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iy, FIEFE Orsay ] Université de Paris-Sud (EEZ2rg K27 RTHAMH. &
FEAS LAY 7 — AN T3 PRL A8 S0, AFEL Y Georges Durand /)s
HJEHRA T — WA I TAE (A (Solitons in Liquid Crystals) ) o &
T 12 AWIB AR B S IN1E Bangalore 54T M5 9 Jm E PRl fh 21,
AU RIBOA R F AT IR N BCE S B B E TR . 205, FERAEAR
B b, JRIYT 1 EHE SCR T W DURRAG E IR T SN NI R 5, AR
A A B EIFANRGE G, MG IRA T —AR TR AR A T AR .



&

47

VOLUME 49, NUMBER 18

PHYSICAL REVIEW

LETTERS 1 NOVEMBER 1982

Lin et al.” in which the dark lines are interpreted
as solitons.

I am indebted to Yu Hao and Xu Laoli for de-
signing and constructing the mechanical device
used to push the exciter, Lin Lei for his interest
in this work and his assistance in improving the
English writing of this manuscript, Zhac Nanming
for discussion at an earlier time, Professor J, L.
Ericksen for telling me his recent view about
director waves in a personal communication at
my request, and finally, my teacher Professor
Meng Chaoying for his encouragement,

J, T.. Fergason and G, II. Brown, J. Am. Oil Chem.

Soe. 43, 120 (1968},

J. L. Ericksen, J. Acoust. Soc. Am. 44, 444 (1968),

*F. M. Leslie, in Advances in Liquid Crystals, edited
by G. 1. Brown (Academic, New York, 1979}, Vol. 4.

'7hu Guozhen, J. Qinghua Daxue Xuebao 21(4), 83
(1981). -

“Zhu Guozhen, in Proceedings of the Chinese Liquid
Crystal Conforence, Guilin, China, 20-25 October
1981 (to be published).

“Lin Lel and Shen Juelian, in Proceedings of the Chi-
nese Liguid Crystal Conference, Guilin, China, 20-25
Qctober 1951 {(to be published).

'Zhu Guozhen e al., to be published,

‘M. Born and E. Wolf, Principles of Optics (Perga-
mon, New York, 1975).

*1in Lel et af., following Letter | Phys. Rev. Lett.
49, 1335 (1982)].

Seliton Propagation in Liquid Crystals

Lin Lei® Shu Changging, and Shen Juelian

Institule of Physics, Chinese Academy of Sciences, Reijing, China

and

P. M. Lam

Tustitute of Theovelical Physics, Chinese Academy of Sciences, Beijing, China

and
Huang Yun
Depaviment of Physics, Beijing Univevsity, Beijing, China
(Received 5 May 1982}
Soliton propagation in nematic liquid crystals under shear is shown to be posaible and
studied theoretically. Calculations including those pertaining to the modulation of mono-

chromatic or white light passing through such a liguid-crystal cell are presented. Recent
experiments are interpreted accordingly and are In good agreement with the theory pre-

sented here.

PACS numbers; 61.30.-v, 03.40.KFf, 05,70.Ln, 47.1

Solitons are important and have been found in
various objects ranging from celestial bodies to
laboratory systems.''* However, unlike the first
observation of solitons in shallow water by Scott
Russell, many of the recent experimental evi-
dences of solitons in condensed matter are indi-
rect in nature. The experiments® on the ordered
fluid °He are no exception. In this regard, we
note that in another type of ordered fluid, viz.,
liquid erystal, because of the strong coupling of
the director with light, it may be possible o ob-
serve the motion of the molecules and the solitons
rather directly.

Discussions of solitons in liquid crystals® was

@ 1982 The American Physical Society

first given by Helfrich® and subsequently by

de Gennes," Brochard,® and Leger.” In their work
in nematics, the solilons (called “walls”) are
magnetically generated and are small in width
(e.g., afew microns). Experimentally, the ob-
servation” of these solitons is delicate and a po-
larizing microscope has to be used. Recently,
there has been more but still limited attention®
paid to the role of solitons in the physics of liquid
crystals.

In this Lelter, we first point out and discuss a
new case in liguid crystals, viz., nematics under
uniform shear, in which solitons can exist and
propagate. In contrast to the magnetic case®”’
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by numerically integrating the dynamical equa-
tions. They include the effects of boundaries,
which increases the difficulty and may explain
part of the complicated motion they report, Still,
the mechanism seems clear: The system evolves
toward a local minimum of f at =0 or 7; upon
reaching the local minimum, f changes, with the
local minimum now a local maximum. The ex-
ternal source of the heat current provides the en-
ergy dissipated by this process.

The preceding analysis, based on helical solu-
tions, cannot be quantitatively correct, for it is
likely that the unstable helices develop into more
complicated time-dependent states. Nevertheless,
we expect the qualitative behavior to confirm our
second basic result that an applied parallel mag-
netic field H>H, should induce a marked time-de-
pendent deformation, whose character depends on
the nature of the experiment: A persistent cur-
rent in a torus should lead to a stable wide-angle
helix with reversed but diminished supercurrent,
whereas heat flow should produce anharmonic but
periodic oscillations of the texture.
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Correlation functions and the Cotton-Mouton coefficient are caleulated for liguid crys-

tals beyond the mean-field approximation. My results in the context of a first-order

transition are compared with the recent experiments of Keyes and Shane for N-[p-
methoxybenzylidine l-p-butylaniline (MBBA) connecting with the possible trieritical nature

of the nematic-isotropic transition.

Recently, Keyes and Shane' measured the gap
exponent A for the nematic-isotropic (N-I) phase
transition in N-[ p-methoxybenzylidine]-p-but-
ylaniline (MBBA) in the isotropic phase. They
found A =1.26 +0.10 which is consistent with the
tricritical value A =1.25 but differs from the
mean-field prediction A=2, giving the impres-
sion that the N-I transition is actually tricritical
in nature. In this Letter, among other things,
we show that by going beyond the mean-field ap-
proximation the so-called gap exponent A is not
a constant but in general a function of tempera-
ture T. Depending on the temperature range un-
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der consideration, the effective exponent can de-
viate from the mean-field value and may be
equal to 1.59, for example. Therefore, the mea-
surement of A alone is insufficient in determin-
ing the critical or tricritical nature of the N-I
transition. In addition, the deviation of the in-
verse of the Cotton-Mouton coefficient from lin-
earity just above T, is explained.

It has been known for some time that the
de Gennes- Landau theory® is inapplicable near
T, in the isotropic phase. More recently, con-
trary to the current belief,” Lin and Cai* have
shown that, quantitatively speaking, the same
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HORRM A K F N, Rl 3 28] 7RTERE vk ok, Bz
BARMPNER KR L. oL, PEA TR L2 — A0, EREED
AR E ORI R, Bk 75 L7 — 25— 2 e
RAPKE R LD SRR, SEAE R AT E . XA R A RIS A
52, WUl RE— A [m] [ R 55 ) B 22 A R — AR R IR A2

B, MEESE )\ A E R B TT 01ORSE S I — TR L A AR T,
R AE P E B BRSNS I S 2 G, SR P AN 56 R IE AR R IR
W, R ENR A AR 2 bR, AT AT, IEEH S, MER
AN, 7 T A B RS L 4 A B AT ML 2 e S R RLT R EE D O T, 2
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— b, BN A KBRS Ui, Al A B AT AT R S 5
ESPNE- S TS (S A (LR PR ST ST o Setab/ s e el ET DA e
BB H B, (bR S, - EB SR A2 K
I 14 B SRR AT TR R AR

i, MUEflbdR R, bS5 aE AR KR, MR EELSE®
T MENZWAZRAMAA, MHSGEA R, HILN AR
HRAE, Zmak, SEAErt—1FHaAERIEN, B, v, EAR
HENAM KRB B AN S GEENYEM 2R FEE &, HMHY¥
o MifE, RHTFEARE T,

MEZFFE (2022.11.15)

1978 SEMIALRT, FeApilig, EMTREZ, & DIETTH P LB
RN, JTCMMAE, FELEE, 4. SRR EE, A
KEH; EJSBEMEHRARE, “PA” 5 “RR7 WEAREM. i,
PR EARNRG, HAAANE 2GR AZ AR W A
Wt A B UL EA G BOT AR — A (A A, HAb N SR
AP R BT T T8 36 Ju, WIERFTHEAE RZ) 60-100 0. FHERT
THAE 100 7o, (HIREES FANEFIUES GERD . Ekisk, m
—AMHKE 30 T GEEATEMSD) o BBl RS, REE A THR
=k

3 ARidE

JREK: ARRICHE [1979]. 51530 ERFZEBUHE I RS — R
CEMEFHIR) 197943 H 1-3 H, 6 H. 41%): (FEMEHFH
) .
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#HEEE | & miE - $R-HEKERK
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PUEEE « EHERISH B 2R
~EERTEEmR R .

SRR RAK

oE - RERERL REE « smEFE A
Y BT E < A EERRT | HERR
Wi - SENINBRHBENEIE - X0
BHEEEE -

| BLEER BT ET O - nr g
KRB & ~ @i ~ S8 | gt - &F
WY o MR E AR LR R e
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KB

~BHEHOUENEES » | RPEH
PHKK | REFHEYRE « HPEHER
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YERERERTEHE - EFRrEpE
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B - SREHEE R B EY  WERE | KETRIRRRIERE
KR - | RPN~ SHERENE B - SRIKEER ~ SR - it mE
ERGKHREEHEE - | RPN F - SREHRERIURR s R
- BEFERENTLRRBEHSERH RE - HE-2eH
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PETE YRR

R ENEEEEN - FRERHKE. AP R RGT
EBRES - SBRHEGEROLY | BOORENE - SR EY |8 ERETKENT ..

HETE UF I

B - RREFYEOH - B
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FlER AR AR, o
SRBREE | [NER - EiRg
Grplo< - SEEFAERRE - BNF
A< ERHE R EREHL - EE - R
EREMKeEHEH - KB ERER
DRERERCH -~ RSHN YT B
Sl ® g ~ Pt g bk
PR - RIEEHT SRR -
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| gl - EREA | BERAE
PREEN - JEARN - (UK ERER
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B FEAHREEELERT | #-
BRI ERIE R - R et s
B - K ~ BAH R HER- 2R -
B | ISR B | R -
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B+ - SURALH IR BERS - &
EHERELIRRMBIRE ~ BRI
YR - BYRTUHE - SRR TH
HEe- PR - SRS EREERRREEN
HREREE -

- | ANE - B HE Wali
Bl - R | Wle B RRERE
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WAL 1979 SERE AT (W “hEEHRGERSE R JiHEE R ) 491
Ja, o6 AEdbstgS, EFEER T COLk) BeRYr. ZikicE b
HE) AR BEERIER . MEE L RMRFHER " TIT 1979 £ 6
He THZ GO B,

MR BRSRBIIEER : AL RAAKIRTHE B
REEB S BRI

IR FERA . BUEIRT b [ B2 B BT TP Y B 2 XM 1
WERLHE KB R 238, DL (I R T — AR

SEZH, PEBHEEBY B ITIR )\ A% 52 RS FE VG ALK S T T
TAF, M@ LREA . HAT, Al ASRBHR, WigHAERE
RALHT . A AT HEIE B K B H], MR T TR ZHRIIARSA, I
JS23 R I R

VU SR¥E HERHY

PR R A, MG L SAMRICEEREDEE, HRE ARSI,
MRE E OB K LB E R+ T RR L P, AR b
Ve SAT LRI VY1 P Y S A TR R A

b — K N T MRRT NN B s, Ui A, Gk, Al EAEE
WA . fEECRE P M R BRI G, BT 1962 it
ANEBRE, BYH. Bef.

BRENL S, flgkim LR =T oe)s AHME LL I RS2 RiE, 1973 4, ffE4l2)
TG EEE R ARG 22 . 1975 SERAE, At o 3 W ) L ) A 60 7 7o 45
MBI T A

FIEEIE Z&IRHAUE

FESCIH i W A () L, AP [ R A R T B IR His s, MEIRIRS
B 2E— 8, AT E CEEITE. 1974 48, A5 RR—Heal E ki
Vi, BN BEBAT R, AT L KA E IR AL . 8K R
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M, AEARR RS, TR B rh O, SRS A TR N 5
JIMERE, XA AT AR I T 55V i ) T 3 !

M SR PR R, A R LS IR AR 55, (HAEZ A5, b
IR R R IR AE . 1977 4 9 H, fbhiviEERIbE, H—kmd
ERHEBL S R ZOR . e RUSEA s, SME, BEE AT, %
TR [ 25 A W R R A, N T AR R .

FEIR ERIAK

M, AARRKMIEETE, ET 19784F 1 7, SRR, #ER
AV AR, R E R B BT 7 i 2 .

YEBE A —T AR, WRAHE L N MERBIX DT
BT, (SR TT B SR AT TR %5 2% AR . RIS, WP FU e SR A [ 5
fiti b, FREFIFIPEISWE S HI TN, MG L AME SOy B ) B
RO, T HAER A E A BRI H, SRHER N4

ERE—F RBHE

—EER LT, WENIE L ERE R RERG . RO, X
AR 2, MARE A E, 7

AT, R ERRER S A AR R, A P AT R I AR, e
R BRI . AL, BRI B N ORMBEE, SEAEA R —
M. kBN, SRR R S R B AR . (B RME
Yo U RO AR IR AR A, A R B RAME R S A e,
RAFFAEIK LW, PR CdR, EFHERNTAA? 7T, 2
AT A AR S W 0 285 P2 25 00 455 PR S ] !

W —mRZsh, BENGEE L URRMEZERAE R %, MES - EiEaRE
SRABACTH ZAREE, TS T IR YT .

MEZEIE (2022.10.09)

L PR R . I [ A B 2 A R ] [ 2 i AR, AN AN, 2
F D5 [ N 0T B T B B AN, P AR AEBRATTE S I 4%, 1 B
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FAERERNER, EHM02 % — mthef. F b, RAEREERTT=1
Ho RGN, RN IF 55 71, TR 5 B
M2 ANV EE —AC, I EE R B AR IEN, HE S 2R
TR AP B

1977 9 9 HIIET, F PR O FAN W7 25 B P 1 v [l 05 D i (] ] FR G 5 R
AT BRI, BEHLZHRIXANEFBE AL, WA GBS ESh
[ PRH " BIEF0R FE R o AL BCA [ A [ RS2 e 42 Hh Bl O
[ [ 2R, T AR T, SRR RS AR R EE S (3K
REESINEA) , SEREOAF, AR MEIZEE AN TR
HIFATI; —UIEE X HE, RAER G B % .

xR

JE: BREE [1979]. WK BRSE AL 5T: R 1 R b A BHITIE
B COTEARY 1979 4F 6 H. &ils: (OTCR) .

A 25, (FRRTETF) , 60x80cm (2016 4)
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WORKING LIFE

By Lui Lam

1170

From physics to revolution and back

s a boy, I was not interested in science; I was interested in girls. Upon graduating from high school
in Hong Kong, I did not particularly want to work in science; I just wanted a job, because I rarely
left the dinner table with my stomach full. For graduate school, I went to Columbia University with
a scholarship. There, I was surrounded by Nobel laureates—Isidor Isaac Rabi, Polykarp Kusch,
Tsung-Dao Lee—and laureates-in-waiting: James Rainwater, Jack Steinberger, Leon Lederman.
The most important moment in my physics education was when I noticed Lee standing next
to me in the men’s room, peeing. Nobel laureates are ordinary people, I learned, just like you and me.

At Columbia, I was influenced by the
student antiwar movement and the
Cultural Revolution that was raging
in China. T and several others (in-
cluding Peter Kwong, now at Hunter
College, and Jean Quan, who would
become the mayor of Oakland, Cali-
fornia) started the Chinatown Food
Co-op; our aim was to “serve the
people” I wasn’t interested in solv-
ing small problems; I wanted to save
the world, to return to China and
join the revolution.

1 finally made it in 1978, at the
beginning of the country’s “reform
and opening up” movement. I was
assigned to do physics at the Chi-
nese Academy of Sciences’ Institute
of Physics. In China, the spring of
1978 is called “Science Spring” be-
cause for 10 years science had come
to a virtual halt. Basic science was
banned. My colleagues and I re-
sumed the work with great enthusiasm; if China was in ru-
ins, we figured, the best option was to fix it. I helped open
the door to the West, discovering bowlics—a type of liquid

d-onl

“I wanted to save the world,
to return to China and join
the revolution.”

learned properly by reading books
or papers; it should be learned by
working alongside masters. China
did have a few masters—those who
had been trained in the West before
1949—but they were all busy estab-
lishing institutes or working on the
atomic bomb.

Today, China is making progress
scientifically, but there is still some
distance to go. The Cultural Revolu-
tion sacrificed a whole generation of
scientists. Among all the problems
this created, it led to a scarcity of
experts who could act as academic
Jjudges. Qualitative assessment was

P Ppap:
poor substitute. The damage lingers.

Lately, and happily, China’s pri-
orities have shifted toward innova-
tion. Innovation is not easy, though,
in a culture that for 2000 years has
prided itself on taking the middle
course in everything, for the sake of harmony and stability.
It's the opposite of the Socratic method that’s at the heart
of Western science. Great scientists like Galileo show that

crystal—and publishing the first paper by mai y
authors ever to appear in Physical Review Letters.

We did not have journals—only copies of journals—and
there was just one Chinese-made copying machine in the in-
stitute, which broke down every half hour or so. Everything
was scarce, including tofu and writing paper, but we were
not troubled by the minimal calories available to fuel us. We
worked diligently, day and night, except on Sundays. Sun-
days were for washing clothes, by hand.

China started sending scientists to the West—many to
the United States—as visiting scholars and to international
conferences. Among China’s billion people were dozens of
notable physicists, but the number of excellent ones was
smaller; I was the only government-approved doctoral
mentor in liquid crystal physics. Physics research can’t be

can be made even in environments that em-
phasize orthodoxy—but then no one was counting Galileo’s
papers. China has very good scientists, but the country needs
to find its way of doing innovative science.

After 6 years, I left China and returned to the United
States—not for scientific or political reasons, or due to mate-
rial want, but for family. During a visit to the United States
with our daughter, my wife d that she ded to
stay. Forced to choose between the motherland and a daugh-
ter, I chose my daughter. I left China on good terms.

Lui Lam, professor at San Jose State University in Califor-
nia, now works on humanities and complex systems. For
more on life and careers, visit sciencecareers.org. Send your
story to SciCareerEditor@aaas.org.

5 JUNE 2015 » VOL 348 ISSUE 6239
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AN, BT RFEEABEOGER ;B AR . ARSI E, FRIF
AR AR R AR, R TAE, BOAIRARA I 1 5T
B BOFUER, REFREEE T EMEHIE R I, FRApHE I
IR # 3R 335 ——Tsidor Isaac Rabi. Polykarp Kusch. Tsung-Dao Lee (2=
B ——LL R AEAN 2 # . James Rainwater. Jack Steinberger. Leon
Lederman %5 . R EE i EE I Z], 2 3AE 55 H R = 22N
T eI 1 —— UK . FOCR K ERF LT EN, HERE—FF.

FEFHC LL L K5, 52 B 2% AR IRz 2l AR 9 Hh [ 9 SOA R i (R 52
PRFAR LA N (L35 B AT 7E Hunter College [ Peter Kwong F /& K & i
M Oakland 17 ) Jean Quan) 7p | “EIRGYGIEH” + ATWFERZ
CRANRIRS” o IS RN EAE DGR AR S, Bl 2 [ 2
JIIE N

WETAE 1978 5 1 A, BRI “ BRI 183 a6 Al s 8 [ 5E & 1.
FW o e 2 ERHE B BT T A £, 1978 SEIFERPIRN
“RHEEZARET S ON 10 FRBA TAR L, SRRl g dt . Jmk
I SATU R AR E T AR BATA, wlRep E AL T PRI .
BRIFRNEFM AR E E . WHBITIF DI TR, KT “BiRH
T —— R —— IR R R T H MUK EE A (B PR
) BRI,

FATA ESNT, RAYTPIEEA, e BT — G E i i 2 E
Bl BRI A R . — IR AR E, SR ENE T
4%, HEAVFEA AR REA LM JATH BB & TAE, B 12
Ko BT FUAMAH T

Hh L4 170 P 7 YRAE A R ——VF 2 N B SE [ —— AR D U7 17 238 B S [
Praxile R ERD AN D H, HILHAS R B ES, EOHEE
FREEE D BORME—— DRBUNHEAE RV B R . )R
WA fe i b B 5 A% BB SORIERG 2 >, e Nzl 5 KT —iE TR
2o E S — e RIT——REELE 1949 G 2 BT AE L T5 H al BE I AR
Yl ——AEL At AT AT 8 SE A 5 P AT 7 ST
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SR, HEERY: BB T, HILH B EE. SCHRE R T
R AURE R ARG R AT R, S B0 AR SR A 1
BRMwhe FARIEVEVE AL B E TR ——3X 2 — MR B A
XHEEAR bR AR FAE 2 A

B, A NEXE, PENESCEEREE. A, £ 2000 4K
—HULFEY RS —— R TR 5 RE, AUFIFAES . X
VT BHEERZ ) IR RLR TR A S BN X R I KR R R
WY, RIVSEAE 5 1 1E 48 F A 85 b B AT AU B2 SR, (H I S A KA
MR . PEA RIS RFESR, EERSERE A CRREERHTT
o

NS, BT (B 256 [ —— AR TR sEna R, AR
MR =, RN T K. A L)L S EE, BOZE T EAm
IIT S TR BOAEALE AT L)Lz [ e, SREFE T L. HAE
S E SR REFIIE LT BT

3 ME
Ji#: Lam, L. (#%%#) [2015]. From physics to revolution and back.
Science 348: 1170. AR S NFEH.
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2.1 it ABMI—I1]

HEHRERE

P,

NI SRt L (R 2R TR [ STk TE IR0 S — A 2 AR IR 2%
ARG, HENIZREMAEMRRYIR RGBT AR . Bril, Fi STE R =R
Mot N2 R B — A3 BUONRIRGE L, BHART TR R B )5
ARG, RWNBESAREEORUL, T R R At s T8N BN BE BN —
oy, AERL LI —BeBATBOGER (¥ 8] R I BLIORT L. D s R 2
—HiEENL (Stochastic) MILFE, EEHBIRVERLIRIEARSS G774 1. A
R IR G LG8, SN LI T AR — A1
T ARSI RN T T REAR T i, R R B A E P s i R A
NI e SR RAT R AL 1 W T R AT T R, R
7SI R R g R R R K P L BRI C X .
feja s BATEBALH EWEE SO KA — TR R

1 55

NP7 TS 2 i B R AL A e — . AR, AR, BE— R E
SCRBIPI S, VERRERE R, HRIRDS 28 H [Lam 2002; Krakauer
2007].
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FriBES, B0 K BRBTHI AR (A NEEARKIER) .
XEFT UK E AR RIS — DIV R R S8, AT L T S B A
KRR RGHREM RS Bl P sesi ey, Ay
Rl A s AT — R, BT SR R R AN BRI . S
Zo DIRIEAS SRR LG E 2 A AR . T s AR AT DLR R 1 5 v m DA
¢ [Lam 2002]. 53— J50H, D322 AR, mARE (Scimat) &X%F A
KT HBHEREA [3.5], ATLADT sh b dR & AR —17.

Ji SRR CR AR . AT EEELR), ML E R R T
PRSNGSR K A T SEARTT RN — 1R, Al it ik
R L HE R (f14% Robin Collingwood [#h# 2025: 73-75]) A AN
A EE —FE, T DR R T AT SIS — 28 [Breisach
1994; Stanford 1998: 228]. #ATM, 1L RASUIRBA BN —1TRF:, AL
NIX R R T S B 2 B R R RS (AT 1D .

Far b, MWEITRET 1918 4E4R Y “SCHmh &, Rpil 2 FERH 5 2R i
FECR, SCERAS @ RO — MR R I E AR W, VEE T 2002 4
PER 2 (R 78 D5 i de FH BN R D st vk, SR T — TR, g
“PsE¥pEEE”  (Histophysics [3.4]) [Lam 2002]; LA TR¥EAHIRATE 1
P EE R IR TAE

FATRE A5 DB 22 FRAE e NS D 5227 T P BEF R K Ry €0, JF VR4
WU E: (1) Rl Erik; (20 FRS5EET
Es ) B NERNB I RGRE; (4 ERERIIRK
e 25, (5) NLPIE.  (6) W& T —L8 )y R b iR B
M0 S22 5 B ARRE AR P “ DO

UeAh, BATVK B “YEMEATRE”  (Active walk [3.3]) RTLAF T @ r#i ittt
FOM, BESZ M ARG S, R R a A b s KR
JAR A [ AR S B 7S AN SR L

2 FiLEBISTA

PSRRI R B RG ARG, BAREDAN, AR
MRz “RiT” o MR TELLME QERET %N - T3
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e BT RN FRAMRET N ZER, INZEHRRFEHLE—DHAF
PR NI 75 25t (Heterogeneous system) o

P ik it R B2 R AR SRANRGEARKMIA FE, bk
D SR TR TR AN R G AL AR AR AL AR, AR 4 B AT BL R R K T
FRWETC . EFERBETINE? BATUAKNSHRBATILEL (B 1D -

7K A
E= ata A\ (Homo sapiens)
Be H0 ° (©.9)
BRF "= :z R ™ ki

moee (107 )

Qquuk *
- wk  (BH) 5F (DNA, ...)

@ ™
STRING E%

ERERTE IER6TERE (AAMKIE)
173]:4] BFRSE (ThEiEs) BRESE (AKARIAES)
il ~ 108 @k ~ 40-200 [EK
(BFHIF) (BERIF)

1K T 5 NHIX .

1 fEK, BARRKG T Pisse, SR AEYE.

2. KRBT AR A, AR R A
R, BN E T E AR AL, AR T S 4l
o SULAXRE, PSR AN EY A ST (IR Ol
HA) MR ERARA R, A E Rl (N2
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H102N 400 , MM b TR (W DNA ST , 1T H
JEFAg, RERIETFZMET, Rt TFAalET -, 5Kk9T
L —HFf .

3. ERXWANRGH, G EAERZER, BN EERZHNE& (nner
state) , XWREIMLIAT.

4. KRS R G IR T H S AR R AR . KT
PR — B A . AN NREA I SR, HAEREA
EARERA SRR, IERDY, P s sE S A AT A RE R AN LT AT
AR A

5. KOTFRSRA, 29 108 XK, RETHFERRT, AR
2194 40-200 EK, TIRCALE HURT .
3 Fhl
FATE T N 2 A FERIE 0 D0 S DA, RFEET LRI TR % &
1. NRRGRFHFRERNIRS

FMiBEE ARG EeHBEREARM RS, — K2 EHER®
(Reductionism) FiZE R AH; LIS TFER R BB, ANFIRN.
. NEE, WERRGEGBRIIAMNZSI NRRGH M,

2. FMPERRI TR SU ) LB HLE 2

I, fEERRGE NIRRT S TR KR, i, &
WLE H R Jystinm, o] DU S 800 AR AATTIEAEZ#T 1 iR 5 s
NRBEDR A s P N K mT DLEAT SEiE A F i AL 55 . B, BIAE
N FR 55 AR (AR A5 R AT 7T 7 S E R o 1E U3 44 0 Bk K 2R AR 2 5
JRih (Edward O. Wilson, 1919-2021) Frintf:  “ NREEM AW 72 H AT H
IRPLEE R BRI .

3. IRFRFREEHHEERR BRI LFER— TR ERNRE

P SEop ok o 25 BUBLAE B 52 B R N GR REA ZE 0 (K. L, 2R E,
D SL AR 52 AR B AR R SR R M SR 7 45 77 T 52 B R ST

Ho
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4. MR 5P R ERGERRBIET L FRR— TR IERR ¥

PIEE S Z RN TE WA B 2RI . e b, 100 FRTHEZE R DL K
B 7 Gt )5kt g 2 A e, T HAR R T ARSI RN . S AMY
PORBHF AR REESE, FIWIEL 7k L0 AR 0 A& 8 T B 150
W, FSLRM, ELXXFRITH, MEFXCEFREZRNINER, WK
B RIS . WIS RS P R R AR i T sk S R
ZE (Scientificity) .

4 FIREFHRRRITE

FEARFTARb Y, BREAIT AR LT LA P ER:
1 AR A0 Bt BOAT B R 4 AR
2. KB A R HE VS B0 s SR ke

3. WURFSLAB AR, BN HT RS (BUERD 5 WRA
7, M EFEPER 1,

4. HRERAEA FAT VRO RO T B R R DB
5. HIR, BheA s NBCHAR N 2R8I A IS RRORHE 5 H A

SR, AEPT SEELAA T 2002 SR I AT, RN SRk, BRI
PRIFARELLN . Lo, AR HUBT OB, WP BR 1, XAk
Moy M ET  BRERRIL, WP 3, ROy “EMEXLT . A
IR 2 I3 S EE AR FU R A AL (R SORRIE ), JFBk P IR 4 BTN
F55E, BIBIE 5. WREETFHORE, L¥e AR HIEE L ERR .

N A S 22 g g S v = AN B AR YR R T 5

1. e 72 FKBALE (Robin Collingwood, 1889-1943) 5&if, 4
3 52 2o A S, At N % AR AR T RIE S AN 24 i AR 4
FH B 2 (O ARAE PR, At L S U (92 R Y AS I B B . X — Tk
FEHLRZ R i “ 775085 ”  (Method acting) »

2. PIRFEEHE R HAEYEBORSCE RSN ER, WA CE
RARSFE. Ml COeRAENSESITENZE R RIREEMN,
A TE T s i A il 5 SEE I A IR B S SR . 72T s 240
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s, IR S AR AR R I B AN S R SA AR P SERE T
R EEAE.

3. ¥F (Hayden White, 1928-2018) Fl14# HLjA (Jacques Derrida, 1930-
2004) DL R HABAER 5N, TR S SO A SR
B e, T SR T AR R TR Ak Rk, BRI AS T R
SEAE G LARTII NI . 20 e 90 AR, X— M SHEMkE EM
A S Bt £ sk 2 U 51 i 1 Sl .

PEURSEL, AETR 30, BATR LR SR B — LW B R R ORI T ik
G AT B D S22 BT AL

5 WHAMNSEEATE

“HAELIRIANE”  (Self-organized criticality) 5 A& 754 H & 4tk b 5] i3t
1, A NFHX —T7 ok R NP s . ABATIN e, T e s E iR —
MDHE—1E, AW ESE “E. BT X A AR AN RS
VRIEREXAE, (HIFAR 75 B AR NAE#R A IZRER .

J7 52 72 EHAR AR A A SR PN R R A Rl — MR M AR (R BRR “ B AL
7D, AIRZHRTReEAIZE B P s S8 T T B R ok 2 A It Yy,
BT HRRE AT, BUE AR &N, D1 e E L 2 AR VD HE
—FE, H=AL, A, HE R R TR — R AR R . 3R
1E 1992 A2 IS AT E R A B 2 R AN — M, B DU IXFE—
AT PR . fEVEMEAT R, — /MR (TAER, Walker)
2 “HiZH”  (Landscape) ———/NAJ LLEAR (1) #5 (FX Fitness, LHE
FE) ——HI A oA, oA 1 b 3R Sk >k SOk f2 e b 1 T — 2 AT
[Lam 2002]. bban, S92 Rt — NS AT E#: AT E R 2 K
T Hbagh B TR B AR 22 RHE R R IR Z BLR [3.3].

fERE, WM TERATES RN EHERR, B RAKLLRIRAR
Mo 0 I e W IR RER . “ElE LT TR
L CHRESR BRI SRS, ISR A I R R BT R
W Z B — DA AT RS, 55— TR B MTAEE . BT
WK, AT N, IRFARAR AT AN H, MR TR, AT
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BRZGEERAT S, BRI BT, ST E RO E
CrERRZE e

6 IEHRBEE—ANRRONERR

FIVBR 2R 5ok U, D S R AR T8 N iR i, AR & it
— BTG R I R P )RS DLEOBT L. BTRA, P SRR TR R A
R MBS IR T

BATAEFTRLAWT T, B e AL TURL, MBS AN 2R AR R
RN SR, B R IO VE R e . £ S AR A T I ﬁ%
fBVEREARA R, HILED ., AP L K E B MK L E A2
FF1ES

FHE b, ARTER B A = AR IR
1. 22 (Empirical) o b, FHAESATFE: PV =nRT.

2. MEZJZIX (Phenomenological) o Lbin, HEHE JLAN & R 15 FR M iR
B, YR RA A K TR B ME R 7 2 ——Navier-Stokes /7
e, X — R N .

3. MFLEZER (Bottom up) o Lbin, 2 AATHEIEKE B FAHE,
HAEA T KMTHENUG, AATEE AT DL T SR BT 58 /K 4 1
BERAT I

FEMT SV, P B 22 5K fi 7 AN AL, — N2 T8 E A e L
B, m/ANTFESEEE 102 AN K B — NI T 54 TR
FHEAE I TEPE MR A, RIS AL TIE R0 H bR, 2 H S
Y A2 AT LAWK B T EARRLE L, P E AR DA LA 4
R

teAh, R B A

4. NTLJEX (Artificia) o tban, B “&tg <& B3HL” (Lattice gas
automata) J7VERAFFLAKE, XK AR AG, O A LAY

T WIX—IREW RIS R, 5 NG KAIER PR AT )
SRR
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SR, AE DRI S22 I A R B R =R IR AR SEI P s AR T
M E LMK WSR2 T I S AT RER SRR A g 5 5 K
S, ZR0 TP LRE TN S NI, Btp s
M. MEZ, AR ES BB 3 NEIR, PP IR N
(1. FATAP LA T A3 BT ST 28

1 AN ENIE 4 a0
2. JERd R E R I R B S BB B Bt mT ASEWE AT A4
7 FENERR=AT

WA Ui 7 SRR R AR AR - AR S S IS5 S, BT AT SR R A R — A
BEAL (Stochastic) T#%, 'ERRAELFEFRIFAS HIMRME. T HE
BEALEFE ) — M, BRATTZE =AM E S 1 1

1. 7EKPREFmE ERRENTE (B2 £) o BENLITE (Random walk) /&
B B TEARAT AE (Passive walk) ——ATEEAMEIRE ., 17 ER TR
AERARETI ), AHW] PLR AT R PO TEA (Morphology) J2 4t AR
1, PULEFEMAERE 2D, B—A0Em? RGN B4 SAMER R 5
BFIE] ¢ IR R W2 PBEESE K ) i e )@, HR3 7&K, FE,
SRR RS, PN R AR He, SRR AR EE A
RS E I —FAL:, REENEERFALENIMERZ D,

- BERETES

eIz —

K 2. PARRBENLAT E. B2 ACHAEF T ERIBENTE ——THRATE. R o 2. K&
e BRABORHE T ——E VAT E

2. fERBRVE b, =R A R AL B IOIAE (B 3D, BERARTTOTAG
T, RER) A A AL s IA A NI RLR SO 172, DA, AR
TR 88 —ANBK, BRI BRI A BETTI AR, (EZ BRVE 76 3T R 2k
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FEAEROMERZEMNEY 24 (Gaussian distribution) . #FNIREA
WRATEE . XADFTULBIMERM: RSt sr, BARAD DI EAS A 4
— SAEI TR, (B A R4S, A& DAAS e A AR el R
H o

3. EAIASEHBRRHE b, S B A (B 2 D, ARSI
T ERXDRGH, BB MERITES . BN TRREH S
SR —ANERIBE, IR MR D SE I BE LS AR, A AT RE T
1o NPT R EIEAL, R —ME AT R R . W R AT L i 5
T BRI BRI, BRI KIT NI ZERE — A i i -
IS =S, FRATT T T2 B TN A T A = A3 I A 3o A8 A AR BN
e, EIRATRES A KIS PSR BRI
K%, A ERBRYEREIRNE. i AAEDT e B fE B R AILR A i —
B, ERATRESCE D LKA KPS NG E, HAAR SR
Piseip iR . sz, HRRISEMER] REFE — € R L Lo Iy s 4y,
HEIANE A2 7 SRR T T

‘/ﬁ

1/2 . 1/2
[ ‘/.\‘ o
YN,
ARV

B 3. BREEAT SOAE BRI BRI —— W ARATAE . BRISEPRERETCIE TN, (HERYE
FE IR F s B AR =2 AT AT () o

hVE ;3
{

Hr 51 4n

v
L L

]

8 MSMEZEHRAANBIT

P st ge s SRATHOVE B AN R TR R TE 1 SR A B, B 1 e
RZ HE Ty B R AT AR R ST AN U . B 7B 4 2AE
B R LR, R TR AR 258 R A R
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L REMERGE 24 . JL AT, %E%# Lewis Richardson (1881-
1953) fEERIM R AL R S A6 T NBU T — N geit, RIVEMAOR L, KHEL
PR H EeEe D, ANIBE) % [Richardson 1941, 1950]. X445 S A]
DUt Ze (R4 y IEEE T B3 x 3R R (B 4 /) o &
NIERM 2, EARREGUHLERARYG, hE (8 4 4) A A w
AT XA LR (1) BRI S A48 R AR A
SRMER YL FELL I st A AS NAT N G, (B BT A RSB B4 8T A
BER LA RSN () ARTEMEREEREZERAGH
IS

1000 T T T T T T =
LS G - 3
0= b 4 100 = —
H S E
) & ~ .
10
= 10 = —-
g E =
e - =
== — —
=2
% I~ —
10 = 1= =
= E E
= - -
I ] I I I I 01k —
100100 104 105 106 107 08 = % 3
TETT MM I~
0.01 1 1 1 1 1
1 2 3 4 5 6

MAGNITUDE (m )~ LogE

B4 IR AGKI S IR B iR, BRSO AT B i
FOCTNBOMi . B MRS M

2. BRIETF R R E . A —DIFHE T B30 M Re g 5 A T
W2 FE R RA i BUC TG U IS B T 1443 &, BRI AT I 47
FFESN) (B S A [Arthur 19907, B DU AR 24 I AT 5 At [5) IR A7 E 1) o
EARER, BRI CART, I HE TR, Ak ER H B 5 R AT
FAEEN . IR B SCEYE, U s E 07 I sh e — AT 5%
P2, RIS IR 7o X RN AR MR T, XUT2RE
IR, (HARIE, HRMREAEEREmET S, L “QWERTY”
B AFAE [David 1986: 30-49].
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BT X e pr e st EIELA,  BATAT DU — AN BRI AT B AR AR
fifEBE [Lam 2005]. fEIX—AMd, Ri¥ (TEH) HIEM AN E FBEER,
AL ERR M=, AW “HHE” V. DR FigHEE—fE
B, MLEEE ViG=1,2) 8in— N EREa CGFED R BEa S M
BT EREL (Vi) = exp(B Vi), HA BN “UREE” I, WEFRITLTH K.
ZH B ARE T AR R B IL R0 A B A0S BRI Y R AL R
AR 258 =0, WA TEEEE”mETEMEER; B — < MHNT
B — R BRIE [RIRE 77

XBRENT A4, 508 x AXRMMABEEEATERE (& 5
A, HITRERIE p(x, ) FIZEB A x BIHME xo RE (x=Vi-V2) o XH
p(x, t) AORAELLE x I E] t FRBVKL T HUBER o xo > 0 o7l 1 Sk AR
s xo =0 R i 1A 2 BAGTEHAIE xo <0 Fom™ i 2 e kL3

B 6 gath TR N RO, BTHIAIGA R 2 x = xo I p(x,0) =
13 HER x EA pkx,0) = 0. BEIFGEAN, —ADARXIFR I8 H B FEAL
RPN . BEA N (AR, XA I LU AR, I x fihis ),
AN, AN R x =0, XA E X ARI . AR AR
R 1 AETT PR (R, AR dh 2 IEH IR . Y
L (KR, WA 7 74 SRR AN AT B o

/el

JLV

B s B A BRI DEEE I 67 AR Sh M Es Bt CET 1443 48D o BlA: — 4
PO ARV VEAT B . Ry (ATEH D k%A 7 B Bk A2 P oz B 1) B
2, IR mAL BRI V.
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D06 o

B 6. BREL p(x ,b) MEEAME. XHa=1, xo =2, B=0.1.

FATHIMERT R K 7 o SR 25 R

1.

2.

B =0, xo =0, IXPA AT LI T A7

B — oo i}, ¥ xo=0, WEEH LM R D R m
s 4 xo#0, M—JFaAFIUH M Mok A T

Xo =0, B # 0N, P AEAFSEILRBS T TOMA ™
R A TR AN AT TN -

xo #0, B # 0N, JHRATIRBI @A LR 2mSTZ, HA
—rem A EMRIE LR T . [, B R RRER AR
(8] T LAIK B e KA, 2 BRI UR 95 95 (07 df AN B i 0 LR Y
e

IR, IR 55 B AT AR B RN, ane T B a fE Lk,
kR, IR AR AR . WURA RSB, IRATAT DA A
RURFGIR FSL 7 58 5o

3. BEREAL R A sE . WA AT P se T DAE SR — IR, AR R AR
IAEER 2 EER? NESAAETHER B2 1989 4, FH4 AR
MBI AEZR Stephen J. Gould (1941-2002) Hili T (Wonderful Life) CHi
FWEA) —15 [Gould 1989], R FIFE NS Kl BF 4 L R I — ek,
MAH FRIE —2 “ER” WEME, (HEfHFEA4F TR, Nixs
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—H#E, Gould I\, EIRVEEAEDREA Lo E 2, 5k /R
(Charles Darwin, 1809-1882) [i&& AAFRAR, FFA—ERIEH Ka
AR K ARl WAy AR s AR — A, T RAMGKREE TS, g s A
ek —, ANFESTEHBR ARG ? B2 “Gould zin” . A%
Fat: Ao CHR, FEWHER, BIAMARES 5% —. Gould 1
“replaying life’s tape” FH1H, FRMZHIRHI UG & HBEE—K, L
WP HbER Eng? )

K= gk TIRZ 4w, (HIFRA NP R=RIE. Rl
&, A5 NIEIREA RIE ZAEE . ROV R E AT BB A 45 R
(B 7 75) Xx—4 et T AMMEREE. RATKI: HIRPEARX T2
AWM EZENSE, KT ERERNARKEHSEERM “TREE”
(Morphogram, A7) AR E. MRFFPISHEERSEB
“HUKIX 7 (Sensitive zone, FRAIAIHED W, IAMRMEREE ., 5 W
M, WARANLES T LLER, BRI LM RA— . 52, A
X “Gould 2 11)” &R EMPIEZEA—F. BATMEZR: B,

?2; " JOOC 25 75 w5 190 250 380 510
%gge, 10D DS S | 1
}ggz: 3OO | Q000D e
.goooenscr | | (D000 ee
BEO8eBea8d 5| || RS @}@ |

BRHBHEEHES L . ,

N

K7 SRR RARGH “BEERREERK” B4 (Intrinsic abnormal growth, &K
“Wl " ) [Lametal. 1995]. EIZn: MESPEIGTEATERMAE RN “TREE” o
AN SRR EE R L. AR RPTERRN 30 RERIE
H (B EBENERFIARD F3RER) 5 FIARFEEESRE /5. fER X T
CHURX” HW—— AR REE ESEH——4 R 2R mlm. B4 EY
Common teasel 4= 1 5 ZHH FI 5 —— “[RA” #—AS2H6i.



