hzﬂ, 50 that the reverse reaction 1n {1) does not cocour. It s thepn found Lhat
the polymer seqguence 15 quile different from it® equilibrium distribution, given

essentinlly by the Fltory formala

pin) = {1 — a)a 1 | {3)

« being lhe extent of polymerization. This opens interesling perspeclives in
the enhancement of seleclivity, whaich 12 cne of the major preblems of synilhetie

chem: stry.

Fluids under thermal or mechenical copstraints heve quite different

stalistieal propecties compared to equilibrium. We recently employed a
stochastic particle simulation besed on the Bolizmenn equation to study
hydrodynamic fluctusations 1n a dilute ges under 58 temperalure gradient. Yarious
stati1c correlation functions have heen measured, and guood agreement w;th i1he
thegretical predictions of leng range spetinl correlations based on steochastc
methods[T] has been obtained,

We proposed that computer experiments should be well described by the
Lapndau-Lifshitz hydrodynamic fluctuation theorylﬂ]. so long a3 the assumption of
loca]l equilibrium was not viclated Excellentl mgreement with the particle

[g.10]

simelaljon dats valideted this conjecture The results were alsc extended

to flutds under stress[lll



Inhomogeneous fluctustions seem Blso Lo play an important role in the
functioming of chemical reactorsllz]. In mest laboratory condityons, as well as
on Lhe i1ndusirial scele, chemical reacters are subjected to a vigorous stirring
whosa purpose is to mix the verious constituents ensuring in this way a smooth,
predictable relerse of chenicels in the course of time. However, mixing is
never complete. As & result, the reaction dynamics iz subjected to
inhomogenegus perturbeticns, or, in elher words, to a coupling with the
hydrodynamic modes. We have recently apalyzed this cnupling[la_lﬁ] and found
that 1t may induce a variety ¢f bilurcation phenomena. These are expected to

affecl the yvield and various cther cheracteristics of the resctor.

Mul!tymcdal escilletions, imvelving & sharp flash of activity followed by a

trean of & variable number of small emplitude oscillations have Leen cbyerved 1in
the Belouscov-Thabstinekiy reaction and 1n hydrocarbon combustion, We have shown
that bifurcalion: arising Irom the presepce {for some parameter values) of o
hoemec Jipic orbi1l Langent to an unstable limit ecyecle preoevide s unified
explanation of thiz phennmenﬂn[IT] Hemeoelinie tengencjes to more complex
mani folds, 1ncluding Smale's horseshoe have alzo been studled[lB]. An 1mpertant
feature. which ectually simplifies considerably the analysi=, 15 the presence of
widely differenl time scales. This allows ocne to reduce {he multi—dimensicnal
dyoamics {¢ a one—dimensicnal map and apply effigiently the technrques of
symbeolic¢ dynemics

I order lo oblaun a closer correspondence with combuslion, & skeleton
mode]l has been proposed for Lthe c¢oaupling between chemical and thermal

Effectsllg] It conzists af Lhe fellowing steps




Inittiation Y -+ b4
kZ
High temp c¢hein branching Y+ X
kl
Chain bhranching X+ 2X
k#
High temp terminaticen X + 51
k5
Low ftemp tepmination X + 32

Here. Y represents the cencentreticen of fuel and oxygen assumed to be equal, X
denotes the eutocatalytic chain caerrier, end f isa a suitable stoichiometric
coefficient grester then unity. The main criginality of the model 13 the
introdustion of & high temperature chaln Branching with activatien energy
satysfying E, > El > E, > E3 > Eg. This step desoribes the releage of & grest
amount of heat follewing rapid consumpticn of fuel and oxygen, and 15 at the
heart of 1gnitiem.

For a =ingle set of plausible values of thermokinetic parameters snd under
conditions prevailing 1n C3TR, the model of {4.1} -~ (4.5) displays stesdy
states. bistebility, cocl fleme oscillations, oscillatory 1gnition, end complex
ignition-cool flame vsci1llations when the reactant pressure P and the vessel
temperature T, are varled as control parameterse. The predicted P'—TID state
diagram compares fairly well with the experimenlal findings for the
scetaldehyde /oxygen system. In addition, there is preliminary evidence of
complex periodic slates 1o & narrow range of parameter values. Speeifically,
two distinct sequences of states, 1p which m small amplitude oscilistions, wath
m cven or odd respectively, are superimposed on one periocd of the hazic

a=¢1llation, Bre obzerved We believe therefore that we have 1dentified a

(4.1}

(4.2)

{4.3}

{4.4}

{4.5)



