


Motivation

® Long standing personal Lnterest tn Budergence:Theory.

* Robert Laughlin: “A different Universe” (2006)

® Professional (§ vested) Lnterest n obser\/ator5 MANAgement,
Lnstrumentation § planning thereof.
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* “Thermodynanicwe de L'évolution”, FiRoddier2012.

® Recent progress in statistical mechanies formalism of
thermodynamics tn open systems (Pewar, 2002)

® “Tp my mind there must be, at the bottom o-{-‘ Lt all, not-an
equation, but an utterly stmple Ldea. And to-me that Ldes, when
we ﬁwaLLH discover it, will be so compelling, so tnevitable, that we
will sa Y to one another, “Oh, how beautiful. tow cowld Lt have been

otherwise?” ;
- Johwn Archibalo \Wheeler



outline

® This is not a formal science talk, rather a reflection on
sctence, how and why we do it. Questioning current
paradigm, necessarily using many shorteuts through
analogies, metaphors, tropes... § Personal opinions !

* Brief outline of thermodynamics of open systems:
Entropy, dissipative structures, self-organized criticality

® Micro/macro evolutlon, rversus K process.

® ®©volution of observatories: How to stand out tn today’s
lLandscape.

® - what can we Learn from open systems?

® Towards a more passiowate awnol compassiowate Sclence.



Thermod Yna mLeS

® istlaw: Bnergy is always conserved. dY E/dt = o0

* 2nd Law: Bntropy always inereases: S=zo
® Bwntropy Ls amount of energy avatlable for work dissipated into heat.

° 2wdlaw valid is responsible for “the arrow of time”. lrreversible
processes as entropy increases. From order to heat, from
information to notse.

® System converges towards static equilibrivm.

®* Butwewitness (and are witnesses of) local negative entropy
(matter self-organizing) all the time.

T thermoda namtics flawed? No!

* Sndlaw only valid tw closed system.



zd Law of
Thermeoo Ywa mws

* A.R.a. Lawof Maxitmum Entropy Production (ME’P)

* =3vd Law demonstrated by R. Dewar* tn (broad) terms of
statistical mechanics, based on)aynes waormatww theorg

® {n open sgstems Lt Lsithe rate-of prooluctww Df ewtropg’ of ewtwe 3

sgjstem that ts maximized:

* (ds=0, ds/dt = wmax)

® Open systems organtze themselves to turn gLbb’s Free
energy unto heat at maximeum rate.
%Dewar RC. 2003. Information theoretic explanation of maximum entropy Pkoduotiow,

the fluctuation theorem and self-organized criticality in won-equiltbrivm stationary
states. Jowrnal of Phgsics A (Mathematical and General) 26, 631-641



Thermod Yna mics of
OpeEn sgstems

® Open systems are defined as ones where there s a flux of

matter and/or energy.

® Opew systems receive energy and diss

Lpate Lt.

® Systems converge towards dymnamtie equilibrivme.

® givew that static equilibrivum Ls pea
probablti‘cg distribution, ay WamLe e
weoessar'uud unstable.

* ®Being off-equiltbrivum means the

dissipate free energy tnto heat — 1

R of phase state
gutlibrivm

alo'LLLtg to do work —

E;'Wcrop U LILCYeaSES.



what Ls entropy?

® Not alwa Ys an easy cowncept to understand, many
different definitions (tnformation entropy, Carnot, ete.)

® cClassically, entropy ts the amount of energy capable of doing
work, (GLbb’s Free Bnergy) converted tnto unusable energy
(heat tn equilibrivum with surroundings).

* But information and ewtropy are also ('vaersctg) related.

* nformation entropy (deﬁwed bg Shanwnown) related to Rnowledge (or
probaloiLitg of a givew state) of microscopic system

* Entropy ls a measwre of uwpreoliotabilitg of information content.



information § entropy

According to )a Ywne's formalism, thermool Yna nWeLe
entropy Ls Lnterpreted as being proportional.tothe
amount of iwformatiow entrop Y needed to dcﬁwe the
detatled microscople state of the systevn.