N 99

4. ER—AHER T ERK . Axtell Z45 40 7 3% F Arizona M & b #F Black
Mesa 1 [X Long House Valley ] — /M R A JE . ARADLEE 35 B AL P s
FEMYI & [Axtell et al. 2002]. fATFHFHARIBSSE . Ok 22 RIEE IR R 2
LR A T SO T X e e R . b, fEATJTHT 400 &
1400 5, FERIEEAPAmUE; BE R TIXHA g SEIEE T
JEAE ] A A (B ). IX TR 78 &k B J B RN St 35 vp 11 5 o &8 K R
B OXAERN— N AR E E IR TG, SRS IR AN SR HOGE AN
H—AREMEE R NEFER . BERRERR T 5 MEREE LT
SR R AR ) JE RIERL . XAMER AR 14 M EEIEEN S E, A
TRMATTHER R 8 MRS AR . BT B, Nz 12X
ALY RE A — B A —— R D I S —— T AR B 245 tH [RI R (1)
VNG .

B’ 8. £ Arizona MM —/ M Tk B 5 B % P BB S [Axtell et al. 2002].

5. eI ERBE. & REM S ER B HREMLES? ML
(Francis Fukuyama) Z#iA N2 E BN 50 4w BEE L —. i
1989 E R RBH N “Pis & 45?7 183 [Fukuyama 1989]. filigH, %
MNER T B 2 25 LiE 2R ANFR1HART (Recognition) , Ef)
PeEE, AR, RAEHHRFEMNHSTRANEN A RIEBRXHEE, T
DL, HREZ BB KInE, Frattam&asEm 3R ERES. W
A7 S E R AL T AR TT IR S, B AT A P SR 2 . T
A8 LU SCE IR IS A T AR IE S, T BRI 7 T A LR
IR ST AR

MBATHOR RORTE, A8 L BT U K P RS A TR, Bz — By “ Sk s
K7 HCRMFTR” o FEMRH (HOREHD M7 N WTRLEE
W, FEANESNEAw. SCRHES IR, DN, AT RELE S a2
ZHIHUR R T A, R, RIS AAAERNEIE T T R
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ter, BT SRANR B R AW C R T LUE B ANMEIR, XL
BT LAE I Ll AT A AR E

N T RRAR LB, FATAT ARIETEATEE CRLT) AR AR AR
(7 (B R S B R @SR (B 9) o EIRXATE R IR — A, X
PIAN DT T R . R MTIE B I SR ORI, IR AT
frizzh.  GXMIEsh— Mo F 5 e EER I E I 17, BARIF A —E o
A D EAE T, A ARERI SR, AT EE A 2 R
HRNT BB RERESRIAE o T, XA RS A ST
REFATE A "HER) . AT AR A5 2 8] e SR AR A Tl GRS
DG AL, BIEPT RIS A, L AR RO
ANETEOL SRR B O A . SRR BT P 2B R R
AEIHEL D

HSL R e B, EY R RO A CYRZ A Xm0 B AR A
), JFHWEMATEE M REN R LKA T K [Schweitzer &
Schimansky-Geier 19941, F_FiR 773068 TP SR idEAT 0 78, AR LU IX A ] @
THUR, AT SR AR A | BRI — BB . XA DE N —A
Bl % HE ST A BT R R

i AR, TEVEAT AR I AR NP LR L k. R, AT
WU AR A 52 2% R e HEAT AN 734 o

A 2T KT (BHEER)

FKAHE
ez

= Y NP H AT (R FK)

B 9. 0T Bif i AR HEAL RIS PEAT AR A S
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6. PEFGEMEMPERK. FEDE ENRAETER (AT 221 55] 1912
) HH 231 AEW, B NEWSIAIELR (A TR 1
SR 61 (MEFIEEN L4, “FIMEN 12,5 4. FHHRE T (LRI
side — T Z F N EHS, REAHRA A ARER, HEEQEITE Y
TR BWEH K (Histogram) , WA[PLEH T r KIS RN R (K
100, SRS R RN A — A (B D, T E R
PIGIE A E 4 RS R —Fh [Lam 2006]

2.5 ~

log T =

B 10, £ dr TR KANIARETTE . £ 08 r B HBUIR o DO -5 HoR Hi
H, HERION—FEL, W T R IR REON 1.3,

WA T o B NI S E A T 2. WNEREIRNEH, AT
Tp DU TR RES, B8R T — 5% (Rank) R, T3
)oK (2894) , R=1; LAFEHE. B 11454 o b RBLIIIZ
(PR “Zipf $5E” ) 3 L AP B ——NE LM (Bilinear
effect) [Lam 2006; Lam et al. 2010]. XA~ B W R — AN H a2 T
57 4, MWAEHITReAMm L 3.5 FEMHEEEBEL. #52, WwR—D G
it 3.5 48, W4, AT UL 3.5 4F; . WA A
kT 574, WA R 25.6 MK, f52, R
IR IS 25.6 4, W4, B AT LS 25.6 4F; WithRHE. FrbL, R
EeEIR G AAES:, & “EFH” 1. 57 FR—AKEEE: —4
BRI 57 4, MIKLE MR KoK —Lk,

BATHME, ZPIUREKRARL M EOIR . b, —MRUSLE
THE—FERAHER, MACREIELSHE. =8, KL RAER
FA. LI EAR AR BAEXMEL. £ =AEY, bTH



102 Hh 1 45

73+ BEITARCHRSE R, NSRRI L. ERANER, D&
W HAWEYE 13%, A REAREA

350 -
300 oy, v=-256¢+329
2 250 -
~ 200 -
= 150 -
100 -
50 -

0 ‘

0 5 10 15 20 25 30

y =-3.5x +94.2

11, 75 A o BESE S R LA 2L .

METATUE: REFEH G E — A, BAerHFda A EmA
ArRetE: (D WREMHEG/DNTEEET 290 £, A4 14y U IR 1E K
10k EZ E. (2 WRENHEmRT 2904, M4 EBIRTH 3294
Pt [Lam 2006]. X g2 “ 1SRN B — AR

9 PMARRK &HELE

MBS, —ADNEIRRGARRKA ST LI K, AW RIE R 5
P SSORILER o I 8] 21 K 20 A7 B SR R — M7 ik, C2 RS T T
T . 2003 5 (R DURGHT 23 IR0 3% T S I (R 3 514 2R 1 LA

5 AR — AN TN A e (R T R 1 R X e B AR S A AN 24 A 2 ) R B
T, PR X ST R S AT PR AR, R R e AR S 1
AR HERE 25, FET AR . FRATAAIX — e mTAT 1. i 25 — S g
NS, WA VEMHAT &R 5B T H i 0 B [Lam et al. 1992].

A, NATHIE T D0 L R 2R ABE LI, 3RO A A RE L
LR S, XAMEERAEAIERN. i, WUAMIFE S B
H AR EN B (4 A o B, R SR H R RV EN B RT LA EE I, At ET DL
L 1, JEPIRRE . Rk, XANTHEN S RS RRt oL
i
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10 ANTHsE

“NTAA” (Artificial life) fE—A*#F/ZH Christopher Langton T
1989 L) ZJ5, ANMIWHIR 7 A TH . NSRRI /e AN AT DL E i
), HAN LA 2T LR .

Bodn, #yg— XA/ T AR ik, e TSR R
MR SHEM TR, WM T L ERER S MR el ke ANER
HL7 T R BE I TR AR (K CNTDD P sk, B ARATTRE 45 A A B0 AT 4 T
SREE, ELARE T HEN BT 8 JE KA, ROZR I ZRECE I I S —
NFTTE . NI G2 i kAT B R N IR, RS F RS
W3 AAG BB, IF dr BV D SE NI

N ORISR T TSR R A (The Sims) &1 N L4 2,
FEXA RGP IRE B Sk b AR, R X SR Ay — S,
I AT AT RE AR T I 2

TN P S22 56 T AR BhBAT TR NS a5, IR N AR A 7T
AT AT T MR SR A ik — . IBIFFE N T 7 5245 210 A TR R 48
BRI RRAEFZ &N, i, WIS EFRER. BRI, /N
i FR R RS,

IR eSS

R LRMRERECT AR, ERYBEA 25108 E AR ZHL L%
FATE RS, tbtn, f£—4A %K (The New Nature of History) (JJ7 52 [{)Hr
AR KPR HERS [Marwick 2001: 2481 1, F1H T HEHRSE 5 S22 F Rl 2
7S RN AR X 1 =

L B RIRAAN . BRRFARO IR K BRI EE S, T
LORER R AR 2 WE BARAMWIX .

2. PIREEBCA AR ISR

3. LR R RERAIG A, HFAGRIEESORRE S K ILEH
4. Pt FEASEA TKIREST -

5. AEDI BT ST S8 R A AR T AN B8 T 2 R iR M RE
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6.

Hh 1 45

P S22 5 R ML S AR A T AT TR, AN AR AL 22 5
FER TR R AR,

ANSERIE, XN RERAR 1. T

1.

NRMANFM 2RV R RS, R KERK—2. AR
AR R G RA LIRS L IR 4 110 B
B

FLEL PR, BRSO T S A TS K S

FEAETA D1 L KA A MR .. A0 A=, B
SRIFA TN o AR I3 B AR A AT T84T 320 ey A5 F A2 TR A
AL, WRTTEATT 8 LUK 4, 10 Al 11 FrbsBAROASEE, Jhsh e
FEAFAERNT o

BT 8 B 6 DUt BRI, P sEmE LR A TN e T

3 S TR () 5% R ANAH HLAE FH 2 AT DR B 3R oR 1 . B IR RE— AN
¥, Axelrod Al Bennett [1993] TEABATTIET “HUZRER IR " HIEAE
W, TEAEHB U] RS O OB, 17 AN E S WA T BN
KEEAM . AT T H K 8454 ot it 25 1 7 e &R EUE TR
Fr, X7 e 3 A B SO B & e sl A TR
K. (UL [Galam 1998], b X TIX A 7T 1A vE, DL RAE#
e . D

J3 5222 5 A I e 8 SO 7 R RABAT IO SRR, V™ i,
VFAIE 4 ™18 . X2 A A - fE% 2540 (History and Theory )
(i 5#48) F1 (American Historical Review) (3% [E Jj7 2 1Fi)
RS (R, A AN B S5 Sk A R S AR T,
ME 158 B KR A O AR . MR A UL, X% T
D7 B RFEA e — P BE I [ Lam 2002]. SEFR L, whff—sedy
FRE T @By —, BOaH s
CEVIH AR . DT SRR, SRR R I DU =N .
(D 2SRRI 2 AT R STUE R B B, BT 2
AR, TS H— RSB H  (2) X Tk
Ut TEENIEE A, A RS R IEER L T AT S
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R ABE WA . Sk, %A 2D NBEEE T #
PR XEMHEMER. ) WNHREE, REHAMHLDE
et R EBCARFZR—NE 217, RO AR RN
ANARBIBEER S SEH YR 4E R4 75 [Stanford 1998: 228]. # 5
Z, BEEEENT Y SR RN AT, MG R
GhEs,

REERRFPAVOR B X T REEA R AR, RIS R T AL L R4
A G A o 3 AL ) 7 S22 SR RE Ak B I SRR A SR A

1 PSSR E R LR R TR, KRR RF S = A
B (4%, WY, BFmE, L1 6 2— #Fz, BiiE
MET 5 s NI VO BRI . R AR AR, T LA
g1k RILSE AT Wl 4,10 A 1L R, kR
B U FIN.

2. A EMIAER PR T A RMFAHE. i, 1912 LU+
(] 7 4R T 5 ) B R AR o R R I e, RIS AN FH S,
B mm B A F T ClE 10 FE 11 IRk . HE,
WREA R THERM Zipf MERER, ZAREH SR L X 4%
TE, MK IE R H AT R R RS0 AT AT A F B B Rk
a2, A SO 2B 2= 0 28— A Zipf #1 B 1E 2 George
Zipf (1902-1950) , M —AE S %K.

BRI — 2 NG IR FG, 78 D7 5200 HZE A A 15 SRR 1A IR
(RO, A RS 1A 17 S AR AT I G TR B, iR A2 4E AN 212 8 1 22 A
[AER 20051, JEigdnf, BUERFTA 000 2 RN H25 B AR T AT I 2 o
RN 7o XM SCE SR 22 A A RE ), B R AT R RIR DL
P ST B AR B, IFRIE TR —— P LB, X
AT R AR, R BE 8 A BLAE ) 2 2R AE B 5 BON S BRI D S22 K, [
o I — B AR P s R, T BORT 5t (HR AR
A RAL G B IRFHE TR S -
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12 %5

ATy, 3 5L T % G — A B AL ) 22 A & 4, mT LT
PIER R 7 VE R T I3 3 — S A . i DA S0 25 R 2 ARRLE I — 8
gy, BARIERAE T TAGET B

P S B TR T R AN B AT B B AR, R A I SR A I R
AN WE AT EERI S AR A, R IR A RN . R
52 ISR, AT OB AR R AT 4T

R iR S ik, AARIEITH ) HARIT . BRESse, MAREE, 21k
PR A, Bk, TREAREE. G ANEXH LS, Ty, HEER
Hprs CE) Ef, W RFERGE P Lo FOR AN AT . A
F AR VAR BRI, R .

PisRSAEREE T, ANRERIEN] WFEZORWITL, WL B ] A 2 1
S5 LRI T. PSR B B AV E RBE AL ASBEAE D BRI TT 4 1
AT TEE % R G ARG — Lo 2 30 A T H ] LR SRIF U P s . EORIAE
(K1 P 32 2 5 2 ) B M SR P R A TR, (B0 Se 22 R S R
VX — IR R FTAT I, B2 A A . B VFIRATT R % BER K 2 P S 2
R iee. HENES, EESUMAMEmE Y, bRk sk
FHRAERIRE N2

WETEHET 1918 (EHRM “SCHIBR S i, EAARRE TR B SR 2}
5 K NSO RO VE 2 S AR IESR . RATHR 5 shpan e I
KA

FErPE, R EATHOCHEEIR A K, ENHJIERPAR, RBAR,
WUEAH BARAIAT ROt RS EE L SORE S BB A WF TU 8 RTE A T 7T A
Ao RIS, LR A RIRE X (S A [ED ST AR R
W, A —NZIERERIEIESESE. S5, AR e BRI SR
SCRHEERMIT S IS FRIB RGN . IF4n T B 2SR

BITE 2, TSR, Pt i, AR,
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Scientific.

(@ [2012]. TS (GEMIPT A Y SEM. CGHTatR) 20124E 1 A 17 H.

ZPUE (4%) [2000]. (RIS ZRY | Ll LR ER B AREE.

WA [2010a]. ZR: ARHI—T]. (BH#H 2R « Z XSG b HERE
H R A

W& [2010b]. ZRMEIES AR AR, (ARSI ZARIH
Yy EPR: VU AR

AL [2025]. CSCHEENDY . A SR

Liu, Bing [2011]. Science and Art in China. Arts: A Science Matter, Burguete, M. &
Lam, L. (eds.). Singapore: World Scientific.

7 [ [2000]. 1844 485247 2 F-fm. b3k b g I g B EURS 1 41 7 B Kbk 24
HVER (). dbat: AR AR

Miller, A. I. [2001]. Einstein, Picasso: Space, Time and the Beauty That Causes
Havoc. New York: Basic Books.

Strosberg, E. [2001]. Art and Science. New York: Abbeville.

FE 411 [2006]. (SR HEDY AR A WALHHE AL
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3 M

Ji#%: Lam, L. [2024]. On art. Scimat Anthology, Lam, L. Singapore:
World Scientific. 43 5@t JESCHRAE(E# 2019 459 H 7 HAE
ERERBIZEAT I “ 2R ERIFEZ M7 wis EEYE, Fm b
51 A7 10.

%)

e ?
LSSNEX
<

>

>

i
)

Z ﬁ
T

, %.2

3

By

£

AN c:l

N IR
-~
oy

Jaolrs,
N
Y >
: .’.v)\ ‘
:J\ﬂ
')

BRLNL TS eSS
A eta T
N =

\:

m‘?&¥

%
‘f.
%~

WP BRHR, KW, A FEUERE CHDRRREBEY (20224F 12 A), B /MEEMER, B
Ho WA, #E53E 0L« e F4ERE QUERKIE) (202445 10 A) , B W
i, FRAMCREK. B ARER, ERA LR, TS IAR L, SEST tmn ﬁ"frﬁ"fu\ EF
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2.3 EHE: fF5 AT R

Br T IURBARKI (FEmEr. &4, K25, ERD 4b, FEIEH 1K
Je: (D EFURRPE: KM (2 LAk TARE: CPFRE
H. ) BEWIEENY: ZROINIE . (4 REIHHLLH L
T, (5) EonE MU R M RE: BIRBE . X RS R
Yo HEMER, HHTANBRZEYIN, TIEEPEAAT L, 1k
Wi | 12,57,

Ak, R EE G A S AT AR (2007 £E) X [2.4], HIER—T]
B2, TR B AR BHE [Lam 2008; #RZ 2025: 216; ME « fE/NK 2024:
1217,

REEHRRY], HEAEG SRS R, RN SO BRI IR SE . 3T
ok, I ESCI R N EGREDOE. U R AR IR,
HCRT BEOK B SCAC BT, T ) A S A B ) EE A A
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FENG, BATE Sl Z R — N A EACS AR B e Er . A5,
BAVRTIE AR B = ZARGIH 8, SR A A R 720775, JREH
B E SR EE FE Ay B SRR SO R N s IH S0k

2 EEEERAE
I A48 1 M AR B ) = AN e ()
2.1 HM

[ AR 7, X AME IR TR (206-220 BC) o B EEZ
FRE BB EAR LR, gk 3R RGN E, TS
Rk, SRR N “Hihm” .

2 AR BE T K SR /KEE BUSURH I I E TE 22 JA s AR5k BB, 1R
APLEAY). Ko, TE9% . MHMNERTUREEMNEHESEN. NEKR
Mo i AXTEAR . A A REUG . ¥, L W, SCEEREYN
INET [ EAAM 2018; kAL AR 2000].

(] i (1) — A B AE HIE ST A B RS A 2 L, XK RS
I, 5 R A AN e AT (618-907 45D [ L4k, FFAER
R (960-1279 ) FEHKE, REANDH IR (XLHBEH . — Bk
Ui, SCNEZ R EEAE ST, WAREZIE LK. EMA, PEREA
KGR A A e BRI R 38 B A5 B 1 AR IR K

SCNEEE SR, A8 R RAAE, R ) A B ANk 7
(B 175

HANEZEEFEI TN KE (1626-1705) . KE, FE4KSR
A, ANFRJUKRIDN . 3G 2T 79 % . KREZEHH (1368-1644 ) FFEH
MEEARFh. IR S, HHImAL, it Tkk, HENE, &
SRR T 1B 2

AREEKSE, REER. HOL e E S EONE, BRE KM,
EfR (B 1A o fBRLKER T, AT,
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B NNk

e | X
A AKIAE S,

B e SR (RRTT A S o

2.2 MR
A A DU B BIHTE S S A IR MROXBRATX AR .
1. 4%

FHEA (1864-1957) , ATiEH, KTRE, ZETHPE, 24 93 2,
il LR RO (25 A RE Y, EAR BREE [r) i M RRalR . 1919 4, 57 & [fhe f=
Jbmt, BN —4TlERK. MEKEEYS. dfm, K. A (B 2 £/
RN SO 4z ) 2 b S VAN TTPN 0] A 0 8

B 2. e Anep b Fr A PR . A AT AR R i
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2. thH

IRARE (1895-1953) , ATiEH, KTRE, fEHPEg, =4 58
%o 1917 4F, AEALRURZLE B A2 FI0; 1919-1921 4F, 24 BRI E
B 1921-1925 4F, 27 %, BEZAAM; 1926-1927 4F, HvivkE. b, &
KFlo 1949 )5, ATALE A R FER BB K

JUE A DR AFAMIE R T AN (1919-1925) , REUHHEZRELE
Wik, HEE G, SREETME SIS SR . (HARRH S 3 7K PG 77 4
Bk E T B g m i cE , ELmE Iz R SR, R A g 45
PRI B O HETR TR, DA ARSI AR (] 2 AR o Edfdok
Ui, PRSI T AT EAEE .

3. ARREK

MR (1900-1991) LeiRAEM /NS, ATiEH, KTRE, THF
H, (HANEAERKES, BT 91 ¥. 5406 HAE DL T HE (1919-
1921 ) A, MRIREBEED TR (1919-1925 ) . 1928 4, &
AR BT B 7SR 2B (A E AR TR, &5 A& i
BOUR AT E TR 2R B DSt b, B RE TR T AN o [ TR
K, Wi, R, Wi, TR R SR

MXERIE N PR EIRZEZ Y, & “PHEZREE” FEBESE. %
XA EEAARR (B 3) . KRl ES “AFMFZAREE” WHE
A,

4. BRI

XTI (1921-2013) , AEFRE, KEER, 7fFmtbii, 24 92 %,
19354, 14 % B ABUMN E LSRR ZERE, MR XER. 1948 5, HidE
WOLRT—4E, 27 ST EEE %, FREEEERE,

M 1954 g, R TCAR I E XM ZER (1839-1906) . YNz (1881-1973)
¥\ A (Paul Klee, 1879-1940) , MM —A4> 52 B [ tH L 4% [m] BEAL A
fE: &, ERAeRST, GEANER (K4 .

1958 )5, R AIIE S AN B AR, QI H IS 76 1047 7 1 .



K 4. AT A P IR 1 o A T ) — IR DRAFAE L & LU

R1 I DA R BT IEUR BEAT TR S R AT BLE AR A
i, SR EAA R, BOSEmESR L, R EAFN RN, SR
SARMRE/ /SRR — 2L i gr B S “C AR, SN
ICH-ESPAPNTIPNIbIaE Pk

AEEWRR T RIFRE S, AREEERE, HEMNSEREE LN, HX
BIHT A L M, kIR AR, BT =61 TR
2.3 B

KB IR UL BA AN RS IF BT O BRI 5, — AN 2 B I 2R,
A, BRI A
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R 1 ATARPY oz e [ K AR . AR AR ARG MR TE AR ) S, it e [ i A
MAEE, K EGHRIRAITE AN -

H [ B 2/ R TR R
FEA IS I 1]
falEs =T P/ [ 1
MR IRV /5 VU 1/ [ 1
AT /e P/ [ 1
1. &+

SREF (1919-2010) AEFRE, EHHHEES, 4 91 2. 1936 4, 17
GBI B AR B 25 5] P B AR 1946-1950 4F, 27
GLEERE Y. 1950 AR 1970 A, REOU T L/KME; 1964 4F, 7£
A R T ZEEREBATH: 1970-1973 48, SCHCRHFa A (1966-1976
) ERMILE PRI 581715 1979 45, ik N B SEAR K P 2% 45 1
Ho fbplE T MR EAR R (B S .

5. Sk P ) = R A

JEE (1969 4F4) , HATERITKALHX, H4EiE, 1997 4L
R, WIHAMFHER A TAE, s NEBEAHIE . WA AER.
X, DEILRT, WERT 0%, SR ZE K2R R AT, .

2000 SEACAH H I, FFEEMSCE R, 2002 F4JE HREE (EE
WY L EFEIEE (PUZERESL) . 2004 TR EZARAIE. 2006 AT
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XYZ mJEg (BT 798 AR, HETERA e e E R, HRITP AN ZEARSK
EER
Y00 27 AR o [ SN 2 A i, DAAN 5] (R 3 A A% G2 SO R4 61
H ORI g (B 6) , ik “ARIZAR, ZARRZEA O R &L
E%” o

3 HERAFHZIE

— AN RFA TS T B S0 R TR S AIRAE ., X AT REDE S 2 AN B B %
o MLZTF, —FMBiZRKME A FHEZARRED, A FHEHLATA
VG, AR AT AT [ AR AT DL 5 o8 i (HRGNMT G, drepsk, R
HEHGHRZZREGE (AT 2) , HPEHFEA B EARAF . A
fF4?

R AT A EE R A

L /BB AR R AR, UAHERKCANER (F/
K ORI (BB, RIS A AR L RXUIRAN R 7
hOCRED , BT (REAXRED SEdER=A0EHRE, 5+

I CL 2 KR 22 4 ) L 2k
2. KT MERMEGFEA P ESARBEMFAR T E T ZREIH T
AR

HARENNZI LSS 1 s EsN S, B 2 AR, FIREARNZ
HFREAR, TweEmMta. R - DERFKEUE THFRIER, HEA
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AN R EZR, 2RI L (Expressionism) MRAHEFR AN
EEZAR, REEEMEEEKRHEN, FH—HFiE 2 5 % vk E K 4 1FE
Mo (=7, HRZRFMHELOUE T BAHARERNZAR: 52,
AT S R BT EAR S IS E AR — . XA FESRE. D

7 A L R 5 — P R A . AR AEAR AT R BT o — S (i
X — ST RAE B RS “A0Er 7 R C B mE T PN X R
CHRF A EBARI, B AT A R QU B R 25 TAEAT T

1 AEZEOAREGEM R (BIRE CRD .

2. AEERRECEEZXROARTE AR, IRAT X H CRAE AT
ok, HIRBARER D Bik-Sratk (M) —#, Wil
&, BEARILTE

MR F2] ERVERSER A C. S, AEHOIREKZARIEM,
AR, W EET . CXRPIT ISR A K R .
AATIAN SR AT R 75 S B AR BR B AR AT B BLE s P02 iE W] —4. )

MR EF, fEA] iPad MR . (EIRICIERBGQUEI B2 /T, AETF
To BB ST ARSCAR RS, ARARE N ORI ARG AR 2
X2 RRAEAR T EARAE S

4 EERIFHIANSESR

BAERMEZARE (BEEAEFAD KB EEI R EE AT RN . Pk, 78
FRMNA A S S fe H AT & M SRR . TR T aE
FRL WMZREEL, R AR E R (M 2025]. (HA KK E B
AIWAZ ZARKIN, FATRAMA R B ZRBERMKEER RN EE 5
%o

HAl, ZARZEREERFZAREERNAN, MARZARE. AR E%L
AL (44D L RN (3 ) AME LA (34, REPKK, kR
WERK . Ltk n] ULEEE, (HOFAGEEIZ; Hvk#s: (TEmp B K
TE. &M ES) R —a o m AR,
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L RESFRERBMENA, @WBLLAH AL, A0 2 4. FHi
Rl w3 VA ESTR T i AR SN R A N il wp P T b
ey RERTA . A A AR PR B AR TR

2. WAk, XTRIZE LA B BUATEARETT, BT
AT 22 SO AR, B AR T PR IR A X R A L) CEARmE R
M), ik A AR, SWEE, JFERERSRZ (EZD . W
RETEAFRAA TV, IBMRILR, ZAREER A AR B AL R0R . X T
RS, # LI (B A SRR S R SRR 2R 1]

3. RS BOZBUI A (MAZERD SRR 2 2 5
BEmE A JFR: EE (B ZEAR) SRR RAE T8,
FEF I KGR Z NSCBH AT AL G B (S A 2.1 F/AKILAD .
R 2 e AL ZEAR K BRG]

4. Bl mueit. 07 EE, Jym ARG R E A TARE . e MAEE
Wi, AEAATTRT L LA A6 A i AN 2

R 2 PILILTS AR AL, AR AR B B2 IR R 2 1 Y
FNLERARAF . BT DAERRARK L5, XA fe S b IR A
JREZEFEER . XT2ZRAUERE, ASBIRE T EE,

miH Zmag 3
WA 1954 1950
TR S0 R A3 ERE . F
S/t (GERED SR (4 4E) [ Q) B (44F) /
R RERIE (HET) (1991). Brokeback CIBEARY (1979), (3

Mountain (W5 111, 2005) Life of | K¥) (1991), (K
Pi (CAEIRIATAIERA, 2012) WY (2021)
AR ik + N A+ %

5 i
1. [ i B3 A2 SO AR B3 ) B A T 4 o
2. SREAEAHE, i eHRE SRS .
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3. EHHEEHZEATE “Em” M QR XWANE—— IR IR
AT TR AR B -

4. “EE” REEYR (ZH BT L WEE RS
BN G S DR

5. T i 3T O HE AR T RERE R R A A 1 SR A STE SR AN A2

6.  FRUCBOL [ E A 2 AR A, RS, H R R R
R BT X (AN [ m i A ) .

7. U EEUE SO G SRR AR fE A AR TR

s
1L T SR G R B R

SR

Lam, L. [2008]. Science Matters: A unified perspective. Science Matters: Humanities
as Complex Systems, Burguete, M. & Lam, L. (eds.). Singapore: World Scientific.

M [2025]. (CCEEN) . Ak SCHA.

Mg TI/ZNK [2024]. CMRERE DR BOCRE, Blae, Ba) . Al ST

AR [2018]. (R EZE@ELY | AbnT: AENE - w - B =B,

BEKEE. HREZ () [2000]. (P EZam P st 58 SR 50 - Jbnt hEARK
R

e M

J#%: Lam, L. [2024]. Chinese painting: Innovation and educational
training. Scimat Anthology: Histophysics, Art, Philosophy, Science,
Lam, L. Singapore: World Scientific. 7% 3 AJH o H:#E A ).
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AERERRT
R
mRRA
AL MR

TEE: R EEE, £ CRBIEM) , 374x145 cm, 404K (2023 4F) . M @7k
EE T E E 4EiA (A « RS RIER BT « AN EAE, REEEEALTEN. £4:
(HEAZ=) , 90 x30 cm, AGTHIVHIE (2008/2022 4)
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2.4 BH¥: AR—1]

WHE+£4H (383-322 BC) ¥ (c476-c390 BC)

oA AR BT 2600 FERT M, H KR SR A IS L BT
7, BN HYEN - KEARE R, RTINS — 8
AR ER BN “U” — 8NS5 O RHARRA — 2. BriL,
LB R A A TR AR AR 2 AR —TTHR Z 28, BN
HRAGAE, L5 NG RNFEVEFER 21— 80 KRBT A
WY, RS AR =FZERR, gk “E¥” 2ARK—TT.
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1 5§

RS 2 ARG A AT A LR FRE, — AR
SR ELEM T A7, B EN LT RN RA B BB, IR AR
BHERAT AL BT AR N RRAT A AR 2 .

A W T R s AR, 5N
RS04, KRB B R —— AR —— AR ARHRME
T 2007 EFFRIM. BT, 27% 2 RRREN— 5, LR ARHI— 5

AR B TE AT SCRER ) — Rl , MARHOLA T 538 %6 X1
W AR 2 ) CHEREA R . &JE, fe R ZEIER
FE R FTLE .

2 P

B2 (Science) X KEARIIMT GAASIAEELR) , HIZTHKH
SRIAT R T . KRERBFEFEHP M —UIWR RS BHil, MFEEH0T#E
AARERE 138 AZERTHI K. 25, &7 0.00001 2, FiF54FH
W, EAVERESE 0.01-300 FPJ5 & MR Fi%. HF1EREIE 38 TFEEH
W [HELE 134 {LERHFEE . SREERRH R 47 {ZERTHI
). Bk B4 dr tREAE 37 {24ERT (& 1) [Turner 2009]. WEH), £
Bk T A A iy RGATE Ay R T AL

HhER b A IR — A R R k. (R FRATANTE, AR A R SR AL 1R
(1859 ) , N2 B AL Ar AL ORI . Bh4h, 600 Ji4EHT, MR
BE NG It FIMAE—FAN——AE 19 5 5 THERTHI
[Lam 2011: 6; P4 2025: 19].

IR, 5 ANH R 2R —85, FoANZ — M &R
4, MBS R AAEYMR RSN . #5522, “Everything in nature is part
of science” CKHEARFTH—VIH 2 # 1 —H4) [Lam 2008a].

A, SEE IO RARTR ARSI Z — o XPRIC HH RS
SRR RNER Y, AT R AN FIRER, IR IATR R0 IR B R
AIE ARG, WA, FATH L voa 90 7045 22 R R0 R Bt
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, BRI (Thales, 624-546 BC) & “WKi” W, I ARpET =
R, MBATERIERMIEN “FlEZR” [2.5].

The cosmic timeline continues with fairly well-established events leading to the present day.

Earliest Moments of the Big Bang —» Formation of Atoms -——»

. R o~a ‘* S
: - L

10**second 107s 10 s 107"%s 10°s 0.01-300 s 380,000 years
Cosmic inflation One potential Matter gains A second poten- Protons and Helium, lithium, Atoms form from
createsalarge,  type of dark the upper hand tial type of neutrons form and heavy hydro- nuclei and electrons,
smooth patch of  matter (axions) over antimatter dark matter fromquarks  gennucleiform  releasing the cosmic
space filled with  is synthesized (neutralinos) from protons microwave back-
lumpy quark soup is synthesized and neutrons ground radiation

Dark Ages — Modern Era

»

| R > :
2 . b -~
380,000-300 million yr 300 millionyr 1 billion yr 3 billion yr 9 billionyr 10 billionyr  13.7 billion yr
Gravity continues to First stars and Limitofcurrent  Clustersof galax- Solarsystem  Darkenergy  Today
amplify density differences galaxies form observations ies form; star forms takes hold
in the gas that fills space (highest-redshift formation peaks and expansion
objects) begins to
accelerate

JR T AE R BR Y AR R HoERAE AR 4 G
B 1. 5 & 5 [Turner 2009].
3 A#®

AR ERTT L R R 5 ATRMME NG RE. thin, 48i/%
=R S AR N, BELWRASENNE, SEANBSRI
FIFEI B . S5 ANE R R E T &SR . 5 AR
W AR IRAT— UL “ HARRLET o 5N R MR N SCE S SR
o SR, XFPULERAUERT. W B AT, ANRRHE AR
N MR ARG, XEFETE “HRRE” KRETHIR P2 —FEm. BT
PL, 5N R — V12 N Z 2 BB —3 5, By B AR Xt
ROUFEEYR ARG, R REEEH — Ak

Bl = HARLE = EEARGNEE + MR R G E )]
NKRGWRZEFAABE (Scimat) [#hFE 2008; Lam 2008a], &KX TEAH
MERMENERRGN . WERTHERU, AR = A% + el + &
o Bk, ERASCE—E a0 “E” — RERA AWM R4 —2F

=iy,
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KT IEANRGHIBFER R — RN TR “Bh” Bl RBRR T

RGN, EMFIG (1564-1642) FACLUKIRAE E KR, SHS5ERR
g; S RO N B 2% (B 2) .

kot s

AR «— ZE#7 (c 624-c 546 BC)

«— LH %74 (384-322BC)

BRI — B «— BRI

e a~
FIag (1610) —> 1723-1790 17431794
il (1687) — iz

<— Adam Smith (Economics, 1776; The Wealth of Nations)
«— Condorset (Progress of the Human Mind ,1795)
<«— Auguste Comte (Sociology, 1844)

<«— Charles Darwin (On the Origin of Species,1859)

2 th 4

1809-1882 1798-1857

D
(1905/1915)

VNE S Sz

AF} (2007)

B 2. HZEE 2600 FELISRRERT B, ARPEARIEAERGE AR, AT
REALRGMHAN; HM T E R ERBAFERZR AT AIEIRE . AT
FEEWMB RS, AHMEERAS [Lam 2011].

R, HIRARGHITNE TR RGHIAR—FE, BFFERRENFEE, BR
AEAERE R L T 3 10 = 20 S S U —— VRl . 2 TR RNE AT /& [Lam
1998, 2008a]. Ih4l, AEKRMALRGELMEER; VkE2, e
PRI T AN TTRER . A2 23 5l AR 2% [ T 6 S RS 1R
X, NTIEMERME R B 2 RS T g M f B R G0, XA M ) A i
TEAER, ARG R AN B H S 3R R AT DL B 3 X AN

o
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ANEH H B T RS AN —Y), FraEa et rs TR DU
by AFEEAS . R MERE. G, BERRGRFE. A
BN SCEA “C BARBIEE Y ARUMEGE R (B 3) o MARIKIM A, &
MIRLE AT 5T T NS85 [Lam 2008b] , @57 1 J5 SRMIBREEIX |50 £ 3%
A} [Lam 2002, 2008b] (WLYT 6 HocT-H E st f—AMol+) 5 dbah, 32
T A KT AR MR IE AT ——— A2 AR T B A b E Bk
2400 FEHIRMZ F——HIIE [Lam 2011; #Z 20117 B ARIHME dr 2
R FARS LG, ik OB s N SCEREGE AL [3.6].

“EARE

B 3. CHEFEE. ABHEASCHE “ARRIE7 (Fse RR SR SR S8t
ok, MHEMEATE [Lam 2005, 2006] 43 FE ARG I 7 & BB 2 L 45 ok

4 HE: ARHHOUA

PFHISESC Philosophy — i H A, SEREZHE, KTHEFEYN
BEL PLETLL, WHEIFRIIRHE R E T A FW, HFARRXTA
s b, SEFEFEMATEHLSELERN. MEPARS. 5, 4
LR TR 2 SRS B 2 R 25, B iR & 7 TR 7T LEBh 4
AR MM, LG an D% F B3R A 6y 1R 25 [Morris 2002: 126-138]. [0

VEN 2 RGUREAH AR 22 A R A IE R MR AR 2L, AT LALUREE (1724-
1804) A NG TR UL . 72 BEAE AU, k2 it 2 1 ) 5 PR 1)
Brge el fhEse (D WONRHEER LR TR, TWo(2) EEZEAHEE
M, WtETAmERE. EEES, AhEEOBSZREES . ) fb
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NTAE ) AMAEMEAREN, Sl (4 513 T EEEENEAE
& [MF51 2007: 6-9].

X B AES TR H AT A AL, BONIRATITERIIE (1) BHEEAMEZ
KT RGN, WEEMEERR. A, BRERAEE®R, (2)
TEAE] DL NS I 3Bk Rk [Harris 2010; Shermer 20157, H-4 0]
REAE K TR R A B [Pfaff 2015; Waal 20151, FrLL,  (3) EHOTRER KA
WE . BefE, (4 YWEBAMIA G — @ A — A B R g ?

FEAEIR L Fe T T I R 2R IR R 2 BT, BT E
Zun T EER, AT ¥ XPIARMEE (Robin Collingwood, 1889-
1943) FIZF & (Bertrand Russell, 1872-1970) #BXHHEAE 1945 S44F 7 4624
G VA, U2

BB LK, %0, BY4ERAEES SR anTFIALE,
AR LB otk e, BYERREE RN KN B
hee. A1, XNMEECEARAT T, AWAEE. ¥k, Ew#fEXR
Kim [2005: 151] 810, “SPRICIGM . B 23 (8] 45 1 JE 4k 7E R 2R ¢
R RTEATR NN, RITEMREIE T2 TR EEM— TR .
AR, NHIERNE [Kolak et al. 2006] 1R & REMSHE N Ak 2 (1) 8%t 5 B 4,
HRWWHE RGN IBERRER. #52, BEELEYHEME (Bl
AV ERE. 2R, BRATARE D, Do BABS I KR T/EH B
TG 8 IR IS BT XU 5 N R EY AR LAY
P, [RUE AT LT R R —— X R AR .

ST A R —FF, F220] LN =N R ks ikt wt7e, Ri
2530 (Empirical) « M4 (Phenomenological) F1M Fifii . (Bottom-up)
ZANEERE [Lam 2002, 201170 X =ANBER EOAAME M AR SRR A2t
B L ZAR AR TR AR B AR R A PR (B 2025 64]. KEIT I 2
RGRAETRE SRR, BB “FE” SIS

B TR 2240, B AERE RG] 7 RALEES (Experimental
Philosophy, K&l 4) . MAITEHAT REMLE, LU T AEAATX BA 7 )
o] R B . e PR TR S AR R 2 v )V 2 BB [Knobe &
Nichols 2008].
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WEHE Y (Neurophilosophy, K 4) ——fiZs A\ L% (Neurohumanities)
f—A7r3C [Lam 2011: 22] ——HHRMN N EZ X EHBER . B lEK 2
Mg OREE gAY U LN TE ﬁéﬁﬂn o) %EEX*EZ—E

(Connectionist model) Bt FR ALK [Churchland 1989]. IXALLF-&— AN IELE#
T HIIE .

- NEUROPHILOSOPHY | o v e
- e - Helge [alugUate

Experimental
Philosophy

bbpA Experimental ¥ Isirod
peurs] ©  Philosophy g

B4 2 F440 “E2e” (IUAH: 2z 5K 1, 2008 4E; A2, 20124E) Flff
G (F 2, 19894F; A 1, 20124) .

SR A AN e o I SO T (WS 5D SR S i K g
THEPA, X ARHER N &), BAIAFIEG R % TAF
FEAEMEGZ U AN o

5 XEXRE

SCREAZ AR R AN R — N E RS RV, X ANERELLE A CHR
AR S B CFELRTT 8 AL [Lam 2008a]) o fEHE, #ook:
(1868-1940, & 5) SIxfSe#EAZ @ AR M F AR [FM/INAL 2004; #R7E 2025: 617
HJg, F2Z (1929-2007, K 5) fIHA ANEARENEE [EFZ
2005].

et SCHAZ B B IMERE B A S B 2 — m R BHEERE R
Lo BAMIERMRRRANE, BEHRHERZNITTEBRAGA . SCHA R
A R B N IEAMGR, wg (1D WP AR B2 —
grs (20 ARRSFREA > Bk 1 51 5 SCHL A = A SRS B N ——TR Il

DAGEMEAT L (3) @ AR KT ——Bi A\ 8 SR
FZeE, IR
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6 PHFEEX

B&E X (Scientism) AR NAFEPIEL: (D BFEEHRR®:  (2) Bl
TR R %0 T A W T ek [25E 2 2005: 384]. 1X P F kRIS
ST RBFER [RE 2025: 196]. TER A RGRFER SO, AT S ey
EAERA MR 2 AT EA R B 1. B2 3 ST RE &k | AT R 3 R4
b 1 22 56 RN i

Bl s ook (5 - EHZ CB) .

