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(uninterrupted working hours; 4 ~ 8
hours per week)

(working hour accumulated; hundred
hours per piece or work)

The School of Athens Raphael (1483-1520
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He wrote the first book on

) d'Ed A u Meteorology, the Merewpodoyia

(perewpor: Something in the air)
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Now we only see models,

like reflections in a mirror;

but then we shall see face to face.
Now | only know partially;

but then | shall know as fully as

| am myself known.
St. Paul, 1st |etter to the Corinthians, 13:12

Models 3 3
]

re 7

A a

—(
Q
@

Fovell, 2008

This model will be a simplification and an
idealization, and consequently a falsification. It is
to be hoped that the features retained for
discussion are those of greatest importance in
the present stage of knowledge.

Turin g The Chemical Basis of Morphogenesis
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False facts are highly injurious to the
progress of science, for they often
endure long; but false views, if
supported by some evidence, do little
harm, for every one takes a salutary
pleasure in proving their falseness.

Darwi N, The Origin of Man, chapter 6
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Mathematical Modeling

. 0 7 T
Whee the beef [ SEEEEEENR oy Bo
“ o- n- 2N
Formulation
ST o Y
n

mylnmGn 1t R
Solution/Analysis

néy Yi o oy
Interpretation
T T

Function y =1f(x)

S 5.k log W

Commonly Occurring Functions

Polynomials: approximate with a high degree
of accuracy, almost any existing function

Trigonometric functions cos sin

Exponential functions e
LVDWIG

. . . BOLTZMANN
Logarithmic function log In 191906

s=k log w
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fwhatsoever a man soweth, i
that he shall also reapo
Function A
Y=Y(x)
y y=f(X)

(

y : exam grade linear '\

9 nonlinear
\ 9
R
> ,
XX hard working
d  m X 1715-2010e

Bo
0
4 7
040
Mercury 0.4 (0.39) Venus 0.7 (0.72) Earth 1.0 (1.0)
Mars 1.6 (1.52) Asteroids 2.8 (2.77) Jupiter 5.2 (5.2)

Saturn 10 (9.54) Uranus 19.6 (19.19) Neptune 38.8 (30.07)
Pluto fails (39.60)

fPlutoedoTo demote or devalue someone or something.
American Dialect Society, word of the year 2007
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ARSI X monkeys, set to st
on typewriters for millions of years, would
be bound in time to write all the books

i n the British Museum. O
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Feedback
Positive Feedback Negative Feedback
L h h
dr
d.’lf ? =
—_ =1 arv )
dt
d
— = dat
dt
et E-'t ¢ — cosf +isind

Exponential functiops ar
best friend and worst enemy.

2 43
. - 4
@:_T f.—l+f+2t+3I+”” .
dt }
x(t) = x(0)e "
tQ fB
e =1 t+2! 3!+....
: li v 0
e-folding time et
9 'E, E Exponential Growth
t n &y tE&a
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Thomas Robert Malthus
I

WE A (1766%H 1834)
Iy N Englishdemarapher and political economist
dp 1804 1 billion
a7 1927 2
1960 3
o 1975 4
P = poc 1987 5
1999 6
n " 2010 7
=EEéVYN 9o én
n ey ~ 3
q- 9
Finding k from two
dN observations
— = —kN N 2 "N ®k
dt
N(t) — N(to)e—k(f—tﬂ) J?V(fl) — j\’r(t[j)eik(tlito)
. N(t2) = N(tg)e Ft27t0)
N(t) N(to) k LLD _ 4‘?\4"(111) _ e_k(tl_f2)
N(ts)
Exponential Decay I k= ; Inp ;
2 T

Dating WA q e

Half life
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Radiocarbon Dating
Li bby Nobel Prize for Chemistry in 1960

C14 half life ~5700 years:
Ratio of C14 to C12 is constant for living matter,
Begin to decay when dead.