LK
"

‘€. Gdlding heat to drsysteninoreasesits thencod gnanlie oraopy

because it tnwereases the number of possible mieroscopic states
compatible with measurable values of macroscopie variables, making
any complete state description lLonger.

If all particles in a gas at rest and only one athigh veloeity: \/erg) Low
entropy, high tnformation content.

If all particles have the same velocity, low entropy, mass movenent.

If particles thermalized, particle’s speed (random) distribution



information § entropy

® Jaywe’s information ei/\,tropg Ls dectoedly Bayestan,
as opposed to frequentist. DID TFE. SUN JUST EXPLODE?

(ITS NIBHT, 50 WERE NOT SURE.)

v THIS NEUTRINO DETECTOR MERSURES
® Because we are part of LUniverse, ma?mﬂn.m“g; .

, , ’ ’ BOTH COrE VP S ITUES TO LS.
oWy k’,V\/DWLCdQB D‘f Lt LS LLVM,Lth . CFERVISE, mms'rrcmﬂ.
LETS TRY.

(even without Godel!) TN e ”mffeﬁ'g, |

?Es (

Y

Entropy related to probability
of a state in system’s phase

space seew from a maoroscop'w Level.
FREQUENTET STRNSTUAN: CAYERIN STRTBICIAN:

THE PROGABUTY OF THIS RESULT
HAPFENING B CHANCE 1S 5 <0027

® The more information contained - Pikpumbaindn
, , mrnsm%tﬂmm
Ln a phase state, the Lower Lts

ProbabLLLtg, the Lower Lts entropy. ﬁ ﬁ %




MaxLmiaem Entropy
Production

® 3 Law states that Nature will try to most effietently
homogenize energy distribution, | e

o Pamdo)cicaug, this ma Y meLg the rise
of well organized structures:

* They will internalize some tnformation| !
about environment e.g. veloetty shear
(Locally decreasing entropy)-

p_ Y

Emergence of structure to lnecrease
entropy may seem counterintuitive.

* Structure can import tnformation (from environment) to
decrease (export) its entropy, as long as entropy maximally
produced § free energy dissipated most efficlent way.



Siumple example

® Flurd flowitng tn a pLpe (open system)

® if velocity s small, flow Laminar, Rinetic energy
dissipated b Y friction (proportional to v)

® As veloeity ncreases, energy dissipated by turbulence
(proportional to v2), when V2 > v.

€«
l

Low velocity

€«

High velocity with turbulence




Turbulence § other
nown-Linear processes

* Laminar flow has high tnformation content, but
turbulence has even higher information due to emergence
of Large scale structures (laminar to turbulence =
negative entropy difference)

° only when turbulence more effictent at dissipating energy.

® Itis scale independent (power Law). Energy (eddies) at all
(small and Large) scales. Pevelopment of Large scale
structures Lmplies particles/organisms act coherently at a
distance:

* Information about the environment stored into structure to
dissipate energy more effictently.
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A Untversal Law?

® Why is structure appearing iw the Universe, tnstead of

Just diluting/cooling down and tncre ntropy?
® Does this mean that the Luniverse open?

® Roddier claims so: Using Dark energy aceeleration to tnfer that
matter/energy must escape our cosmie hortzon (= ct,)

i ®  (unfact, whether tnflation or wot).

.

® Therefore Universe Ls open, MEPR applies and

® Dissipative structures emerge.

* Provides ewcropw ontology (f wote mgaha nism) for
Lwﬂatww ,

. (AL’chough ewtropy gravity dominated égstem Ls tricky,
_ cf. lee Smolin: “Cosmolog S problemt tw critical phenomenn”, arxiv).



Dlssipative structures

Returning to dlssipatiwg energy anod structure...
llya Prigogine, 1977 chemistry Nobel prize:

Structures that naturally appear to dissipate energy
move effieLently.

* oOwnly exist as long as system remains open (they die when
the flux of matter or energy Ls turned off). mport

information from environment » Any local decrease in
entropy must be balanced Ln overall entropy Lncrease.

Extension of classical (Newtonian) mechanics with
incluston of feedback force. Allows for non-linearity.




LSS f.paw‘—"\/e struectures

® E.g. Navier-Stokes equation can be solveol awaLgtlaaLLa v f
viscosity is neglected.