G, FATHEM A EEHEEHREHG G A (K 6) o IEQiX
NI FTR, D1 SRR IE R AR TN R 46 ALk
o, XEERAGRRHI. A0 ANERTEAD TN, AHE (kN
Ho) AR E I E AR AE M o

FEANRL BATREU “ P FYEHZREN — 507 (BArEMR 245
HAE IR T 5 BRATE W TR A A B L R IT U S B L A
Ho WSE. W —— 2R H Ik, At SEoR2 [3E8H 2 2005:372]
—— Xt RSB I TR R e BAIFRA IR 4
SERTFUTNESAE TR RERIE T . FTEL, ABREARRFL T SO, AT
WA HAB AT, A TR S . B B A M E T
Wi e A PERHUE A 7T Z D E AT E SRR — M AL TT 56

SR, NEZAR ., — ANUFRIRE TS 7102 B8 [R] I AR e — M ) i) . ol
CHET REBATAT A B T R B — S TTE, IR R RE R R ATT
H LW FHLME— 5k MR 2025: 2057,
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B 6. HEMZERAFNES (221 BC-1949) #IfHEATHI4r A [Lam 2006]. #ACHE M
M B B R B A HES ——Zipf . EEN S R —1. XEMNERER
BHEEVE “RE LR ()—AMFlF [Lametal. 2010]. 4558 £, —ANuiaEE
3.5 4, BITLAFAE 3.5 4F, WRAEE T 57 4F, iR 25.6 FAWREKT. T
2, W HEd B A, PR AR U R TEN

7 ZEFREIER

TEFMER L —mble G RERRGIRE) MBEARE L. H
an, ATCLAEAATEE AU A B AR EE (Zeno) FIREMIHTIR. “ZiRTE
w7 PR RS BN, bR O — A ITEE) (HD
TREAN e 2 A B E R IR TR o

ZWERRA LR . B RRAS (ET « RTR) P52 hi i
K. (RTR)H, EFHE: “—RZHE, HREE, G
o 7 U R F R AN AR A B O R AR, AR R — A
B MR RN BB, ZWRR - DNANEEN A S35 B A,
ot s B B, AR TR R o, kS, P BAK
ERAT B A (BT o Bbhh, SR IERAE 2 Z B, R A
RN RNERFS, IFH A SE B MR EZESAE, Z W eiET A
R
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A | | B t=t1+t2+t3+...
| | I
t t t t =Ly, =ULN, . (V=)
L | t=n /24 1a4 18+ 116+, = Lv

K 7. 2. Baocmie, M AR BATERERE &M RE, R LT
AERERM T ZWIIEARRE T, A — b o R B A T2 AL A0
R (t=e0) o BAh, ZU0E R RLT AT A J AR SE b e AT
NS AR B /IR R AT PRI o

TP — i, BAMRE A f2) B iR N L, XA AR B R 2
WH v, WA RE B AR to B4,

t=ti+t2+t3+ .. (2)

XH ¢ SR PEHAT 2 EE S T TR B A, ty A2 PR T R B — 2R
|, 5 (ED .

KHEL, ti=1/2)LIv, ty=(1/4)L/v, 5%, 5 (2) &N
t=(L/V)(1/2+1/4+1/8+1/16 +...)=L/v (3)

BB HEAREY Ly, —PNAERBET, BRETE (2) M
(3) B EA TRA T 1) f 5 25 A2 A TR X R 3 ) B R
N ELH e A TR 8 DR ILE A D o 2 R R A AT AR 55 H
(R AN A TEPRR B4 24

8 4

PR AR SRR BRI 55 #0817 i KB, TR BAREHREA
FKAMAENKMF RS, ENIHERET N R FrEL, P IR RR
AR RTEREZ A, BRI AT IEM TR ATREA ;s tean, S0 A
R EAIAAT B ORI S, RSN RS AL S, T AR AR L
HRIE I EAL SRS 21K, T IR EE ST DU G — LA 5 42
EATRPHE R L R AN ] AR B, A2 T8I ¥ 22 AT LU AR 22 2] (3
Jie



M 165

M LA 2 ER]IL - S5 AR Z A LA MRSl KAR—UIEYH
RERHEER—E . AR, HAR TR, IR R AT ST
B, BRARGMEAER R G K, FATA FIE AT 5 AN KK R
BEATRLEEMIOE T . ANRHEE T B 2 i@ L g, S N R PTT
Y CEAEEE) , AFARFAN— 3 RACHE.

— 8 AT REBOIE R B, B AT RE 6 UIE W] — L 1 TR O] ) 2R 74 2 AN AFAE
(1o b, RE R M Tk B el BE 6 MR A 4 R BH A R AR THT oK
JEM U V& T 2, B2 I B B K B MR AT P FEa 25 9 K B Ao i 5 27
REAFAERT . TATFRATE ZR D AR H il 5 Hik. 3R “Hig” N
ABETS, RS

*

LAE#ET 2011 4 5 H 27 BHETEANRKZZRTH “ BARRHEE SRR RS
ot e” b, A 8 RBEE - AR B . ASUIRIRE WA S
2. K%y 2600 4EHT, PR hAEACIGERME—SFR. H%E 14 Hadnh H
(S RTARETD « BRYEY CETIEALRG) M. 78
18 thad,  “¥aE ks B ik — B A SCEMAL R .
7 (W55 L RGP, WA SIRBINIT S, RALEF
M—T15%E: BRAT “TEmE%” MR8, &EFETS0—» Ny, W5
Z, T > YET > “PPEE” [Lam 2014; #REE 2025: 88].

3. BT VTGS R T AR, R ERE BATL SN R T KR T4 .
FEPER I, RS OOF AR, st b, X TARMTERRR U, SRAEEAA
[FIFIRT TR (L 4) .

4. Gyl 1844 AL ANMEHEM HARI B AA R, BN — AR TR
% (B 2000] . (B [XIKHE 20031, ) AR E R ARTR IR EE,
HINRN IR BRI —3 0, B NREE R R —3 s, miE
ZEaRB R R —E [ (D 1.

5. ARSNGB A RUR TR 1 RERBR LIRS, FR IRk TR
ANRGIFHEE T

6. XTHE&ZRY, W [Lam 1998; /7 2025: 26]; H AR08, W X130
¥ 2008].
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7. KRNI ARG, AW S5 AR

8. AFRIHEI KRG : (1) B T —AXFEE R WA CEPIRT 2007
2009 fEZAT; HBE=IRAE 2011 4F 11 A 21-23 H P& F B A%47, @HE
CRTREAAR: T DI Ha 547 ) o () HFTm i AR H
F i AR AN [Burguete & Lam 2008, 2011, 2014]. (3) &5z 1 Hbr ARl &
122 [3.5]. NFBHMHE: www.sjsu.edu/people/lui.lam/scimat.

9. XM THIZEF KUL, (1) “FE” ANDOR LUEFIYES A Fernando Savater 5
f*) (The Questions of Life) (A=drfinl @, 2002 %) . ¥ Carolina Ospina
Arrowsmith 75 Ut 5 {5 1 RS T ZE 28 T B TR DAk E BT 2 SR AR T A
BAH, (2) % —A&4 (The Philosophy Book) (245, 2011 4F) M
F N ZE ) 3 A0 2 7 T 46 4% ) R HE 21 9F A 48 A [Buckingham et al.
20117, (3) % FMP LD E 20 NURSCEEIFRAE (1950 ) , K
(The History of Western Philosophy)  (FE 75 58) ST EHK N AMELR 5
FHIE W T H A EAURNE [Russell (1945) 1972].  (4) BEPTE2EAR IR -5
W3 plato.standford.edu (Stanford Encyclopedia of Philosophy, HfiHAE 2% 5
Bt o (5) MG E A AR K OTE W TT AR — R, A
F1H8 W, [Lam 2024; # 7 2025: 114].

10. AHRUME SR T8 2 “BH5” MRt ime, <A G (EA
H ISR AR [MhFE 2010, 2025: 261] [6.3].

11, WERAEREE AR RTEER R, AR REMREELME L. A
Al DL B ARG 5 H 3 SRS AR i R . AR TR T A B W AR T
[FhZ: 2025: 549].

12, JJ7 505 50 2 R AR s ) PP R < AR B
WRHIEHT 2k SECE k2 N, AR e KM ik A
WRER), B—ATAE PR R A A T AR S B AT A R A, A
H S LR T TR RIS T 2 2 (R IX 43, R b o A AR Ak &R
Z IS, HEONA e UM RS . 7 [Collingwood 2008: 25] & T4
EFMPTEFBER, MUl B (1724-1804) # N NP K
BAERN .. BARZXAMETE, ERAA MM B RKEE g & REN. 7
[Russell (1945)1972: 704] 5 2, BRI N BB T E 22105 /B KA S5
I, DR R A T [ EE 2025: 1117 .

13. ook 39 DI AMEE 4 4, 45 DITEHAER 3 FEIF0L T E TA A
21, 1916-1927 SFATIL R R K, FFdLK, F “%R” 5 “Hl” 2K


http://www.sjsu.edu/people/lui.lam/scimat

M 167

19184F, fhfgth: “ RFONARERE 7 R Z WK, ARTRNTRRE BT, IR
AR FNRZ . 2 E DA 2008, U FRE KN
¥o 7 (http://baike.baidu.com/view/2008. htm?fr=ala0 1 1#3, 2010 4 8 H 28
H) o 19284F, THUOMNAGISZENLZARE (RVEFEZERZERD - THEEGNLH
RAFTE R EREBERT S ¢ 1928-1940 AT S FiBipi e, 1937 4EM
LERER, 1940 FERBAER.  (http:/zh.wikipedia.org/zh-cn/Z 68, 20104
8H28H. )

14, 1 FARR R T AU, XA LR REEPRHAT I, L [3EH 2 2005:
138-140].

15. = ANFIHAREIES . B x=12+1/4+1/8+1/16+.., Mx=%+%(1/2
F1A+1/8+.)=Y%+Yx. FIlLx(1-%)=%, 5 x=1. QED GEY) .
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FAURMER ELL, 69 A TMME, BRI, LT 6 FHEAEW, 7%
R CREBAET) 48 BRIHAR, T 1611 Xk, 25 75, FELSL, g
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), BITEM . HETEFFRAR BRI R R AR BEC AL 20 A& (B
8) , HMERAGIRBIE M IOCRRE B K CRERH) BB SRR,

W B i8]
IR
FiiZ
o B Lk [
AR
1400 1500 1600 1760 1800
HF L
ik 7 HE
Pt HE
XERX Al 4

6. ARIIALL LA SCHIHEN .

A A A O R R
| | | l| | | | AR
I I I I I I I I I I I I | srem
Do Re Mi  Fa sol La Xi Do  HWF (Hz)
| | | [ | | [
250T 300 350 400 450 500 T 550
f 2f

\ ]
N

K7, 2. —ANERAN—MIE. do. re. mi. fa. sol. la. xi. do )&
FINAE NS, BONE, FhaEmA 5 AR, FbETR 13 ME/FRLE
12 ANEBE . & LR A B30T At i e AR AT P & R IR (1 L 3R 5 F [/ — A e (w)
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T. Devreese & G. Vanden Berghe
‘Magic is No Magic’
The Wonderful World of

Simon Stevin
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BRI R BRI LR Y R RE.  CREETIRDY B &b et
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FIE SR .

SEFEIL (Simon Stevin, 1548-1620) LLAREIED 12 %, AIHERL - ZF4M0
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TR IR, EWHE. Bt TR, SRERS M TE
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FEMIAT 22 S FA, EA BTSRRI B RE A& (E8) .
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RIS LH R HEILR 7. SRR 2 H] B 204 o & 7 ) 2
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HELFHELNF S (HETLEAID Bruges AN 3, LUMBRIA 7 4 7 1%
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HBL

5 Ejuk:: BIREE

VHEESEIT 19 LR E . 1810 GBS (1948 4
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ZmEHE A FIRARRVE NG B B CHFEZORET —— 1R E
( Liberal Education) ; “myfBi=X " &, &K (1909-1933)
Lawrence Lowell (1856-1943) T 1914 HELEARBHEFIEFFINT “UME” M
“YRIET R, M4MERK (1933-1953) FlE§4%E (James Conant, 1893-
1978) ZT1E 1946 FETF EIEIREE AL

H5HBEAEEEE GE AR« REXCRHE R, @REERMEE .
SCHFE . RENERAE KN H KR FRARER M RR: (1) LK
RIBERER . (20 BREERAS. (3) SREAZ BN NS5
SMEM . (4 P SRR AL PHEDHER I AR, IF R R
SIS, O N EEREHIDNNA. AR S SRS A R,

e E, ZouEE (1868-1940, A FHEK 8 AT, % TRE, fmdsE
fir CYLMERHMAK, NAPTHKE , YUREYEHELK: h5F
FRFIILL R LR 9. ZEIERE T 1916 4524 B AL ReA K Ak i 7 7[5 7Y 2%
4RO, MO SCEAT 4y, REASCHR AR, BEAFSC. 1918 4 10 H
30 H, ukmE T LS KSR, RFEARHN, v SCH gy fh
MR IR, ARSI BRI B (n > shagdE, oI
JRs A, WAEYEZ IO o R, RNERIES] OB SR
e, SOz 2R o 7 —— XU SRR IR AT . BT, s
HEREE, ZuELREfes 28 5!
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REIHT (624-546 BC) KW, H2HAEMRACHER. LR, A%

FR R (B 100 o s TR M LA A SRS A 1S
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AP
~

%
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Science) B M, [EFEANTTES . 2 5 RSN (48 geiE 7 )
(Oxford English Dictionary, %D , 7T,

Thales of Miletus -[The Father of Science|

Home > Greek Culture > Ancient Greek History > Thales of Miletus — The Father of Science

Written by Greek Boston in Ancient Greek History

Although Thales of Miletus was actually an Ancient Greek
philosopher, he is also considered to be the Father of Science.
Classified as a pre-Socratic philosopher, his work was considered
to be influential not only to his contemporaries, but also to those
who came after him. In fact, many believe that it was because of
his school of thought that the discipline of science emerged.
Here's more information about who he was and also about his
works:

1. RBEH—R 2L

(IR ) W6 E 18844, HAURMEMN NHIEF A 204, 4%
WA, 50 Z2HAF%, 350 FiskGln), R 1000 SFREE s (B 12
) o BB ITES AR, WONTE; JNiEREBNELTFEAEZ
MERE, B—EBREL - =AERgs, FRCLAZ &0 E I g s f)
B, BT Az ST U R DA A R

| B L H fir
The Oxford = = - i
English

(A mmane s o E
LU

Dictionary RAYMOND WILLIAMS

e

Ly
nooymciNTy xEs

Bl 12, 5858 CE RN =AY, 4. #ES (Friedrich von Hayek, 1899-1992) ]
(BRI R Y (JESCHINR 1952 45) PifARSTm; BpE 1 Wl 2 FTFR
51867 A€ L K H AR IR



184

Hh s 45

PA Science —F MM, T UL 10 &R, R TTRE
A ILNMEIA], BIRBETTIE 17 2% (K 100 o BAHAE 1 2461w
ITIFRREMRL S E L, TREWAA A RME], A—R—RA CEIFEMOLE
b el A 8 R KB 5D R

43 a, b

» &

R10. (EEFIETI) T Science —F 1 10 55 MFFE. Sc 5 5d fRHRHEA AR
FRCRINAL A E S, BEERE T UL .
X . 1|4 %
W | Hsbi iRls
la The state or fact of knowing; knowledge or cognizance of | 16
something; knowledge as a personal attribute. Now (c1350-2010)
archaic and rare. .
In later use chiefly Scholastic Theology with reference to ¢ =circa = R4y
knowledge as an attribute of God, and occasionally Philosophy
in the sense ‘knowledge, as opposed to belief or opinion’.
1b Theoretical or intellectual understanding, as distinct from 5
moral conviction. Paired or contrasted with conscience. (1574-1700)
Obsolete.
2 Knowledge or understanding acquired by study; 13
acquaintance with or mastery of any branch of learning. (al387-1829)
Also in plural: (a person's) various kinds of knowledge. e
Obsolete. a=ante = Z gl
3a A particular area of knowledge or study; a recognized 17
branch of learning; spec. (in the Middle Ages) each of the (al1387-2002)
seven subjects forming the #rivium (grammar, logic, and
rhetoric) and quadrivium (arithmetic, geometry, music,
and astronomy). Cf. art n. 9a(a). Now archaic.
In later use merging with sense 4b.
3b In extended use, denoting a game, sport, or other activity 8
conceived as being similarly organized. Frequently (1474-1904)
somewhat humorous. Now rare except in noble science 7.
N.E.D. (1910) notes the science as a contemporary slang term
for boxing or fencing; cf. sense 8 and noble science n. 2.
4a Paired or contrasted with art (see art n. /3a). A discipline, 12
field of study, or activity concerned with theory rather than | (a1387-2004)
method, or requiring the knowledge and systematic
application of principles, rather than relying on traditional
rules, acquired skill, or intuition.
See note in etymology, and cf. etymological note at art n./
In quots. a1387 and ¢1475 in uninflected plural form.
In later use coloured by sense 4b.
4b A branch of study that deals with a connected body of 13
demonstrated truths or with observed facts systematically (1600-2010)
classified and more or less comprehended by general laws,
and incorporating trustworthy methods (now esp. those
involving the scientific method and which incorporate
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falsifiable hypotheses) for the discovery of new truth in its
own domain.
For more established compounds, as bio-, computer, geo-, life,
natural, neuro-, physical science, see the first element.

4c With of. Denoting the application of scientific methods in 7
a field of study, activity, etc., previously considered open (1777-2006)
only to theories based on subjective, historical, or
undemonstrable abstract criteria.
5a The kind of organized knowledge or intellectual activity of | 13
which the various branches of learning are examples. In (al387-2004)
carly use, with reference to sense 3a: what is taught in
universities or may be learned by study. In later use:
scientific disciplines considered collectively, as
distinguished from other departments of learning;
scientific doctrine or investigation; the collective
understanding of scientists. Also with modifying word.
In the 17th and 18th centuries commonly expressed by
philosophy; cf. philosophy n. 5a.
5b spec. The intellectual and practical activity encompassing 14
those branches of study that relate to the phenomena of the | (1779-2010)
physical universe and their laws, sometimes with implied
exclusion of pure mathematics. Also: this as a subject of
study or examination. Cf. natural science n.
The most usual sense since the mid 19th cent. when used
without any qualification.
Often contrasted with religion when regarded as constituting
an influence on a person's world view or belief system; cf.
quot. 1967. Cf. also scientism 7. 2.
5c With the. The scientific prineiples or processes which 6
govern or underpin a (specified) phenomenon, technology, | (1840-2009)
etc. Also: the scientific research into these principles or
processes. Usually with of or behind.
5d Scientific results obtained from observations, experiments, | 4
etc.; scientific data. Frequently with the. (1979-2007)
6 As a personification (in various senses). 7 (c1475-
1999)
7 A craft, trade, or occupation requiring trained skill; a 7 (c1485-
skilled profession. Obsolete. 1660)
8 Esp. with reference to boxing: skilful technique, trained 5 (1785-
skill. Cf. noble science n. 2, scienced adj. 2. Now archaic 1921)
and rare.
9 Oxford University slang. That part of the course of study 4
in Literae Humaniores (literac Humaniores #.) which (1831-1905)
includes ancient and modern philosophy. Now historical
and rare.
10 Chiefly U.S. Usually with capital initial. In the context of 6

Christian Science or the language of Christian Scientists: =
Christian Science 7.

(1875-1996)
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FiBMZ, ARA—MA—HEFCHIFIRK Raymond Williams——H
BT, fhfE 1976 T (Keywords) (HEiE, 5 fK 1983 4F, K 12
H) , HA T Science —FHIE o FIHHLYE, MU RE (REEE
FHL) XF Science —FHIMERE Sb HKIEE =AM A A SRR K AR % A
IRk SC (13, IS o i Bt AU T (2025 F1 (CTEAN)D
101 LIRS o XA E LRI Z A Science MIEE ZIRE XL (BBE—IK
B 14 Hel) B 1867 i X, HHRIXE X EIT 1867 4F Hi iR 1) — AW T)
o, ARER TR EE FRAEE AR B e R

FEERXRBEARTIEANR WD KRG, mASIA LA A

5. b. spec.IThe intellectual and practical activity encompassing those
branches of study that relate to the phenomena of the physical universe RN
and their laws, sometimes with implied exclusion of pure mathematics. The Oxford
Also: this as a subject of study or examination. Cf. NATURAL SCIENCE n. English

L
i

Dictionary

The most usual sense since the mid 19th cent. when used without any qualification.

Often contrasted with religion when regarded as constituting an influence on a person's
world view or belief system; cf. quot. 1967. Cf. also SCIENTISM n. 2.

https://www.oed.co Entry/17267271 rol

2023/3/13 21:31 science, n. : Oxford English Dictionary

1779 tr. C. F. X. Millot Elements Gen. Hist.: Pt. Second 111. 118 Francis Bacon..shewed the futility of
abstractions, which the doctors made their sole study; established the basis of science on the
phanomena of nature.

1825 Glasgow Mechanics' Mag. 7 May 217/2 Sentiments of high respect and approbation with regard to
that gentleman's talents in general, and as a public teacher of science.

1867 W.G. WARD in Dublin Rev. Apr. 255 We shall..use the word ‘science’ in the sense which Englishmen
so commonly give to it; as expressing physical and experimental science, to the exclusion of )(\J

theological and metaphysical.

1870 J. YEATS Nat. Hist. Commerce p. Xiv An acquaintance with science or with the systematised

knowledge of matter and its properties.

Bl 13, (A58 X Science — =71 5b ARSI 6] . 55 =AM ) Y B 2 [
%% William George Ward (1812-1882) F 1867 4 4 H7E (Dublin Review) (#SHI#k
W) =T EEM—RCE, Bk R Science MITEHRE o

XA E U A AR s R SRR s 2, Bl Esh ARE
SRR, ISR, BRI NAEF AR AR R CEEE (Bl
F ) (Wrestling with Nature)  {All About Science) —A3Fi1— ki
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TISCE) , HERA SRR RER JRE W) , NmalE 7l
SRBZ AR E AL R

AT RFEEZAS 1867 45 U, NIEEIF L, &URTA N HHamt s
FFERFAIE L NTRENE A RS = 808, YONRm “ 3K
(B 20l B ARR MRS 2 e P M RHEHS . CROR AR AEEE 2 5 1Y,
(HAIN D, B8y “REz R o WATER “IYKE” 22— 8
R, ERETZA, BT R T .

BF (723-645 BC) G THMEAR, WEETAEEK AT, hILE 21 4
ZEETH A (B 100 o BTRABIEN, SSGFERER; HHYER (5
JEFFEAM 40 £, —AZ N, EEFBHEAESEAE) , Fik KL
REY  FTREANRGS, MEANSMHEER, O 2 2SR
REL NERELTERETHNE “BF PR g, U,

CET -KM) - “HF, HMZARE, EEZRsE, & BAH.
BRZTAEW. K&, M2 MR, Wk dERE . e K, B
e 7 N, K. BAE, KR T WEZ, BTN
CHMIETOK” SN COTVIKET R, PE R R A
RRMREARI G . HA—R: ETHHELIERT (B1) BN, mHE
AT 10 92 ) IV R 2 AR 2R i UL Y

RESRZZ NI “ a0k RBFETFGE, A, mTlld: RERE, &
FHRETREZ 100 45!

7 QFTEEEK

EARAMG IR 2 ISR KRGS CREA R M ALET ), A= 20
FLAEHIWT R B LA, XA RE S A% B, B W SCE R AR
R LA NSE 2 A B FATIES: (W22 SATEORE) CFEEUR) » KPR
e 7R R T G 2 Ak 2 G ok . BT OE 2 R R AR T E IR R0k
Ky BWRAEEREE, GeHE ST L LR B 5.

T TURE KB JE . SR=GUK, 548 =2 AR P& A -

1. BFHUEN, AT Erifoe, MaRiiies AR L
NG, SRZ AT AGREA TARR 26 T o
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2. fFHTATRER, H7=T, HILEERIEE, BAZETE
FRAP TR (BRI ERAE T E) .

3.0 FRET S B AERSCE, SO R S8, BT
CEAPATIR” 5 BRAE AN F588 E G 87T i K% 5 SR 58 A
M, HEEM& (JFRXE , HARRS R, Aleed, Zear
M NERAESCRIARIA L T

4. REIRRUIR CSFEHAERT A COROVALA Boh EEY, ST AR
Z i .

5. BUBUKKSME 1918 FAIL G RAIT ISR AR, OALE
HEHS, TR HAREGE; 1931 EHARMRE)S, EIRA LHET
BAHAT .

IRZ B, QU B ERBI TG B E 2, KM% A 2 S L 5 58
B, REEiRE 1. LT ATEI G . R R E S A, ]
#HAEEE— 52 Anaximander A1V B 424, 7720w BEI4E,
HIH A A e 1 [F AT A58 8 —— 1 2 AR Ak B AL 13 B R A
i, AESA.

RBIAWE AR, AEEMT eI+ IR EE, HSNET, e
e LIRS . AR MBI R A, A E R AR 2, e
Bl R AT TAF, XA SRR AR IR i, —
T2 HEAL T MBOA FRM A R G, Mt TRBENE T S0, ik
fEGFE . Re IR, A+ R P E g, MIERALT
PrESKE) “ARALHT R e R #E 2, REIE it AL, Meddl
T o RRMAMREUEAR SIS B LRGN, R TRRAC R Th” 1
— T

1911 4, ZIuhh WOCH M7 (K JFR AAE E B 22 4 SE R, L5 10K
K, FRHEGESCEE T 1918 S OTRIEIREE, BRSO A, By
30, At AT RERE SCERAR AL o A B A E 0y CCEERJR [2.4]D) . b
FEFTEHERAH W EENER, OREHE R EMER T £, B2 KB
i,
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LR EARAT IR RN, AT TURE. AP E ARG R, R TR
o KWIAGIE, W), EREALARSARE

2. R NI, 5B REUE. ST AR T RS,
Wi gsERe BT FLT LRI B, A DN B 1 SR AL R R R 4
METEETERRGE——AKRS: MBEEBREZEIRRE, BE5AT
ERAT N AR -

TN, RBEEFMREE RET) , RH=A2FaH, ey
B, T AR IR

B EEREEWR Y, ST RNARBIERETERERNA YK, 587
B, RESCHARMEHISCEA

3. IR B IBhRAAEAR . BT 5, JAA RN AR SO FEVE
Jih SCERAS Gk (A 9T 33k % —— AFF (Scimat [2.4]) B35k 2k

4. B (1867 ) 5 —UCGE SRR AN SRR TAEA RS, R ol
I, A 2007 SEK ONBD =008 L BHEARAK TR A RFTE 51
FI%5 IR, A MEMTEEREE. a7 BREAKRS
HAEARG. ) RAAMKYE 2007 € 3 B (BRTEYD) A R-FN—
i

5. AR IARFAE SCHR IR RHA S AT B2 0 T AT K € L (L
RAGINEER) AR HANAE ARG ST A HTE (LR 10 KK
) 5 AHX RAEE 2 SHEA L E R 2 AT RS .

6. HANMEEH F—RW/A0E, =EEs, BRTElLERY, FN (1) F
WU E KB, Fra Ase&f, AT mErRkAEd; 2 A
K—TIFHAERE TR, GIeEBILEA 5 T4, SFEHEHEM 138 144F
L, NERGFEEETY; (3 iR, i Asikw, S99
B 3T, Hr 99.9 % FEK 5 fth A KA TH

Pises NS f M. BYERAEYIIEME, oIl 5 A8 HAH A B A
IR PG
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7. JLENPT LK, BAT AT EGEA . A NFSERE, #02 ffe
N BIAIPIRAL . NS 2GR . 20

IS A APTE FREDHPER ERE X

Fh2 K BEAT R 20T SO T R 2252 L, R S h, A — g e
FHIE, {HIT 200 4R RMEFEF X — i EAN ARSI B A
Ko XA NHE t AR P s KAk 2 SRR K (i William
George Ward. FAHR3E. Raymond Williams) B Je 4 R IFAFI, R
KBRS COFERRATT AR 22 P 21D HBRIB A,

HEIA, FEEE (1867 5L 2007 F) EXMAAZ, WAHEKETFHE
BB R N T A TSR ok, BEEAIRSEEZ M. XiEM
fA] i L2

B, (FEILEFH) 5T Science IXF M 10 &k (£ 100 , HEKE
R T H R S R 4 ) R B B SO N ). S b, B ERH
Ward S5 HR, (AEIEEFI) WO 5b REIa) 2 —, B HEH A
Raymond Williams M\ 8Bk H SR . 2ixXa) (B 13) -

1867 W. G. Ward in Dublin Rev. Apr. 255 We shall...use the word
‘science’ in the sense which Englishmen so commonly give to it; as
expressing physical and experimental science, to the exclusion of
theological and metaphysical. (1867 & W. G. Ward 7 (ESFAHK
PRIR) 4 H 255, FATHRE 4% BR[O GE H T8 = 0Ok E X

R, BIRORMEAISEIR ALY, A A AR e
VAR S

Hk, RTMEEFUAYE (RErEra) il 14) , HRBEY
—&84y, WAAERZRKEMN (WZBBED - IRZE, #t Science X FK
P, HAhziyp 7 H b R A AR E Sb @R IR Al B g g, X A)3E U

Science ;& (K 13) :

The intellectual and practical activity encompassing those branches of
study that relate to the phenomena of the physical universe and their laws,

sometimes implied exclusion of pure mathematics. (% /3 fIsSZ i3],
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BAEA L 5B T d LR S e SR IR 7L 00 32, A7 I B A
BTl D

RIKH S, XATERRBIRIAARRESI B AR, 2. N4 ? 1
PR dEIXAE, AWARTER S E AR (W) 1 (L) WSt RET
2060 4 “L&LE”, WENEIEEE ! KBRS,

52, MBOVRAE R T —F, RIRA S REM A, P 7L
', HImiRFRT.

sci-ence /sawns’ n 1 [UJ #7%; the laws of [E[vfl]/‘samm' NidBeisln
. ";:f:nﬁ*k%‘f#:%}#]‘;;ﬁq (;:{7 E;cﬂ‘{e;"f‘_'l‘;; (U] knowledge about the world, especially based on ex-
#.the natural sciences £ '&34"# i blind sb. amining, testing, and proving facts %¢: Many leading
with science 1% Jp HlREE A scientists do not consider that science can give absolutely

— . = ‘ — liable knowledge. V¥ Z S HFH £ FE MR N R B2 IES
scuence)‘/ksaxons, n 1) ] {sway of phlsncgl' 2 ﬂ“’éﬂ 7“8‘]3&11}{ | the founder of modern science, Isaac
verse) F1°7: the Faculty of S~ SLEBL: t0 |l vowo 50 (%2404t A L83 - 4| developments in sci-
blind sb. with ~ fig Jij S RBMENAR N opce and technology 5+ 2% HA #1%
38k ~ correspondent F1{iC# @) [d] || 2 (U] the study of science ##¥: What did you do in science
(branch of knowledge) “¥F}: the physical/nat- || class roday? % F Al AR B2 B4 2
ural/social ~s Y/ HRALLFZ an || 3(C]a particular part of science, for example BIOLOGY,
applied ~ 1 i f°7 CHEMISTRY, or PHYSICS EIAABHEZZR (9. . W)
e manmeme || € Physical sciences MIFEF ¥
&gf,ﬁ;gﬁ:}é; ‘F'M% 1‘2;;3: Qsthisnot an exact science used to say that something
BRI, 1500 BRFL AL ST BB, R das || Ivolves a lot of guessing and there is not just one right
FFAMRNEEANCE . B TRNFRER, wsoym || WaY todo it FMELIR I, S IEAAE: Advertising is not
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2009 4F, A7 (BAISCUMAEBIGERM) , AMNEHEFE S AR, 2019 5.
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EHsEsr. e, 2R ERYFES S LRI T BT BB
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CE 1) . R 05 1H 1> NERHI, Jf LA EE R, Ry
WF, EEEHEIE UFL .

PHTREIN S, QUHE AR Bl . 7 B2 %2 K i ia
B SCHIHE (R 10 55) A1 LIGO 51 J134R (20 ) o Ja & B+ 2
BIRFEAEE (1 X, AR TR JFEHEIRE 7% IR, §l
FHEA, HEENREEGNE. XPRSAE T E—A KA, =
N (1) 75 BEAT A 1) VR M 250 B ST 2 AN T DRI ) AN TR 2

PUEBEBE S, =M RE e A, P EEAE
KAFEA

FRSES i
BCsd il A PIER —
1911 1986 2006 I — v
s it H 4
B I il
HHEHR 1977 1888 1977 1982
hE 20154 i DL /R LR BV HE

B 1A BN 1 > N BB —AF, o ERE RO RS s iE SR
Te, —UGRMIER, —UORBES, HRBTHERARESE (2013 4) MEZK
RIZE AR (2016 ) . WHELHEHEALBEKN, SELHARALHG. &
T A B 1949 FE LIk, HEAEFH 0 > 1 REEIH: 1977 FHEHERA 1982 4F
IR . AT N EWIMIFRAS T 2015 i WURA SRR, EERMhE
RL2EBE BRI 5 BT AR Z R B

1 WAL R, AWt A OMERRITE » N T
AEFBTm, HEBKRR Al ZEREAEAENANKY, £
77 B R R

2. HEBL: EREAETHE R, B LRGSR 1967 £2
1971 4, HEFHROKY GE 2015 Fi# VURE T X A
o RABEXIRAER B, JCHRAE HARA IR T .

3. BRMELC: ESCRL MEELRE. 400 SERTREEE X g K B
THAREE) « B RITREOR 1980 4EE A MHT R E ChRH A EE
ity #RH T XA XA AR A R BT T .
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BRI Rt =2l — (B 2) , EWET 1982 4145 R E
KA, J& 0> 13, Py, e KRB B B R e . B
e R RAETP EY LSRR 7 AR (E) & b WIRIEHE, B
R AR R T FATHIA AT (B 3) .

B JE, VFZ b BRSSO H A A e T TEk (L 3.3) o BT,
Bowlic — B BRI S0 SCHIBR R (18 4) , E4% TUPAC ([ frat
BEHNHEMAZREA2) IEXXUAT, JFE U7 (Handbook of Liquid
Crystals) (V& FM, Demus, D. etal., 2008 5£) H,

R A0 JeR T A R AT A0S, A v TR s A . R AT
HAAAEHEZNNHE I, FHE2AEMIE T eErTMaE (J
5) .

1982 ¥ K BB R fA

U e
I B o
Wt H% Bt
1888 1977 1982
B R B e
R AT AT

Friedrich Reinitzer Sivaramakrishna
(1857-1927) Chandrasekhar
(1930 2004)

Bl 2. ZFhRBRE G BT BORAIRY, a0 T —4E. iR =480 1.
IR, R TSR R SRR X BRI @RI T4 BRI
AR FACE R, WE/MBIER S (bowlic/bowlic liquid crystal) —ia] &
# TUPAC IEZUA AT, FIEZRUR N (Handbook of Liquid Crystals) (VR EFM) .
00 AP R S R E AR A R B TR V8 e AR AR A
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Properties of polymer liquid crystals:
choosing molecular structures and blending

Witold Brostow*

(Center for Materials Characterization and Department of Chemistry, University of
North Texas, Denton, TX 76203-5371, USA and Department of Materials Engineering,
Drexel University, Philadelphia, PA 19104, USA

(Received 26 June 1989; revised 9 August 1989; accepted 9 September 1589)

Class w, conic molecules

Classes a— could be planar, or nearly two-dimen-
sional. Networks are typically lhrec—d:‘mnnsmnul_, hyl a
planar class ¢ molecule is possible, at least in principle.
By contrast, molecules in Class @ must be three-
di jonal. Their existence was predicted by Lin®** in
1982 but confirmed experimentally several years later®*:%°.
Names pyramidic or bowlic were proposed, but 81
eventually decided to adopt the name conic. Lin predicts®’
that these materials should have interesting electric
properties.

POLYMER, 1990, Vol 31, June 983

* 84 Lin Lei, Wali 1982, 11, 171; Lin Lei, Molec. Cryst. Lig. Cryst.
1983, 91, 77

Zimmerman, H. Poupko, R., Luz, Z. and Billard, J. Z.
Naturforsch. A 1985, 40, 149

Malthete, J. and Collet, A. Nouv. J. Chimie 1985, 9, 151

Lin Lei, Molec. Cryst. Lig. Cryst. 1987, 146, 41
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POLYMER, 1990, Vol 31, June 993

LIQUID CRYSTALS TODAY, 2017
VOL. 26, NO. 4, 75
https://doi.org/10.1080/1358314X.2017.1398302

Editorial

Dear colleagues,

At first, | am sure you will join me in commemor-
ating the late Pat Cladis and her outstanding con-
tributions to liquid crystal science. Helmut Brand
and Pawel Pieranski, two long-term close collabora-
tors of Pat Cladis, have written an obituary for the
journal, where they do not only summarise and
celebrate her life, but also give some detailed
insight into the main aspects of her work and scien-
tific legacy.

This last issue of Liquid Crystals Today for the year
also features an extensive review of a topic in liquid
crystals which is often overlooked, bowlics, a class of
materials which represent three-dimensional mesogens,
and which are sort of an extension of the two-
dimensional discotics and the one-dimensional calami-
tic malecules, which were first predicted by Lui Lam,
before they were synthesised.

There have been a number of new additions to the
liquid crystal and soft matter library over the recent

K 3. 7£: Witold Brostow 7£ {Polymer)
Ingo Dierking 7£ {Liquid Crystals Today)

Home > China s

Disclination molecular director

studies on bowlic columnar nematic

phase using mosaic-like morphology
decoration method

Submit manuscri

Hu& Zh

(3. DanMei Chen, Erma

Soft Matter

Columnar liquid crystals formed by bowl-shaped
mesogens. A Monte Carlo study

Rigid bowlic liquid crystals based on tungsten-
oxo calix|4|arenes: host-guest effects and head-
to-tail organization

(1990 %) ERERF—RILL. fA:
(2017 ) % 26 14 L RFHFE.

Journal of Molecular Liquids

2, February 2018, Poges 145-150

Bowl liquid crystal based on
cyclotriveratrylene derivatives
with multiple triphenylene units:
The influences of the numbers of
triphenylene units on
mesomorphic behaviors

shibing Chen °.
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Full Paper

Self-Assembly of Bowlic Supramolecules on Graphene
Imaged at the Individual Molecular Level using Heavy
Atom Tagging

HongyuGuo® 9, &. Xigotong Geng.” Fafu Yang®®* 2, &

Everett S, Kengmana, Ja Kyung Lee, Xiang L Jamie H. Warner, Grace G. D. Han i)

01 September 2020 | https://doi.org/10.1002/smll. 202002860
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Switchable columnar liquid crystalline systems

Inventors: Bock, H., Helfrich, W. & Heppke, G.

European Patent EP0529439B1

Filing date: 08/14/1992
Publication date: 02/14/199€

Calixarene-based transition metal complexes and photonic
devices comprising the same

Inventors: Swager, Timothy M. (Wynnewood, PA)
Xu, Bing (Philadelphia, PA)

United States Patent 5453220

Abstract:

Calixarene-based, noncentrosymmetric transition metal complexes that exhibit large
second order nonlinear optical and related electro-optical properties are provided, as are
materials and devices comprising the same.

Inventors:

Application Number: 08/011301

Filing Date: 01/29/1993

Publication Date: 09/26/1985

5. 9 I3 T B R 0 B R e AR RN AT SE [ RS o RTE R, Wolfgang
Helfrich /&5 F4H i ) 1A R JE AbASFE BV s 2 3K R R B 3
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RNERRWRI: F—mES TR &SR ARm B, AR5, KRE
(o) (1982 ) b, Ko HAJLENMFHIRAER (B 6) « KET
{Molecular Crystals and Liquid Crystals) (1987 F) 5 e 2 —is
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BOWLIC AND POLAR LIQUID CRYSTAL POLYMERS

L. LAM (LIN Lei)

Department of Physics, San Jose Stare University,
San Jose, CA 95192, USA,* and Institute of Physics,
Chinese Academy of Sciences, Beijing, China

Bowlic Liquid Crystalst

LIN LEI

Ouparimant of Physics, Gy College, Oty Univesiy of New York, New York NY
100311 and Doparmont o Physics, Queansborough C ity Colloge, City

vorsy of Now York, Bayside, N 11964, and ingtiuto of Physics, Chiioso
Al:mamy of Sciences, Bejing, China

Abstract Bowlic liquid erystals are made up of polar
molecules. Both main-chain and side-chain bowlic po-
lymers are possible. Exactly solvable discrete models
describing the phases and conformations of these bowl-
ic and other polar liquid crystal polymers are present—
ed, For the ideal one-dimensional case the model is
equivalent to the ID Ising model, Susceptibility and
other properties are calculated. Wave propagation and
solitons in these polar polymers are discussed. Pos-
sible highly conducting and high Te superconducting
liquid crystal polymers are proposed.

(Received July 15, 1956)

A new type of liquid crystals made up of howl-like molecules was predicted by Lin in
1952 and wa recently synthesized. In this paper., the experimental findings about these
bowlic mesophascs are briefly summarized, Possible mesophases (polar ncmatic, non-
polar nematic, cholesteric, stringbean, donut, columnar, etc.) are proposed and dis-
cussed. The possible breakdown of the macroscopic symmelry n — —n (n is the
director) in these mesophases is emphasized. Novel properties including phase tran-
sitions and other physical aspects (optical, clastic, flexoclectric and h)ulnxlynumir, as
well as defects) are presented. Molecular engineering (o produce new compounds

INTRODUCTION
J. Possible m»ubllnlc) —

and upplications are discussed. The possibily of second harmonic generation and
simple sub-microsecond electro-optical switching (without the complications encoun-
tered in ferroelectric smectic C*) in these bowlic mesophases are pointed out, These
Bowic mesophases may be ferroelcctric, anliferrocleetric or puraciectic.

Bowlic 11quid crystals'’? are made up of poler molecules

with up-down asymmetry. The even-% synmetry may be broken

leading to many novel properties, including real ferroelec-
Keywords: bowlic liquid crystal, columnar mesophase, second harmonic

3 4
generation, electro-optical switching, phase transition, instabilities - They have been synthasized” and studied by x-rays.