"ranocnical” model which will sveniually lead to a belter understanding of the

chemistry of combustion

The phenomenon of transient bimedality dizecovered earlier by our group hes
been shown to give rise to a wide dispersion of 1gnition times, whose
probehility becomes strongly asymmetrie and acquires a tong talllzu] in the
limit af high activat:on energies. HMore recently, we extended the stochastic
study of explosive systems to mccount for spatially 1nhomogenecus

fluctuatlnnslzl'zzl

We heve zhown thet (Juctualionz 2ive rise to unexpected
symmeiry-breakihg phenomena. starting [(rom a homogensous distribution of
temperature or concentration, the system developr appreciable spatiaml
inhomogeneit1es doring & time 1nterval claose Lo the 1pnition time AS a result,
there 12 8 considerable dispersion of the posit:on and occurrence time of the
first "hot spot” 1mitiated 1m the system

Thiz spalial differentiation can be further characterized by following the
Limme development of Lhe spatial ceorrelation function Apgaln, starting from a
uniform stale (vamshing correlation function} the system builds during the
1gnition stage long range coherence, reflecled by & nonuniform, monotonously
decaying prefile of the correlation funclion .

The effect af the s¥stem's si1ze, of the boundary condition end of the
pecmatyy remiln lo be 1nvestipated Moreover, the role of the dimension of the

hot spot 1nitrated by a fluctustion 1n 1t subseguent evelulion should be

aszessed,



8 o5 € Mee f arreversibility

The imporiant effect of nonequilibriun as witnessed by Lhe various exemples
given 1n the preceding gections shows thet s revision of the role of time on the
microscople 1evel 13 necessary {See reference [1].) The smplications of
1rrevergibility 1n clagzical dynamices has beacome much clearer over the last few
years. The microscopic meaning of 1rreversibility has also becomes much clemrer.
¥e may refer here ta the beautiful paper by J. L:ghth:lllzs]. which emphasizes
forcefully the role of the “Lemporal horizen” i1n dynamics, sz related to the
axistence of Lyapunov expenents The distence belween twe neiphboring

trajectories 1ncreazes Lhen exponentielly with time, as shown tn the formule

£Y 4

&% 6%, & . {5)

-
Ik
=]

where Gxn 12 the 1nittial drstance and & the positaive Lyspunov sxponent The
existence of & posittive Lyspunov exponent invalidates immedistely the
treditional erguments agpinst icreversibylity, aszsociated with Poincare 'z
Tecurrence thearem Indeed. Poincaré's recurrence time 18 1in geperal much
larger than the Lyapunov time, end for sufficiently unsteble systems the very
concepl of & trajectory 15 lost long before we can Inmirocduce the concepl of
recurrence Moreover ., the 1dsa of 1ncrease of randomness {ime going on {end.
associmted te 1l, of irreversibility} cen now be explored for systems witlh only
a few degrees of freedom

This conlrasts with ihe situation which prevalled at Bolizmann's i{ime,
where irreversibility was associated solely wiilh many-body systems=, [or which an
exact solulion of Lhe equetion of dynamics 15 cut of Lhe guestien

We cannol reparl here Lhe rdvances which were achieved 1n the formal

desetiplion of ¢lessical chantie systems 1t sulffices here 1o zsy that such



systems preszent an mntrins;ic st;chastic:ty and an nirins1e 1rreversabrlity, as
they may be mepped through an invertible bul non—anitary transformation i1nto
Markeowv Bhﬂln5[1'24].

But cne of the problems of grzalest intereat today 193 the role of
irreversability in quanium theery. The siluation of thix theory is really
unigque On one 31de, 1t has rightiy been called "the nmost successful of s}l
Phyzical theories”. On the ciher =i1de, coptroverares continue about iy
physical meaning and 138 range of mpplicability. [t 13 importent to notice that
these coniroversiea deal net enly with apistemolopical aspects of guanium

{2s5]

theary . but alsc with basic problems related to the meaning of the unstable

particles, and mere geherally to guantum stetes with fanate llfet:meslzﬁ]r

This problem has been investigated in three recent papers [27,28,29]. The
:ntroduction eof 1rpevergzibility into guantun mechanies leads te the fascinating
possibility of & new formulation of quantum theory which lesds to a nunber of
predictions, pome of which have bean stated 1n cur published papers
Discussions wiilh colleagues working 1n quantum cptics and lassr phyzics indicate
that some of Lhese effects may be amenable teo experimental verificatson in the

not teoo digtanl future Wa come baolk to these gquesticns i1p the zecond pert of

thig proposal