® But viscosity Ls the energy dissipating, heat generating (L.e.

Entropy LV\IOYBDIS'LT/\,@)&tCE-M.

® [tis alsothe non-Linear term in the equations: Responstble for
appearance of Vortices, turbulence.

® Vortices syaowtaweowsl,g reprcate themselves, drawing energy
! -
from fluid shear. - -

* Self-replication of dissipative structure Ls effective way of tnereasiing
energy dissipation. Possible as long as there Ls energy available.

® Vortices are self replicating ph 3s£caL structures with cascade (or avalanche) of
scale and energy dissipation. Exact detail depend on tnitial conditions and
thus appear randowm.



Now Linear d Ywa mLesS

® Wwell studied and result from self-organized criticality
at or near a phase tra nsttlon or critieal poiw’c.

®  Nown-linear dynamical systems offer mathematical models
of self-organtzed criticality in strange attractors.

* Ssywnchronization can emerge tn chaotic systems Lf some
conditions are satisfied:

* weak coupling, very wearly identical oscillators, certain types of feedback.
® = nteracting dissipative structures form a further dissipative structure

®* Fluctuation theorem (analogous to Stmulated annealing)
process allows to optimize MEP and refine structure.

° EBwergence theory helps to explain coherent behavior of Large
agogregates.






Self organized criticality

* Blfurcation avalanches:

)

* Similarto a stmulated annealing algorithm Qf: !

* (nverse law (1/f) between bifurcation rank
and frequency is knowwn as Zipf's Law:

® Tvue in sanopile: critical slope (Like eritical pornt),
slope vartes around. Small avalanehes oceur mor8

often, Large ones more infrequently-»Zipf's Law.

® Also true for earthquakes § mawy other systems!d

* oscillatiows arouwd critical point (strange
attractor) nwawed self organized criticality
by Per Bak.

o \wWho also showed that Lt applied to evolution.
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Deterministie Chaos

* Bifurcations around critical Point: strange attractor:
Similarto domain splitting tn phase transition.

® Highly semsitive to tnitial conditions: Literally Lmpossiblets
solve or predict, even with most powerful stmulation tools!

° wnpredictability s intrinsic and dice tofeedback: o SRR

® " Yet they share some very specific characteristies whieh allow. us to
describe them: Statistical information, pattern, behavior.

® petermintstie chaos produces systems that are:
* Quast-periodic, ergodic, fill phase space fractally awd

* whose energy varies as some power Law (usually a fraction)
of the size of the structures. Now tnteger fractal dintension.



e.9. Crystal growth

® Crystals grow Ln open systems (draw chemieal
energy from environment), decreasing
(exporting) their entropy.

® (mporting information (Structure): Bifurcation
avalanche leads to fractals spatial structure (power
law of spatial scale), maximizing area/Volume.

* Self organization of matter around critical point
(freezing) drivew by maximum entropy production.

® Process exists over many orders magnitude. EBmergent
macroscopte property: typieal of
strange attractors, determintistic chaos. e

* Why do trees have branches?
why are ferns biological fractals?




Kletber’'s Law

® Most Life forms have a metabolic rate (energy dissipation
ko heat to remain alive) which ts proportional to massz/+

* Kletber’'s Laws therefore meLLes that Life is L'Lkael,g shaped bg
Maximum Entrop Y Production and fluctuation theorem,

because Lt Ls : i
consta V\itLg o ot %W

therms
(warm-blooded

optimizing Lts | s
energy |
dissipation

via Lts metabolic
rates at a
critical point.

poikilotherms
(cold-blooded organisms)
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Back to Self-organized
critiea LL’% § entropy

® Asystem that self organtzes is unpredictable:

* (ndeed, Lf evolution Rnowwn, no new tnformation created,
knowledge of system remains unchanged.

® Decrease Lw entropy tmplies kRwowledge about (or tn) the
system unereases (or that it has tinternalized some
tnformation about Lts environment).

* Ewmergence of unexpected structure Ls agreement with
Shannon information entropy.

® Structure can exist at macro- or miorosaopic levels.