= both main-chain

triedty.
These bowlics can be made into polymers
d side-chain are possible (Fig.l).
1. INTRODUCTION and slde e r s
Liquid crystals of rod-like molecules were first discovered by Rein-
itzer in 1888." In 1977 mesophases of disc-like molceules were syn-

thesized by Chandrasekhar ef al.? which was preceded by theoretica
predictions.”

the 11th Liquid Crystal Conference, Berke- B

ley, June 30-July 4, 1986. FIG.l. Main-chain (a-c) and side-chain (d) bowlic polymers.

1Correspondence address.

a1 * Correspondence address.

7. K RTBIRB S R 1%
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w1987 ) o Ao TRIBEEIR & & o T A
X R R RTE (Molecular Crystals
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Bowlics
L. Lam

10.1 Introduction

December 4, 1979, 6:30 p.m., Hotel Ashok, Bangalore, India. I was from
Beijing, invited by S. Chandrasckhar of the Raman Rescarch Institute to
attend this wonderful conference on liquid crystals. Since India is a country
with a long history, unlike most other international conferences, there was a
cultural event almost every evening during this particular conference. And
they were free! There was still half-an-hour to go before the performance by
the very beautiful and renowned classical dancer, Sonal Mansingh (Fig. 10.1).
(Sonal and 1 were born in the same year, but this is inconsequential to what
was going to happen.)

1 was sitting in a room, waiting for the performance to begin. Incidentally,
this was the first international liquid crystal conference I ever attended in my
life and there were no old acquaintances in that room. So I was sitting by
myself, and having nothing more meaningful to do, I looked up to the ceiling.
It was a ceiling decorated by some regular hexagons connected to each other
in an irregular pattern, or so it scemed. Each one of these hexagons was like
the convex cover of a fruit plate except that it was now attached upside down
to the ceiling. In other words, it was a three-dimensional object.

Let me go back a little bit to that conference. As every liquid crystalist
knows these days, the first discotic was hexagonal and was created in the
laboratory by Chandrasekhar's group in 1977 (1], and many different varieties
were immediatcly synthesized in other parts of the world. In this particular

organized by C| himself, a mere two years after the
discovery, it was only natural that paper after paper on discotics was presented
day after day. Discotics was hot! Working in Beijing in those two years was
quite isolated and handicapped. (There was only one Chinese-made copying
machine in the whole Institute of Physics where I worked, which broke down
more often than not and was off limits to any scientist, Ph.D. or not. The
machine was attended by two “specialists.” In addition to that, the main

10. Bowlics 325

FIGURE 10.1. Sonal Mansingh in [~
an almost C; pose. “

library at the Academy of Sciences to which my Institute belonged, was not
opemshell.} Obviously, there was no way that I could play catch up in
discotics. | got to leapfrog this hot topic and found something new to do.

When I was admiring these hexagons and their pattern of arrangement in
the ceiling, the discotics came to mind. But wait a minute, these hexagons
were different from the discotics! A discotic molecule is flat like a pancake
(Fig. 10.2)—a two-dimensional object, while these hexagons on the ceiling
were three dimensional, like a rice bowl. (Being an oriental, I use rice bowls
three times a day. It is not surprising that rice bowls pop into the mind even
when one is not actually hungry.) If pancakes can stack up in columns to
form columnar discotics, shouldn't rice bowls be able to do the same? I saw
them in the kitchens, no doubt about that! As they say, the rest is history.

T could not shake the thought of bowl-like liquid crystals out of my mind.

Bl 8. KT Wi E (kST ML, KEFE V. P. Shibaev MR TS
{Liquid Crystalline and Mesomorphic Polymers)

Mansingh.

3.3 HEBERKTER

A7 = AL A SO BT P 30 A R A T iR

1. TR

(1994 ) . EIESEHE 2 Sonal

1979 4£ 12 H, M S. Chandrasekhar [igi%, 7EENFE Bangalore $ii 2 fiff 78
Bt (Raman Research Institute) il 2H 23 i[5 Brilk fb 2 Bk R E [3.2].
1979 & 12 H 4 HF4- 6 £30 4, 1E Ashok )i, T HRE— K51
B, %fF Sonal Mansingh 7EFREE 5 R EN LG 8RS (B 7D o R
B RACMR, BRIV L2 =4S IO A BE AR N2 . 30
, KEESSUIE AT LUR AR 5 HMESTE— ISR, —MH s . x
AR BT e A e R
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POSSIBLE LIQUID CRYSTALLINE HICH T, SUPERCONDUCTORS

L. Lam
Department of Physics, San Jose State University

San Jose, California 95192, USA

ABSTRACT

It is suggested that when bowlic or other similar
liquid crystal molecules are suitably modified (by
putting transition metal or metal elements in the
middle or by doping), it is p ible to create super-
conducting compounds from ubstances. The
molecules, being liquid cr als, will stack up and
form one-dimensional chains, which are an ideal
material to realize Little's concept of excitonic
superconductors. The superconducting T, can be higher
than 1000 K in theory. If synthesized these bowlic
superconductors will be very high in strength (stronger
than Kevlar) and can be made easily into wires due to
their semiflexibility.

1. INTRODUCTION

The succ

55 In raising the Te of superconductors in the oxides,
first in Lap_gBayCuoy') and YBapCuz072:3), and more recently in the
Bi-Sr-Ca-Cu-0"5) and T1-Ba-Ca-Cu-0%) compounds has generated tremen-
dous interest in the study of high temperature superconductors in
general. Despite much effort and impressive progress achieved, room
temperature superconductors are not yet available. 1In view of the
fundamental and industrial importance of these superconductors it is
worthwhile to explore other avenues in achieving this aim.

An attractive alternative to the oxides is organic systems.
Since the initial suggestion of Littie?) on the possibility of rocom

temperature superconductivity in organic polymers using the excitonic

K 10, WK TFHILW S T BIFIAMIE L (1988 F) » BT HIEBE SATE 1988 4
MCLC XEHHXBM (B 6 470 5 HRTEH, W 1994 F2ik (K &) hgs
10.4.3,
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B 15.1979 %6 H 29 H&E 7 A 3 HIE Lilg$ 47 e B & B R R 8 5.
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Kl 16. 1981 4F, TE] PHEEMEMT I RS S InE &

-+ CENTENARY

' CHINA 6. 27—7.1" 88

WMEREN A BFEREZEIVE
| CENTENARY CONFERENCE
OF
LIQUID CRYSTAL DISCOVERY

HEREYS

K 17.19884 6 H27HE7H 1 H, BT EMR SRS “BHRRINEBFELE
2xi: 1888-1988” [H PR AEAL 5 BB ML 24T
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BAser /fvimpeRtand

S. Kob ayesii”

Tolkyo UNem T
{42’!4..@ Tecl.

Kes awel, Tokys 78%

A
e

18.19884E6 H27HZE 7 H 1 H, fEILRBEIEMEATI “Wm KB FELE
W” 23,

LQJ‘OS BA TA

e fut
'i{?t Ti:!‘ iff for [epiis

¥ AW \FAZ ; 004 :'/,v,,‘,“w«- « Acaolewn; of Striaree,
hy A ole poot
* ; ey L. f.:." W e ga 7
A i ;'n 1 Mideo TAEEROE
TWETo MR c % 2N E 3 -
1\>u % & ‘ To k}’"” Ivl{'lt(—ra@ ,f{ /4[/”(5@
ek PR ANV ) j

by e e Dxfndum’ﬁ r{ Or;—é noe gud

\ ) ‘ , ., i y WL',‘/‘I‘(‘ M Tﬁr}n[
;\\ KGims Gl = - y '
A Tokyo + Tapa

i - R e |
19.1988 6 H27 HZE7H 1 H, AL EIRWZATIN “Wm KA FEL &S
W” ZFE (5 .
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§ N 1 AiadA .4
\  CRand aoabha, (Roman (oot Bthz : Biales
' f WA, ba e Lo g
Dunaud f L'..,/';H’w ds. Soluct, i J ,“i/j,‘»’}f/‘:’ | 44+
Onsoy Paau g e Sik ’f‘;“ )
= X M% =
e Sr= |
+ — ¢ £ », |
4 5 £ S I
M ,’3 ? 4ILE 3 |
A |
bs 17
P PR ENE
{ /
A
ath =
b 4
129 Ttaly

K 20.19884E6 H27HAE 7 H 1 H, TEILEBEIEMAEATH “WHEIEBELESS
W AR (s

o)
=7 7\/7
f=)

K 21. Pierre-Gilles de Gennes (/&) %FEH A “WdA KILE AELESW” £HI
HE () . fhbikiEiEERESIN. De Gennes %A ERIXIEE & . H—NE
R, T REBEEAR, MARFREFEANR, REWEANRZEREE
JAH .

He b, PEESFSEHA FEANEEENR RS S, WREER S
FHAERSL . BEAFEE, 1990 4 7 H 27 H, EBRREYS (ILCS) 7E
513 Jm B bR 2 WO AR I IR BHE RO . AR ILCS B AR
RO FR SRR AT N, X IR [3.8].



224 Hh 1 45

6 %55

FESCHE AR (1966-1976 ), HEES 1 = T2 AT [ bR iz /) 1) 5 22
BEARR: (D BEBRSESHIIN. ) FERNEY. G)iF
R AR ECT AL/ RS T A R . 58— T T BUF R EAL )N
NHT 88 “IE B Ak JLEA NN 8D BAKSS T, m&3ke T
2015 M TURR. e —T0, Mgt 3 8, £ EPNEAHmL {E
[E S JE A b i A JRIE

THHEREAE 1970 FFACE 1980 SFARMIR AT FUR RS 45467 1 e DUR 2
MNATRT DAIZ B2 AR S R ) 2l

L EFRRE G SRR, ANIRT LT — R ELEr it /e . M2,
EE WY 6] 7 V5 P K A RS AE 0 R 5 I S 1) ) s e Y, A AR T 25 0 2% A
T BSRTT LBE IR W A R SK B i DUR B2 345 (B BUE MR
T MR BOE AR (E

2. BRAQUH TR oSS v £ B B R, X BT A M AT
3, MIARAE R TN ECCE [3.1].

3. hIELE 1970 AR 1980 4EAHTATT SR, 1E—TRIIRH 2R T,
AR 5 55— R RGO B PR £ R T DR 2
K, T ELB SRS T o A0 T AT T 4R 5 3 BB Tl R R
¥

4. 1982 FFAE PRIV T R W B ER (=2KFls 22— [3.1D 13
A2 E K BB SR BT e, REL XL 0ERERL, HITFZEN
TR/ R M AR e . M PPRESE R EH =7 (1D B FNSIm
HILsh 7T KZB AIEES TR TP L () TH =7 GERTHES
MBI =r2 —EA) + (3) 18 1980 FERUG T A RL Y H . 0H LT
EREAHES . 720 NBE R A L3R TE i, RHEEO
B .

5 HREAE 1980 FAUE DR AEH AL AL T — AN —WRE AT
o (REMR, JEROLETER T) o NG EE NP LKA EL
Mook H CEZGEAR . AR, EEMRE L. BIrE, AARE—
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i R K S FLAE AR K R F FE BT 98 5T BN, BT KIS SRR
SEURRE A IZAL A F T SR A AN . T T 7 04 3 S ST N N AR AT

e M

Ji#%: Lam, L. [2022]. Liquid crystal research in Tsinghua University
in the 1970s and 1980s. International Journal of Modern Physics B
36(31): 2230006. A A ZEEH .

W B ARSI B/ M) -
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1 fafiEs

FANEDE . Mireille /& Orsay ) — A7 442 1fiy i B B3 s i 70 02, MR 254 o
WX EE, AKIZEHLWE IR T o Orsay [M[EI 255256 % /& i Jacques Friedel At
AL, X2 Pierre de Gennes iy 49— 37 B R} 2% 5 K 26 7 UL i 4 48
fxs FHIHTT o Orsay 2 FAE 1980 4 A1 1982 4F P LB V5 1] ML TT, 4
IF PRI A b 3 B R 2 e P AT 0 I PR O

M2 1987 FHE R, FLIEENAL TR P HTELE Bordeaux Z N i
P& s i) Orsay, FRAE Orsay AR Z WF AP I —Args T 3RIxA
WE. B ERBHMRE . WEHE XA BN, MO EBFREE—X
W EWT: BV — N FE. -, — AT, B4R Orsay 2
HIAJAIIE Mireille (25 1H? JAEXH B LT 2 ER. RRERE, BH
X RAZHLS E L, HHHH (Physics Today) (A HZH) XFEMH
M. B, FokE @ — N ERR s, HRIFARS.

FERET ORI =R, JRIa s — O AR 3 T I AN, fE BRI N
SR T SCRRE RS, 8 I B SR O —— [ B A 2 O R
Mg SE A S—HESNZIRE, RS JAKE RS ER . fEE
e, B H AT 4N “International Liquid Crystal Society” ([ Brif i 2%
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2, MR ZFSBER—A4% N (Liquid Crystals Today) (4 H&
mn) WIETRE. &G, £ 1990 FE K, —UIAHERMLE 7. RIGWAE
R T I8 KR B AR 28 AT 56 13 Ji [ Brofl fid 2 BOIE) RO 8 22> [3.8].
i, WAB/ALEEE BHE—AE RESEBREW ERE—FF
W, (HIRIEEA R I B S X R85,

HSUERH, 1990 AT —E. 1 H, KA FEMN S K222 2K
Tk ARV AR o 3 B, {EMNJH Anaheim, FEFE T —E
EY 2, ERCR “BPmRYE AR e AR, X
W EYRE WA . 6 H, FRAEH PG A Los Alamos fHAE— 4L 4
(NATO) &M AT M AT, FBON “ ] HBA T 4R P i dE 2Pk
IR, X R IR AR B 5T 7 HAE %K Edmonton H
FEE) “ARZRPEFIRMIL R ” 2 B 7 AN RS , SE IR BRI 2
ALK

f£ Edmonton £ HIHIILR, FATAEEAMZEM LRSI “ARLAED)
PG =" BN T — RIS, S = AL T B R P H
SAFL% (Natural Science) KB F=[) 55 %, SLIAEHE SR, A8 —#
BRAILTE e BRATTHIT AR R VRt st TN VRt e —— ol A2 R 20 B T )
V) S PR W B (AR AT B T AR B SR v VR s BT A
[Fl) ——rh, IR BT F N2 9 m i . SO — N, SEER S
W, AT LR Z 0 LR 7R 42 BFE (Pattern, & 1
J) o AR BN 2 BT HE R IR SOMRE, R RAE IR R R J o 1K s 2
Ro (ZREAKFEMWLE: Lam, L., Freimuth, R.D. & Lakkaraju, S. [1991].
Fractal patterns in burned Hele-Shaw cells of liquid crystals and oils. Mol. Cryst.
Liq. Cryst. 199: 249-255. — R[5 — iR 2l SLE8 5. )

G

B 1 i R g SRR R N AL R, Ao OO B R e R
MIREBOR, BonnL2 FE M BvE A . A7 e T PEAT AR AR A5 2R
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FEA IR Ee A a2 R ER AL I R A M B gk, BHarTAERt i . AR B
WF, g2 A B SRR — R N R A AL B H R . R A
SIS Z G, EAN T YN RSO, FRATFF A X X Fh gl 22 AT 1
LR, FRATRMREIRE], A KA BgH 22 ] DL IR AT & & L .
TR, RATATES T EFWMAATE, e EHFETERN W
AT AR A T 3R ——Hb3R (Landscape) o FATAITHFREMIELLE B2 —n
1A Fn, E5E 1 ARSRRIEEE .

HERANBRER 1992 4 (Modeling Complex Phenomena) (& 44 ¥ R
B BEMR R, REDITEGEN “THHEATEE” (Active
walker) , FEHBEAIAT N “TEMEATEF B (Active walker model) —
— YEME” XN SR IRAE GV UG I T A IR A, RIS S A
B — AT ERIE . 1994 5, RIFUHEH XL FESEFA “iE
PEATHE”  (Active walk) , U JRTF AR X Se R RURRy “ oG AT R AL
(Active walk model) o FRARPLEIRENEVEAT EANCE R T-XF 4 22 4= K3t
AT, T HSERR FREH T2 HME R RSN AN ER. P

1991 4 9 AFEHAIL UM AT “ EAFEHUR G h BRI B R [ B
SV IR — IRTE LA ZE LIAMR T A e vEAT . B4E, RAET AP =A
EPra i LiRE T 1547 E: 5 H7E Los Alamos. 6 H7E Edmonton 17 H
TEAEEN G . IEZ&7EIX IR Los Alamos 2318 I, Harvey Gould BiE M fih &=
%) {Computers in Physics) (ELZF i EHLD TS — iR Lid 3 &
— IR AT AE A L DRI — R R S, BB AT A R e A
B —F——rE R N Rl (RRLGR L FER: Lam, L. &
Pochy, R. D. [1993]. Active walker models: Growth and form in nonequilibrium
systems. Comput. Phys. 7: 534-541.)

WESWHFBE “HEALTFRG” , XS VERHES . RAER
BRSSO R FSE R, ARl 7 AT AR
(B 274 o EUFEH)E, BREEMA A 0K K51 David Avnir B4 F i) 38:
CORAE WAl BRI RE— N A AR R R ORI ? 7 5 AR R
ITAERH, WREA THTIMER. RAOMEZEE: “RESWFEPER
B T —RXEHEM. &5, 2SR Armin Bunde 3R BRI AT L
B, UETEERE T BrsEm L (B24A) o (Avnir IEFERF AL 2451
P, B AR ERAT IS PEAT AE e = A M2 HE R RE I S S EN IR %1 D
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ACTINE WALKER. ModEL_ (AWMW)

it

ol 0
’/‘%T%}\

B 2. 7 1992 SFAEDUEE R IR S PRSI “TSPEAT R BB B A .
ITEAEATEN B T I —AE2%, BUR —MNEITESR . f: NEBERTOLEE
(I o T b Pk P 3 B BRATIAE i p R R IS

Fractals and Disorder

Armin Bunde

NORTH-HOLLAND

52, FMIT 1992 FFAE =AWk AR TIEEATERT =R ie S (3t
R ORI -

1. Lam, L., Freimuth, R.D., Pon, M.K., Kayser, D.R., Fredrick, J.T., &

Pochy, R.D. [1992]. Filamentary patterns and rough surfaces. Pattern

Formation in Complex Dissipative Systems, Kai, S. (ed.). Singapore:
World Scientific, pp 34-46.

2. Freimuth, R. & Lam, L. [1992] . Active walker models for filamentary
growth patterns. Modeling Complex Phenomena, Lam, L. & Naroditsky,
V. (eds.). New York: Springer. pp.302-313.

3. Kayser, R.D., Aberle, L.K., Pochy, R.D. & Lam, L. [1992]. Active walker
models: Tracks and landscapes. Physica A 191: 17-24.

B, AEZHRZIL.

1993 4 4 FAEH BTG RN Santa Fe 847/ “ AR 2% R G0 RO 22 18
FE” 2 WARR 2 NXaT, TP A 0 7 BRI i EE AN .
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M7 “WEYEATEE . WBMER RS WEEE. ERERRESWE, RE
— KB E| T Frank Schweitzer, At i 5k Wi & R T A0 TAE, @HZ
CGEIT TR AR AR o AhAEIRAE AL LM H8SC [Lam
et al. 1992], WAVEKIEWK RSRIFICR . TAMEE] T . Schweitzer 7 1994
ERF TS — AT E RS, RTEMEATERMSER (Clustering)
o WG, Mh4kE— PR RIEMEATE, FERIhHOE LN H TV 2 A
HERG,

MASKT D, 35 AT & S RS2 AR H T B AR E R SR 22T
HRERME RN ARG . WO FEREE ., AR RGN E R TE R
CHbanZR i e M4 2 MR IRA 28 70D« A TERIIE . ) & .
iR sl iR Esh B NREBAREM. B RiEib- g8t
(localization-delocalization) #5748, FORIYIE - A1 RIL. L RGAILE
R FRSG . i, AT CN T AR s 2.1]. ©

bR, EWE AT ER KW E — 8, AR AN A (Agent-based
model) I, FEETELLGRNAIE, XBHENBERREG T RKEH
3k, FEMCAH SR E N R . X, (R T ORE AR
FANRENAW B IR E, RZIMR . XA N SLhr B AT EH,
T IX LEAR Y PE AT b R TG AT R AR Y

WJE, Wikdr k. EIRFIEXMIEN T, I (Soliton) FEA[H IR
R T TANFEI AR (b Wall 1 Fluxon) , FFHAANFEZEA L1
(Lbdn Kink A1 Breather) o X T¥EMATEEN, FFENSEHERET . F5E
b, B FIETEATE R RIS AN F N 5, TETEATEE RS
SRR, Eetn, Horh—2eyEPEAT E ¥ DL Brownian agent 1 Bion ¥ 44 F5
W, TTRE R VETEAT AL B AR R B SR PR Y “ Sugarscape” o

2 EMATENRDL
S AT A 00 EE LT B AR R £ 2

L EAT AR —FETRIE R N . 75K B 2R PO S 31 A KB 45 4 AR
AL RO, R R 2 S L. v T A RS AR
A7, AR B ARMB K B AR B DR 2R — S g S g L R A AR 14 17
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DA “SERA IR R CSE AR s ten, PR O ) S B AR A
Afke —AEABET S CAMEN”, e T .

I, KERFIIERAGEWEZ 7, BARDEE R —NTE, I
& UEMEATREEN” o EI AR CHB IS HE] 7 (Landscaping rule) Al
I “iEL MM 7 (Stepping rule) U CHR 48 2 45 b (1) 45 2 I R 48
B AT ET RARE IR, BUARE RO AR R A,
AT VT U= A S T AR 3 T 4544

2. WEMEATRRIEABBE P —FBBUTE. KT (TEH) WEaN “IT
£ o fEYHE., AYMERH S ARG @R ITEE A EEARI R, 1
1992 FEVE AT EWR 27T, EAT9Lhr EHRRF) (Passive) 177E: 177
BEASUAL TR AT N2 . SR 12 “BEPl4T4E” (Random
walk) —— AT EHFET—HREMMEAMFE (—DE2EEr AR E
B o EEJeHE Louis Bachelier Fl T-#IAFML T4 BIHIAL,  bU %2 K riH
BHMH T BB R T HE. I, B (Active) fTEHS
ORI T PR [ B FEVEATE (R F kT S Ak
FHEAEA SR IR B R —FIEFEBHEARMNATE. (B&RME
TREAT A AN At AL () 388 FH B ATLAT A AR 2 7EAT A2 38 U5 1) () b s B R A il
AT B L. RIS . EAIE AR AR 28 a7k,
R EATAT LI o3& PEAT 2 Ao A Ot o )

3. AT EEEAER P ERARREAN . &L, ETREAN (Agent) 1)
PiRR—FTZHTERRGEEN L, THEED, 2R
Gio RFOTEEEREARERE, HTERRFIEFER, FILEE AN
REBRAN IS bR 25 B T RETE 4R s M, AR 1 RS OoAT B 138 S50 i 4%
PR —AIE, NI T — N E R TAE—— ARG 7 (R
O MEERAEAER TG ErrENEST, REARANSZEGN
A (nner state) [R5 K8 & S0Ri+, (HEEN]_ER] DU EAG 7S (a4
FERIYIA

REENTTREIEF L], Al REARARIEM], (HEALEZ B AHHAT —LAL 5
—— B UREI A RIS . PAT T R AR eI E A & AR
PEIXANE L AR Monte Carlo BHH A8 R 7~ B AAEEN ;. IBLE L1
WARER A CIETEM R, TSR M AR T, JAH N ATy
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A——EARIEF AR RN, RERARHERIFENmD . WX E
SCEBE, AT TRV MR AR RITES) # A2 AR

FEIETEATHE R, AT3EH AT CA T LA AT ) B s R 2% (A 55 . L, fEi
IR =BT EZAT, BT EE ML IERPE R E A EHEL, If
MR BEAT TH 5. AT TR A NS . FrE T EE HEAARE
A

BEANIEMEATEZ L — DS EILAF R, B AT ol i 3L S b 35 ) e i A
YEM . SEBr b, AR SR 2 6] 158 HAE A5 b S (B 21K . 7RG
MZE, PIANE R EE S A BAER . e, ST
TG R B 7. 8, AR FES T, BT EGET T
HSL—A Ur B3 (Electric potential) 434fi; 25 —ANHLF “IK 2|7 X B4
HNTA DT JoRmiFr 77 =, AR EAE AR e o 5 A A ) 2
FHEAER o FRATIE A5 b R A A L AZ AT 3 o A A58 e B
COFEEA. M. MRS5S BBt By & AT 1) 52 1) AH B4R
FH ok IE A EL R (AR LA FH 8 AN AR A . ARSI, FrafREA
HEFEEATES. He5, WHITEE SN GE, WETEE =
REEAN .

b

1 AAMSBGRANEEAT EH o WIURE 2, ERBUN TR SR A [ vk
WA BRI B RIKE AL ER S . 54T A AR AT AR
T iS00 W PR P =3 ) 3 A

2. NSER L2 KB RS PEAT AL, 52 A —RFGIHES IF kI A I — A 3 s
/SR /ERAR 14T

3. P (Chirality) 25— NEIEED TRLAREE: BIRSHEEEAR, M
HREES. W, RELETRATNGG, BETFLESATREMES
(Bt —EFoamied kO . R TRE F0T.

4. WP R IEEATELHA CE: Lam, L. [2005]. Active walks: The first twelve
years (Part I). International Journal of Bifurcation and Chaos 15: 2317-2348; Lam, L.
[2006]. Active walks: The first twelve years (Part II). International Journal of
Bifurcation and Chaos 16: 239-268.
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5. f8[E ) Dirk Helbing FVSMEAT & RBRAT AU FIFE K ( (Nature) , 1997
), FRBRANEEE Y% (Crowd dynamics) , WA Z — & NBEEH 2
(Crowd control) , A Bhf R RIS B) NBEHEST RO 0] 0, REH RN A o
6. AV NS RIE AT ES . B Mrah B A AsE g , &
N NHEA T REBE T s,

m O W&

I JR#: Lam, L. [2005]. Active walks: The first twelve years (Part I).
International Journal of Bifurcation and Chaos 15: 2317-2348. 2~
DN LA 2 BRI OB RE S 225 3G I T 6 NED

v ELS: et :
o e

R MR, (BTSN . 50 x 60 em (20124F) o LA EAM Ym0 Fik, REHN
HMBCIEEE R RO B, M R RO RO D R, At AR I  E R SRR,
IS Ty e WL o a3 6] RS N2 RERFE R
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3.4 FRYEERHE

THE HISTOPHYSICS STORY
History in the Making

LUI LAM

Dept. of Physics, San Jose State University
San Jose, CA, USA

i S E R R EE T 2002 S£7E {(Modern Physics Letters BY  (BACHBL2E
Pk B) ERERM—IR B SCHEHE B — TR, el B 2207 3k A
(ANZE) PIsEZmm . M 2002 4EF] 2010 4F, KR T =R AT SCRIH
Fe LRl o ARTEVEANH T D7 L 2 NS R WA A, DL s
FRMFIR AR . 52, XS miEE, EXEE—K
B

1 MR B SR e

PFRSCAL R PR B SR NSO . 7ESE T (¢476-¢290 BC) AL H A+
Z 18 (384-322 BC) WAL, B 5 ANFEASTF, DNEERM LA
B e 2 R SCEEDEAR, 1 - A (1452-1519) WRg A —
FEIEPFP AN s SRR, PR SO AS & — N . 1918 4F, Jbit
REERA A E R Q02 AFIEAERE K A0k (1868-1940) it S HE
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BhE B ER, R BRIL R AR R AT, SCRMVE Bk g — e s RLHRAE,
PR B S — LU CRMRAE o ARSI T SCBE YRR SO 2 B AE 2 N 2
T . HJE, C.P. #iif (Charles Percy Snow, 1905-1980) #£ 1956 4
1E 3 0H2 PR Ah ST AR A 2 o A7 A8 7 2 TR £ )

L, WIEEAFEHASCARPfE T “ARRKSUE, K2R 5 A
LA IISCAE, A RSB R SO s ARRETZARKIN, K7 4 T4
FHNI AR SR E k.

Histophysics (J7 SE¥EE%2) TR XA — I SCBEAS @R A8, HN A= H]
YIRSk TN s, AT 2002 4EQINE (B 1) o ARFELSHIX T
SRR SRR, JFCA OB, B 2 AR AR B R A
AT LEAF B M e 300 2 AT P E R R AT S E, AR ¢ 2EL
B MREATR K.

4{#’? EEFE MY il MO RE AR P T AR
v BHET
i W @ﬁ #dobe Flash Player is re age: supperied At

At
IRk RO HEWR ERAR EEAE BRI BREL RS AS0E
e HFPEET R E AT

wEE ISR RS AR RIEARA
EHEFRENENREEE

103 8 2 0

i sommstmen sm o0

HINTOPHYNICS: A NEW DISCIPLINE

£ i
— P RELRA
ERPEHERFTER

TR EFTERTILE. SR BRI
2 " IF R A
SEIRTE, s -]
ysics)
ESIRE SRR M, P TEATRR RS B ]
AL FEFL. I—TETREMN GFETLE
ST, RRPEITR T

i

B

R
)

B DI 0w SIS . 4. fEE{E 2003 4E 8 A 29 HREFLE (R
IFARY EfF e & (ScienceNet.cn) . ScienceNet.cn F& 2007 4 i1 E Bl B .
E TR BRI ERER RSP ERBIEE AR S ILF R SCAELT T
Wk
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2 iR
1998 4§

1982 IR K T — Pl O i —— B TS [3.1]. 1992 SRR H T AbH &
RAG M — AN R ——3E AT E [3.3]. WinLEEEWELK— 0
Y BRAGWHRSET, G5 HRBIENESRE R R E RS .

1998 £/ (Nonlinear Physics for Beginners) (JEZEVEMIFENTT) —PHH
W (KB 2>, HENMAERAGNE 7 RBNEEATE, FealfesiEn <4
LMEMHENE” T 1995 SERBU— NI EA RS ALK (Intrinsic
abnormal growth, fRFR “[EFA4” D o ZI R UL BB S U IRE S K
PMEEEE R ARG (AR H, HSHEATEY, BRR 52 m k5
K, 2FBARGHEARE . “FERE” B TS F LI R PA T
P, —SEYM AR, —BESZLERHIATES . AEREER . JF
25€ T Steven J. Gould (1941-2002) #£ (Wonderful Life) ORI Ar)
P HE T LR EE RIS . RO LR A HERA A rEL
AL E R, WA AR fEER I [2.1].

ZJa, RAEM—AE iz EEERTAE, BIEEETES ARt
BHER — 386, QL —DH IR SR L 2R —JEp R,
AN AHF B W EMBUA 5. Aok, 2000 F—MERKIHL
o ibBkE T (TR0 .

Nonlinear Physics for Beginners

" LUI LAM coirox
S INTRODUCTION TO

5| NONLINEAR

Lui Lam

K o2 R AIELEMHE R, £ (AELRMEYWE S8 |, Springer 1997 F HAR .
Fio CIELRMEETY |, World Scientific 1998 4= Hifii.
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2000 £

19994 12 H, IRAETHI AT FEM ST K ZEBISE T — AN A FERHE S R 41

“ERE. B BEERERT CHEWZAUNR G o 2000 4, FRIRH
HA S R EOGRES N Charles Townes (1915-2015) , A& FE 1)
B, SFIRFIES RS AWM, H-ANEETE %R, s N
To WK, MiiE T TIEM, NRMREAREKR. (—FEE, R TRA
IS =AEE) -

Ao, FREXAR T Michael Shermer (& 3) , fihifg (Skeptic) CPR%E) 24
BRI EG, DL SR 5 BEAE. RWAINRM. BiEEE
i, fIE 2000 SEICHRE; i WA . RAWREAERE: —A Rk
5, H—MRARER 500 6 (WUEEEAAEND o 7 T —4): QiR
Ri, Rt 2K, HIERIE XD . 7 Shermer BB, A MK Fid
E, D BT faa. 455 fhT 2000 4E 5 AAERARA T TS
s ERFERERIT R W) V. F9E 11 B, mERKRE TS
CAMRBHEAL B E PR 2 HFEP RN T B REREERIE, 0T
. K, EHHER T =5%%, RISEEEE (Scientific American)  (Fh2
FEN) AU EEERSMS 7TIURVIHERS .

2000 4F, Shermer BAIFIAE (MFEE) T ES VRARE L& “RKERM
MHMAN: BRAGPINEETE” , TR 2 “BpL” —2
REGPRRE K. ZWTER (SRt .

M A R B S AU T e, AT AR e BRI R ERE” BR
CERE NS SRR HEREIX L, FE— AR
JEI “Hu3i”  (Landscape) , VAMHEFEFL LB FEDICAIEE. BL4h,
MMIFE— “47EE” (Walker) KX g, EadE AT
B @ENANRTE, REENSTHRFHE, RZIFR. B
DL, ATEERZE— “TEMHEATEE” (Active walker) . HJ LA
T AT BB RIS A T e . W R A Y, XAl
AEARSEILT s BB AR — 2.

A BB 70 R IUAE —4F )5 Histophysics FJFILISCEH (K1 /) &
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B3, 4 CPRBEY ¢k 2000 %5 8 H 3 Hi. HEAFEERNCE. 4: Michael
Shermer (2003 £E; /M%) -

AERKA N Bellevue TTHT “AHKF 44" (Foundation For the Future) B & #;
Sesh Velamoor JEE FIFA (MAEE) XFCEAF BRI I” I—7, T},
1% )3 42> “Humanity 3000 Program”  ( ASCAE 3000 £+ T 2001
8 H 12-14 HAEFEMEZ I “NCIARK: HFT4 37 LSk .

2001 4F

2000 “FiAIH Shermer J&, bl S FEBITRAH 4, flHZE R (
History and Theory) (JiS25#8) o 2001 4, FIEFEREBIEHRBIZ G
B, BT, TSR AR s R AL T T

2001 48 H 12-14 H, AVEHEEE “ ASTHIRK: HHT&3” KW EHT
MRFIBH A ;. “Modeling history and predicting the future: The Active Walk
approach”  CHLUL Py sE 5 Hdll Rk : VETEAT LM B4 .

A& 2000 £F (PREE) SCE R BRI AR, REASTIIIARK, &
PUONTE AT E L BE AR RE I £ 1 P 5, B2 HOEE I AL AT HE, ARl
FERT AR [2.1]

2002 &

20024 1 H 9 H, RMIZSRkT. ik TinERMZI L KERIE, Kz
—15, FEMRFTA DY KL “General History” 45 (G fist; Kl 5) , J5
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KB ZR G LA 4 P 2 #3% . LT Richard Evans ) {In Defence of
History) (RTPI5%, 1997 4£) o [BEIR—§H, HAn Y EaT
BB E SUREMENL, M EIURRIRIE NZ=RHL & .

“Future of Humanity: Seminar 3"
Convened August 12-14, 2001 | Mayflower Park Hotel, Seattle, Washington

SUMMARY

. Twenty-five participants gathered for
Seminar 3. Divided Into five small groups,
these scholars addressed the Issues: (1)
What will we know/apply? (2) Challenges
for governance (3) The future of
cultural/religlous/economic systems (4) Is
I sustainability an issue? and (5) Wild cards
to keep in mind. Two fishbow! discussions
were convened: one on “Man and
superman” and the other, “"Conscious
evolution - fantasy or fact?”

The seminar concluded with a formal debate on the resolution: “The geologic record
Indicates that few specles survive more than several million years: Homo sapiens’ time s
up!” The resolution was defeated by a comfortable majority.

Proceedings (9.6 MB PDF) of this seminar, including transcripts of all dialogic sessions,
available for download. Featured is an interview of Richard Dawkins and Norman Levitt
conducted by Sesh Velamoor, Deputy Director, Programs, Foundation For the Future,

RECENT PUBLICATIONS

KEYNOTE PRESENTATIONS

“The True State of the Planet”
.« ¥ Ronald Bailey
' “ Reason Magazine

v Los Angeles, CA USA

9 “The Future of Human Evolution”
’ Dr. William H. Calvin
University of Washington

Seattle, WA USA
) “Global Governance and Conflict Resolution™
Dr. Johan Galtung
TRANSCEND, A Peace and Development Network
Versonnex, France

ﬁ “Modeling History and Predicting the Future: The Active Walk Approach”

h

Dr. Lui Lam
San Jose State University
San Jose, CA USA

“The State of Science and Pseudoscience”

. = § Dr. Michael Shermer
. Skeptic Magazine
Altadena, CA USA

4. RKEEEST 2001 48 8 H 12-14 HAEVEHEE MO0 2 ASCHIRSKR:
74 3. (EE: futurefoundation.org/programs/hum_sem3/html)

FE 4 F 4 H, RAESTHEAR R HE RS — AL )45 : Mark Gilderhus 1
(History and Historians: A Historiographical Introduction) ()7 52 5 JJj s %
X WA, 2000 ) o ZARE (140 T, R URRPT AR
G T BRI, P S22 OB A I ME BRI A HE R, T s
IR (Scientificity) SEARANE, AR IE 2B AT DU H 5Tk JF
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RAHIH T . (FRIESLT Evans A 2000 FEEMAK:  (In Defense of
History) . Defense [IHfi%5 1997 fERR ) Defence A~ —Ff. )

Ky |

Iy

’g:.""

T

Rl 1l
y ACLR

Bl S &R L L KREMIE. B HE 4 BAEEE “E@e” 5. (20024;
TR ED o

F 4 H 25 H, RAEFRYBERM 7L EREANHRE, SHZ
“ Histophysics: A new discipline” (s 5. —[TH M FED
“Histophysics” JEHEMHT T  (FE IS AL HAWT SR, 41 Bowlics
Active walk. Bilinear effect. Scimat. ) iR, P55 AEEAR B+
BOHTE I, AR 2 IR A IS g ECR T SO R K, Bk B R 2 H R %
AR IX LT J7 A, AR L. Brbh, i History F
Physics X AN 9L 374 FF N Histophysics—— H £ BH W .

Wy AR X R R BN, BN 2E A IR AR (Spartan Daily) (i E2ik H
O AE TG HSE, YRR [F FH— W RE P S B A R A e R
P, EAERf N FEEL, RO T s . I S &R R T S R
BE, VOB R AT, SE A I E Y 2E . AR
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N ERAEAN RS, WMARTEALM — TR RE =R &
K. MER. MWRMILE (Bottom up) o M7 AMIIFIRMES 2 N i _EZ
W, IR H I Gk #s, T Zipf # EAE HEAT E S E N JE T4
K AIEG R U — ok, J1 SR NFIRHENIZRA B [2.1]

B 5 HEAE A EEAR S X AR R R A SO E, 6 HAEdL 58
Fae 6 7 18 H, FAEALFUEER IR T 80 KAFATRH “ AR E bR
W2 ” BT AR IR BB : Histophysics: A new discipline, WET 9 H%
2UGE, BN World Scientific C(HEFURLEHARAE) T 2003 4F HifiR.

XA IR T 80 K75 (1 E PRt £ F 2002 4F 6 H 17-19 HEJb 5 B K 2E 28
7, BEVtEEZR, AFE 14 AR AM—Ai3R Fields Medal %055 (Ll
WD o FEZIEMENT, RAER 7L TS0 ST TN A, fE23% WE
HEMASIR, Hh—f 2% /RS2 (Murray Gell-Mann, 1929-2019) ——
S Philip Platzman (1935-2012) M S. /RS XBET— )5 H EH
PR REEAL), RS BUN, Frbl s /KX & s S A RZMINR,
W23 i R TRENA, & — NAREAEH 45 Lui LAM, 2
—AEE . URREERE. 7 IR X 7 TR “Histo FEAR
* Tissue (ZHZ1) o 7 XHSLBXS, i Histology MR ELZEH T (40
M) HL, HFEENEH, Fii: “How about Histogram?” (B4 B
BIWE? O . #/Rk2—BEE, EHRMTEDARRKEI T LA FIEL
JERARGEMEDAH —#. (i b, LaTaemE——Ed Gell-
Mann “&€” F1. )

2002 4E 7 7, RAEZAZ KRB AL+ Michael Stanford /] (An
Introduction to the Philosophy of History) ~ (JJj 52 ¥722 318, 1998 4£) . John
Morby ] (Dynasties of the World) ~ (tH EFE R, 2002 45) o BI#H &k
P s AR T T (RS D sk 5 E A SRR R R P i 3
JRR SR o FEBAERER R MR, AR T et RIE R &
S AN EAACE G R BCHAE 1T 208 TR A e 20 AT ) B SR —— W BN
BRAG, HEPXAFEERTE TIERHE, —BHEA.

2004 4

2004 4F 3 H 13 H, fEEIME K Montreal H2EEYH 2228501 “March
Meeting” (= H <1, 2004 4F 3 H 22-26 H) ZHiJLK, ITH T
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(Dynasties of the World) X745, AR¥EHE R MR Tk, &
WTHWERTHEIEMEEEEMN PN EEMME . X4 RE
Montreal 2 FHEE 1o &G, HP—A @ ARANEZH “Bilinear
effect” CWEZLRM [2.1]D

2010 4F

HEEMEEQE T — M B E XS =R, L
P s Bos HOWE L. SR, XUEZ RN L HLE AN i B2 F 5 R B

iS22, M 2000 2 2010 &, FMPIHYREILMT 10 £, HE], M
2007 i, WM AESCHEAR . AR 2®T 2007 £FF
BIF—T 12 %F [3.5]D

3 EMEERHERTE
2002 4E

BIPA2 AR A —— W0 T W R PEAT B 0 Bl R R T 1982 4EF1 1992
E, FHBE 10 FE. N T RTFRTESE, A DT A E R SCEARE 2002
FRE. B, 20024 6 H, RE 7 “PisisdiiE” —3g, #ha (W
HY & 11 H, WAERELESR, — Mg, H— AU SCE
APt o, BUEE. 944, 2003 F 2 H, (W) EmikEiBR.
CopEE) BRI R T B — SRR R oSCE L2 .

2002 4F 12 H, World Scientific fE3&A & IIEIL T, EARAIH (Modern
Physics Letters BY T BT8R4 2 WK CHE “ Histophysics: A
new discipline” (F 174 .

2003 4E

2003 4F 1 H 14 H, 4FRIE N CEE REG KX FREGFT M wiss, Jyseyye
FHE R OSCEAGETE 2002 FHBLIRE, FARILEI—AIBEAE N Alexandre
Wang & H V2 [P HUHE, BRI L /i % — {7 Histophysics 3 & . FREBIA
HkM, EWAE—TF, AMEREAXECE (B 1A o PR, XK
WEERT 7
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2003 4 8 A 29 H, AE (BHEEmHR) BlipsCkR T TR Ttk
B ——W B AR AR R TR N3 S 2 75 T I R R A € JE ST (T
L AD , SORARETHEIRHAE . [F A LA MR, A 5 -Ek
R, WEHA A EREBD W T, ERE T EEERRR.

FI4E 12 H,  CCTACH BRI 7 KSCRSE TALSOR A R
I ISR — .

2003 5, FKEMLFE “Modeling history and predicting the future: The Active
Walk approach” Hifit. HZF T 2001 47 P B AR Sk L ST 2 i 4k
PR

= o
2004 4F

FKH I (Clement Chang, 1929-2018) £V /K WRIT K U KNy, 7%
AL T — N AR T AR T 2001 4F 8 HVGHERIH “ NSk
He: WFTL 37, W TR TN KRR, AANRE—DRKEL
K, BBE R “RILIHE” . 4558, 3T 2003 4 12 H 9-
11 HERIL RS 7 =AMk -

2004 £ 12 A, “How to model history and predict the future”  CAI{ATAE 4L [y
SRR RET RIS AR R EAFHE S (This Pale Blue
Dot: Science, History, God) CXyR#E—i: B2z, . ¥ o XAP
T 2003 12 AFE R “WRITIHEE” B35k,

2006 4F

2006 ©F 2 f, RTHEEARSERERLR, BRTRENRTEETE
FIZERSCE (2006 ) FIF5 5.2: Two quantitative laws and a quantitative
prediction in Chinese history (H1[E [ s F (¥ 5% @ B e 55— 2% & ST
[2.1]1) . Z&iid R T World Scientific [ { International Journal of
Bifurcation and Chaos) (4335 VR E Fr T »

2008 4

FAE World Scientific 8373 F 4w “Science Matters”  (Scimat, AR} M
P8 —A45 (Science Matters: Humanities as Complex Systems) ({EAE 42
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RGN CF) Wk, HAZE 13 FREILSH “Human history: A Science
Matter” (AP ARBI—ITT[2.1D

2010 &

FAENE —1EE KL “Bilinear effect in complex systems” (E 4 &G+
HIXE 263 ) 7E (EPL) (Europhysics Letters, KXIM#IEEHIA) L&
Fo HARPH =M F 2 —H&FRT 2006 47E (International Journal of
Bifurcation and Chaos) KXW EEIK Ao Am. AL, fEZik 3,
Histophysics — 1] Hy ILAE SCR J 2 2% S0k 29

2013 4f

CABL: ENEZRARGHAENE) — PP EANRKFHHREER. H
i 13 BRESH “AEH LR ARK—MIF” . ZPRERT
2008 % {Science Matters) —HIH1i%E.

INGE

KFPishwpREs:, ®RERT 3/ (FE30) PHHESC:

e Lam, L. [2002]. Histophysics: A new discipline. Modern Physics Letters
B 16: 1163-1176.

e Lam, L. [2006]. Active Walks: The first twelve years (Part II).
International Journal of Bifurcation and Chaos 16: 239-268.

e Lam, L., Bellavia, David C., Han Xiao-Pu, Liu Chih-Hui A., Shu Chang-
Qing, Wei Zhengjin, Zhou Tao & Zhu Jichen [2010]. Bilinear effect in
complex systems. EPL 91: 68004.

2 fR P ERIR
e Lam, L. [2003]. Modeling history and predicting the future: The Active
Walk approach. Humanity 3000, Future of Humanity: Seminar 3

Proceedings. Bellevue, Washington: Foundation For the Future. pp 109-
117.
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e Lam, L. [2008]. Human history: A Science Matter. Science Matters:
Humanities as Complex Systems, Burguete, M. & Lam, L. (eds.).
Singapore: World Scientific. pp 234-254.

o MEE [2013] ARPISEWETL: ARH 5. (AR EANRIRAR
GUMASCRLEE)  BEANE « fEERE. W& (D . dbEst PEARK
AR

2 J BB RSO KO E

o MRFE [2003a]. SCEEACRLAT “ 7 sEW R —— W B ERAE RN
5 5 27 T R f . (BRI 2003 45 8 H 29 H.

o FRE [2003b]. SCHERAZELAT “PIshapEEAE” | G XEED , XIH
Z (4w . Abal iEE R AL,

4 JE%E

2011 4 1 H 8 H, BIE A A S A I K A0 1 Sy
Cliodynamics (J75:23 /1% Clio J& 5 fE#ili vh& P s i 2e) o B —
7, A& Peter Turchin T 2003 £ 7 — AR A W45, R4 fh—AHIHE, &
VAR LAt . —4ET 2002 442 H T Histophysics 1X/Ma FIER, FF48 H R
PEINZ, Cliodynamics ¥ i% & Histophysics f1—#4>, 1M Histophysics Ml &
Scimat (AF}) BJ—#B4r. Turchin FLRJG ] 7SR, BRI ULE,
RN WA FIE T Histophysics [ TAE, (H2 s34 th 19 STk -

201444 H 4 H, FKAME Turchin, 2 IFMLIRAALE AAAS G ERMF (L)
23) 2015 4F 2 J1 12-16 HAEEATIE2EIPMES BRAS “ NRPI g
Wt 2, ikt Cliodynamics, FKiF Histophysics. KRG RIS, i i
WG RRE E S M. f&)E, XA 23A .

20224E7 A 19 H, SSHEE LA AW L —R 5T J7 e B 22 i SORE,, 2
i 9 MEZE SR “Cliophysics: A scientific analysis of recurrent historical
events” (P7sEMps: X BRI R R4 -
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Arukal, Y., Baaquie, B., Chen Xiaosong, Di Zengru, Kim, B., Richmond,
P., Roehner, B. M., Wang Qing-hai & Yang Yang [2022]. Cliophysics: A
scientific analysis of recurrent historical events. EPL 138: 22004.

Z5IR 12 FEHTHEF] Histophysics FIXUE AN & (L ETH Lam et al.,
[2010]) KETFE—WF (EPL) L, 4% ERF] (XA Histophysics
5 (Turchin [)) Cliodynamics P17 M 5 Z AR LR R4 9 4
1R 27 HIR, HVFA XA

A PIANE R I TR . 8@ THAE 7% E ) Bertrand Roehner it —K (7 H 20
HD B0, At A6 S e K 2 o BN (R4 2 76 S0 & RS ) Atk 2 38113k
47, HEAERIET (BURERAECE E5E LD , (HARE KRt
2|3 1 Histophysics LTAE .

B —1E#H IR Peter Richmond I H K (7 H 21 H) RIE UL,
Histophysics, Cliodynamics 5 Cliophysics = fE22 AR i3y 3w gr, k4T
FERT o AR RLAE AR 18 S 24 B AR

XMUHEFERAMTT, 2 9 MEETH 4 NN (Chen Xiaosong. Di
Zengru. Wang Qing-hai. Yang Yang) , A3 N TAEHRAIE KM (Chens
Di. Yang #EILIT KDY , Ho 4 NZMPER (Kim. Roehner.
Richmond. Wang) , #}/&A&E 2T EH 2002 42 2010 F7E S4B IH T A
HRHESC B R R A% Histophysics & (M1 3) o [, 2044 )5M)5E K
BVGHS CHEE REm A AR R

5 PHgfgsit

1. Histophysics X [ TH=RH AL, HRE (BB =98k, 17
. =2 (1) 2000 £ CHREEY CE; (2) 2001 FEFHERIIR S (3) 2002 4
ZATERE . BHERILM T BB TAE, 57 ZAEBRES. )
IRZ W5, A TAE I BUREAT S M H , A —A UL H B
[)5E1E B OSSR G WA K, TARAE THEA MRS, XM ERE
AR = RTh . RAE =4, R4 R b e 45 . als A it
H, & HJEDBURIh A A RE 0 RHTR R .

2. HRFAWMR ARG KNG R, AESNE. FIRETRES, A7
Ty H T BTES. ERRETRE, A7 RSV, @i, £
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MR NS Pl TSR MR AEER, g «—2id, o
.

3. —fRIAH, BEAESEERBA SRS . XADNB SRR,
ROV B AR EM A BRI AYR RSN, BEAZMEMRS, WA
AR T NIRRT SR, BOZHEE B AR
M —&Bor. F—Jit, PILeAm R AR P s, AR A AL
Mtz CRAE RS BTl PR NSO e SR — o, s
REEHRBEI— . SR, D s at T DU BRI TR .

4. BHEAREDE ECE — TR 2R A, FE=AFM: (D ARATHE—
AR T P BRI, BERE R ITA B Lo, ST UMD R
M. (2) - MNRARLEE AR GE . e, ZHHE
IR LR R, RAREFRSCIE T Bt — A& FHIH
B, AAHIEHT L2 AN R OSCE 1) B —— 8T U A S A%
. AT, AGFMERMKPEOATE . 3 BPANERA
B BT HREOBUEA i AT A

L, SAERERIHT, BElE TR, SRR R A 4 S I i A R R
Bl (ANE. AEER) - B—THH CAHHREBE) .

SCHEABLIT R BACRREN A BT Y AR
R, B 3 A —— BT A —— 7 IF B R R
2, SRR T R BRI & N5 B A 21

6. W —4: EAGk 7 EIIHARM A6 2 WA, k2R
[TA N REFE HELI (8] P9 RIE 12 52 BRI R e 2 ik S ot g o XA SRR AT RE 2
] Py 2 3 B 1) T [ S St B SR R 2 —, TS AR BB IE AP A B, A2 AE TR
AL O

e M

Ji#: Lam, L. [2024]. History of Histophysics. Humanities, Science,
Scimat: From Two Cultures to Bettering Humanity, Lam, L.
Singapore: World Scientific. A< 34 J5 A1 SCH.
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3.5 AFHHIHE

AF (Scimat) 2 FANE K — MR A, HRIRRKIE 2007 F5EH—A
Bz R ARHEXRT AREREE . INEN S, ARBRAH.
SR RESENGR. AR U EEAN “NHIR%” —— B Zigs)
(1688-1789) AHZMMAHE A LI HAr. ANFI 7k MR R A FE XA A
KT N ) AT B e ——Fr A W8, B/, BRI S X
FHEE, WEASCERIREKE, 5 “ AR MR AR
(2 H bR i o NSOkl N2, iRt VB R 07 . 1R AR
I EHE——E R UGN, e T4, DERRRERAEH 4.

1 Zh#l

NI AR NA X, RS L R At PUAE RS A 1 Sk
Ry o N R X A i, RN BR, KR5S 5 s s
FNRAIsIRM . BT BRI SR, JLFiray, ZRONM, R e
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HShndedr, #RN TR ——2 NSRRI R —RGE R MR
KR, RO BEJ1ER, B TR E G, BT R

FT 1992 FERHAFEE Z KRG Active Walk GEVEITHE [3.3D &, ©FF
BN RRE (&Eprs) , (HEZE 2002 F4EH Histophysics
D seeisg 2.1 XITHEERL 4R IEARNEFE L, R IEANFA
R R GG —— A EE AT S5 AN B AWML [3.4].
M “ NFE” (Scimat) , WIPRAEH 7 se W3 2 5, LA i o
Pl 5 —2 LR , BHEAN AL (Humanities) BJ5:A 1]
B AR NS AR K- K S AT . DRI, 31 2006 4F,  FRAEA iRk
B RIEAN NSCE AR A4 N ST PRI AU KPS T X Ak
Al —— s I, EAREEAR (427-347 BO) LK, C&H 2400 4 7.
AT, O P A NSO Z 3P FHE [ ). Gottschall )45
{Literature, Science, and a New Humanities) (3% . Bl 5 A X%,
2008 4F) . ]

2 BFEME-REW
JEx

2005 4F 7 H, RAEACH AT “56 22 JmE bRkl st 227 BV TSR E
% F Y] Maria Burguete. i ig IR 2215 . Maria 2785 [F 58 2 Ludwig
Maximilians K2R £, FERT B A (Lisbon, % 7 & #) 1
Bento da Rocha Cabral fff 77 fT

BWET

WEARERM TAEE WA (1975-1977 ), ZEHRKILFRAREK, A
MR ELHE T, OV E AR PG ra s, AR, o D D 46 ) o A 24
&, ARG L.

KOCH T, BT 2006 4 3 H 25 H, BEFRICGER, REER K
E T, CEIREIA. Maria WRAEEE, &G RINEL/NEIREE
i (Ericeira) [ Vila Galé {1)5 (B 1) , WEZ T, #H—RTE84. &R
P, FHNS IS L —RANEEESW RS BT IR SR 2
PIRRT NEEE, ZREWCLIEA R 0 F 8. 2E K5 1.: Maria
B (. St , RERME (WA
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K 1. #i & Figs . B/ : Fozda Arelho. BAi: Ericeira [ Vila Galé )5 .

HR

2006 % 5 7 17-19 H, WAEE/REATH) “58 9 mAHE A IALR E 27
T PR S B A R BEiREFRH C. P Snow (PIAISCIL)
Forb s R, A B Snow BRI A SCAGTE I S B I
IR, DGR G PR SO R G A BUNE —— AR AR T BRI b AR A
IR A B, T SRR O Nt i, R SCEE R R SR AT

XA TR R R e a5 i —— N SCR B —M, 2R —1
X—— N —F 5 AR R B Al . WIRE B A+ (Science Matters:
Humanities as Complex Systems) (B} NCHEAERRSG) B
SEWSCE . WAL, ORISR T A kK AP L iX )
W, Rk T NBHOZH H A5,

Exe

N TSI T, IR-T 2007 4E 1 H 2 HAAERE KERR, 5 Maria 285,
TEYRIE WY Paul Caro, WEAMSZREIFS NS, Wk =&, AP 2 M
T

Paul 2 ¥2: [E R} 2 B i TR e b Ay B EE T 22 Febi 4, JBKHT &2 Centre National
de la Recherche Scientifique (CNRS, % [E EHFKFFEH 5O B 21T,

ettt K. AR 1980 4EAR, M BG4 T M. B 220014, flifE Cite
des Sciences et de I'Industrie (EREER}ZE TV o7 “RlEHES” o b
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¥ fH{T DG Research European (DG FRINHFFT) L ANZE AT H H0 5 ]
%) 4 Ciencia Viva (B2 E#E) THRIRENZ A o

2R, WBE T B HEYEE, AR

REEN

2007 £ 5 H 28-30 H, 55— Jm [ b AR & SR % o iR BLIE R 2875
Maria S5 AZAILE FFE (K 2) . BIET SUE AR “Science Matters:
From Aristotle to you and me” (AR}: WWHEZEIRER) , kL
45 “Histophysics: Integrating history and physics” (Jj S24pBE2z. Jjsh2z
5YEEREE) .

2 W E %52 Everything in Nature is part of science! (K H A —VI#L 2
BRI —HB) o XE RN — A1 ERE:

L 5 NA KA IR Bz H AT DR HE 7T .

2. MAMBAR——AIHE R EE——#2 R 8
g, SRR, DRUAEEEAN R T A AN R (4 5 FRE B B

3. W ENYBTIORIEIE (Scientificity) Hi, BAE SRR, HARRY
W2, NSCERAE.

NEWHE, SR, HIENERAH —/NMEYH SRS, HH
T “Science Matters” 1XMA], B BUERI R —F 2 A,

MR EY. S FEIA (Science Matters) 15 (2008 F) H,

Scimat——FAN ¥ — N H 19 L F——=Z1EAN Science Matters [ &% H 3
1, 152013 SFUAFTREA H CFEXLM. BT 2013 4,  (Science Matters)

PriEm AR, AR AR R E R e g
475 . LU, ANFHF Scimat i f2iX Z R “BH4 7 .

3 A®

CAERP RO — L E L, AERIRAE 2007 B ERH ORI — AN
M2k NBHE LR RITEFEEF AL . WA RUE, ARHR AN

R 5 REAE—RNSGHR. o UIEAREM A “ NBRE” —8
MEZEIZ) (1688-1789 ) AMMHB A WA Hbr. ANFFETKMARFER
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FEERART, PRI IR AR (T T AR I8, K32 i A SC% (Humanities)
MIRHEAKCT, IFRTE “ BRI Tk

SRR P 2 B A R AR RO B, AR IR 10
Bl = ERERE = ARG + ARRGRE

M FEANRGRE = “BRBEE” 3 ARG = A0 + R +
B2 = AFt

4 EHE AR

2007 FEHZBAREE “EERARHTR fFHG. i 6 SNE, 76
Lk

1 SB—8, HAHE T AR EBERRS, FPE K. 2007 FHEEN
AFHETE . 2009 EH5 “Jm, RRXTZERM. BFRATE LA
¥ BATARERL, BRERXNSWE, BIHEZRGRARMAE—E.

2011 FRH = MR VRR T RN I BHEERAR . 5. s,
Mot PLERREEARE. 2017 SRR NER AR 10 . BAILTEA
FHIOAR B ARSE iR @ADL IMR . ARHEARE HoAn 4z B 1
FER— Rl MIEERREARIE—MEFKERL, ARHERZE AL
ER LSS T

FRE =B REANEBIFEER (K 2 . H 28N mRNSUNE
HAR BRI -

28200, BAHE T “HIRABIRRE” o ZRSMALT 2007 45 H 30
H, Mo AREZE 18 N, 4 2005 FEEE 2432 A Robin Warren M (B2
EEN) ERAEZR Michael Shermer, RAZE B HITHEE RBEE N, &
BT ARSI B E B AR

3=, REL T B AR FAEF Y, AR 2 I
H] World Scientific; 1 =15/ (Science Matters) (Arts) ¢All About
Science) » XR=APBREF =2z —NFERASWIRE, HRZSFBIEE
HARAPEREXEWR. WA (Humanities, Science, Scimat) { Scimat
Anthology) (2024 F) ZEMEMMANLE (E3) .
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HATE: 7 FAIIEEN Science Matters, A PEM Scimat KIARIAH, 2
TAE o [ RN A8 &) F AR

SCIENCE MATTERS: A

ﬁl—-m‘udﬁ“‘-‘; "
SomADa, B e

Bettering Humanity
Historic Secular Movements

< Druviim< —222>

Sarther edormaton wwss schmat 2015 con

K 2. B AR BGEHR. WERIA, L/ TF: 2007, 2009, 2011, 2017 4.
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(7) PhBAHE T AT ARE R ARRERIR (B 4) .

AF oy AR — MRS R TR 6, AR A AT, A SN RR
RIEF B XA R Sk, AT EM BRI 772
RSN B &, B A AT DL I BT Bl K 2 N S S BT FURAEE AR
J&.

ARG RIBL, R AE 21 S ) 2 2 B —— AR —— RO i
B ERELRTE, AT BN,

5. 80, @ ERARES.
6. N, R E bR ARHAT

BANVBAEIEERATES 4 5. 55 5 DR 6 BREMNRRM, HERERA
MHkR. (AXREZMHFELE, S W wwwsjsuedu/people/luilam/
scimat. )
5 &5iE
ANBH BB R “ KRB —VIE R B A0 —88 57 o AFHR 32 22 0L
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A RIED .
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Let the Earth be peaceful forever!

\BOUT SCIENCI

{

K 5. ik ARHEHRk . : Let the Earth be peaceful forever! (LEMBRAKEFIT) . -
Scimat is the light at the end of tunnel. (AR} FEE L L) .

3 MR

Ji# : Lam, L. [2024]. The Scimat Story. Humanities, Science,
Scimat: From Two Cultures to Bettering Humanity, Lam, L.
Singapore: World Scientific. 4329 it HH 30,
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3.6 MEHA. ARKBER

1 55

TS _E AU AE BT By AR BRI AN . AT 45
KWK HURATEE; JaE AR BRKTIR . BRI L. W
B A B AR R AT RE L AR AR B B . TR A IE U,
EATRT CLIERE A 55 7oK e s M -

T 22 kI N 2 R B T S %S R AT DL R BT R
it R . EEAREN R WEE GEByR) R Esh g RITm
Ja%iazh (1688-1789) FIZEtHZNME (Vienna Circle) &zl (20 tHLy))
PLK H AT A B AL E GBS . AT, REIS 7k,
EFRATAS REIE W0 Z2 BT 7 R f e Sk P AR O 2638 Bl A2 5 A RN 1

ABHFRIET 10 F T & 24T — JmE PR ARFE . AR EETX
FARIRE [3.5], IR HAENSEE R M F B BT 22 A
RHkE, DT S5UARTEsh A — SRR Z 4. B AR E DR
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REVECRHE R, ORI MR RIN, A SBOsmE sT BT som 7
N A i RS BRI B0 B bR . BrHEA S 0ish, BATR IRt AR
ANEEE B GEA L CLAE I ARG A, UL 4 5 RO M iz 3)
CHARE FefT T BER -

2 PFEER]
MR EE, ANFSERR SIS RS0 T: NS R R E s T AN e
H—EELR (FHD .

Natural disaster

Indonesia Tsunami, 2004
170,000
; Vg ’ - jouc dead
o] dﬁﬁ
b Indonesia

Wrong decision making

Cambodia (1975-1979)
2 million
* Some people mistook a social science dead
hypothesis (Marxism) as a proven theory
and d ice
\ ‘
4

K 1. BRI R E & R AN BRG] -

3 HAER/ENG?

A (Humanity) BEEEMRE), BOFBEDFK. Fla, Z1568 T,
MEET % . e NN RSN RIS, RN EE; B
g dr (K, HARSMAEYII L) 5 A P3adg . WML, J54
BAE—VINERRTG . WU (K 2) ; sEEAMES RS ?
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K 2. %% 4 Cascais FINIEY) (2017 5 /&)

4 HEH TR

BB AR T R ARG I . AT R LA A
Z by (RIGEMSLB%) , HEEESR L FEEENEEREL, HE
SEHBORFEIT, B S RO — AR R R 5 2 LA
PRI =AFEIZZ): BEIE3). B A SCE S (I [2.4] 1)
K2 .

5 ZRIK=AMEEs)
5.1 JHZEiash

BRI R 5235 (1688-1789) fEARMWH (R Hihk— /57T 40, HHER
RANE TR T ARMRRE, BERET. gRMT, REHE=: (D5
TR (R REARF, ANRRJRERARG—IFF
HIORMASG, WREE LY, IR . (20 BEAMREr TR (o
BB AR AT AL .

5.2 #EthanpE

IR T ety (1922 ) KZEthan Bl R SIS 3 R 146 . il
MTAIZ R SR A BT 1R B GEAE 1867 SEXIRAME SO, JF
B R 4 2] —NEE T B, Al Kurt Godel A TE# Vg BLALS 1
YRS E) T 1920 FAAM 1930 FAAEPRGEAT, FFEPHE S AEFEE L
G, SRR G IR B 5C [ I A% 4 21 5E [




M 261

5.3 AXFE a3

1589 4F, M T “AXFENE” (Humanist) XA, 2= EZIEMF0T
7, SUEREXAR. JER, £ 19 4, AXEX (Humanism) X
I

FE20 e, R HEATAAE, ASCECEWE “— it T B IERHE
NPER AR TT A IFNRBEENE RS N2 2 B 7 AXCE
B

L BATE BRI

2. WU AME - AFAERIAR Y.

3. BREERRME TR TR TH M ME— R EE R ORI

4. FATVESE, BATRM, AR E,

5. NRATUMERA S EUS MK OL R L b & P A 78 s (0 43 o
6. NRIVTEREAENDR AP S ANGIAB AR .

AL N EHLABIEYEF . International Humanist and Ethical Union (E R A
T A EBNE, THEU) RROZT 1952 4, RatRACE N H . T
W BEMEE X E . R E WEERE . B RS 2
AU, IBF XA British Humanist Association (3¢ [E A\ CE X4,
Humanists UKD , & “fEE—-EMAERENER 5 EAWEAEHR” , H
a2 “HREFWHBE, KEHRIEFITIN, HERFEER, BB .
7E3¢[E, American Humanist Association (JEE A E X<, AHA) &
AR N2

Lo ACEXEFmSMEMRI A e, Arraig. BEEX H
R HEEN.) .

2. DURZIEEhy s ondEal, DIRHERPUSIRYE, B2 AT RIS
HNENTT

3. HATHRIPNSCE G Tt AR TR R 5L N KIBUR] .
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4. BN N BB SO AT, ARG AR R B A B 2R

=

Ho

5. BN 50000 ALK, Facebook (Ji45) 2z 575000 A,
Twitter (HERE) ¥y 22T 42000 A .

AHA H 243 N SCF o/ JEALE (236 AR ARl B2 IMERE =W

(2017 555 76 Ji) » FFMUREALCEER (ROLT 1953 ) 5 ik
(3R 4 /& Adam Savage (2017 %) . Jared Diamond (2016 %) .
Lawrence Krauss (2015 %£) . Gloria Steinem (2012 %) . Linus Pauling
(1961 %) F Leo Szilard (1960 ) . BB 7 —AXH T4 E (The
Humanist) , %% E RS — A AL B ERHE S E R 28 &, BIFE 2017
9 H10 AT EMHSE “KRET RA LWl .

fBis 2, ANXFESEFHLEFBRIR RS (NALEEZEIET o A
YE AR T LTG5 B X M. BRI %, RN
A (D BENRERKE. (2) Sb—Rim (FoRFEREE M B4R A
Wy, WAT 6 R T) .

FHEEZ R, WAL T 1920 1 30 URAEE FIZH 2L American Civil Liberty Union
(EEARBHBKE, ACLU) ZrA R, RENEEET B —HE
i, WAREH. B ffidrd: #2TMgEy 38 E kA IR R A B K
BN ABFFEH. ACLU FFEWHE BT 1 12370, midiFiafl
WUl R TAE, EJLFRTE 50 NI, S LU X R 2 32 5 ki
— B3 % B R 2 5y ST

6 N ABHEERABH

BHERE AR R, BRI (—DMESERRsD , #a “H
SE7OREAL; U A BEAF M ENS . SRR AR R, BT
(1) BIAEXS T X587 e, WIRMEREEMIM. 2 — ATk
CHetn F = ma) HYIEM, S i il & 20 A0 A0 0 ) & I 5 B0 =& AH 55 S 1
WK B, NNEEBEAAEE RARE) , KPR
BRGER, FHARTT7 A2 R geir A A . BTl “RARE” 8GR AEAE
R Mg AU, BHENORA GRS (ERCEE R
WEWDD o FHe b, B RAKE T AT 1S A AR AR R
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UEAh, BHALER R RS T ARE ), EAUBARRGAENNEIRRS
T AAIB A . XA A5 BB, NSCERAE S REEAS
IAFGERFE R o NATEN “REAAER STE 7 1B G A A0 R
GUAR IR R GE (A HEA X (K B AL -

T AN AEERERNEK

fEARE T ettt i, AARENRGRMER (L, ik
%) o BT AARR FORMEREN (IR R E D o AKH AR
R, EAR ERMRMER (BT REBEAMEER o B, Tk
FATHE BREW FIE 2 /DR, BATEAETE AT ENE T

AEVEAE — AN It A, AN AR 4R — S AR RS (LE
Wi, MERARHEEbr ETRe kA LK 3 AT 4) JFh “HRklE” mgs R
e . BeAh, SHFRIEEZORUE, B .
FEVE R SE R AEH), JREWR:

1. PB4 M SRE AR EEN) (thtn, YE e E AR, kA4

MEAREARRM:, RZ IR .

2. NERGRMFEER

3. ARATSET N R TIAS RS LR 44 H .

4. DAL, TR R YRR PR R R
W TR ARTE A A 2 85 B 0E DU P sk (FRONTEZE) o TREIX PR
T, B BUA R EIEATEW IS NIk, #R KEN %3 & HAh % e R
K (tbdn, XPEABKNFET . SWMA&ZETD o BN, AR Rk
B, FEaTRek L Em—aANEESBAB T AN (T 2) .
8 BURMIS AW E KPR RIFHIREKER S

BT AR ) NSRRI T BOA S A s S B, R E 15 5% At
I E K. ZATEE, IPErE s i r 2 AeAE KA E KP

MAR—®&Z R AEhEE (i, SRRt e
A
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JE— A NBE KPS 2 XA AR 2 RR I F 4R ——IX R R 3R
PR — N EE B RN, HAEM IS RER, A AL EAE E 2
i :

LB ENRMERT L, BRAR R R, A A
HEBREL D

2. MAER: SRR —AS NBTZ 3 H Ja Ses 3] L R~ i
WD, #Ex A DU R SR AR AR RS

3. BT wLELANALE (Rt FERKKR S, X6
I B T S RE T SIS (Il an A R A N 450D .

4. MAMEBYLE. EF SR TR BT IR K
M RIS (CEk2 HCIERMAR) 3G,

5. FEHEL: SAREHWFER, FHEI, ] LU0 R i H Al A
DA K i B3 A5 400 228 0 R B0 SR 345

6. BRE: I IEMEEMAREE A CFIEE Y (BTE) 57
FIEK s (138 4248) Xk, AILASRIGHEE .

HAREE 1 WUAIES 2 UGB 7 A R aEE, HEE 3-6 0T, JUHELH 6
Wi, ATCAR KRN HER . (HREHAAWR? T, JATKESES
WH 6 WL FONBATMAME, — DR RS A SO £ 5 AR
ARSI —ANEGE s, BRI HERZ A5,

9 HEHAK AR

ABHEMEE T 2007 SF4R M2 220, A A BHEMEE A SR,
TR MIE T A ZEIRE 2 R0 TR A B AR % T NI Ir) R AT B BF I8 [3.5].
G S AR B B HE =P IR

F1F: B3INMNERELBALMHEE

o EH 1. —VIEGETREBYE. FHi iWEERIET 138 ALERTII KR
Y. 2, BT, HA—Ea7E 47 (CERTER RO &R, H
ZEiRHER . 1025 )5, HuER BB T .
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o ER 2: BATR—FKAN. IrA AL, LRZILHIERIFR, HILE
[ — MKk BATRAMER GEFEMHEL TR R A <>
(Microbrachius) i fa, + 8 JEK, AEVELE 4 1Z4FHD -

o FE 3: ’MNHHBEREWED. 3k bi—1), @A, #HiEH
JAF AR . AR T AR AIEE (R T H. He Al Li 2AE KHRAE
JEAATEHE; Ag AU Au, B FEGIHA) o Wik, EITZEE
Ao TATE AR P AR — AR T AR A AR T ) (AT RE 2 HeAt
NHI B, FERIBEE T, VRAKIZEAFED o BrBL, AT AR,
R, EhAaR.

2 LB ARG L RAILT4E, WRBE A LERTHE RS, @&
A N R B S, R A NS A S, R AS
IS RE . T H, BAZRAIEN, R, WA S 2
FER, FTRE B AN B A R B S AL RS AR S IS ER )
HABNFEAIAE, XPABER, X CHrE.

%2 ¥ EHPTRFHIZHUSS iBIR K F iR

HRHHER “ACE B ARL” (HuSS) HMEAIE, T 2015 /M
2016 FEAEH EN ROK 2 [ b 2 B iR 20 [3.5]. RN AR A B 1)
AT AR L MY AT AR 25 PR AR 2B 2 B 22 (0 TR o DA B NS035 “RLa”
ZIEPIRER, UURPTE, SRMENETEE. Wi, SaFEgEEms
iff o 1 1R At e IR —— X AN N L B (B 3 A 4) .

$ 34 EAHRET 00 PAFFES

B 20 G BRaf i 22/ 2 ORI B B/ 4 B2, BEEUR — IR AR
0, BRIV R, R EICEC N SRR BB RS R B T, ik
AT VERE SO I SR AT R (Eedn, P seEEsE (21D .
B AR AT KT A0 0 ) AR AE (&M E IR #0E iR ——HuSS.

RRAB AT REAERL A T AR AT SRARAE 15 A AT KRB RMANLEFEA T
o FEG ERNETHMEAR (LW WAEHLNES), BB
MRZ) 3500 SERTINENEEOT 4G 281, — BT, EmKiZEA~=H
PRI D 5% 0 S D9 N B H 1 — BB R 2 T 46 B 1) ) RBLER (1t 1 BRI %
BE AR AR i ) SOMIBE i 2 500 B, T - B AR 4 ) B2 A TV i 2

Rk
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R SeAh, APRSR O SN EAER I T R B R L, Lk
A7, 300 NSRS — R

Probability and Uncertainty

Why eventually there always is a winner in Lotto

Lotto first prize

> one box will be hit - CmmC
- . L] . O
Winner is the one whose box O o o [e
is hit L
0 0
Each round, more people buy DO
and more boxes occupied 1%t round 2nd round

Events with small probability, no matter how small, could actually happen

Given: a (zero-size) raindrop
will fall on this graph paper

p = probability that a box will
be hit

P b s ]
pocsi?blee made as smatias p=1/84 =0.012 (1.2%) p = 1/(7x2x12x2) = 0.3 (0.3%)

* Probability is an intrinsic part of the human world.

* We simply have to go on living with uncertainty, more wisely and humbly.

B 3. TR RIANH E 1R X P A RTR

Error Bars and the Bell Curve

What it means to say the height of students in class H is given by

It does not mean H=160 t 8 cm Mean = 160 cm
152 =H <168 cm Standard deviation (SD) =8 cm
Probability
O Data point
Strong
Very Strong
5 B
Taw T E )

H (cm)

K 4. 4 SRR Z AN BRI h 2k K HEA R
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10 WidE%iR

e, B 1867 FRHAA I SR EM A LR, PE R,
& ZIAMEAT (TS AR R MR A, 207 #RANL B K, AT Bl
AN GRAE X T R R o

I FRANEMASGES T AN A BT, SEALL LR
NEH 70%, T 2010 41 58 /23503 2050 4E1) 81 14, {fEIXFPiy
SN, AR RO SR s s, I ASCE isE)), RV E 2 R ek
HREIS AR (R D, EARHURCEERF RS H R 1maE A%
i AT 6 195 7)

R CE R DA S S B UL

JA S IE5) X RIS SRS

Y thapn el R SHIEE X SR /AN Rt
ACEX LS INGLN DA SR
A HE (EHIND g YA|

FEIXTTIH, HEE, ARHEZhRME— DA RBEB R Nias) Gk
1, ABATRIE R A SR SCE T P Y, 5 B SR B
AT Y —— LA B T A 8 B AR, DL 55 [2.5]

W s pR, A RBUAOT N gRE G R T R N dr ik, AbA 2k
SEE . AN, EEXBEEELRMIK (W 8, AETHY. K
U, ARWIE, St A SR EO X e e AR, AT AR
AR BT T SE BRI MZ 2 BT LR A FR R T3 N B 31X
T RIS IR AE, WA NE LT, XA 2
hH.,

HA, HTRAARIEESG S BOVARR EEZW T, DA ER S
MDEREREE, BATEBN—FEHIHR AN A AR KT ARKH =1
FARGER (T 9 prid) , ZJRREREREIR, Il smsitEr HuSS il
HE WP B el
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5, HREIPTA MR P S0, FATAE ANBHIE R = s A ]
TS HTT

e M

JR#%%: Lam, L. [2024]. Bettering humanity: The Scimat approach.
Scimat Anthology: Histophysics, Art, Philosophy, Science, Lam, L.
Singapore: World Scientific. A< 30 Ji H SR,

W EEEMLEE GR/AE
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3.7 BB ANRIRE

B /. Tuareg FZ 2, FCLAREIERIZS, Bourem (Mali) , 1947 4E,  Sierpinski #

Jr S8 03 T A o s AR X B AR 2 AR i B (B oRUE: B Neuchatel [
Musee d'Ethnographie. ) E|fi: Sierpinski #4)7.

R4 B2 BE (Extraterrestrial intelligence) 1775, Jove A& YR /& &%
B, ERAERAETFH TR —FREREENE R RS (FEA—1NE
KRG, BRAFERE (BJLPE) CMERRGMILFRE. B
n, APEFREAAK A, IRATReR —A “WEMEATEE " [Lam 1998; M
2000]: ‘EREE B ECRILALR) (WIBTEURERD PR, SO E RS
SR — 4 [3.3].

BIAT—FE, ERERRS, —MIPERBEK LIRS B ABLE (Self-
similarity, ZMEEEHHLEN) —X 2P MHTFZERAGILZMNE
o HAAIFEASE R FA R AL . — X% AL, e —/
ARG, 5 RBEAAE R RARLSAE R . A AR X — M.
HFENR “BET RN EARET RN R R RGO AR .
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FEAEN, T 1944 S LLRT L Ba-ila € J& 53, Hobs5 7O BRI A B
A [Eglash 19981, R 5E i & W] BEANRIE LA AE . — > B AL
H3E50 (SEFR b —B Sierpinski # /1) ———NEARM, SLhr LRGN E
T 1304 4EREKF] Agnani ZEPIHAR b s, AT H R HCIR YR
ikt — . AT, AU A LA 2 RO 2 A7 48 T R & 5 1
WAl T, TR TAEAE.

O3 T B ) B ) T % Sierpinski # F (Sierpinski gasket, fAifk SG; K
4 , H Benoit Mandelbrot (1924-2010) PAJ 242~ % Wactaw Sierpinski
(1882-1969) 14 i1 44 [Sierpinski 1916]. SG Jeilfiid 1 Je BT & — %
A=A IR AR EE . BN =M, SREMERF R —A
SIAR =AM EZ R, EETFELRK, &EMEMHE
SG. PISG it fai s XMW, CEFENMENNKCHF (EHE
WYFBAEE T AR REI I s b, B /b vy il b 2 8 e il 3

SG b — TR 3R — 2R M. BT EREERE, EMAMERAS
AR R IR . (FHLL, eANICZBRMU, B “H LM
[[7 . ) MAh, SGHERARR A S %], 20w U NAAF K77 X di
FEOVERG SR LTS AT [Lam 1998]. P fiTH 2, #ERMES
SRR REMINE Z RN RA R S ZRMMER, A SG /& s BLAR AT
Ro

b

1. 1988 4F, 10 % 1) Rachel Stanley £ & K] Agnani &I 7 X MR 53808, 1X 3§
TR 3+ Guyon, E. & Stanley, H. E. [1991]. Fractal Forms. Amsterdam:
Elsevier.
2. BUNEHAT R RERAE, AT SG R — % EfEE. TG &t A IRk
BAET GBI IEA R SG A5, HEgMA SG By “Hi72 %"  (Pre-
fractal) .

3. F Quick Basic 5 )74 SG MRS A 14 47 [Lam 1998: 234].

%3

Eglash, R. [1998]. Fractals in African settlement architecture. Complexity 4: 21-29.
Lam, L. [1998]. Nonlinear Physics for Beginners. Singapore: World Scientific.



M 271

M [2000]. 3EMEATE : BIAEER. BAHLR. E2:R4%. (WHE) 29: 531-535.

Sierpinski, W. [1916]. Sur une courbe cantonrienne qui content une image biunivoquet
et continue detoute courbe donne. Comptes Rendus de I'Académie des Sciences,
Paris 162: 629-632.

e M

Ji#: Lam, L. [2004]. A science-and-art interstellar message: The
self-similar Sierpinski gasket. Leonardo 37(1): 37-38. A S AZEHH
FAb b 2-3.

#il: Ml Santa Cruz Wi —ANENZE LR Gtk -



272 i A

& EFEBEFESRAN

(98]

A E R A (1978-1990 FEAR) B 150 A0 ] bR 9 it 27 2 A i 7
(1987-1990 ) WIMNAN&TT. B2 fREES W2 HMmFARRBEAR, HY
HoAth J7 se A —FE, & A IRIERE SR IEAR S5 & 45 R .

1 5

Pt E PR b2 2 (International Liquid Crystal Society, ILCS) &t AAl
BT R HEAN 3 FEHAT N o ILCS T 1990 FEHUR T« HE BRif fh 2 WO LI
¥ FZE14” (Planning and Steering Committee for International Liquid
Crystal Conferences, PSC for ILCC) . % | ffIX 1% A2 W] & A= 1 LA &N
ftas kA, JATRAE 2 PSC k.

o}

FB—4FESE 1965 F-. Glenn Brown (1915-1995) 7EfkZ M Kent i) Kent /1
SLRE— PRSI ORI, B2 T BT (Liquid Crystal Institute,
LCD) , HAEZKFHLN 7% — ILCC (International Liquid Crystal
Conference; D o [, RAEFHERFE, WP, EnsE KR
BHE LR B LY K2 (University of British Columbia, UBC) JF4A T 3k
(ORI FC A AR, AR 20 %, R — IR CHER (B12) .

7 1965 FE 5 1 @ ILCC 1, ARHAHARR 2 MREDSRIESRRA
2, “HRIAESERRE” (PSC) XETT 1968 EH IS 2 Jm
ILCC ', 27 Kent. iF7ER, Brown 2 WX, i/ ILCC &
IEIE N (B 3) o 1965 SEFFURTE Kent K2 TAEH) Bill Doane #i: “—



M 273

FHG, WM R RN AR, PSC AT AT AT LMK FERI AT, BA
SERE S AR I AN H TR I L AE ... George Gray Ml Chandra 5 Glenn
Brown £ AL AUR IR h &) &/E. 7

Kl 1.75: GlennBrown. H': Kent#EWFFEAT (19654) o £i: 5 1JHILCC (1965
F) FIEWFREE T .

.