Mioro-e\/oLutLogb
VS. Macro-evolution

® In seeking to maximize entropy production, systems will
stabilize at optimum free energ Y disstpation, whether this
requires large scale structure or mieroscopie growth or

aolaptatiow.

Mocroevolution
Superciusters

* Systems that dissipate
energy efficiently affect
thelr environment more,
making free energy less
avatlable until structure
can't sustain themselves.

Electromagnetic
forces
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Streng and weak
Heavy atomg ——————e

* Swumulated annealing Puclear forces ant atoms (HHe) —— o

Liaht nuclei

D‘PtLVWLSatLD 74V Baryons

From Erich Jantsch, The self-organizing Universe, 1980

Microsvolution




r anod K selectlon

* Although wmicro and macroevolution exist tn physieal
and chemical systems, best tllustration from blology.

* sStudied by MacArthur § Wilson (1967)

® K selection whewn resources are plentiful;
* gligantism is preferred.
* Offspring are passed on much tnformation.

* energy (resource) tntensive, so offspring are few and each
offspring’s sunival is erucial.

* Failure is discouraged.



K selectlon

® K selection whew resources plentiful:

® Stasis/symblosis. Organisms grow to compete for resources,

® Tullest giraffe has access to highest trees, biggest Lion to most
meat. They are naturally selected.

° thereby depleting their resources evew faster.

® Need to run faster and faster simply to keep existing:
Rnowwn as the “Red Queen Effect”, from Lewls Carroll’s
“Through the Looking Glass”:

Now, here, you see, it takes 9l the running
you can do, to keep i the same place.



Red Rueen effe

1

Evolutionary hypothesis which
proposes that organisms must
constantly adapt, evolve, and
proliferate, stmply to sunvive facing
ever-evolving opposLng organisms n
an ever-changing environment.

Aol
® And the more theg evolve, the wiore theg ‘(l"/
feedback and change thetr environment f
(Which can tn twrn adapt) on which they '-.,:’2"

depend. Ry

{

o
"%

® This e)q:Laiws why species constantly
die out.


http://en.wikipedia.org/wiki/Organism

r selectlon

® selectlonn whewn resouwrees become scarce. ..

® Natural selection thew prefers/favors:

* sSwall organisms,
®* Short lifespans.

* Many offspring,
* Potential for many genetic mutations,

* explore every possible ecological niche.

Y

Evolution becomes unstable.

* Sensitivity to tnitial conditions (high feedback, highly
non-linear), unpredictable.



r selection

cvolution becomes uwprediatab!,e: waormatiow l‘e'wtropgj.

Y

° (dea of fatlure is built-tn to evolutiow: Many o{-fs]anwg
means many will die.

* . Strategic failure. Sunival of most adapted to environment is like &

meortbwg information which gL\/cs the a‘ppea rance of Learww»g * i
© from mistakes: feedback « wow—LLweantgj lVWPDSSLbLB 0. preolw’c 0y

putcome. Emergence of new structures or beliaviors (iolens?)

* Many swmall, nimible, hi@th adaptable organisms are
watumLLg selected.

® Natural selection w species most well adapted to resourees -
will start growiing, until they use up thele energy souree.

* Zipf's Law of bifurcation avalanches (mass extinctions few and
far between, species extincetion are commton)
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Punctuated equilibrivum

environment changes too quickly
for spectes to adapt.

Natuwral catastrophe,
weeteorite, volcantsm.

Mass extlnction
Z,'Lp’s Law

Red queen eftect:
feedback on environment:
’ruwwiwg out of resources.
New species fill out ecologieal niches
left vacant by extinct species.

fierce competition for resources,
Longer Life spans, spectalize further wnstable environment,

(twmporting information from environment, large population fluctuations
but also reducing ability to adapt).

Environment gradually stabilizes,
species most adapted to environment thrive
Growth to Lnerease access to resources against at expense of others
smaller, weaker species or menmbers of species

System stabilizes. Resources plentiful: Stasis
spectes evolve slowly when not under pressure
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Observatory Management

* what does any of this have to do with oloser\/atorg
management, You may (rightfully) ask.

° well, [ contend that we caw Look at the recent history of
astronomy and extract some clear patterns remintscent of
opew systems barring a few assuwmptions:

® Our resource, owr food, our GLbL’s free energy is money.

®  We are an opew system, resowrces flow tn and out.

®  Wweare trying to maximize (internalize) information
which requires us to Lnerease external entropy.



Observatory Management

® To wmaximlze entropy production, astronomical
community has self-organized at critical point.

® nthe 20th century, Astronomy’s critical point around
which strange attractor developed was techinology.

® Think about the oceurrence of new technology (e.g. detectors, AO):
Punctuated equilibrivum (Zip’s Law) fortechnologieal revolutions?

* At each generation, all very stmilar but sLLghtLg different, (simulated
annealing). Exploring every possible ecological niche, gaining slight
advantage here or there: r-selection whew new techinology became available,
until one naturally selected and thew grow Lnto K-process (bigger!)

* But feedback and stasis (growth) meLg that the technology
will grow to a point where Lt may be Limited by resources
(financial and mechantcal) tn the 21st Century.

°* (s the Red ueen Bffect at play in Astronomy?
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K-selectlon Lin Astrowomg

® Due to stable funding, K selection process: TeLesoopes L
stasts (of tdeas). Phgswat Growth.

* But because of feedback process, the environment is
changing wore and more raptaly.

® Canweadapt fast enough? Does scawa,g vqn Loeas %ulee A
SENSE LA SIUCH AN EMVLIOWIMEAL?

* Red Queen Bffect in Astronomy?
* ®ibliometrics:

® “Theincreasing velocity of the paper nuumber is higher than the® .
speed of Light, but there Ls nothing to worry about for thereds no
violation of any ph 3510011, Law, because these papers CArrY Wi
information”

- attributed to Chandrashekhar (Editor of Ap))
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ELT futures

® My goal is not to criticize Blg Science, esp: ELTS,:

° After all, yow'll have understood by now that their fate ts
unpredictable, sensitive to environmental conditions.

® Butin this age of darkness (both matter and energ 5)
Lackiwg evew the foundation for theortes uwwlerbg gy
these entgmas, how can we Reep developing Ldeas’s
concepts to enable discoveries (supported b Y <
Lnstrumental reseavch),

* whew the largest fraction of available funding will go to
engineering Lssues related to scaling up existing =
techologies that don't directly address the dark entgrans?

® How can we enable fast, sloppy § cheap prototypes?



The trouble with Ph gsics

® Lee Smolin made very stmilar pount (for different
reasons) tn book: “The trouble with Phystes”.

° Applied to theoretical physics/string theory,
® He defines incremental § revolutionary science.

* The former makes bigger tnstruments, reduces ervor bars,
comforts existing theories,

* wWhile the Latter requires risk taking, proposes bold new
Ldeas, nwew hypotheses.

® Much needed Lin theoreticaLphgsios!



Economie model

® How do we matntatn vibrant “revolutiona ry" researeh
activities tw a risk-averse La ndscape?

* Part of the problem is that we have transposeo aveol aoclopteot
owr economie model, based ow growth, to the scientific
evwlea\/or from the belief that OOM‘PBtL’CLDVb fosters créatwucg; .
wew: Loeas and new solutions. 8 |

® But creative tdeas have mostly flowrished en how to play the
system and gain access to more resources, not new Ruowledge.

° campbell Law of Social Sciences:
“The more any quantitative soctal indicator is usedfor
social decision-making, the more subject tt.will be suddject to
corvuption pressures and the more apt Lt will be to distort and
corrupt the soctal processes it Ls Lntended to monitor.”



Pitfalls of unrestrained growth

* RIising number of frawds and retractions

® Comwpetition favors winning, being first to find result, as
opposed to pursuing new knowledge.

* Also, conguering competition (SSC, Tevatron => LHC)
* rResults lose their significance, replaceo by sound bite.

® Too many press releases devalue Rwowledge (yet necessary to
remain competitive and gatn access to funding).

® Growth favors a.system where we produce more experts
thaw there are resources for. Scientific careers bottleneck,
rise of social (mental health) problems tn academia.

° Wwe can already see the effects of starvation, leading to
consolidation, streamlining, eﬁ‘ioiewcg, produo’c'wita.