2. MEAEIRAFHERERTAN, Sk UBC KilE. X EMEAE & LM S — K8 A
AR RIE 5T (19654 .

ZAEK, PSC A K, FAERIR SLTA 7 R 78 AT AT £l T i T &R
ok, H SR E— A4S 1980 4E, 1 Brown £ 1970 fEACTT 44 B
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AR, &2 T PSC FEMIRS . M4k 2 George Gray (1926-
2013) » W, M EFERMAS TIHA R EH LA
Sivaramakrishna (Chandra) Chandrasekhar (1930-2004) . Aid, Brown {394
FAfE T PSC. MIRAE 1980 FARAEN PSC HUR FTRRUAE RIMI(E B K E, =
%X, Gray Al Chandra %} PSC )R KA &5 Brown AR S, HEE, £
PSCAFAERIBEANIEREH (1965-19904F) , "EMME—DhREZREMENT —4
ILCCIEFE—/ M. Ak, PSCR—M SBARHL: WA LLHEM
NIz il R %3 PSCBIEA RN

R 1S TS5 E RO R RALAT RN EHE A, KR LUR %5 R

Glenn Brown: Founder of International Liquid Crystal Conferences (ILCC)

1965 ILCC, Kent 1968 ILCC, Kent

Chair: Glenn Brown

Planning Committee:
George Gray (UK)
A. ). Mabis (USA)

Chair: Glenn Brown

Planning and Steering Committee:
E.J. Ambrose (UK)
I. Chistyakov (USSR}

R. D. Ennulat (USA)
George Gray (UK)

Alfred Saupe (USA)
Steering Committee:

J. Dreyer (USA) Roger Porter (USA)
Alfred Saupe (USA)
A. Skoulios (France)
Gordon Stewart (USA)

Jim Fergason (USA)
H. McCune (USA)

B 3. 85— JE M 8 ILCC A4,

2 WX (1978-1990 4EAY)

AR, FRHRAE 1970 A WIH M F SRR Bonds 25, A DX
Ry K (B 4) o 24 PSC S MIRBECRIFAAL, R JE b B X MUK K
E R A EE LI T VP2 E KK AT LA SN, T 52
HEBHEE T RINA R, B 1 AR R T AR R

TS5 FRIET 19724, X2 IRAEHN LTSR35 B i 5 1)
(M —4F. £ 1973 (1 Les Houches 7> k2 22K, FKWr T Pierre-
Gilles de Gennes (1932-2007) F1 Bob Meyer HIFR, FE451H T ¥4 E Orsay
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i Roland Ribotta, #R1M, —HF| 1978 /£ 1 A& BT ESINEA, &A

THE S WS XA P

R 1. 1965-1990 £FIR & K Je r i) 3 B RIRR A2 1) A TR U i ) 2

T ) s
Brown S-S {130 s W72 T T Kent B | 1965 | DLER =4 B 433t N\ J5 BF A& 1 3
37 B e R 2 i (ILCC) 1R JEFHG LIRS, BH4F 20 &5
Kent 2417 Bill Doane %I Kent T./F
1966 | N BHE LT K 2z - 247
o E SRS T IR
1968 | BHELL K 2 ) A 1B B))
Fergason. Schadt/Helfrich M3 % B | 1970 | R4 4R
Tl AR BOR A
1971 | TALRERREYEEH
Gray 5 AR =R MM | 1975 | #E LRI TIE
Chandrasekhar 28 A B1)i& 78BS | 1977 | KREDAE B A &=
(Z. Physik B)
1978 | SR[EIHE (FEH E R B EE BT
TAE)
1979 | KFEHEER (WEFRHR
) PRL 3¢; 21 Chandra £
ElV & Bangalore 271 ] [ Frif i
2
4 8 Jm ILCC S EIRE 23T | 1980 | #hita Ry M 518 &AL
(PSC) B 7
1982 | R BABITE dh; TF AR I T 1%
T
1983 | iRMEIAL TAE
1984 | =N PSC
Mireille Delaye 1t | 1987 | A4l E PR 222 (ILCS)
EETRU0 N 2 A P M 7K 2
2 12 Ji ILCC &AL Freiburg 2517 | 1988 | PSC 7E Freiburg i#id 37 ILCS
W RI—HRAFEL S
1989 | #H ILCS =f%
#5013 J& ILCC £ AERAHEM UBC | 1990 | ILCS T 7 H 27 HYEIG BF4EK)
AT UBC B Al 0L, IH4E 45 % 84F
ILCS ] “WZE R FE
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International Liquid Crystal Conferences

Conference Year Place Number 700
of Papers

Number of papers
N w sy
o o o
o o o

1965 1970 1975 1980 1985 1990

503 Year

K 4.1965-1990 H7ER/T 13 X ILCC L RERMWCHE. (BIERIE: 1990 FiEFF1E
13 J& ILCC HFEH. D

et 7 1 3 b 5t v R 27 e V0 BB 78 BT ORI 9 o 1A T BT A v TR K R
LR s R AL R 2 5 kA o BB e+ (B 50 o RAE = WAE N,
PRI T WFAE IR TR, FRZ 2 I M — SRAFBUR VIR 1 R 2
S U, P VR A DR N o TR KA RV A /N 2R AE B
i, FAMEAT PR e NEAE [3.2]. IRFER—A), K 1979 EREMKT A
FUAR-25 1) [F P AH AR B S0, R AR RRE S BES 1 (PR i)
W (FESL L, XRIRINE RIS mIe S0, RIS =R R Tl
oo MRS WM — W WA IR SR B E R T 1977 £ LR ET
{Zeitschrift fiir Physik B) /7. )

1980 FEXT H [ f Aok i B R BB, FRMRERH ST 6 H30HETH
4 HTEHARFARZATIOEE 8 i ILCC (B 6) , XA ZRY|FE—IkA T E
KR ARFERZ I 2 W R WS WG, Chandra #1 Sven Lagerwall
vila TAbRD, R TR ER S S (CLCS) Mo, X2 st b
FoMEEMEREE. CPEBSEST 1980 2R, M. B
% Bree MEEILFE N7 [3.2]. )

7E 1980 4E 9 1 4 H, Kent ] Adrian de Vries fE WK — B2 SRR,
“UTITES AR ZME RS, WIrEFERRIATE S22 [PSC] e
DIE IR AT EA” o sty AkA: KRBT
1985 £ KA, PSC 1E 1990 FEAKIE B LA N ILCS. #Rif, HIRAE 1987
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FERGE ILCS I, De Vries M5 I35 HOUE IR A, X2 h H A 1S
SHER (38D

e N

Kl 5. 1978 5 8 B, &R FT B4 RS0, A 5 Sk o Hh LR 2% B
Bit. EEA: Tt W&, FRE. 2007 £, Ti#3E5 7 American Institute of
Physics M 1] Tate [E Frip 3l 2242 = .

=5 aLr The 13th
CE International
= THE TWELFTH INTERNATIONAL Liquid
| LIQUID CRYSTAL CONFERENCE Crystal
THE EIGHTH | Conference
INTERNATIONAL |
LIQUID CRYSTAL
CONFERENCE |

PROGRAM AND ABSTRACTS.

O

:

FREIBURG

Bl 6. =4~ ILCC ML BOXFEET: 5 8 J@ (L#F, 19804F) « 2 12 )@ (Freiburg,

1988 4F) M 13 GREAFHE, 1990 ) . iHEE, XLk, LIPS M Lin
2\ 7 Lamo Lin Al Lam X8 [E—/NX T “#R” 5 Lin & DUEPHE, Lam & ZiEP
favat

Ho
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1980 4F 9 A, 7%E Orsay FIE AL “PUNFE” 76 EKEHGE (B 7 fE
8) o 1982 4, FRAEMFIT I FIAH o AL IR INF HIIA], TS T W R
(Bowlic) HIAFTE——R i 158 = A2 [3.1]. 1980 “EARFIVR dib 4t X HF A
K, RAEJLEAN (H4) . @B BB g ILCC XM 2, FAE L
VR, FATH IR NESESCN IR (B 9-14)

3 WA

LR R RRMAFEE A2 —, BRS BEFEE,  dhAT2 2058 ik E
Z IRERG A BRHUAS Tl st . A IE R SRR 2, TUHEED
A . TR AR A AR AN A B R T, DR A
AHEUZ LR FZFERARNET T, BONEIMNE . ATFH %R
HRZ AR AR . A ANNRBI NS Agnes Buka (&)
F]) . Shu-Hsia Chen (FiflFE, H¥%) . Patricia Cladis (32[E) . Flonnie
Dowell (Z[E) . Elisabeth Dubois-Violette (7%:[E ) . Anne Levelut (i3
B ) . Ru-Pin Pan CGEXUN%E, &%) Ml Xiao-Wei Zhuang (H /Mg, 3*
ED .

Roland Ribotta

Georges Duranes

7. Orsay Fdn “PYA#E”  (Jean Charvolin., Georges Durand. Maurice Kléman
Al Roland Ribotta) 5 2t 738 T AE DU DUE TR SR (1980 £ 9 J1) -
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FEIX A 2 B, B s R — — N5 RIEFE R R (FR) SCERA.
1994 4F, FE/NBAEMMN KA 7EH] /3 ER Yuen-Ron Shen (PhyciE) it
FAF, {E Budapest 254755 15 Ji ILCC LA 7 S5 T SG2 hdy . e
T 2003 FFIRMEE TR CRAD Kb, ZMGHRYIIEIR.

Mireille Delaye (1951-1987) AJ& TXA#ALH ., A WS —k, K
AAEFR VT I Orsay FOFEUCE]. Wb sLie = I R FE . RIBIEH A ik
2o, FNWRI0 T LA, 0T M AR SIS . M AR PRHE, EAARER
B, Delaye IAERME (AR 20E& LM TEMEZEERR, SRR R
FEARERRT R T IRER B MIEHE (Delaye, M. [1983]. Nature 302:
415.)

E 8. Maurice Kléman FIAKZEILT K211 3% (1980 F9 A) .



Ko MhEAEE Kléman IE T (1983451 ) o KliémanIFET (f) 07T 1980
() 7 7 [

10. Shunshuke Kobayashi (MK, 7o) EMEIIINIMN Los Gatos ZH (1994
F20) .
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Georges
Durand

Chandra

Bl 11,1988 4E 6 H, A FIEF T X KESM “5 = Jmil KW LSi” .
MERRT — AT RIS T BSERR . ZMEEIT—RERN “B
TR S =277 w3 (MCLC, 1988 ) &

B 12. WBELEGEHT FRERSE®RE (1991 F 7 7)) . B34 . BB
M. M. BEZ, TRE. #2806, BERR (BB . XR5%E RIS
TN,
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13, RUBELEII M MM SLIRE (1992 £ 2 A) .

Zxt 2 N

14. 1993 4 4 H, —SHIH R AN Santa Fe BT & T = R AERTEE Los
Alamos MAIEH G 5. ZICARETAIT “IEFH R I RGH MR = B R
H Patricia Cladis fI Peter Palffy-Muhoray Z1£{Jf4H /T3 [F 3% . Mitsugu Matsushita
WA O A L AR, (Rl DAt B R O T i BURR i 2R &£ ( Diffusion-limited
aggregation) FAHE 1) EIREAE K SEIG IR SCMAL o IX IR VMY IR T, T2 a1
RIBER R LAEE REE N EET.
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JUEJE, 1987 4F 7 A, 7EHI4E Bordeaux SNV SE R 7 T W ig+, &
RAE Orsay 158« 37 Georges Durand % T Delaye [ F 4, #i% mit 24
ZM T ULFEE, BAREBARGRTIUNHBRT, 244 36 ¥ (H
15 o 1 Bz, REmAKE, RiECD, AAFRELRTAFNIE Ve ?
R RIZ R, Wit XEZ1% (Physics Today) (4 HAH) IXHFEHH A
Y, WA NS . A T N A X ER f (Liquid Crystals
Today) (A HWAD , WATEXFE DRV HREN 2. B2
Ui, BATHE BRI ES WA, —DNIRATE % 5K 0T AFRZ 3R
18 S E PR R 0ZE T .

4 HAHEBRESHA¥%S (1987-1990 )

XERUL, HR—DEFRESIFAME. RUATHL SR Z FHH: HEAREHSN
GEANEEMEER | fkomgl (RIEE) - FHEBESFE S FRM
5 (Springer H iR Partially Ordered System, /¥ &%) AFF /N (T
R RIS 2E) o dhAh, TR ARG FEFFE TR, T 1984 Fiik
49 PSC By, FHAERIRSI | W% 2 M e i, IR LR 1%
HHENN, LR ARITIERZTEIT.

Journal of Colloid and Interface Science
Volume 132, Issue 1, 1 October 1989, Pages 1-12

Polydispersity of colloidal particles: Intensities for
static and dynamic light scattering

Pedro Liciniol,

Mireille Delaye 2

Université de Paris-Sud, Laboratoire de Physique des Solides, Bat. 510,
91405 Orsay, France

Received 2 July 1987, Accepted 4 November 1988,
Available online 21 July 2004
doi:10.1016/0021-9797(89)90209-9

=

On leave from Universidade Federal de Minas Gerais, Depto, de
Fisica ICEX, 30000, Belo Horizonte, MG, Brazil.

[li]

Deceased (8/3/1951-11/3/87).

K 15. Mirelle Delaye (RIfE) HfRJa—R83C, HUAIE S R A )RR

v
Ko
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4.1 HEBEEE

MER B, 7E 1987 fFanfafite s, AW RTRE 7% H B FElE T
Lo B LW NIRRT . /R PSC i, FATLLEIK PSC £, i
JRAth ILCS &M, 1 HAZ K. @H Glenn Brown 548 /2& PSC &
Jig, XKEIEH, HAheS EFRE, BATRITELE 1988 41 Freiburg 45
ITHIEE 12 Jm ILCC bar ILCS, BURIEME) —HES. AERR, 1E
X—T AL, Brown AFZ&EM (WA 1D .

H R B34 N, HUREE, g X —F . T ARIERIY,
Ruve RHRE T HA2A TN L, RE£E BT, Bk, &
2 (1) ML XIRTF R R, (2) £ Freiburg 2870 A K2 LLWT
AR, 285 (3) ZER PSC H H AN ILCS. H— Bl TR
R, ARG RAE T — SR EEARNERE (LT 42) .

M 1987 7 HE| 1988 4 2 H, FiG 7 RCMAALE RN T, DAL
SRIFSECHT ILCS MR H (K 16) » RINET —ea& i (FH1D - &
B8 —uli2 Kent, FEABBEIFEZE—XILE] T Glenn Brown, LLK Bill Doane I
Alfred Saupe (1925-2008) %5 N AbATI R BLARH AR . WHER, W imE
B R R CAERT — A SR 2T B 11 | ILCC B (B 18) .

L b, 7R 1987 FIR, AW R, DAE TAELE 12 i ILCC R EZE i 2
F i Horst Stegemeyer [—3{5 (HH 1987 4 12 H 29 H) 1, ik
“AERX— b, RAMLPIRA FTREIAEAE Freiburg AL F 2. KN NME
R PR ST R ER X .

Bl 16. M\ 19874 7 HE 1988 4F 2 H, FKyjm 1 BRMAIALSE M — ek Ty, VA7 HE
RIS ILCS #ISZHF. 1. Bordeaux (87 4£ 7 H) . 2. Kent (87 £ 8 F) . 3.
Boulder (87 48 A) . 4.Budapest (874 8 H) . 5.Pardubice (878 H/9 H) .
6. IREFHE (884E2 ) .
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Alfred Saupe
Professor of Physics

Liquid Crystal Institute
216-672-2654

B 17. REEAE 1987 B =AY . £ K E Pardubice 4 T X EF W L4
W — AN EERRT JRE4A 37 “OPP ROCKYCANY 0.57 ) — X i Lk
fIFAME TR S €. AL RE Kent B FT TR IR E LRI 4 Ao

11th Intemational

iqui READ GREEN—EXACT TEMPERATURE
! quUId Crystal couenence BLUE—ADD 1°C TAN—DEDUCT 1°C

X Lei Lin, Beijing, China
| oy EACH DOT ON REVERSE sw: counuus OVER 50,000
INDEPENDENT SENSOR-TRANSDUCERS, EACH OF WHICH
CONTAINS CHOLESTERIC, nmnc OR SMECTIC uoum
CRYSTAL FORMULATIONS. THEY ARE ENCASED BY
Z0NE-REFINING LIQUID cmm nmmus mctss
AMERICAN THERMOMETER CO., INC., DAYTON, OHIO
513-228-2817 TELEX: 26-8217 (m “AMT DTN)

B 18.1986 6 A 30 HE 7 A 4 H, MEEMMATRIZATHIZE 11 J& ILCC LIk
FIRSEIHIMRSIEE ERE F. Lei Lin (A) & RKSENRERNIEPEE Lin Lei

Y E RS I 2 e JS T 45 5 . 3% Chandra (5635, £E EBR_EIEMAKRZWAE Lin Lei
INER S MR EEAE PRI BT BB TAERT 1 (1978-1983 4F) il I A

4.2 Wi

1988 4£ 3 H 2 H, FERTWRAFEE R 7 —24%k & s 4T, S48 ATE BT
PSC & Ao BEEEREA AU SCfE: (1) —H U E, RN 4N i%
B TLCS, FHRER A N SCEE I R AT R E, (20— 4
N Act T CGE—%) KT, MAFXT ILCS FEL,  (3) Bill Doane 32
BIEIA, LU (4 —iAENS, ZREEAST Act T AR HEER
TR, I OITE U E RIS .

Act I (1988 43 H 2 H) , 1EA4H T MREEXT ILCS MR 5. BRI I
Ak, B ILCS MR —A 2% & [BL (Physics Today) N¥EAR], f§ i@
7K PSC k4 E ILCS RHEFRM AR UREIEEA LIRS T HIMHA
R, FEEIT 1988 4F 8 H1E Freiburg i 7 ILCS.
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BZE 1988 5 H25 H, HILBI 7RA 14 MEZKM 61 flRIE, HpaHs
FE 1A O ANHUEM 2 AMRIME) PSC AMIEIE .. AL SR, M
B G NEAH A T IR BRI . Br A#RIR & o ILCS; LT
e N#A e AR5 12 Ji ILCC _biar. CH—MBI40) 5 T N2 id
TP K PSC KL, HE I, Kent IR AHF 7L HTH) Mary Neubert 52
A G HL, b AE XA ) B . kb e IS Gitgok B Al % —
FE BiAm e, Min&RrO. heE5IE:

RAEFH - MNHEAKRS RWRERESWN L) , T X HEHE
Al AR L A NBEAT 318, IX RSk T AT BN R I 5. 15
XREE T AR AR R S . RN AN ZLE [ILCS] 2 Rkt &
JEH SR, X UHTEER — 2R S M. [HETM] PSC ZRHS
T [ILCC] E PR 2 NE Y, T2 N TiES INiX 2 £ sl 2 1
e [ILCS] & 51 B Z AT ML 2 38 ik s 2R 4% 22 IR ik B /N i 20 45
o (HAE, EFRMH v 2w, AR ik,

Neubert 7E—/ N7 HARH IR : VPR T ILCC 28 1 JmfEE 2 J|, PSC Ak
RARES A NE . Fse b, RIEFRE 1980 FELCRKANANE
%, ERHOATE PSC I NIRiE 221,

AEHE—A M. £ Act 1 EIFIE S, EAERNEEEZ George Gray
HI Chandra, A1/ PSC BIFMERIAEETE . N T Be4k2fi4E ILCS, R
47 61 Xt Act TINFIE, SAE—T14 Act IT (HHH 1988 45 H 25
H) mmm b, REXPSE: “XREST —HEENSE, ERHE
Freiburg WS 5H M ATE, IS WIREIZEIA N 25 KE A AN
CH, BRSWRERE) 7 o BFHLIRA 61 KEINFEN “2547 4
o[BI R o VR IX B A TS TR RUEARATT I 4 2, (B ARATT A0 A X i
e

Act 1 Y RIELH A F RGN . F—K, 4 Chandra 5 7 —#H15, #
B FTE PSC R, 4% 12 J# ILCC b G. Baur 5 1 —FH5 . HAK1M
&, KM Chandra B, STHZMEASCRE, PSC “ROZIFM6 ik 1448
FEAEHEEHARERE WSS AWMLY o G, PSC BLix%TE
Freiburg X WA HT A H 2847 — IR 5% Baur FfEH, .

“FINRTE Freiburg G BUNANE, itS5aF Mk FEF R RSRE
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B, Wik, RERESVIANLE Freiburg fRE R EAZ 0., ” REH
153 Chandra A1 Baur FIEIE . A1 61 %4 Act I [0l N FERH 205 T o

%12 Jm ILCC & T 1988 4F 8 H 15 HZE 19 H2%47 (] 6) . Chandra 5%
PSC A f—3HME (HI A 1988 47 H 14 H) & F3| 7. ©B8E PSC 1
Freiburg Z84T I N — X W E E WHE, ZWFERAANTH AR, 755 4
Til—— “IEZSH KA DR RG BT R A7 1, HiE “1984 F 418 E
[, AEHA 4 4FH) S. Chandrasekhar” 1%l “f Freiburg X &5 KRR o
GXFEF A PSC 7E 1980 F 582 _EFE B E M PSC Bt R AEZEAT 8 4,
i Chandra CAT T 8 . ) fEZ S Wi—— “REAMEGHIRNIIESR: HoLE
PRifidf2%2s” ", Chandra $8H:  “RUFVF 2R R A BOX MR, X
JE AN EVEAN A I BB R AL 3E IPSC [B PSC] &N B % B IL
JAE [IPSC] =W R EREN. 7

4.3 REERZ

SR ZI B Bk, 1988 4E 8 H 16 HEM =R 3 &, E—MNEEHEH
=8, PSC 4T T4 (RIES, TWELRE ILCC 21T —
K)o Chandra B2 IFMG)G, Gray D Lili:  “ik Chandra ZkZ:4H/T F—
FEFEM . 7 BigX A . Chandra BUE SN IRATARRMER “Hr” T R
PR, AR T (62 AFTA) 82 NEAREES (B 19) , FFail kAl
¥ PSCH#AZNILCS. Gray Z|AiE: “PSCHREEARE? 7 A%

AR SCAET) ILCS RS . 7 A, ZIREREH SR
AR — s . KRR, PSR KNG, Gray M Chandra A& FFAS KO0
ILCS; XM TUERSFE . 2, 5 Neubert MILAFE, ARAIAZWHE
K2 o

PSC AL T — TN S /NAZFR 2, HsihlE# 8. Chandra7E56 —
RIAGEHEA TiX—RE. 8 H 18 H, REREEER, K /NHE
e A M NRZEIXE . 11 ANAE, BP1989 47 A 15 H, #FESE
o BAE Act TR — DI SEH T, B —4A%HN (Liquid Crystals
Today) WIE JiZed. R, RS, EESMLWE, EFae——
BN ——R 1% H PSC MILA R CIEWF A Gray AW 1 HFE) Al
PSC R AN N fEIX— & L, EANR—DMEERAY. BEED,
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MNTRT VA O JE S IN, IFEPE R SEIE K. 2R, AT HAbM
5E o

4.4 PEAERE

1990 47 H 22 H# 27 H, H Peter Palffy-Muhoray =515 13 Ji ILCC #£
IREE UBC 2847 (Bl 6) o« A EC 25 F/5 B 7 REHEE, W4 45
%

e EH4E, 1F ILCC U521, Chandra /N3 B2 R IRABIEE . X &
PAW 2 T8 PR 064 =

Chandra: “#, AR ANILCSHISK. ”
W& “HF. 7

TR ZE 4K, H Chandra ANEIE, 4 EIAMESR T E L ILCS,
HMARvEER 2K A ILCS BIAR NSRRI, TAHB AR (7IR
MY, fArEESA T , BTl — TR ERE. H, JRIFBER
RO ILCS XIgia iy, WWEA L E LK, J A E N Mireille FITR
rm AR DX T X R
MAERMNFE A E 2K . Chandra FIRZEAEAE —PMEYMANE. T
&, BATSESWERETH, HBEHEEEHA], E2BRERIEGER
Nitk. BB G, SHEZXFER:

Chandra: “Z, fRUEISKf? 7

W& “HAERE, ARG, SKMESKELATMA. 7

Chandra: “/HEMRAEEMFLETIMAN. 7
XARe RN RN ST IEER - NMALE (New Yorker) , TiAZ—
AMHEAN. SEERE, fEX R b, A5 2] Martin Schadt IE7E#EIR
H, BT ! FATE T, Schadt IR R EHATREIS K.
BE % 2= Rt AE, PSC EHATMEEL, ILCS MioZL. A “Sil R R L7
(Conference Committee) FJ%, ZZ&RSEE T PSC W LIE—&WER
ZR I AR ILCC 2RI HIE P F—IREW S, 7 H 27 HEM
i, 4>K Chandra 7€ ILCC F%E0 E'EAG 780 ILCS WIS, FFikiE AL
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Zn. Kk, ILCS IEXT 1990 4E 7 A 27 HYE R aHERA . M 22 4k
FIFAE——20 4 PSC Hift (FEE 20 41 HD I B HATHA G (B4
K Schadt #1445 David Dunmur) — Wi E i —Ff], MBI EEELSH G,

1990 4 7 H 27 H, ILCS F—ATHEAE UBC 28475 HiJiE#: Chandra
(2K | Shadt (Rl&K) . & (QLCC &WERET)HE) . Doane (If
% %) A Dunmur (P .

AT, TR T . BAVER THRAEER—V), BT —IKEARKSHTE
1988 AL ILCS KB, XM iFik (&R ) Friedrich Reinitzer X
R, IR . FAES Glenn Brown.

5 1990 )5

FRAEH ILCS FEF 2R R AT T 1994 4E45 0 . TR 1996 FEFFh ik A - 5=
ILCC, RINH 1995 Lk, KM ATEEEK N TEEMERFANE KRR
Zt. {H20004F, AL ENMN A ERsck T HARMG, ST 4R
% 18 i ILCC [¥) Helfrich. Cladis. Palffy-Muhoray %% A\ JtikRf%E

19894 6 1 4 H, AN 25, BA/NFEREIE. MR, &T 1991
SETFIR X AT S RAE L E S W R B WS FATA A 1R, FEE b4
MR FRMAN ILCS: T 4 4, SIERSY % TAE 1995 Far, IF
F 1996 4Ll “ROC Taiwan Liquid Crystal Society” 4 X i N ILCS (A,
Fukuda, A. [1998]. Message from the President, Professor Atsuo Fukuda. Liquid
Crystals Today 8(4): 9) . CLCS &HE G H4, %F| 2017 4F ILCS BREH
B E A HIEIRHE M ILCS.

AEEE, Wit EE, BHE 2004 4, A6 FEBEEE (B 19
Wik N ILCS F 5 25K H Kent i Satyendra Kumar. SERET, ILCS HIJiAT
F 2. Sivaramakrishna Chandrasekhar (EJE, 1990-1992 ©£) . Geoffrey
Luckhurst (J£[H, 1992-19964F) . Atsuo Fukuda CHRHZHR; HA, 1996-
2000 4£) 1 John Goodby (FE[E, 2000-2004 4E) .
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Call for Establishing an
INTERNATICNAL LIQUID CRYSTAL SOCIETY
Cclleagues:

The 12th International Liquid Crystal Conference Marks the centenary of the

discovery of liquid crystals.

The number of people working in this field,

the

interdiscipliniary character of the research on these unique and fascinating
materials, the productive collaboration between industry and university and
the importance of liquid erystals in new industries require a permanent
organization dedicated to serving the international liquid erystal community.
We invite all participants at this Conference to attend an organizationai
meeting to plan the formation of an INTERNATIONAL LIQUID CRYSTAL SCCIETY.

Signed:
BRAZIL

* Figueiredo Neto, Antonio
Fujiwara, Fred Yukio
Santos, Marcus B. L.

BULGARIA
Derzhanski, Alexander I.
Petrov, Alexander G.

CANADA

Bergersen, Birger
Burnell, E. Elliott
Dong, Ronald Y.
Gilson, Denis

Leigh, William James
Tracey, Alan S,

CHINA

Dong, Chuchuan
Li, Guozhen
Liang, Ruan
Liang, Zhong Cheng
Liu, Han-Ming
Shao, Ren-Fan
Wang, Bin

Wang, Liang Yu
Wang, X. J.

¥i, Guangeng

¥i, Hua

Xie, Yu-Zhang
Yang, Shong Ling
Zhao, Jing An
Zneng, Shu
Zhong, Guofu
Zhengmin, Sun

CZECHOSLOVAKIA
Pirkl, Slavomir

FRANCE

Charvelin, Jean
Durand, Georges
Gasparoux, Henry
Hardouin, Francis
Noel, Claudine
Prost, Jacques

GERMAN DEMOCRATIC REPUBLIC

Demus, Dietrich

HUNGARY
Bata, Lajos
Buka, Agnes

ITALY
Rustichelli, Franco

JAPAN
Kawamura, Yasuaki
Kobayashi, Shunsuke

+

NETHERLANDS
De Jeu, Wim H.

*

POLAND
Janik, Jerzy A.

SWITZERLAND
Lierau, Rolf R.
Schadt, Martin

UNITED KINGDOM
Clark, Michael George

UNITED STATES

Acree, William E., Jr.
Armitage, David
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ANNOUNCEMENT
International Liguid Crystal Society (ILCS)

ILCS is pleased to announce its existence, and to
invite applications for membership.

ILCS 1s a voluntary, non-profit 1international
organization. The objects are (i) to encourage the
sicientific and educational advancement of liquid
crystals; (1i) to provide a forum for individuals and
organizations to exchange information and ideas
relating to liquid crystals; and (1ii) to serve the
need ot the liquid crystal community, including both
individual scientists and the industry. Membership
consists of student member, assocalte member, member,
sustaining member and affiliate Society member. (See
the bylaws for more details.)

The Board of Directors of ILCS currently consists
of G. Baur (Germany), L.M. Blinov (USSR), G.H.[Brown]
(USA), S. Chandrasekhar (India), N.A. Clark (USA), W.H,
de Jeu (The Netherlands), D. Demus (Bermany), J.W.
[Doane] (USA), BG. Durand (France), A.M. Figueiredo Neto
(Brasil), A. Fukuda (Japan), J.A. Janik (Poland), S.T.
Lagerwall (Sweden), L.[ Lam |(USA), A.J, Leadbetter
(United Kingdom), J.D. Litster (USA), K. Okano
{Japan}), J. Prost (France), F. Rustichelli (Italy) and
H. Stegemeyer (Germany).

For further information on the ILCS please contact:

Professor S. Chandrasekhar
Raman Research Institute
Bangalore 560080 INDIA

AX: 91 812 340492; Tel: 91-812 340122; Telex: 845 2671 RRI IN
;rams; RAMANIRST, or any member of the Board of Directors.

Bl 20. ILCS W — M BEH XM, EMAILE G, HEu s Mok EE 2 o
No BARLE 1990 i FFHEEE 13 JE ILCC Z BifE (TR L. Lam (&) H5H,
HIESW LYK XFRENT A S E B RFIH 20 LAlGHERES4
7 CHITHY 20 % PSC D) MR . B R, K H Kent LCI 1] Brown Fl Doane #
RAGEHERESESR.
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i
b

Jaid

XA 2016 F(E Kent 2817 HIEE 26 Jmi [H brifi i 2 B3G5 . Glenn
Brown Ath (1893 s WF 70 T A6 BRIV 2 Al LUJE — LU . BRIk
1988 4F 7 S VeI B BRI Al 81 AR A, XA A BRI
SRISLEE] TR E EAE .

B M

I Ji#k: Lam, L. [2017]. Prehistory of International Liquid Crystal
Society, 1978-1990: A personal account. Molecular Crystals and
Liquid Crystals 647: 351-372. AR SCAZERI R 0 1 26y 2%, EEK
H Lam, L. [2014]. The founding of the International Liquid Crystal
Society. All About Science: Philosophy, history, sociology &
communication, Burguete, M. & Lam, L. (eds.). Singapore: World

Scientific. A STHHIFT AR AL 2 T 2024 £ (MEE) 53(12): 860-864.

R waE, Ghal) .
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4.1 Ptk BMREZXTHAE

POPSCI
SCICOMM

M 1994 5T 05, BB ks — MY ELEE S NI T AR AR A AL SR iE sh il &
Ko BHALRREEI N, Rt ML T MBI M, S L
FOMMEA, IR R T BAERE S LT KR . AN R E A AR
280, ORI NFED: (D ERERSIARAHE. () £
SR b SR I, BE AR R T AL ML RN R 5.
(3) @A DRAWHEPEE PERY].  (4) B OB ED. (5
NFHEAR R UM TR (o) K B RBL A M AR R SRR (OrH
AR o R KRR AZ AT DUR A SERRT DU 2%, AT — 28N
] LASKERERJE P 2% o

1 58
FL2EAL 4% [Gregory & Miller 2000] £175 U 43 -

1. BURFRIZ G HR S I ME sk i gt

2. BRSNS I

3. AMB Y,

4. B AEACRN AL B R N — AN TR K TR
ERPEGRIRL 2 AR K S 52 — M RERES . BURFZT =2 k)
BRI H AT IRl KA A T, FBUhRAT. X AR 57—k

WERHEEFMERN MRS S 5 VURYE2245E Leon Lederman &I FEA
Bl S B AT AR R 7 2 R RN . XHE A 4 S 2R
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Bk, XATREARILSE, BOAWHL TARRISE S+, ROt AR/ 2
ks 71, BB R AN R I 2R A 6 . (R, iR
—AREER —— ANER G R A G EON—— B TR LR, %
A We? A SO — AW ERA SRR A BRI I ) L

VTERN— B, W PR ). AEF IR/ G2 LA, £2
INEE R YL A S B K 22 3R A I 2207, 4858 [ AHME LU I K53/ 1S 1222
B (FRATE 8 SORAE VURSER R 5. ) BITIEIE SRt RSV L,
JERBIFARL DB 3 R Gt RBRRGWTUHZ K B SRR A 2R
ARG, 2R THEREMARE, RAKET 150 LRI, HR
T 1A FRIUAER K E NI T ZEN LR 22 PR, b B2 B A
Hh R A AR i 2 B PR R

M 1994 LTI NBL 2464 . A8, 58755 25 75 5111 Nacional Autonoma
de Mexico K%%[F] Rosalio Rodriquez ##2i#iG 215 ), M T “AELMED
MR TREHMNMAN” BIRRERE . WHHT &, F— B [R5 33 50 fR
SPAERE, IR IR AU A A& TS Al A R . 7E 2000 R T A
T4, RICESP SRS S: 1999 £ 12 H, RAEZPIKEAT
T A, Bl BEERT FIAFERE RS 2000 £ 11 A, RIEIEEZS
AT E PR RS R 2 B T AP IR IR 2 30t s 2001 G252 184 b [E R
Hh SRR TR R # . 2 )5, OB AERBCOREREE . T2
FAERAAL B IR T7, DT ) oAt A $2 1
2 PlEEAERREE

1. VR EE/ZUT A B RRE R 5I AR E .
Bl2EA8 SCEERF) R B A 2R R I T 3, BRI 2244 56
PRI, R LT, RIERHE B AR R . R4 K—
AR, RWES — Mk, WA MBS 7520 [Lam 2000b,
2001]. ZIMEA BRI HOX LS, Fr DLEEE U3 I —— X AT A )
FIHE SR I E B R . XSRS 1555 s 3w B s B,
PP HIHEIRAD RS . XN RBR:

(1) 3% AR BRI

(2) HVRFAELE M E A SR SRR RS 5
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(3) B A EAE S A N A R R A DI S B B AR S
(4) MEAERONERFA R A R——— DR RA A 11 REGLE

HA KA B Q@i TN T %, RFERAES. AT RER T
FEXE M o A 4 [ Bt 530 TRl 3 AR R A XA 7 5888 MARAS b di i 2 2E
—ARKHEE A R— R HE . A LFE RN, £
RV G, B % BORRE FR 330 e 0K KR B 0E AL
W37, MR S] B 2 AT (O E B AR 347, XA FITF R A

2. BARIEERIHE (D« BRERERUGHIARKOPITS, RERER
S ANBOL BRI & RS

M 1994 £, FITURMER TRIE . P SEANSR A0 TE . FRMIT ARBO R 1
ALH TG, AEAbAT 5 2R E AR S R AT R L Rk, L
5 (RAEHE: REDHE2SRE LK) , (EWEaEE? ), (K
SRS AR ORI ROHBEAT? ) . (R
AT AR A A1 AT SRR R R o RIEE A RKIEL R
Feit—d. fEEER) LT R 8 KRBT & AR
B HL A AR S BB AT FU R o IR SR A W R RN RN, AR 2 i
Wr ARAR D> o B DB B AL, DUAE S ER, JEAR AR 1.

BEAFHE S AT AR AT T R 2 AP IR 2 R AU PR ARRE IR, ATl
AATTA N BRAI T ARABOR 254 1 o AR R A SCVFRRAREA, 20 7T LA 53 A1
BOLRHE R R R R B AR H GRS ARURES, W] S RARTH
Wio ZR, P WS S# RN R AL AT .

3. BARIRER MK (D« ERZEPFEIIARATHRREHER
1P

1999 ¢ 12 A, WAEEMIEMILRECIL T “ B, Blags Bagsx” fa
THHE RS PR = M (B 1D 2

(1) Michael Shermer: ff7E 2000 5 5 A 7 CAMTWHTED: fERF2ER
ERIFREMY 2 (RHEREANY AR TEAER: 2
(Skeptic) (PR%E) ZeEMAIE N HRAM E R e 2 AR
BEE, e CMPA2MEEREEBERARTE)  CANT{E
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iy (HEPIE) (BHEEMIAG) M CREABEED - il 2 5
L2 BRI A2 LI Occidental K277 K R K 7 SRR 2035

) Eugenie Scott: JIJI El Cerrito “FlEHE 2 EF 07 BIPAT S,
it 2 A [ G S A e SR T T I AT B K

3) Charles Townes: i DURIERAG E, BWOLKIKHEZ —. RZUrA
SN T I L, G T AR FRILIEA SRR LA HT W AR R
(=E

TR FHAR AR REAE R B ST — AR RS, RS R R ik

FORXAMIGE o W RAREE A B AR, B ARKIREAWAE. ST

BRI e B KBRS KA 1 2 A R T .

Bl L BN RS “ Bar. BHE. BRER” JHERSRFE =S . W2
F47: Michael Shermer. Eugenie Scott. Charles Townes.

4. FAREERAHN: B HXEEE AT ARRE R .

R aER, RESVR. EE. aBAFENZ T (e
BrTAELE T, e A AR UM R R T o KRED AR
ME (2003 4F 12 H 18-19 HF R E) MUBIHE %, 2000 4 11
H, WA AT EBHBHLRN “ AR T ERFEEBR S BRI 2 512
R, 80 Shermer FIHAD = ANERE £ KB J0 T il &
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Shermer 5IHBNIF A . MBBIEH M) (Skeptic) HES WK T
PEATE S [Lam 2000a). X f% 3L E 5| #23E E Foundation For the Future
(CRAEEESS PER, BIERAE N Y B ] Humanity 3000
Program ( A\ SCTE 3000 Fit&) T 2001 SE7E P4 B A 1 4E FE T £
Future of Humanity: Seminar 3 (ASCHIAR: WFita3) .

Wit & 5 FH /BB SN, S0 WM. 2% (Participant) FIEM
# (Observer) . “ZINE” MKEEEFRG/FE (SESHATHRS
W) , M “FMHE” REEsUAgirs. it A 23 0 “&mn
#” , AFEE 4K Edward O. Wilson (Bf#-K2%) I Richard Dawkins (4
AR 5 A PME— ISR AT G SE AT 1
4 [Lam 2003], FHHBIM A “KER¥EEK” [6.1].

Ja K, SETI WFRFT CRFEBWAEMIN Mountain View 3-8 412 & RERTF 7T
BT 1) Doug Vakoch——fhZ N 1 76 W & I 2 ——3#15 8 2002 4 3 H
ZERSINTT S, NRR: WRIMENGFERE, ROING MRS —
MEARER SRR E R RIE R . REWSMATIRE 1 Sierpinski 24
R . Vakoch RENGXAF &, S HAE M F 4 AT S35
[Lam 2004a] . FRIFIAKRIEEA T —A “4PENERK” [3.7]

—MHHSHS —MFE, G NER RN . EERPTS L, RERT —
BeZR%, BATEE— UM “Candle in the Wind” (R Az ) R4 3E-
ZAR-F R (PAMD it

VOB =) “FWE 7 2 — 2K EM (Clement Chang, 1929-
2018) , WAKINRIL KRR . fhigiE 3T 2003 48 12 A 9-11 HEFRIL
KEAE “CURILYERE” o HEFF AR “ARRZAE T AR ” M “RR 0
FAERRE . U7 R R R — AR GRS BE
SRIZEF) [Lam 2004b] (1 2) .

HARA BB E KRS E I, (A ANZA] DU IS . A
Wrsigk, F—/MEPFZ M)LK, iEH PowerPoint BH7 &8, 1ENFRAEFITH
PREE, FRZEFEEN . TR 2K B A FAT AT 500 %5
K, BEZEA LR EER i,
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5. —EREEF AT HUETE AT ZRN: 9T REWIMEH B RHE A%
SR TTHR -

H5YEARE, B R A IEL T RGN B R, AN ERA
IERA PR AR AT, k5 —ASE s A F BN 4 7. WK Z N
“BAE”  (Scicomm) z% “F}H”  (Popsci) (ffi Pop art——
7&» ) .

e B
(BEE)

This Pale Blue Dot
Science, History, God

Bl 2. “HITPEEE” g (2003 45) M (X — 8D BRI S5HIE (2004
F) .

FEREFRE R, BEAERRRE R R I, X5, H RN,
BANPTRECEH T RAARE AL, IBE —DRREFH T CREBT
JED o ARBAE, DN 7 AR RO A BGA R UR,  REE SR 1 TR A A 2
(K15 Bt AdATTAT SR GEAS R BRLA O H U BT 5 A A R i

2004 ©E 6 H 3-6 H, AR EBHHERE 20 O FHR 2 v E R B
K2« R EIMY CRHERRY BIMEARE1E, R EED I
& Bl 2 (PCST, Public Communication of Science and Technology,
AR b, 88T iR kT EEA SRR RS 0 CE
[Lam et al. 2004], ‘B #7i% N The Pantaneto Forum %5 18 3.

ZJa, FAE 2004 4 7 H 29—30 HIbE “ARBIERRERERBE”
b T R T RME R RS R [MREE 2004]. FRVCHBLZAE H AL
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Bl g—ER ) E NN BB R b, 8RS0 AR
@, Bl BB SR A S A M TR

7E 2004 4F 8 HWG/RVE “E5 -+ b ERF R ER W 5, BEARNEREN
WHERE T —RRATRASWHIRE L E, £ (BFERR) ERE (Mg
AL REE 2004] [5.1].

6. —HERIEHE K. LERBLEMASCERAER CUEZR) .

—E NN (AR BRI SCE R P SCL” [Snow 1998] , {HSEBR
by ASCEERRT AW, MR BN B CEYD IR RS, B
DA DR R %2 FAR BN I — 84, BN E SRR T BT YR
RANM [2.5]. AR E ASCETTUARE, (Hanf] e ?