Linear economy

what is the alternative to a growth based economey)?

Linear ECONOMLY MEANS We produoe owtg what we weed to
Live (auriosi’cg?) we work 'Lwdl\/idu.aug and exchawge
openly with others (Think gtobaLLg act LoaaLLg)

LK
"

m s e 53

°* other words, the eoowomg 15 not based oW what can loe tlowe o
but what ought to be dowe. If something detrimental happens
based own our actions, we can scale back without conseguence,
as opposed to hoping that further technology will'save us
from tts own past blunders (red @ueen).

® glant projects based on what we can achieve, justification
often tagged on after the fact. n linear econonmy, projécts
based on what we think is valuable or useful.



IS A NewW pamdigm neeeoed?

® K celectlown Ls Like Centralized system with top-down
deciston making. Risk averse.

® wWe see this n the “too big to fail" approach (JWsST?).

o what does the r-selection PrOCESS MEan in the context of
sctentific endeavor?

®  Many small expertments, the outcome of which is
unkmnown, thus with high risk of null results and
“strategic failure”.

® But exploring every ecological niche.

* Role of mistakes and learning from them.

® No centralized deciston making, high feedback.



, r—getectiow and
distributed systems

® The Starfish and the Spider, Brafman § Beckstrom.
* Decentralized systems are highly adaptable.

* WwWhen under attack, a decentralized system becomes even
wore decentralized,

® thigh adaptability, can deal with strategic failure.

® New solutions can emerge.
° While a centralized system will become more entrenched.
* ewnforcing ola solutions, just stronger.

* Reminiscent of K versus r-selection at work.



coexistence?

® cawthe K and rprocesses co-exLst?

® Nothing says BLTs have to be oleveLoped at the expense of
e\/ergjtmwg else. That Ls a chotce that is made
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r-selection L Astronomy

* Thinking in terms of sustaina bitltg, Lt appears we
should tnvest in the r-selection process for our work.

*  After all, rodents existed at the time of dinosaurs...

* But they exploded when dominant species died but and resources were freed
wp. Is this a general process?

* Duversifying to not have atl eggs tw one basket.

* Awnd we are itn the business of generating new Rnowledoe,
new Lnformatiow. BLVersity Ls good!

® How can this be impLemew’ced?

® Access the same pool of resources, judged by same standards (e.9.
bibliometrics), managed the same way (productivitg/arcati\/ita ?2)



Oooperatww/ coLLa bom’cww

ELT stasis

oxclusive of other proj ects
model)

catas"&mphic (sse)

PR W

Sywmbiotic cooperation

Swaller telescopes used to feed sources
for ELTs to observe. ELTs may fund
owwn support telescopes.
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swall ts beautiful

* f growth based economic model L a finite resource
environment Ls not adequate, how to tmplement Linear
economy? Paraphrasing €.F. Schumacher:

® Astronomy as uf people mattered :-)

* Schumacher's tdea of decentralizatiown is more complex than simpLg
breaking up a large unit into smaller wntts.

® Rather, proposed the tdea of "smallness within bigness”;

® Ln other words, for a Llarge organization to work it must behave Like a related
group of small organizations (mewme diversity, altruistie cooperation).

® Argues that so {ar, purpose of technology has beew to produce as much
output per Labor tnput as possible.

® Devices invented for this purpose have not only (unwittingly) made many
workers redundant, but high cost of devices discourages self-employment.



More Ls different

As a solutton, Schumacher PropPOSES AN "tntermeodiate
techwol,ogg," one which cawn be purchased and used bg all

people, and which can Lead to greater productivity while
mintmizing soctal dislocation.

Provides opportunities for “citizen science” and start
adoressing current soctetal vift, distrust of science and
experts tn our society in general,

® e.g. nise of flat-earthers tn the 21st century!

® (mplies that we, as scientists and academics are doing something wrong

towards the socie’cg that allows us to exist.

* People feel dissociated from science because too Large, too
bLg, too rewote, they can't participate. The gap Ls widening.

* Science becomes tnconseguential to majorﬁtg of people.