1990 4, FbId T HRB R ¥4S [ 2005; Lam2017][3.8]; H4EE, K
H—MEERAFAP U ——FETE (Z@E W [Lam 2005b,
2006]) o FEIEMEATESF, —AMTEH AT ER AR —— R S s
0, RN X2 B A T SR R . W IR s AR AR TS AT E
& MO I ORI SR I 0 A o S PEATHE B RTLE B AR B A 2 R
S ORI IZ M [3.3]s

2000 45, ARG —DFILXER, EEHEAT ERE LR SCE T
— AN ERE R, HREN R, ERREBA S ERE
Shermer [IHE R HRINE ST . MR, fEILRUTE BRI
JUREBEMRT N\T2EAT &L, B TROE-ADXT LW
Pi¥EA i [Lam 2002], a2 P33 (Histophysics) [#k#& 2003,
2013; Lam 2005a] 2 — i@k E [3.4].

PR BARE R, —EHAIS. WOE R — Tk R B 2= —
MR s ok BB T AN, RS E G L R R A SA A
HOMEG A E B, PSRRI, MATTHT 221 43 1912 4,
MR R SR RIS R (B y=Ax") , MG
RAHAN S 2 R G R DL —FE
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Bl 3 A AN 8 26 D ERAR AR A4 MRS B R HES S, EAT
EAEM A HLZE . IR Z AMEL N (Bilinear effect) [Lam et al.
2010]. BRI 2

() S EEH R “ P il AR

) — AR iR T 57 4, WA 3.5 SEr R, WREILE
KT 57 4, AR 25.6 SE AT REAE It

—AMERMTI: JFE LR RS AR, RAEWRTTRE: (1) X
AR dr i 290 FEE R, KBURAR 3 PR EE L. B, (2)
XAFCLIRES 329 SF8 . HATHTRL, AATEARITEA HAh E & 1.
ARGETH P 0 B S AT T [2.1]

350 o [ A i 20 A
300
_ 250
200
150

10
50
0 5 10 15 20 25 30

HE

y=-25.6x+328.9

MR b (48

y=-3.5x+94.2

B 3. WEL N 7E Zipf 1, WG miEEM &L L.
3 it
W 3k PR P T % 8 B AR A o 33K A A i) 25 A BB At AT T b 167 1) T DA
FIWTH R, T EIE P 2 e R R LSRR . AN, knig gk

P s B e TAR RO R AN, AR 2 1B SR B 22 SRR 48 T AR I I
o FFERIAC T LB MDA (Reprint) #3434t 4iT.

W) “BHE” G EPr LEFEEZNE. N TR EITSE iR
“H#E” , FKN Michael Shermer F1 James Randy 2 1 H FP SCARAL 4 ERAY
BN . fEE, FFHE Michael Shermer tHf 71 (AT A2 AR EFEAT
PRIARTE)  GEIFF A A, 2001 ) A James Randy KT BA ST &
PR ER AT QIR 20A Hhick:, 2001 45D B SCiRG
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4 &g

B2, fFRADN, BHEAZGERTTUMRZ “RHE” J5 il i) TAF.
fEL, B THAE 6 AN, AT 4 AEEEHTERALSEIRRH
.

“RHE” R—ATBEATIE, Eik DN ALHRE S SRR R AT
HEWRA BT — A NI T TAE . SR — O 5 2 o [ 4505 A58 -
BIATHE IR ERAESTI, AAS823] REh iR, MERAR. ElEaH
M, W& “Re” .

Bogt

TR T R4 SRS (EPEERTCRAD A, ikIRaeE M
RN EAT “RME” TR A OB R AR E T ORI S 1 .
JRUFEAR LN “FBHE” I (Emergent) 7 A EEA# -

S 3CHR
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40 MEREREHE

JAMES GLEICK

KAV, EHF, Tl ER CERRE BN EEEN TR, &L
ok, MEFZEWT MR K TTE, ERREBE 3 — BB . X
PR AR R PSR E, RJERAIIEsNM 7%
RITIEAE RN 2 AR R 2 R th R E ] . XA 7 A BT 224
PRAMT AR, X e 22 B 2 AMRIBLSEE F AT ZOR 1K . [RI, EIEHB
A IR AN SN B R 0 2, AT RO T RHE R A R AR
HBHEFH—LEHFIE, IR LR K.

FEEE, S REEYEE ARG 5.5 A, SR
oy EREES AR BB TR, —N 40 2] 50 ZAAERHE
B, R RE - BE A, E MR . EREITTHD
B mEEL AR BR R SGIEY , fE 14 AP A
BN FERE S BB E A . B, BRI SEA R R E
KT AR AR R B

A B G  20 OE LvE T el SO B ) e 52 ], B R
WAL B A 5 [Redish & Rigden 1997]. #R1, 0HHEN K241 224 KPR
R T 12 FRFEHF N RBE, B ATRE AT B LA
Z. Mk, EHRILJLVE, S~ E THE, F2HEH TN FmyEs
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F I HIHEA N Gr—— 55 T QUMM 5 15 2 e (0 45 R —— BT R
MBI i P o AL S B R AR

AL %A A Ty Bl 2 A 2 AP I TR, IX TR SR ATI IR A& IR W (K A 52 g
1. (HIFEN, XEIRFESLPr 4 BOMRAE 7 — MF bz, fEfhA16E0s
M SN EER A B, BTN RRE L 2) o JeR
BT R0 B 15 51 E R b [Lam 2000, 20011, R, FKEAHIX
— IRV RIS 2 K

2 PEH: IEEARKNEETLR

BIE T4, ERZER (GHEE) ARZXTHEZERFEHTE, JIf
SRR, IR DL R R R BT I LS . N T
Wi AR DA AR AR T2, 53 A RIR T RN %A 00l - SR 110, APy
(IR 25— K 2 HOHT 53 TR, L BOA AR AT ERAR 2R LR B I
R, ZIRBIXANESR . R, SR B BOBOR N (U,
BTREZEANR. i, JUPRA —TTRERE = DARKEE . R
FEUAR AT REAE — B2 18] 2038 s SEBR b, IXA0 % B0 AT BE 3 22 R 155 AR I
(8

HREFER, — Moy SR RGRHR AL T [Lam 1997, 1998; Lam &
Naroditsky 1997; Cowan et al. 1994]. H4F G HE i | BHA BN 23 M
AR E RIS B B2 o IR SRR 4 — SRR AR 6 B 4R X
I1%%17] [Lewis 2000]. T2 4R, SIRNIFFAE7E R B YFHX TR [Lam
1998], R NE], FFxFX T AR URRE, TR ATELE, Kokt T gk
WA A GG AR
SR, R RIZPAN T, kB B N E AR TR, Haakiz
W& 7o BT USRS B2 AR AR b s d B At AT T R i . XA T ROt R B
Foo BANEER]:
1 BN TIER R ERRE B, AMRERYERR AT, 5E
RAE R L A5 B H 4
2. RZREHER BRE ERITEIE G2 W IURESG ) s 4
HARRHEER BTN, JaH TR ICH A SRR S
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A, ERE 15 KT —APARAR. )
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FEUEAERT

FHE B E R A THEVF 2 AR M G — E 8. RAEHR 4
SSRAIT TN FT BE AN R X 2 5

BOMERE, BRDHRREBAEEEMAR, FILRR 5%,

3 R 5] B — Rl

BT A, BERRE 5] #E 224 N [Lam 2000, 20017, 2238 7 HiAP 2.
FE—H

EARE A EEZ RS, R FAERERE PSR Bid, Ba
A MAVEAN 3 B, (EF TG, K AR XA k. T Ih
XA T RIS 2 G, JUFITE A B S it
K, FHEUE TIRFHRCR . NIRRT EN AR SEE,

B (K 14 D PR, ZINEAT, XA 7 RIBER I A ROZ A ] -
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FESA T 06 J 5 o g 2 5 Z I AN THRI, - 9 LS T X0 22 i
(LA AEH KRR IR T -

Z2JE, HEEHEEWERB)E (ki Borders 1 Barnes and
Nobles) ; WHWBE, £FEJLiR.

FEASERE “Bh2E” FAEAS R “BIZINU” #2) o
WFEIF K — ARG H CER A BMREABTGHR)

FE ST 46 DU A AR SE 2 AT R 52 25 3 0 C e E28
7 BAEAEBAE KA .

FEEI AR TR AR Fl s (4—10 0T, 1255

FERE R T AIBR AT, 2wl LB &
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FHRZEP R R . 5 1 SRR AR, AR ITA R
LYW A R BARATER H . 38 2 BRIk R RUE AR A I 15
5, BILARZRRER. 8 3 PR ERNGIRZ A, ibbfIAEER
BBHBERL . WL 4 B——RGRIE AW SRR, AR
WK IR Z AT, AACRAT A KB AI5E . ASZOR S 10 P A BR 7 5 T
PHZ A RREVE B X R AR R, RUOSERATI H B2 29 R A 1
R

£58 5 B, IR LA AR SRR — A, JRgs fh— AN R e 1) ]
EEIR RY R T PR A I IDVA R e b e £ AN EZ e B D B i L E s Ry <
B WA BAR (HIFA—E) MESRIBAER. Ko EL, &
R—ABL N ERERNRE (FLERAEBRXER) , RN
ARUEMARTG . R)m, WEVRed, WURAERE 7 — A B+, A b
AT, WHSmHEENENSHY 7. CHAERIRIEY, fbARD> 2k
—AKEH. D

A, B AERRE T AR T REENCRE N, R B AR A
R RBAETT %, S VRl HAR R — 245, X3 A R RS
B EE R, B, BEVCEEREM LG, RER E AW AN B 15 e
BRI —A . BOFARA S ERIAN, RIEAIE BA KT B AA R A
M4, kA BRI AAREREFIFADL. 18, ERImRREL,
EIME KO — AU BN 2T R B I —— ANERIRE. RESE
Y, BMERANERXAS, Fb, RIKEAED XM
Ul

80500, U BT BEREE, MR TR EAS R
B BIEIE AR, BRI A E S SR B AR, (B4
By, BASIEAENR LW, B0 S A A A R AR
SERIR,  BIAEAATTAT RE R S BT SR A, )

£ 6 &, CEBRE MR ATRL =2, ZIMsG e — e T8
Pk E MR MEEF—NMEH . WRERRHE. 2B A0BdsE. 4
AR A SCER S AL o AN EAER  IRIE 45 224, 2N REIR PR SE i JF
L RO EARE R IS 1. AN TR, s
EAFEMETFDNBID, BREEEHA S BORRAR AR P, S IEXT )
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K, PHOFAETHR (WA 5) o H—Jim, W2imE, $H 1%
AN N E R mAL, RGBT N T REER SR 5, o
PLEER 2 A FEAATT B AR T RRAR 55 K

%7 DRLTER . GRS ISR TS, Bl S
I BT = E AN REE S iR, S nJEia e LUR Y, A AERUR AT
RERES N fEIT = Ja AL ES IR, 2N T RS2
ISR At SR R e — 222 ARSI O I A B S i, 2R
HRMATAERK S, s AT Er bR b B e f K2 AF L %
o RGO, I E AT SRR P R IR R 2 JE Al
T RER VAT SN 1 .

E R

BN EL A AN “BI2 55 E” SREE T, s, R
FAERGERG S RSy, e BN B ARBE, HIX
MR, Besmad—kpE B3 E, BEENBHAREARA L. &ik
SNt R A A E N bk — AR . 3 TORPATER 1 DM 4-7
2o

g

FER P AT A, B ATHRIZ LRI . B, XA LM,
PRUONEIANTRE T M BIIA A . K, BREBACSKELZ N 7 B B %
B, —HARRLREEIMITR B LA, ZINA LS AT f
EEAATI SR A 225 BN AR 0 o X2 AE RO, X AR AR LT
buityo L B A AT ORISR, EI A H IR T H S
HIRLET o

WA, WMAE—DPHHE. HESRER, FEEERIHR, 3#/5
TIREFMALLR . KRR, RGN 1A — SRk 1%
o —ANFETE: “RIANT - REBRE M EE. XA
AT AR, W IERATRE 7 E 2 RE T AR, JFEEK T
FATRI B 680 O IERA R S (1%, AL L AR
1o 7 XPZIMTE, XA TR R Ay B A 57 R 2 A ) ST el 152 R
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PER— APk . % 2 MRRERREN “HIIEm
OSNEHIEEE RS UL e /AN
— 3 K TP B A R AR 54 i

Hi4 =4 HH A
PLRIIZ A (The Art of Happiness) Dalai Lama & Cutler 1998
KIBJEMAK K (The Big Bang Never Lerner 1992
Happened)
%% K 73 (Beyond Einstein) Kaku & Thompson 1995
R, IR ANREIHLES (Black Holes, Worm | Al-Khalili 1999
Holes, and Time Machines)
A 27 5 (A Brief History of Time) Hawking 1998
H JJi (Calendar) Duncan 1998
i B A58 [ (Clones and Clones) Nussbaum & Sunstein 1998
# 2 (Comets) Levy 1998
THEAL: 15 EMLEERI I (Computer: The Campbell-Kelly & 1996
History of the Information Machine) Aspray
A HIES (The Diamond Makers) Hazen 1999
H H)I5 /R 3L (Darwin on Trial) Johnson 1993
Lk eIk (Faster Than Light) Herbert 1988
FRAIE 4 (Fuzzy Logic) McNeill & Freiberger 1994
TR B 4E (Fuzzy Thinking) Kosko 1993
Bt L2 A K HELE (Genesis and the Big Bang) Schroeder 1990
FH Y G R)0 R (The Hidden Heart of the Swimme 1996
Cosmos)
KAEAZ (Immortality) Bova 1998
KT RIBYERIZINTS (The Little Book of the Big | Hogan 1998
Bang)
£HRIE X (Meaning of It All) Feynman 1998
75 (4 (The Mind of God) Davies 1992
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Mk 2] H 4 (Night Comes to the Powell 1998
Cretaceous)
PRANFNIE WIS N FIE R S T2 101 £F5 | Trefil 1996
(101 Things You Don’t Know About Science
and No One Else Does Either)

“EPFRiRE” FIYIEY: (The Physics of Star | Krauss 1995
Trek)

“XFYZ” BEIEMFFE (The Real Science Simon 1999
Behind The X-files)
fEIPEAE AT 18 (Relativity Simply Explained) Gardner 1997
Bl HAR 544 (Science, Technology and | Bridgstock et al 1998
Society)
FER I F-EA £ (Seven Ideas That Shock | Spielberg & Anderson 1987
the World)
5 BET- KU (Sex and the Origins of Clark 1996
Death)
PREEH ML IEI{E 34 (Skeptics and True Raymon 1998
Believers)
BRI RS (Skies of Fury) Barnes-Svarney 1999
W% « 451 (Steven Hawking’s Filkin and Hawking 1997
Universe)
TR N2 %1% (To Engineer is Human) Petroski 1992
FHMAA (The Universe and the Teacup) Cole 1998
HFF:AA71E (There Are No Electrons) Amdahl 1991
T NATH A TFEE? (Why Sex Is Fun?) Diamond 1997
HUER AT 4 K FF (Why the Earth Quakes) Levy & Salvadon 1995

R 2. 2000 SEHEFEIMARFELRIE “HFMGEH R ShkifhEBHHE .
(=

Ay B AR # | H.C. von 1998 | #FIAHSCRL 2 K B g
B3 5 (Warmth Baeyer Maxwell #k1%, WHAIZ
Disperses and Time Fio

Passes: The History of

Heat)

YRS F RS AER | T. 1999 | Bl AR LA
(Absolute Zero and the Schachtman AKS NEzh, (EEAR
Conquest of Cold) R,

mfRZ K RNk | M. Riordan & | 1997 | & NB@hHEHE; sl
WA B IR A L. Hoddeson IR SR 3 P RORLA R
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(Crystal Fire: The
Invention of Transistor
and the Birth of the
Information Age)

R s — AL i
o, RERR XA T

il

BAEM K B2 B G. Johnson 1995 | Santa Fe [T fRIEFIS2

nFIRA 7 4R T (Fire ., AR BRI MR

in the Mind: Science, W .

Faith, and the Search for

Order)

fEM e FRFH | A Guth 1997 | KBS B AIE A

VR FT S (The BE, JERMEE WA

Inflationary Universe: The Ao [ B 2 FAH G

Quest for a New Theory

of Cosmic Origins)

SEAEDE (The Eudaemonic | T. A. Bass 1985 | K2 Santa Cruz 224

Pie) TR, Al T3E A0
SRR P HR T T B
eI e A

BEAMTE: FHNE | W 1985 | ol EBSIVLIATA2H;

e AVRHE AR AR | Poundstone AFE “AarliER” BIvHE

(The Recursive Universe: MUFET o

Cosmic Complexity and

the Limits of Scientific

Knowledge)

SRR FE: AFKA] | J.D. Barrow 1995 | W, RS S

IEPE)F YR (The

Artful Universe: The

Cosmic Source of Human

Creativity)

AT WRMAEEE: K | M. Schroeder 1991 | EEARE: mEHEE.

H—NJo R 4R [ i e 5x
(Fractals, Chaos, Power
Laws: Minutes from an
Infinite Paradise)
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3. N TSR U R A A O E N T I R A R T, AR
i s EEUNZRAATT T AR 2 2R

4. A BARE AR TRRHAIF ORIt R Rk ik, Rpdl 2
WEARMATR T B E S THE D e E R AR AR A )
HIBUA K .

5. FEAAFAERSE R A ERE M B LS AR ERH

XA G| FRA TR RS 52— B AT 0% WA AR RS
BHERS T —REBiRd, e hisistn s . 5208500 8uh2
JRRE, WTLALE 7 B AL B0 e A7 1 IXEEFINO 8, ZImAEH
AT REA PR A PR 4 A B

PATH R, BHEFHRIEA R SO AR W, B R EAE
f)%% 77 [Redish & Rigden 1997; Lam 1999]. FATIHI B ¥rIFAwE, FrLlnl
PLE BN AU A 2

L AR A AT TR R A T, X% SR R R
2. BEFREAE NG TN B AR A 245
3. O MERFANAR.

AR DB T E A4 2 A B TG IR 2 RSN 4H, bl TiE
AT AT, XA AT B e B O I IR, BUARIX IR
W Bg . N TINS5 R, b R T A FHAE R 2
B 54T 50 B IRE AUOUE N TIE 2 A R AA S, A 7t
FHEXMABEME T 20 B, MRARARRE. — MRS &%
WH—— XD REE X AR R L D, RRE R T1%
PAEEA Z RN GEETT. RIEAETTH DA KERE B AR
A, FTRAEHEW (7 EEK (REEL) ) mEEms, XIEL
RHE AR A A E RN I IT

B, AUHEIRTT R AZ AN, HARR AR L e, XA
THRIAMELERY:, fErmdaei: MEfEERE, ERMbEREBEM. P
Zs FERRAEIREE LA SCHEOE N ER/NRAE B, AR R i 2
FMAIG T ——AE LB AR L, ROTEHEBIRZ: K
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HAE R A5 51 BERE TR AR M B £ — A E R FEH R
PN SR MARAS | St x A E R30S

—ANSLEE WSO B2 BHE R R R R EE R N, IR R SR 2w
HER N EEIRE R B5E. AR Zm. i, E£5REH
H, —MIE 4 ANO— SR ANOR Lz ———RER, %A —
MNEPRFREHER, WLVSRREHARER [Lam et al. 2005]. FAIH
FEVLU IR R SEHL, R B ASX A BUIR

MR RPN BN FIEYIRH SRR R R RS, HREE
R ERRT AR RS, Nk, BRFY: (AR —) 2HHit
SRl CEREP ) R [Lam 2002; Wilson 1998; Ball 2004], JTLL
N AL R B BN %5 2] B IR B

Ak, BRSO HARA IS s A R E L s /s BT bL, TR
WA SRR R SO i F R A R AR I N . — N 5 IGE
R JUARIF RS (el James Watson [ (SR HEY D GINEEN K
ANLRF LA E F

6 &5iE

BB O TRK A [Gregory & Miller 2000: 25-26], {HE/EERA
SR N T RS IR RA R R BATE T RHR KX
MNERBEIH—/NE——KM 52, A E AR B k.

1. Bl & 5.5 XAHUFER T 4100 BREL 750 15311, 2001 £, EEIZT T 4100
AW 2T, £E 1998 SR 2000 SEHAN], 1FELE KL 750 NE AR LK
MIB R . FORBKRE 2002 4 6 H 7-9 HAEE B 221 College Park 38 [H #7302 2%

1TH) “2002 FREALZW” b, R Czujko KRG “HIH R 4R LB
IR %t ST ATHE” (0. www.aps.org/jobs/dcc/conf02/czjuko.pdf) o

2. MERE R B — A, Z2IEA Ny s gL REALA
e ik, WE ARG “Hek” @St 10 20, X2EAREWE . #
Y, TN 10 ZFRESE— B 22 THE A 7, X 10 PR LSRR m Y .
3.sE b, FERIENAE, RTINS OR ) B AR AT 255 BUR 48 Ry s
Jite 7 IXARRE AT SR CRBAEMZF AR NIEITD S
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4.3 RHENTAEEBRAREHEXR

S

? 8 18 LA

HERA SRR BER . T IRER AR R AR R, AT
] 7 JUAE r AR 5 AT R AR o FRAT T 03 il AL Y — 2 . Ty
B R AR A G T AR I REE e, TR B3 I e AT 4
B, AVTARI AL B0 R A TT tad .

1 5

R B RAEEEAT IR K K P75 [Gregory & Miller 20007 75 2 A2 FlE 38 2 R
BATRREHE MR, TR MRS TR [Lam 2001]. 5% Fi
BEAGEARIEE, B RRIRG AR MXER. A5 L8, K5
[4.2].

NTHRIEEZ . B THRRREBREARTT I, BATHZREKN AR
HFER

2 HHEHAREPER

HER M 14N ORE SR H2, ERXAKE RN 2R
FHEBER . RFESCEF O DI, BB Bl S 1
X, MAIReTE e FE AU . XM OUIFAE R Dy d ok B b E BUR I 32
Fro FHLE, HEBUFKSRHEEBRMONER N RAEF KA E X 25
SEAWEE A WAERT, PEEEE T (RRERE) » 5T & RBUNRIE

o}
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AR A K CRAETORRE H A 2002 4R HIARA (A N RILAE AL
) D o

M 1949 SERIKME 25 F00, BISIETIRET AT, o+ ERMEREGE 2
JETBUFIK . A%, BUFE S 7SR EBsCe R n 2, HABHE 2
M ERAE BRI L. B, fEPE (LR IS B AR
770 5 BREFMARBN RIS AR b R R

XK, UHipE A T RIET, B BRSO E R I IR,
HBAVKIRBAE 2 F PR HBER, R 2BUF RS2 A H
BNV o

N T IRBEA, FATUTI 1 — L [ AR RS A AR . AT
L AMTVCARRE TAE RS TRHE2 0 T AR AL
2. ERZEAAL TIPS, BRGNS,
3. ERNBHE L\ TAEFEITIH, BUFsD REEH . KU %5 ) fit
Xl
4. H HEIBAE R AE SR A 2105 2 YNSRI T A

FEJVF A R E DA E KR, 55 1 MEE 2 AR AIRAEAE, —teER
IEAEDS Sff o2 3 A1l AR, 5 4 A LR AEAER .

B oAAMBENEEE, PEAMEZ ZHAND, XANMEBEASRE
We? 75 H R E, — R EAR T 5000 Mt B EISN, Hn (GRE
KR4y sSEHT=E M
3 EBAa?
BESTAE T [E (55 4 AN ), FRATA I T @
1. BUFAT LK S B R BOR HE BRI S . s, M
RN AT LR BUS S EL R B X AT,
2. fEHARREESS (M “hEBERBIEEES) , NiZA AN
I E RIS (BERREBEE) K.
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EREMB A (b BRI Z AT B, NiZAEBE
RS AE RSB — 1) “ Ui 2 BRAGL, AEARATTRE A2 W 5% 2
IEAEBHTIRR TS, TR BT, e R TR, HE2
AL R EAF SRR 4.

REBNZ, WREMRIZMANR, BB ERY. mhfRs
(RL 2 HS BZ A B 15 51 FEARA TR . — AR B A
LRSS, keI B R R R, AR
MBATTERAME 0 5L [4.2]0 SRR FAE T AR R0 4R B8 ARAT R R T 1)
H %0073 [Lam 2001].

KA EARELZ At 2 B2 0 25 [Lam 2002; Wilson 1998], F HL
SRS AR AR IS T B [FIRE L2 ), BT AR A 2
B JUARREH (Ebin James Watson ) (XUEREY ) Y ANFFADKRFEA
AR EH .

81 & 3 FIRBIRRE AR T LOR BT — M7k, LIz S AR
AR IEE MR . IR, B 4RI 5 A A E RS

SR
Gregory, J. & Miller, S. [2000]. Science in Public: Communication, Culture, and

Credibility. Cambridge, MA: Perseus.

Lam, L. [2001]. Raising the Scientific Literacy of the Population: A Simple Tactic

and a Global Strategy. (AMREAERIS) , WERLS (G . &8 HEFR
Fi R 5 H A

Lam, L.[2002]. Histophysics: A new discipline. Modern Physics Letters B 16: 1163-

1176.

Wilson, E. O. [1998]. Consilience: The Unity of Knowledge. New York: Knopf.

3 M. RO BEEN

Ji#: Lam, L., Li Da-Guang & Yang Xu-Jie [2005]. Why there are
no professional popular science book authors in China. The Pantaneto
Forum, Issue 18 (2005). A&SCATEEIH. %30 7E 2004 4F 6 H 3-6
H P8t Barcelona ] PCST 41} International Conference on
Scientific Knowledge and Cultural Diversity (F}EF1R5 3% T
PEE BRI ATk S
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44 PHEE BB

BHE SRR E RN Rk, 2% AT 645 A H R 10
& LAFEARRRHE G ALK R, 2. 1 5 RFL A A2
FEEZAFAE — SRR R R . — MR A R R T VE R AR BRI
W AR, B D5 1R RS (AR R 7 — 28 TN A ik BB (I e JRU PR ekt
HAFRTWARME G —HR) , FRE BAR: SRR i 524 .
RIS AT =4 . B EEATE.

1 3=

B (ECRHEIED EFHA A T R 5 A Stk . FIRES [Lam
2000, 2001; Lam et al. 2005]. BT B AL, BHEHEZ 2 E 9 HE
A EMER A RIRE] . AT, BEIERIEAAE B EENYE, 20
FIRE B B A YR B BRI TS 5 R
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BRI 20 48, fERE, HrfRH T DR PRAIE L L. AR R H Al by,
I YEF 1) Barcelona, —HTIIRMIR L@ B . To5E, BHUIEM
HEMCAZ AN = E.

L ANFRIRHEE RS — 2, MR EA T RBMBH . T2t
RS M AL RERS 7> B BB R . Z )5, JUF T RRHE#E
KPR TP . XATRESEUH A, RARAER . RA SR DY IX L A
HSARE Zy e, & E RS

2 SWERA N RIS

P B R R AR AR B B BE K, T 2, RN
1o todn, JE&ATRED WONAREMIMIBR . Adr . B REW BN SCH DY AN
Tro X RAMRYEIXAE—ADFHL: WS FHIE 2 DB S 5 H B
1o SR d R T AR, RS RISEn, BTHRDT, TR
S CBFEAIMTHWED  AYDERAE dr iR Y REY;
A NA AT . NN —F, RZHANEGR— e,
AT T RA, R AR DU AR > AR AR A AR SR, IXAE
(K12 HEAT RE 2 S 0 7 A PR R L -

L ZWEARE T DR BBy Rk, 52, £
RIS AT G, AR 3 1) E R R

2. BINJLFIRA MBEIRR N ERRIR T B AR Y, SWEE <G
BEVTE EARBHA ML B 2 Z (B AR AR — 2 IR I A S R

HaP2EN ZIE H R AELLE SRR MR [Lam 2002; Wilson 1998]. iX—
LB W, HAEFEBMT . 2R T N AT A&
IR . B ANRES R — (CEYD DR RS, T NORFFR 24582 B R
BEEW—E0, RN ERBIERS R 2 FTE YR R 5

3 —AMEEMBRTE

WAl gk S A A IEIX AR SR ? IR . 7R RHEIE I H DR
W N 8] B2 AR R 7 — 1 0 00 ) 3 i SR —— X S R R AR K 5 AR
R R RG— Lk, FkEBARBFEE SRR, X
WREA =AY 2. R WEPEATE [Lam 1998].
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L 2. BAUERE. BMOWRE RSN B8 E, 5
Rl B L. D EBIALAL AL, AR RIRITE . EABR. AR e
oA BT FE BN R I Z5 K

2. BWE: —MEIEAEENIR. RIEEGZRZIELERGENT
NBUBHARM T E AT IR 25 1F . TRTEAIH] T AR IR KO8 Sk AR K
AR AL B BL R OR 2R 4T 2123 .

3. WEMEATE: KARBEALN - FEEEE 33]. NTAHEEXAR
gt, fEHAE 1992 4 TIHMHEATERX —E [Lam 1998; &
2000] . FEVGMEATEF, AR T (fTEHE) 51N
(Landscape) #HHAER; M nl LR S s SAk 1. R 1R —
BB TS R ——Hh3H s MOR T SRR X AR TR
—BEA . b, SR — MR AR RTE AT EE . g — A
WSCRE BN B A, B R R R AL SR, T A S A 2 R A
JE 2 T oA s SRR — B R IR A B R B . 1K AN
T, AR A R 3 A A TR U L

AT E CE RIS TVF 2ok B BAREA SR AN ERRE. X
J7 LG BRI AR A R G B R i CLE i 9 s 22 7T
R R BE RMZOREREAER) o SRR BEESHh CR S
T3, WKLY RIS 1 BRI . SO B, B E T A
RICEUR/NEE A TR WRIER. IRTTRY R &5 R0 R
I NPT L HIBFT [Lam 20025 #K% 2003a, 2003b].

4 2

PAVREMES], HE (TEECH AR LA T 1 — SR O AT
WHEINT RHERRRL (HARAH) Wik EE [LAed 2004], M
SRR T XA BB AR, BH SR AR — A G —
()RR I S MR 1) SR B, BT AR S LAY [Lam 2002; Wilson
1998].
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W, NTHSWEE T RIRZINFF AR, FEH NN EREIHI
FVRYT, R RE I i AR BLR AL B R A R B, (R R
.

>

=
LR EREE (bR, “FZBEE”  Chitp:/old.shkp.org.cn/xinxi/suidao/
suidao003.htm) .

EE PN

AR [2004]. BHETE AR EAE. (BHERHR) 2004 422 H 15 H.
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Lam, L. [2000]. Integrating popular science books into college science teaching.
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[/k#F The Pantaneto Forum, Issue 18 (2005) ]

R [2000]. FEVEATHE: BIREIERL, HAGME R RS (WD) 29: 531.

WA [2003a). SCEEAZ RN LS. (REEITR) 2003 45 8 H 29 H.

& [2003b]. SCEEAZ R P SR GEi% A RN B, X E %
() . Abst: R L.

Wilson, E. O. [1998]. Consilience: The Unity of Knowledge. New Y ork: Knopf.
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Ji#: Lam, L. [2014]. New concepts for science and technology
museums. X F K H 1EH T 2004 4 7 A 29-30 HIAL L International
Forum on Scientific Literacy (2~ REMF R U B fritls) L9
SRS, HCRIAF T (Science Matters: Humanities as Complex
Systems) , Burguete, M. & Lam, L. (eds.) (World Scientific,
Singapore, 2008) & 5. HCEIAZ T (FHAM ) 2004 4 8 7 27
He CAED (PEARKSA R, 2013 46) & 5. KRR
R

R e RIEBL, CREAZIAA - B 5K (2021 ) o 7ERJRIR EHFIIBL )7
3o R T R I AL 18] S5 =D R R
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45 AR E A RPHERTE

o HRAKKEERBIAS @

o1 Sclonee A R | '
. HEERRE .
o RRAHZRRS5ESR

RPRBRERILIL
2020EnH188
mE

P AP R IR I — A ] PSR AR T R — AR CRE I v rh AR AR
A, IR ROW SEAN B SRR A I B ST AR REE AR AT
PCREUH — AN P IR, R B S 2T s, EARH
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AN IMPOSSIBLE DIA!.OSUE :

“’RELIGION Serious Talk
DIALOGUE
MATTERS

Science and Religion
in Dialogue

John Polkinghorne

REE BT, AT S AR L1 BT s b A, AR B AN
RS . AN, XMERFRAZ, SREERML T AR AR,
— P b QER . CERBTHIA A EEHIE B AT R ——X Il
k. B EAEZWSEHEAR, AT REREEI. ) BEASREFE, BN
T VT E A, BES NARMPA 8. BRI (1564-1642) LA
K 400 24, HIACRE X AR A AP 5 it T —— G035 5 AR I —
—H TIRZIEE, R0 R BB A IOVERER 2. AR, XAMREDIF
AP, WSS (b, R W IR FEHAERKMEME DN RREBR
L6, BUFECT SREA R

B, RFHEEE BB TERIE E R G- ANBOR T, ST ik
WriEsE. Hn—Jrm, IAEMER TR EBUM R R 2 SCRE, 1 RS TR
IFE BTN —— R AR fESEE, BT 90 % MR A = HUE
0y, B DARE B IR N I SCRE, o 75 B RARA TR R B 5 SR U 0%
o WKW LR PE2E 245 9% 5 (Richard Feynman, 1918-1988) [
% REESEBRT T SO MR B, T L RRE, Ik
BE[EAZ JiE % John Templeton (1912-2008) IR, Rl 5 5=Htnt
5 AL H T A
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2005 4F 7 A 29 H NAEAHBEAGEE “58 22 mEPREERRE” 1
“RIZHEHPXTIE: SES5WWE” e, NIKEEE T 100
N BREHE, BRI

5%, M4 K John Brooke 1% Stephen J. Gould (1941-2002) ) “H AR
FWIEN” (NOMA, Principle of non-overlapping magisteria) - Gould A
IR R FAE B SE, RBOVETEENE, DI 27T LR SEAE 1
A BEARAMER — 5, RO BT, R EBAE AR EAE
PO AR A, ALY (Rt “ OB ) RS AE MR A
fEREAL S TEAE Y B —— R A IR, BEAERTE, EATW IR AT
RERILA . Brooke HIZHIRMLARIXME, HARMBAIRIEIFA—FE. EFIRL,
WS Bl K AW 5K Gould K44 sl , “ERTS Brooke )[R # Richard
Dawkins (BHEH (EFAZER) &) R TT 25T k.

Rk, VEE R Jean Staune WRMILARE B 5 IAPERI R AR 2. e
fa, ANELDT =ZRZER: 5 AJe M H O3S IR A E R R
O, IRRSCHEA R B ANTE BRI A O E, RIS O
U FHATE A O E G . A IR DL R E M IAR
MR L. Hilbert 1248 58 4V Berthelot 1 73 4t #l Chaugeux ]
R ESEANNT E N EIACRE DL PR 0 2 e A 2 AR A
AR AHE R U . BFE/R (Kurt Godel, 1906-1978) K% 2: R4 AE%
%M. Goodwin MIILAEEALFAIL (Emergent) B4, A HE L4 (llya
Prigogine, 1917-2003) (1) “HHEE” NRE. NIACRF R IR
Je—MERFEAS, J5E ANt RN G AL S B R T R R A
RO T —A s

F=EIHEHE Heup Young Kim #HZ1 “ MARG - B HUN A EH FZH
ABFARIRE” o Mg = 1 PR B AR IR ZI0R#EL —. an
Barbour (_L#7ii ERE) —HRFMEIHE (LML, SREM B
ihy BLEAROVEER A4 ) R st il i, R B A i —— 1 3L
AR TR PRI, BB AR AR O G N A AT T %
2. B H B Z el G, MR David Tracy FIUGE, WA AEMTAFRZ
TR TSI ATTE H AR, SRTI IR AUk . 3. SRR LB Hp A A
AR IR R IE, AR B sl (b “38” . BJE. ZH MK
) BZE] DA S TR 5 SR B G r B . AW ARI], OutAfEE
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A MR 5 R B 1E? Kim JFARESE R, Hgk, HFEWRZR
Ti R B B IR — NS SLI R, IR 7 SR R
W P9 Kim H AT IEA BAE I 3 90— AR 07 S B S B i B 2
W

W2 [ Bt st SR 2 G & B 2 H 2K E Ron Numbers
K E 55 [ Wisconsin K% Madison 70Z, ZMEIE LK. MIE4H/4 1+l
WAERILI I 52 . MANETE 20 A 20 FTF4R, 78 60 FFARMERE TR, X
FEE VAR EHIA L, M Male. MAKE: #hehier “faeit”
FAWR MR SRR A, LAGEE B R ok, B IX 4
Rt R geR Lar. AT, A EEE, IR MIEN T 24K
RPGET LEE B AR, A A AR R ITHIE A T e ?
Numbers A4 HHE S HSL, FEE “TrfEm” , e 7 EEAELL
R T E, RERBFNDREREER G .

Ao 2R T REANBUA T TG, b E A AR E R, A
DA B J5E 52 2 HAR ) S8 51 5K B o 05 R0 Tl (8 SO A

JUEERTAEAA M BN K 222847 T — D REE F AR EFOS IR 28 453
A VLSE, BIRBAARTE, WA hIENE A REE, JEART
TEATAE, A2 SR A ARANE PR A B R T R, AT ] R e 48
HAEEE (EL) ZAY L. R, IEmE2EmK, bTmEEE
P, B2 S RBRELAGEAT T %, EWE “EARIA” o HR, fhis
FREAE T 7 T O -

3 WA

JRa: M [2005). Bl S RBNE: R4, (B 2005
48 12 H. Ab5t: Blfm it
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6.1 RRE—R

This Pale Blue Dot

CARLSAGAN

AUTHOR OF CONTACT

THE NEW YORK TIMES BESTSELLER

197799 H 5 H, JEHE NASA iR “MRITHE 15”7 (Voyager 1) M
BRthk, AMREARBRMLES G IHnER A, 25 CE KR AR
TR E. F—AE5T 20124 8 Hikmk, A& TR NHEES
45 4F, RITH | IO TAE, RIEIRSE, 4Rakghak R BwHE .

ZHTAT 1990 4F 2 A 14 HIE AT, RiT#E | SEEHER 37 {29 B, NIE B
KR, FEMATEZRLE, GEZ4e, MHBREEA S, B hER A H
T—mB RSN, Bk, ARGMTER 6 MTEGHTMA T
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MREAE, fLRhIR. AT, HERE R RE— 0 (B EA. EF
ZEDER

BRE— R

R FE 2 Cornell KFAT 2RI F KGR (Carl Sagan, 1934-1996) . fil
YBEIRATE 1SRRI DL, L, R EORATR AR M
HERIF IR EIG . HJa, T 1994 4E 10 13 HAE Cornell B3R 5 ik :

FATRIAR T VAR, WRIRE S, REFE R e
X R KR AT. £ L, RSN, B
MmN, #idE B CrEE.

AT A R A XS, BT ETR B RE. EIRTE S
gprEl, B ANEAME RS, B DRMENG R, &3
eliEE MR E, - EEMRR, S—XHEZRNFERRE,
s ENE T, B MERROR, BN ARE
Ko W NEESIN, B NEMBORR,  BATZAYR L
MR MEEER, B PREid, o NEANGEN, HIEE
WE——FE—BR b, SFENDET.

HERAZ W FEH RS L — N ER /NG . AR R 2 Ay
ORISR, IR AATT 3R T DA S A ek ) RO IR A
T A N o ARARX A S RN AVE R R T Z Rk E 5 —
MavE. 5HCJUT X 7 R R AR IR AR R E 5. b2 ]
PR RZ A, 12 AEmBEEMER, IR E 2 4%
o BATNEES, BATVERN ERE LM, RATEF 5 b A 5 f
FERCHIAL RS 0, AR A2 B AN 1 s kiR . ...

EREK, WVFEA LLIRATIX A/ H 51 28 57 7 % 5 BEAIE I 2%
HARBRE T . sTFokiL, Bl 7 RAITA SHEE I AEME A
TH O RR I b, PRI FIES T IEANVR 5 IR a5, X2 AT P — S i
I

) F CREE— )  (Pale Blue Dot; I F/A) F 1994 FEHHAR. 1996 4F 12

H 20 H, BERE, &4 62 2. NASA T 2001 18NS X & T ANER
W5 RS — B 1 Carl Sagan Center (BEAR )
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XIRE— R
LTI KT BRI K% & AR %, WKk EH (Clement Chang, 1929-
2018) HAKEILEIGIZr, T 1950 FEK, 1980 FIE4. RILKFEA K
P SE2 TN

2001 4 8 H 12-16 H, RN Bellevue T ) “ ARKFEo4” 78 PUHER I
TA CANCASK: Bt 37, BRIAES BT MRREBIRS . BRI
SRk EEATEMBEEE [4.1]. 545K T s R BMb R
B “URITYFEE” R, APREINLEIEA IS .

gEL, RAE 2003 4F 12 A 9-11 H, UL “HERMAWHEERRER” &
B, TERICKZM T = ARG A Nt & 442 [6.2] LA ?
[6.3] A A ALL Py s e FE RSk 2 [2.1] e dr et T (XK — i) (This
Pale Blue Dot, ¥IT KMk, 2004 4E; B EAH) , ERSHE K
BREFR, XARPBZIESR N, WAL, EZBHIK, AREMILEIE:

A& 1990 F. 2 NASA B “TiRiTH 157 FiREFEF KRR, ik
ALK, B4 7 ik BRI A . AR KR IR A A, BA1E
FIHER Bon NI AR — A, WO REERE, AR EER
5t

AR RATEFER 7 F R — . IERARRE —m b, JATHIXK
SRR EA R o BATH K AAE I PR — i S oAt 3 7 1 F S At
FHRBN AT, BATRIA . I H AR 2 o ) R R R T 75
AN L BAEMARRK iz B 4rar. RATAWER, £
T AFAEND ?

K21 2600 ST, 7677 HIA IS AAATT (K LR et iR i 7 X 2 i)
Al B RERSREEA L. E2, BmAngLikr 400
&, AREEES R, BATTMEL . AT ET RS %L
SEH R — LK )

A IR R — R AR (BN TR E R TE 2
3, JUHERE 40 XK RGHIFITL, LR R RL A K
R
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BT RIRATAIBER, BATASAT AR I An i, DL o] {1
RAAFHERLF, FATLAE BRI 8] [T, [ 3= 5 25 138 42
RS AT, BIRATE 1SR R 23 ) [ i —FE

N3 W

M J#%: Lam, L. [2024]. This pale blue dot. Humanities, Science,
Scimat: From Two Cultures to Bettering Humanity, Lam, L..
Singapore: World Scientific. 28 3 A J& A1 U F.

R mASE R R/MED S



M 367

MRZHANE, ZMERERRZIRERM . AT AR RERK
B, RYE AR, AN EEEADENER, ZXEFAANFE
MAGR R, FEANER. 52, AEN “NE” — B4, 1%
2. LA RS- — I EENA G, A, AREY R S0
We? BATXAMEF (BT RIFLEN, LTIETFEE, REMEEE
PRI, HREH KA, TIETURHIHIL (Emergent) /5 t A B tH L.
R SR AEER? A2 EER? A, BATKIHE FBOXAME
FERMEMRERE . AEBKNE, ERRENT G, FRMAEE X
FLAHLEEAE . O ZE R A AL s XM TN AR AT 7 B
e PATIZAF A2 T BLA RN ?

1 3
BAVHAF XA RIRE 2400 AR 5 K7 L

o K% (Complex) : HIN/NEEELMMIHM - WRUEDEIF. 2
Hr B o

o % (Complex) FKunH T 001 2H &M 51 & AN AT 8 0 1 5 51
FEARE 7~ R BRI

ilflg
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o K% (Complicated) FEMAMEIRME . M R BARRE TS DL o

fii 5 2, Complex = /A % [ complicated, Complicated = 7] &t 4 ff)
complex.

MR B, At A A4S R 2% 0 B AN 0% RO A A B 2 (A
Gy, AT EHPELMER. FLb, SRAGREESIH, H
R 51 20 24, FATERRAG T —LEHk .

PEERBTFEK BRI, KEROEIANMR AL [2.5]. AMEE—A (K
W) Mtk &R, Fam “HN” (Homo sapiens) , 8KJ&E T Rl K75
Wi BTUA, AR S A NS LE R N A2 SR B BT 5T 8 —
7o MTAAE 2 R R B R R 2%, FARIRAE T AN KM, B
NAFUL “BHH” BRER, MARBNG R GRS AR K5
WES. S5z, AMEERZHN “WE” , RBMAHRE. HE, —PK
DT MAIRZ MRz ——h TR TR S 7 — DR T RS
MF FHIEHES . BT TRERS SEM LT 2 MEEE [2.1].

B S AL BRI B A AR K 73, ARSI P S 2 s g, AR BTG
K BOIUA . IS IRLS Py A O AT BT W 80X A7 7 IS D5 i B
s AERTFUKIRBINS , XK 7 I B B i i B 1o RIS
AT BB 20 T NIRRT AL o

REMRIME A SCEARENE? B R e i T 2. BRI S AR
FIREEMR Z 7 I, HInR B s FERZ PAERKPYIHE . ARTZIRE
AR 555

ZHZEM, FWARAEZ)E, REFTU A RE N, AT
SRR SRR VR, PrA RTUEGE R ORRER . 5 L2k E
e EMTE, RAWIMRKM TR, (B, XL h b
g I HOR AW . ) Itk —ok, AR ATRER AR, (H AR AL R
i

KME 100 EHT, IXA S P A 74 E 1 722 45 R A A ) 1 5 P 4K
B HET I REREVNRIZE TGRS, BT JLAM5h. 72
KRB B A 5 B A ) b 2 S AR, e TR B T B« 3t
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R PIHHER” o (2003 3 VRN 25T 7 S AR T 7T T
fEe D Bx TixEefldh, FRATIXASZ5 WAt 5 I IE 2 B B AN 1 & 208
1o HEAMTFEHLS T PR TR IR E T 120 — NP R T 4%
A RE S ARSI ) 2 A S8 RN R I A — 84 B, XA
WiE 7 — ROE T A, A, FRa IS g T I R 1A% S Bs L R
TEA— X RS, X2 oW 57 5L A A 2 A S L 5
AR . AE I R BATE B AR IRA TR UG B T SRR B Y R
N AR S, P X7 N R T .

WA, A A PE T BATHZ T W R 26108 ?
2 HERtERAH4

WURIRATTRE & B X M (Complexity) I 2k ELEAS R (175 100
MU T . AR, BRI R, URRE R PRt kniE, EIRXE
WERf TS 2E . XTERATRUE, IR BE— AN S Xl 28 1,

R ELE A RGN AR S RN, AT XA Rgtae s K RA
—HIZ MR . SRMEIREEIRNKE T, KB, 5K,
tetmn, iRFRATREE FHEIX =4 0 Fl 1 4Rkt 551 -

A. 11111111111111111111111111111111111

B. 11001010001100000110010101101001101

C. 10010111001010111000000110101000110

By AvTRERDy “4v 17 o KA B RBENTAER), FrPARTASY “1 A0
R I o EHS C L RARERIRE, FrERER S C, o
AR EEREE i —— XM = MR b KW, Rk ¢ &%
AN
Ko

SR, XA E SR A . AR A NS IR ERAT5 B 2 B RE AL
PR, BATATRECIERE X — &, FATEZ ZR A BN EE i 4 e
#AE, FUILERMHSVOVENES] C RS2k, Frel, ZANERMEE X
R TR S, RAINGIEN], ERE ARSI C e,
MR —NHJEA B R Xk, AT IZ R G E AR
AT, P, XA E SGE SR NFIREA K.
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PGS b, IR O BRI G (1564-1642) FIBIZHF0dh. —J7
M, HOEEN AR EWIgE L, HERR iZE KB RO A, il
YT A AT BB BT HEA IR R 4. 5 —J5 T, (RIS AL 1 £
FE s HERBHACE A P R 0, SXFE R FH R T AT 2 B U 40 2 i A 1 —
— X AR b O X AT B I PRI AT B —— T LUK BH R At B A

BRI A SRR R I, (L T W0, R A
€ AR LA T

3 tHARIELEN

WER DRGNS EZ BRI RIE L, AT XA Rgi2 JE4k
TR . FERMERGEWRFIEREARM “ZMJE B " (Superposition
principle) o WIR—DRGRMNS IR, WATH— &M 7 kiR
MRS XFE, XTI MR A2 B

Br 7R, MM IR MR T AR, EA AR A S . R I T
SEIET B EAE RSE IR, B OO E BRI AR B B R . il
T RAG IR, B “1 + 1 =27 —FEMTEA, T ARLR I A A N
T o

Lt RA ) — M T RIBINECR IR . FHIR RARIED) o BER ] ¢ A24L
B — AR RE, b AR PE T sin o, [RILIUANH /2 B in R 2,
FRHH: sin®;+ sin®y # sin(0;+ 02). {H25 0 Z /NI, N sing Tl F 6 ———
NG, JTREMNMARALNETTRE (B 1D .

Je£bPE S d20/dt2 + (g/Ll) sin©@ =0

© JTL: sin8~8, %8/

LAt d2e/di2 + (g/L) 8= 0

L BRRHITRE. L=a8KE, ¢=H MR,
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&I 30 4, B LA AREEEAE DR B (Chaos) HIHE
Foo MEHFESF S, “RIE” —ERE - RAEERALIPIRE . EAER
AU, ORI R —ALTIRE. RN PR RIS LR
PE R G AT VAR W BUBR OB T E IR 26 1. JFARREN IR M R AR
TR, BRI LB R S HCA IR B SE R gt tdn, — oK
TSI ZE . RZERIFES) . AR IR A0 i 2R B LR b
FIRBIERE . AROBEESE .

SR, VR AT Rt LAE — SRR T B B B P R G o e Rl B (1 2 491
THE “YRB”  (Logistic map) :

Xp+1 =T (Xn = an)

ﬁ\:qj’ n=0, 1, 2, = 0<x,<1; 0<r<4; an %ﬁ&%’fﬁﬁﬁi*
AIARZEIE T, AEDIRIRSS A — DR A, X ARGRAEREA AR XSS n AR
BREOECH o D7 RE R RS — B IR XA AN : 2 IR R AR R
W, EYBEARNK, &0 WSSt TR EHE i .
CHTHCE ERTTE, xa 2R B2 TR n ARBIECHE BR BLEACH 1 B ¥
Ho D

4508 T4 v AIWIERI xo, HHIXANTTRERT DL AE— A0 {x0s x15 X2,
x3, b (FR {xn} D o o A OFFURIEM, T LM RIS ¢ BIIXIE, TR
X&H, 4 n B%RE, AP EE—TEAAHER C {x.)} = { a, a,
a, =} ), BPUARBAtEHIL, N 1. 24 r 4ReRB RIm i, nr A2
A=At WX, AR 2 C{xa} = {b, ¢, b, ¢, =} ) o Hrdk
gRiOR, AR R EkE 4, FEkE] 8 5 (B 2) o XN ‘AR
RE7 o, AEEAMELLTA. HRZ, A ANEURRZ, £ AR N ESER
0 CLLAnIR 7K Sk (P K FRAAR B AT Hh, FRATT B v AR 52 21 £ 550
BN ——E ARG &M (Universality) [1—4Ml5.

WR r = 3.5699456---, XANHFIE L EZAIEFHEYLY (B3 1) o fFExA
FriB MR R R, BRI PIANEB M RIIE A1 x0 RA IS 25, Xl
B SRR AESE (E3F) o BENEISLH SR, AEELL 100 % 1)
00 B 4 ) RV R A6 26 AF . BTCL, 7RSI R — ANTRVE R G-I (84T R
RLETN, BEXANRGEAGREMHE (AEET %0 et
e MR F 3, BAbaT i) — R Ak Br S B0 v s 2 PR an i1k, T e
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E&}EXH%E’J%%——YEHH&T“ CEP “HiRe e > o (SE R, BT
RIS RETH, XRN R WEEARIN . ) T, HARBERI.

1.0

0.8 -
_ Sy

0-6_ .

X i

0.4 -

0.2 H
0 T T T T T T T T T I
2.4 26 2.8 30 3.2 3.4

r

n
| ] I ey
| | ”ﬂ .“I‘ F,‘\ f\ I )
08 f | | \ l/ VI f\/\ '\/“Q Y |
i an ANy /\,
oo | /1 HIVT A J\H: \!
: RAVANRA Y iy «’ A
ooy |0 ! \‘/ I/ \J |/
Fo ARl s
0z [ '\H-‘“ / y
°% 10 i n o L %0

B 3R REG “Piiit” SHRIGE A BB, r=3.9. B xn+1 - xn B
n 2850, BT: xn B8 n K250, BSEINZRE xo0 205B1M 0.5 A1 0.5001 .
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4 HEFRIEXTFRE

A SR ARFR Y ] BRBE T A, AR RILPTAT B RRAR SR NG (K 4
) o KBARKELT-E#HZAXFRE (AT BB ohE A HR LA
FIEARERD o AR TR ETE SRR B 2%, B9k — A JEXS R
AR ZHE KT (44 .

K o4 Bk Bk GUME « BA: —PNEIESREL CET) H—XFRE
O kD BRZR, RONHTH & FE 2 7 Hok i e 1R

B 5 25 IS R TR IRBR SR A 11 91 5 BEAh, KA SRA —FLEE, 44
CHRMFRBER o ERE AR A RSP ENRES B e VR s
BOH R SE I A AR B2 A TS Ciddo) R ArdE, 55T
B A (A PR AR M X R AMEHE A N 2.

5 HALTIRFPES

150 ZEEHTH T E AR, N 7 IREAFWLNACE, B iR ¢
Wk, ARAE T IRATZAME B, POREARB B — R HI2 A%
LYK R R —, BRI A e

5 T R O AR AR IR B SRR N RIS
FE—ADARITT o RADRBEAEMRRINE, U EHRITCZ2 M
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WA T . R, BIEARIR A7 M SR —ANEE N R
GME, URXNRAEN—APESTER A —ATPEE, 5 TSN
TR T BT R — /P ASME. X—RABRA S8, HAEAIEAM]
fEst, HJ5, 8 Ludwig Boltzmann (1844-1906) 7 — /Mt 20 mif B il
TAE, IAVAE TR AR RENBFEE . — BIROTEX AN, K
TV R R A R

tt
i ”1”1
I R
&R
- 41 . Ll
1TEH T 1 E
T ey | Y

B 5. xRRmsh. B4 AT EE BRI A B, L HIAT AL BR LR 0 2 A 0 B
WA A —MEERERRS KRB, ROV TRERI A (EERAR L
NEEAFE— LR IR, B, E T B e A b ekig
BB F) R —— L N BRI

BRI, BHEFMEAM ARG A 2258 R RN 2Tl ——— DA RS
o MR SIS, TR T K DRSO o B AT, T 2R T
JRIVTEFF e X FHAEATNE, X2 ALBF 245, 1T 1.
HRBENE RO, Tl R A2 AR R, Bt K AN 2 Ak T~ 17
&, BRI TR A E] .

1B T R R S AN W R B E TR —— — AN I R
o NPABIURE, KIAAERZHTT, GF LA, MITREA M.
H b, A EERBHEAEENRSE (BFHEAZD HARH AR RS.
tan, —MERAEBAZTREY), ENHREOFARLE, AR —AIF
ARG, FATH AR T =R, EMANEE I 2 B AR i, X7
T RGERYEL, 88 @ HIEAE, IF HA 7 SCbr L2 fE A i 1]
ATE AT . IR AR B 1A A AN FoAt 2 0% A i BE 6 A K (R
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We 5—J7ii, XERGEMETH FATATEE. BN TZE, it
() S A A A TP A

MR, NOZAR N, I DS AR IR A ) A B TR ) B R P AR
gt, Bl RS IR S 4N SRR . B PR R A, (HIX AR AR
g ZN AP

PSR R G R AL . B AT N EA 7B M%V*Tﬁiﬁ
Fr, REZRAGH M. Bl TR GRARS AR F R R
Wi SRR MR, LURCKHE A R St

PR AT CAE — B AR R R A . )2 FHICEE &, EREHI
R, — 3% P ORFR PR R R R 55 1 BERE 2 AR IR B [RDRE 1 0t D R o v 2
(I : TR E 28— AN EES A I ER; Mg, AR
HILRT, —EREFERI: FHELEKSE, RERZFE. &l —
—f—NERLLERTH AR 2% (K 6) [Ribotta et al. 1986] »

HEME (—ANEDR FRMIEEFDUX AR 94 K& Ok ZER
W%, Bacillus subtilis WHH R HshHEFCRAE M E 24 ERE (H D &

normal rolls zig-zag skewed varicose bimodal

B 6. B0 T LG o
6 {5 FERIRE IR R

FSER AR AR 2 3 B 2 R . 2 RS, # oy 7Rk, A
BRI A, ST AWt ARSI, FERT .
Ty BT MER. EEANRR BT RSWBL TR SBURSEXT T —
R T USRI e BT b, JRATIRNTE KGR ok g T
B, AT AE K 7 7 B AR, H BN RS B R R B K —K
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RPN RE — MMM BLE BT o IR I BE BE T A o BRATTA A Ak
Z R Z HRRBLIERT, P DA SRR B2 .

(b)

(d)

K 7. 4018 Bacillus subtilis TEAN R AAFFAF T RIEARHS | ——B /L6 7. EFEH
BRI, KEMEREFZIIERIT N

MG 35, G0 SRETTE B Z IR RS o PR, R RE R b — IR
fiE, XATFEMME AT E” FEERR. SEhr b, X2 HAE R, &
JRABPAT B R R AR AR . SEBRpIiE, PRI, WS BIKEER B2
Ja, BATE RS F—4%MER )72 ——Navier-Stokes /7 #2; ZJ&, HATMNT
) —ZE—— KR, TR S ok R 5.

MiZiEH, W —EEEERIMR, T EETRNZX—ZRRA B
R #E 2, KTEAR R EFMERA R R, exXT T EsS
ANA R FEHREZLHEIN, FHAIAR—ERdEARFREZE.
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T BRE¥RE

iRt R LR EAEEM (B 8) o TALERRAL M, (HZRRIE
BN AR, EWAREE FFFE. #HiRVEARM TIRZ K
v, AR R AR E R IR

IRZE AR KA R O R 5 3. 58 b, AR HIERA
AL, ERBAEMEHER DNA 5 FRIERIRE TR, BHEH TA
[F) ) ol o AN[RIE it M ELAH 565, ARAEIA /R ST (1809-1882) [ & AL A7 HE
W, FPEAEEERMR, RAHIT N

8 HAFHIMEH

ANV, ER R ST R ER B R S A R A E . L, #ER
FUZHHFE, BATHE] T AU =€, ERemIRBE. N Rik
EERKIES. W THEERBAL BRI RS, S Eh W feE
PARN “ ARSI T A P8 .

FEIFFER
.07, WOUE Yol QRJ)P 5 ALK ARE COUMITTE. I,
a‘“‘%&% SAEE, ~ Q& AP Ko %‘}%’i’
Mo cut, K
G
1. i e mm
ks i
2 77
P Wﬁﬂﬁ‘d 223

B 8. — AN B A ABRMISEFRERXMRA LM L, EaRElg: ‘&
——FH M B, MAeEMTTE. BT HNR. 7

N T A RO A KR R A A R LR jiﬁﬁﬂl%:l_ﬂ%Tﬂ“ﬁ*Eﬁﬁﬁ’Jéﬁ,m\
o PIAImIITE IR “ e A e RN A1 “sg e e i . IX PR R
Wy 50 A T SRR A, — MRABE TS Z C EROURIL” , AR X
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ANEWA TR (B9 o AR, FFAEK B R R — AR
DI, BDEHFHI LTS, B IETEATE RN [3.3].

PEFAE 1992 4RI T “TEMEATE”  (Active walk) , 2E R %G HHLH
BIREFZ I — A VE e WS AT B, — R UTEE) RPN
AU R T ——H S, SR T RIS R A X R TR D
) XIS AT DU R A B S . bedn, A sOst R — NS A AR A
. B RECESN I, ERBGH AT SRIE ML B, T
AR ML A TR BE R A3 18] 0 A o BUSCRR T — 20 2 [l 9 S v O o B A
Bo AEIXAMEF T, RIEH S (125 18] 73 A st LT B B s . i Rt
A7 A AT AE B At 35 1) SR AR O TR A L G R AR A T
WEFRIBLRIME ) > WS PEATAE T A R R, i HARA .

Kl 9. BRI T. MAESIA: Sierpinski # & WA = I .

AT AE Q2 BN ] T VF 2ok H BARBHEMHE 2R EINE R R G X
T SRR E L A AR R G B EIRE T R B4 R A 22 e
AN SR 5] BRI ZOR EIRE AR L 2B R IR B b s 1
Tiash. BURYIR . A0 S s AR . I 58 . NG S
BRI IERBARSE SRS AR RIS e e, il iIFR. i
IR ST e it RS L K ARIT Xt AR I LB (& 10D .

9 G
AR,

L BT A5AHER AN R ARG E P, TRl A R T 5 i 1
[FIRERR

2. HEFGRARLNE. AR ARATEEF AT
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3. ANETTIM AR LR AL AN R IR H L

4. HREF R
FOTE) AL S AR SRR R IE A T P 2R . R AME AR 2%, 1 2
AENENER), JFHASAF T 77 1.

FTREIZ ) B A O AR RO Ak R A%, g AN Ak
{2 B E B AR R A T AR 2

fri i 5 EERITR

e S

t
AT B . %
§

I 1]

P B 2

10, FTHENUME AT EBAUAE R — . BRI 2 BEIRE S SERR AP TR I = T ]
FEARAWI A, BB “IETEATEIRE N e K BRI - H RN Z —.
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Sir— The question of religious belief
among US scientists has been debated since
early in the century. Our latest survey finds
that, among the top natural scientists,
disbelief is greater than ever — almost total.

Research on this topic began with the
eminent US psychologist James H. Leuba
and his landmark survey of 1914. He found
that 58% of 1,000 randomly selected US
scientists expressed disbelief or doubt in the
existence of God, and that this figure rose to
near 70% among the 400 “greater” scientists
within his sample'. Leuba repeated his
survey in somewhat different form 20 years
later, and found that these percentages had
increased to 67 and 85, respectively”.

In 1996, we repeated Leuba’s 1914
survey and reported our results in Nature'.
We found little change from 1914 for
American scientists generally, with 60.7%
expressing disbelief or doubt. This year, we
closely imitated the second phase of Leuba’s
1914 survey to gauge belief among “greater”
scientists, and find the rate of belief lower
than ever —a mere 7% of respondents.

Leuba attributed the higher level of
disbeliefand doubt among “greater”
scientists to their “superior knowledge,
understanding, and experience”™. Similarly,
Oxford University scientist Peter Atkins
commented on our 1996 survey, “You
clearly can be a scientist and have religious
beliefs. But I don’t think you can be a real
scientist in the deepest sense of the word
because they are such alien categories of
knowledge.” Such comments led us to
repeat the second phase of Leuba’s study for
an up-to-date comparison of the religious
beliefs of “greater” and “lesser” scientists.

Our chosen group of “greater” scientists
were members of the National Academy of
Sciences (NAS). Our survey found near
universal rejection of the transcendent by
NAS natural scientists. Disbelief in God and
immortality among NAS biological
scientists was 65.2% and 69.0%,
respectively, and among NAS physical

Leading scientists still reject God

Table 1 y

‘greater
Belie! in personal God 1914 1933 1998
Personal belief 2717 15 70
Personal disbelief 52.7 722
Doubt or i 209 7 208
Beliet in human 1914 1933 1998
immortality
Personal belief 352 18 79
Personal disbelief 254 53 76.7
Doubt or agnosticism  43.7 29 233
Figures are percentages.

scientists it was 79.0% and 76.3%. Most of
the rest were agnostics on both issues, with
few believers. We found the highest
percentage of belief among NAS
mathematicians (14.3% in God, 15.0% in
immortality). Biological scientists had the
lowest rate of belief (5.5% in God, 7.1% in
immortality), with physicists and
astronomers slightly higher (7.5% in God,
7.5% in immortality). Overall comparison
figures for the 1914, 1933 and 1998 surveys
appear in Table 1.

Repeating Leuba’s methods presented
challenges. For his general surveys, he
randomly polled scientists listed in the
standard reference work, American Men of
Science (AMS). We used the current edition.
In Leuba’s day, AMS editors designated the
“great scientists” among their entries, and
Leuba used these to identify his “greater”
scientists'”, The AMS no longer makes
these designations, so we chose as our
“greater” scientists members of the NAS, a
status that once assured designation as
“great scientists” in the early AMS. Our
method surely generated a more elite
sample than Leuba’s method, which (if the
quoted comments by Leuba and Atkins are
correct) may explain the extremely low level
of belief among our respondents.

For the 1914 survey, Leuba mailed his
brief questionnaire to a random sample of
400 AMS “great scientists”. It asked about
the respondent’s beliefin “a God in

correspondence

intellectual and affective communication
with humankind” and in “personal
immortality”. Respondents had the options
of affirming belief, disbelief or agnosticism
on each question'. Our survey contained
precisely the same questions and also asked
for anonymous responses.

Leuba sent the 1914 survey to 400
“biological and physical scientists”, with the
latter group including mathematicians as
well as physicists and astronomers'. Because
of the relatively small size of NAS
membership, we sent our survey to all 517
NAS members in those core disciplines.
Leuba obtained a return rate of about 70%
in 1914 and more than 75% in 1933
whereas our returns stood at about 60% for
the 1996 survey and slightly over 50% from
NAS members'=.

As we compiled our findings, the NAS
issued a booklet encouraging the teaching
of evolution in public schools, an ongoing
source of friction between the scientific
community and some conservative
Christians in the United States. The booklet
assures readers, “Whether God exists or not
is a question about which science is
neutral””. NAS president Bruce Alberts said:
“There are many very outstanding
members of this academy who are very
religious people, people who believe in
evolution, many of them biologists.” Our
survey suggests otherwise.

Edward . Larson

Department of History, University of Georgia,
Athens, Georgia 30602-6012, USA

e-mail: edlarson@uga.cdu

Larry Witham

3816 Lansdale Court, Burtonsville,

Maryland 20866, USA

1. Leuba, |. H. The fictief in God and Immortality: A Psychological,

Jand. French & Co.,
Hoston, 1916).
2. Leuba, |. H. Harper's Magazine 169, 291-300 (1934),
3. Larson, E.J. & Witham, L. Nature 386, 435436 (1997).
4. Highficld, R. The Daily Telegraph3 April, p.4 (1997).
5. National S Hing About s dth

Narure of Science (Natl Acad. Press, Washington DC, 1998).
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1 5§

1996 4F, Jrf b7 ) ) % R AR AR I T Dok . iy, R — DM 654
BBV FE AR, BN TRA G “RE” NS ERE. XA
R oy s ) AR AR . AR, ERER, I AN K ZFF 223
LA B DR KRB LT T B, —RARE (Nature) (H
R & E, B Edward Larson 1 Larry Witham #85 fSCE WK 5| T HAE
K77 [Larson & Witham 1997]. fb{I1{E 1996 S H KL 1 82 G AL K 2,

I BRI ZEA Z A E L 0 356 B B2 X ——HEE 40 %——AME Lar A7
1t

A TR, B RO — BRI AR 40 %7 W 1914
FRH - KREESR ERE TERN#HD, At 82 il JmX My
EATENME? BHEEA SR B R RAAAEE AT R 2 841X L
BHA SR BRI R X b3y (A5 A0 SRR R 2 ST e 2 Al AT T 5 N
EEHOEMMAAS? S5z, WRME, LR BRRAR T — R
SRAA L

BAEWANRE 2 LR TYPE % 1998 4 4 ARERERWEAET
R C ERAEENS? 7 R 1999 4 12 A 7 HIERIET 5H— AR “ b
W B BREERT WY . FE 12 ARES T U MRS A E a4
PIAFEFE IR Y. X — R FIAT = X3 JF 3 4> %l /&2 Michael Shermer
Eugenie Scott I Charles Townes; J& & & i U1 /R 245 1 FBEOL 1) & B &
[4.1]c N, FRRA 43R H R IX A 552 ) 2 P

2 ARAFRE? AN aERE?

FH

JUTAERT, AATTE SRS AR R LA AR 20—V, )i o= ot 2
N T IERIXP RS, MAME) 12 KR EF A0 I A0 ] BB I8 /R X
(Charles Darwin, 1809-1882) Frift iAW is A0 5 4 th b 5 O DL o IS LL5s
JE R PR S5 472 ) N R B0 R R AR (R fa B FE R B v T i, DRI REAE
A A .

RS, BAEMEEER, AR B R M2 R B H 8 A TS 25k iR
— V1o DAL, R OKBH MR 2 rh o A T8 A R R A il 7 i A
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OB ) 708, XA SRS 2. SR g, WA
HARABL G5 NI RHAEmRE, RS (KD .

Greek Name Roman Name Occupation
Zeus Jupiter Captain of Gods
Poseidon Neptune God of the Sea
Hades Pluto God of the Underworld
Hera Juno Goddess of Marriage/Queen of Gods
Hestia Vesta Goddess of the Hearth/Home 7
Ares Mars God of War
Athena Minerva Goddess of Education/Science/Virginity
A porlrlior Apo]lo/SoL'Phcobflé ] God of Sun -
Artemis Diana Goddess of the Hunt/The moon
Aphrodite Venus Goddess of Love/Beauty
Hermes Mercury God of Commerce/Speed
Hephaestus T Vulcan i God of the Forg eFire
Eros Cupid God of love

Unwilling bride of Pluto

Persephone Proserpina Goddéss of spring
Dionysos Bacchus God of wine/God of revelry
Demeter Ceres Goddess of earth and Harvest
Pan Inuus/Faunus ~ Son of Hermes 1/2 goalii‘ﬁ'rcksrer
Kastor & Polydeukes Castor & Pollux The Heavenly Twins
Acolus --- Kinng Winds
Boreas - North Wind
Ze]ilﬁl' - West Wind
Notus - South Wind
Eurus - East Wind
Iris - The Rainbow Goddess
Acther - Greek God of Light
¥ Hygeia ' - il God of health
Orm Hebe --- Goddess of Youth

B AR A . BEARZ, 4 DR —Rm AL RS — s, T
—HZ WM. i, B Apollo (FIEE) B /R, BEMARZIRR A D
MR LMA), ERRBARGE, HFE AR, P HBRERMER . «
i Athena CHESLUR) RN #R . BR. ik

WAARMES AR, 4— DN NAERRIRE, — D EENmEREX N ANE
WM. ATERE, LACFEMITUS. Xt HR T ERAT I ——%
BRERENEE B N——IEWrE AR T 7 0. SsE e % £,
XA “TiWF”  (Theory of everything) HtEH T . IXFER AN 241} BTy
UEHE Z (A EAAR 5, 2/ DAEAR AN [R] P 2 X
TSR EE AR 2 AN A, X BT AN AL B K
“—HiL”  (Monotheism) 7E 3000 £ 4FRT# M LG X 2%, BHFIE LS
AR T 2000 ZAEFTERH, —MiRA e EIRE k.
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A0 TS SR 2 AR 22 B A% O B AR IR R AR “ BRI J] 7 (Occam’s
Razor) : WURBEH S faj B i 77 20fli, 54 A SE SR 1) 77 sl 2 iR o . 4t
B, “HE LS (The simpler the better) , fFK “TSTB JEN]” .

g
SRECT 9000 FERICAH . HEBOHM, BEERIREVEN, b & ARk

B, BT 2600 FRTHT “RlE2R” i (c624-¢546 BC) . X4
R W R AR ?

“RlE” —ii ok H 9 3C 7 Science M H SCHEHPE, 1M Science X %37 K H
BT 14 4, f8/p02 “For” AR (BIERE N , SIS
R, METESE (BHF0E. 2R , ARSI 87 FrBLE AL

.

H b, RAVTEM IR —— AT K B AR R S AN 51N H 2R 102
FE——VEH 1867 FEMKILE NG ZIRME X, BP Science 5 K& X
[2.5]. #R1fi, Science 1) 1867 fF & 2RI R TIEAN RS, F i,
A KERBROTENF RS ARRGE5EANRG. R 2007 F AR
(Scimat) $2H )€ X ——Science 5 =IRE X, BB ANRRZE S
ARG R INFHE IR R, A A 294 BT e g i B2 [3.5]

Science 1867 4F5& SUH T4 2 IHIR B ] —F R B EBEEE., Mtas
RAWE? KA G XA A B E G R ?

WY 1867 fF, BWAFANRGEH B LM “ 5 R ¥”  (Natural
philosophy) , BFARFIESHF: SIALWHEE LWK. BT L (o
) RIENREUERENRRT, A L3 M7 R Bt ok aiE 5y, SR
B F AT R BRI T fi#. #Eit, EA Science 1 1867 4F5E L, ¥ LA
P ERE R ok, R AR, RERE =TSN =4. %
B, BEA RO R S R

AEEE, “FEEZR” (Scientist) — i FAE 1840 FCHIIL, [RBREIZ 2
I — AN L A
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BHER

1867 FJa, 11V REAIXH v MM, AATA BTG S, A2 A
AW FEEEN T G RHEERE Lo NTERE] (£ 2600 £1T) A I A5 — 1L
TN, DN “ WK GRA 20 B RORIERD 25
MIRFEES CRIRRRANTEEIR R, HERED Bty “ Bl
27 [2.5], BRI YIERAT R, X0y s HEBR TR 2 A
Ig

[FFEHL, i E] 300 2407 B AT =K (1642-1727) , B4 (HA
PEMBCFERRE) Brh s B ey Gash=w/. a5l e A
TR, ZFR PR WS, HREIMUNEIER (HSAN) , &
SRAETTRE PRI ZUE, FF 8 XL AT T KRR R AR 7T

i 1867 5 X, FENANFWAR 2 ARER (AR TR 5
AR EAD AN T 22 J R R (EEAR TAER RS L
W, BRI R IEGE

3 BEMZREATRG?

BEAR 1867 SR B2 O R B 5 o3 B B ——RbAx Lo WA £ 5 B e,
WA, T NN S RBA W RIZAENR TR ?

B, RESRHO R E AR S TR KA T &, AP
AN RN . (Lt (E4) WFHRENRABIETORE, Mk
FUF AN T 138 AZF KN B MR EBEAL TR . > B0, BHARISE
WA AFAETE. Fe5 2, DRELREE P, MRBXARIR—
Ly WA R KA —DFEAEITREMANRE (1564-1642) ———
N GREHLE: MPEHELBETAISEE, RIKFH R KO0t KA 2
HOER, TR TR

PJish b, HEEEE 400 EFTAIAIEE S “BACEEE”  (Modern science)
R R B, SEEEARMENE RO R SRR H L, RS
P MBI, e, BIERR XA RREEEE SR E.
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F—T5H, BHFER 1867 4E5E IFFRTNNEL, HARIEANL, HAEHENR
ZHIREER . BHEGRIE A, B TIEE [2.5]. totn, 46 1999 4 6 H HiR
f] (APS News) , 3% E ¥ 2425 Bl 22 ) FR & X FE «

B —MARGIERTT T, BB TR RIR, JHEX LRI
L 23RN e A8 s mT RS 0 SRR B A o 2 ) e T AT AT A BE AR R TR
FRIPIN L

o AT CIRBIEAN R, Uk AR RS 5K RE 8 S ST I R
2, RESEETTHOS th NS DR

o THDNS B SE RS T AT E (R SERUE SR , R BB SR I A

it

AP XL RN R AR T AN A RB IR, ARBIEZRE
A AE PR A

Wk ok AR, (HEBE BB 2 AN BE 5T BRI ATER CRTRER N 2 >J A
N RAREE. i, A KHIES S, WEHM. RGBT
() , IR T 2060 4 “A&L57 IXATIE ——A>7T DU 7
Fo Mo, WEWBIE, BIZEMRFETE . RN RERENE, B
NEFENEE AR, FifEE.

BHAMEA PR, (HRBE R T AR S, #5 A AN &
B, IR SR TR, SBAEA LR ER A, T H
HH IR REREHEBE S T FREHD B MRk —
B, B2 — AR, Tt U B 1 2 BT IR 55 1N —— 23 A ER
R ——HER . tn, R XS TEWCRE MRS . 1992 4, FRR
B AR R A H O 8 A T E . DU, AT A
W, HIRUEFF NS RSB I LA EN

MR — Tk, FESRIE, 90 % LLLRI MG Law AEAE, TR
M BN RHA PR MBN . 73— J7 10, AR IAREER 2888 . AT
AN CHehnzsif A, AT RS FEEMATH AR, HOR O IAR
BHEAABR . XENEEEPIRES RS AL,
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AT RITWIR R, 78 “FEEFRZPL”  (National Academy of Sciences) Fl
“ERER =MD 2”7 (American Association for the Advancement of
Science) #B VAR R EMZHN G HR] . BETE, WURAEREE A —
Uiy, AESRHORAE 7 — i, ERXPIMER B RFEN 8], fFEE— RS

MIERBON: “OARbE” o BT L DRREL ROREG

4 PEEFREDHIER?

R, SRBCERHEEEME, SRR BRI RS . £
TSRO K BRI %A i i, X BRI S OR . AN ERE, W
R T BT TR A R (R D .

R 1 BHEEREIHHTRT .

RGE—AELRE. A0 B

MER: KAR (BFEEARGSAE

R R (LUK B R
i R REMARE T TH—— A KR )

HE: kg B B4ELSHE

HHE: kAR

B A AR

EN L P A, e

T AL IR A AT LA AEE: R A0HE0E E A e

HI: H EHE. 4%
AR Sk OWEREELR) R 6 RFREEM
WS BTSRRI BE: A RIS

Horp, BRI “98K”  (Reality Check) Rl sRib st (7R %
WHIND “BN” , REFESSTEHE % BEANRG BT LR,
DI FEEASHE, ENsLs, MAREEHENAR. NKAR
(W FCAEAR BV AT Y, A (T SE IR AR, e B 2 ) 1) 2 BOK i 49
iy DR EBEHIT RIS CL AL PR S5, 1T 2857 B VR PR S8 U T T 7 P 450
F, HEYHRNSEA—ANTEILTZILAE, 2B RxE
Bisr, R ENG, S SSEANTER——3 )L B UL [3.6]

SRHEARBAR =I5 IRE R (MANER S JEEEM « 2R
FCBE, AT R AR . SRR AT ZR G MAL B %, B’
SUNARST IS . PR U EER AR AT S
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FERE A 1T, BEAENERE, SREGEEES ERRERR. %
Fo s E, BEEREE—E 400 FRI7ER AR (IFE LD F1 350
FEATESLE CRE A S, BESEEROARA, HEEEMHEIE
D M A RIAT s AR &7 A — SR Z [ S .

FEBH B ITT, RS RBERE%, MEZIEGR SRR, &5
PRI SR FR . SR, AR L, EHOOR e T REE AR
FIEFE) HIA R -

5 PEFAEBERELSG?

BT RARN, MRKARUFEEFMYR RS FANE— (E
Y MIRARG——54% “H N “ (Homo sapiens) , FTANRH S H T
GEeBL2E) A NG HE R AR (NS0 BN A2 & T B 140
.

BRI b7 1778 BUR AP AE AL T A I B E 7 —— A7 0
W, REERN, TR R 18675 ) RIVEKENR, FHEER
fy.

LA, —SREFRIMET I L7, e sh g K aR. 61
21 400 FEHINFIBE 1) RARZEDF L. 2 —: 200 4EH] Pierre-Simon Laplace
( 1749-1827 ) M KAk J3% . 1799 4, Laplace H R T { Celestial
Mechanics) (RIS —F5. ERAS wfh -7 7EIXA RGH 9 144
fifi. Laplace [H1%:  “IWATRE LXK . ” DAEMRZFHEFEFIX
WAL AR — S EIEEAR S W AL AT A2

FEAMRIRE, B2 BEHEE. TNEEEMAN ERAEeR, K
NREEF MR o Bk, Wi 40 % WRFEFN B, B AXRAT
RERHM . SEIXFEND?
LB, AV BE R F R BRI .

BT

— N, BPE CRFEINET , MEERBONAEAXE BT
7 RO (RO BUREIR (LKD) &8 —EER, LU
Bl —#. BTl RERFFHFRMR TR RE (FRTIL) -
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Bl (1854) @ RGEBHIN CHIEINE—A o] BRIl 2 4% 1%
1k, B g A S IR U SRR, IR B e AR ) A RN R

B LERRSE, EIXhr ERMAHEIIE? B 2 G T “REEIRE” R
P2, Hp = AP BRAIE R, MHERA =DARMER: DAk
Sehl CREFIARRUASRED  Rgh. g (U MNP ERASITE — X E
FUERISE AR VAR S (EPT A IR B e fErh, R R RGeS
A

X | &
I EL/SLTE MAIER —

iz

(En13540)

/

EZ
PUE SEAL -

2. “BEEETIET REE.

FE— O, SR LE R SR, AR, TR R SR E
o FERPETAE, S ERS RN “H . AR
HREHR AR O AR B TE RO 5L, I 7T A% DUR 2K [4.6).

— 5 i, BHERPT RIS AE A > 2 A R BN G EAN
J, MUATASTT BEAE A PR I R A DR BRI 2 LI —— AR A BE B M5 AR At
i1 MH, B OARRE. 8052, BARBER ISR 52 2
HZRETTIEIN SR, TP LA R P B2 R b
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R BRI “RIEIRET RAREm R, AREAEXE, B
FHAR R SRR AWK R R, AEEBREIE . Pl
PERREETTE, AN ERRE R E AN AR LA, FHSL R, B
TREIE, BAPRTRM)EEE. PIATSE: . Houf. Pa%Ek: %S
B OREIE. RO REONBFERIE L, HER” BREA
Ol EAR IS (M 20251, REMEONEL 25, TR I R

6 BIERUT 47 BRI RR?

AEBATIH KB A AE R NI iR . RIS T % = e
MARSATTRRZIE, B (24 MR, A mkniE, K
NEFRZIEEEIER, ENIRZ BRG], AR A ERRAE R R
HAIFE? . 2 b, fhdgli: () “eiid” dEWmaES —
Ki& T HER, REIURAE T KA. FHERE R : Aam—RKEF? K
FEAREL, MERMHEE B K, MR ARG EAT K, /REA e E
M—RT, Frbl (E2) WHRHN=RAZEAN—BRABEMHI =R, & N
&, REZKHEATLL, Bl (E2) SREABEA MR,

W5 2, AERE R IR AL E R I TR AG 26 AR, EAf 2 TR
(1o ARMHEE b MR R 2 1 G GE a2 BTl 1 “ e B 19 B4 7 (God
of the gaps) o IXFHIF I NALZ MR . FFURG EBRE L, EFHA
BAMEER AL, ST AR “PrL” o ERRXXBEEAZHIL
ik, PRUOSFERATH FRR A R b, H ] B P& B TR I, i T B 2 AN T H 3L
DR AR R AR A I 5] HL R XA

RN Z AW (1879-1955; WAL 1921 ) —— b fH KRR
K, HRBURRE—MEMEZEBAN . XA RER. FfhE S r3Ed:

o KT IAVAREFABHAFAEFYRI AR, KT SIS i B kA 5
BRI I S iR, A A e AT iRk Al (8 2K
e LEFATEAE M AR —— IR R XA R A A B AR T Rk
MUERECGEEE; AWIXFE X BB, IF AR A B, o2
BAFRBIIN . BRIEFBEHEFE A L, b aliE
Y, BEEAIA AR A E B OB LRI RS
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o TEIRIERE bR IR BIAR, — RO — R & 3R R L DA 2B 35 1) T
%/—:“AE/‘J}EA*E’ 7\%3 E\ %\ %o

FIr BL, - B 52 D) S0 4H 1 b S O AT I gt iR O ¢ T R #07 (Cosmic
religion) , FELNXFPRAR W IFAIER . 2 FBHE 7 BRIt E,
AL B R K AR BRI 1A o W 2 S A ) — ANl 1 2 S
T EA R E X, WA RER Wb, R 2 45— 57

R 2. BN SR A T AN R

TAHE (Work) A J Feds (=~ Jyx HE)
VB (Chaos) TRL F G BUBRHAR B T W) 4G 41
EF (God) T B R KERZ B CEHEHEZ)

PE N BTS2 AL EATE (Max Planck, 1858-1947; R 1918 4F)
M. ‘RS RHAAFEEELERNX, WR— 725 — 77 H A
6]\0 »

W AR} S, Charles Townes (1915-2015; YHRIER 1964 4F) F
Steven Weinberg (1933-2021; #HLiE3 1979 4) 5 59 7 %N AR 3 1)
P, FrA AR RE KA (AR — S

WA Townes KW T #HOG. &AM LI I B Rt . Ml RHES
BHERL il o[ — ) A PR AR AN [ D7 3%, 20 0 T BR AR SRATT B AN 2R A
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