Engaged Sclence

® nthe end, we have to ask ourselves wh Y wecarry out:
science, and what is the goal of our pursiit.

* 1 do not believe that the outcome is predetermined. (Would wot be.
surprised Lf we Reep betng surprised Ln our understanding of
fundamental questions during owr Lifetiinues:

P ‘. e

* " also doinot believe that there Ls a stngle, 'p?ééi:éfermiwéo‘fﬁgfr gptima‘t'“
way to Lnerease our Rinowledge. We weeol to choose the one that
fulfills both.our ounosu’cg and owr duty tothe sooLetH that allows
us to exist, giving us a credible mandate.

* “Somewhere, something tncredible Ls wattiing to.be
Rnoww.” -carl Sagawn (W,

® Itisthis stmple curiosity that drives the Riwd of sctewee
| want to be tnvolved in.



Concluston

® ( have tried to demonstrate why small scale, wmore human
sclence, makes sense Lk toda Y's Lawdscape.

° Based ow our current understanding of thermodynamties of
opew systems, self organized eriticality and determintstic
chaos and a good deal of personal opinion!

Y

ELTs are the dominant spectes but growth e Limited
rESOUYCES MEANS We Are experienciing the Red ueen Effect.

® \Wecan remaln active and creative by investing ourselves
in a Lightwetght, distrtbuted, adaptable collaborative
structure and embrace risk!



¥

® More to be different, to paraphrase P.\W: Awolers_"é{w.

® His words regarding condensed wmatter physies apply to: -
our current technical and management predicament,
which ave: o ¢
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* “[..1confronted with the twin difficulties of scale and complexity. The T AT
and complex aggregates of elementary particles, it turns out, is wot to be wunderstood bn
terms of stmple extrapolation of the properties of a few particles. nstead, at each Level of
complexity entirely new properties appear, and the understanding of the wew behaviors
requires researchirwhich [ think s as fundamental in its nature as any other.”

P.W. Anderson, “More Ls Differewt”, Sclence 177, L9522

3



Isaac Astmov Asks, “How Do People Get New: tdeas?”

¥

First and foremost, there must be ease, relaxation, and a general senseof
permissiveness. The world tn general disapproves of creativitg, and to be_,q‘reati\/e L
public is particularly bad. Bvew to speculate in public Ls rather worrisonde: The
individuals must, therefore, have the feeling that the others won't object.

The optimum number of the group would probably wot be very hi@h: 'should guess
that nwo more than fivewould be wanted.

For best puiposes, there should be a feeling of Lw{ormawcg Jovuawcg the wsc of first
nwames, joRing, relaxed Riddiiky are, | think, of the essence=mnot in thewlslel,\/es buty
because they encourage a willingness to be involved tw the folly of creativemess. For
this purpose [ think a meeeting tn someone’s home or over a dinwner table at some
restaurant Ls perhaps more useful thawn one tn a conference room.

Probably more inhibiting than anything else is a feeling of responstbility. The great
Ldeas of the ages have come from people who weren't paid to have great Loleas, but were
paid to be teachers or patent clerks or petty officials, or were wot paid at alliThe great
Loeas came as stoe Lssues. ;
If thoroughly relaxed, free of responsibility, discussing something of tnterest, and
belng b Y nature wunconventional, the participants themselves will create devicé's to
stimulate discussion.

¥-
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http://www.technologyreview.com/view/531911/isaac-asimov-asks-how-do-people-get-new-ideas/

Distributed management

* Funanily enough, 'm not the only one advocating for
management based ow the science of chaos theory:

o ”Leaolersmp and the New Sclewnce, DLsoo\/enwg oroler Lt a
Chaotic WorLol” by Margaret J Wheattg L¥os V¥ ad
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* Also: http:/7www. margaretwheatwg aom/artwLes/WheatLeg—
Chaos-and-Cowmplexity.pdf

* (bistinguish between order and control, recognizesself
organtzation and need for criticality, ete.)

® (think these management prineiples ave particularly
well adapted to scientific research.


http://www.margaretwheatley.com/articles/Wheatley-Chaos-and-Complexity.pdf
http://www.margaretwheatley.com/articles/Wheatley-Chaos-and-Complexity.pdf