In2
E=——rm~1216= 10 %
5700 :

1
Nge_ktlﬂ = §N0

N(tl) — Assumed to be
the same as present

N (tg) = N(ty) = N(to)e*k(tlfto)

Inp
to =1t1 + —
k
Lascaux cave painting
Increasing viral diversity
Acute Chronic AIDS
Gy B 0 G oun g o
B BLBD o gt &8 g
= Plasma viraemia
= CD4* T lymphocytes
[
Viral set-point
Primary
infection
Weeks Years
Dormant Phase
T
2010 3

on 0 i (40%7)
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HIV Modeling e
Perelson and Nelson (1999) e . ‘
s
dv tac
- = P L CI/: "QH ] S
dt O
dT e i s u:w 56 7 e
— =K1,V — T, e
dt " e i X
P — NaT. el Grom erdn ot 16968 use by e
P(ty) = cV(ty) ~ 2 x 3 x 10° (1/(day - ml))
V: number of virions Early and aggressive therapeutic
p: rate of production of new HIV virions intervention is necessary if a marked
c: clearance rate for the virions in the plasma . . . .
T: infected target cells in unit volumn clinical impact is to be achieved.
: norrinfected cells in unit volumn
N: £ 7 ZME B NA « 3 -
k: £ ' « + Jeqc f A
3 A A

Romantic Romeo and Fickle Juliet  (Strogatz 1988)

dR d.J
— =] =Z=_R
dt dt
o : rA
/ costsintdt =0 3 4V
"ouoow u ®
w =0 Y
Cost Sin qs 5 ¥ t u

m x
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Negative Feedback Oscillators

X Cost Y Sint

e 4

Note of Feynman at age of 15
15 ~
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Periodic phenomena are actually
everywhere in the biological world.

What else can you think of?

NF-o Band | o NBodel

A input .
\ Dp

Y:

Science 298: 1241-1245.
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Summary of
NFeB and | aB Mo

Cc

=0, 0=0

{\ By controlling U an
decipher the same stimulus in
different ways.
y f\vf\,_ .
What controls U a
time
Science 298: 1241-1245. N3 W H

2 N

dx/dt = x(1-y)

Phase Diagram

19
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2 N
T8 Phase Diagram dx/dt = x(1-y)
dx
T
d
o= —y+ay

dy/dt =y (x-1)

3

27 1 1.5x 2 25 3 35 A
/ costsintdt =0
0 U v Cost Sin qs ; t
[
2N
ves Ay &y
t
Cx M|
Phase Diagram % — gty
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- h=0.5
d_if ——y+ay£hy Harvest effect
N7 N
, Pllmse Diagralm 1 P a N Y
Kwvin A
N7 x2 QGO
L
1960 DDTU JUu
5 A 4

Lotka-Volterra Model
I

A Predator-Prey Model

Humbert o DOANcona
1926

World War One . 32 |
A

Port 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 | 1922 | 1923
Fiume | 12% | 21% | 22% | 21% | 36% | 27% | 16% | 16% | 15% | 11%

Trieste | 14% | 7% | 16% | 15% = 18% | 15% | 13% | 11% | 10%
de dy_
T T — Ty pT: Y Y

21
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Epidemics

Epidemics:epifup on odemosdit he peopl eo
i . eupagn thié peopled

An epidemic is the occurrence in a community
or region of cases of an illness, specified health
behavior, or other health-related events clearly
in excess of normal expectancy; the community
or region, and the time period in which cases
occur, are specified precisely (Last JM, ed. A
Dictionary of Epidemiology. New York: Oxford
University Press, 1995)

T h eBladk Death" of 1347151

. SIR Model
dt &
dI . A
E = ~|»:43;S'I* ,UI s (‘.,[’315 — V)I 1’ - \\‘
AN N
ar_ ¥ “ 0N
dt v 4 “ ™ \\\ \\
Recovery Rate n —l':r" >,
Y
’ r s
Infection Rate ~ g
. .
No Death in the model o= E;ﬁ null cline vi @
PN o’
“m askq! a

Forecast and control of epidemics in a

globalized world PNAS vol.101 no.42
Hufnagel?, Brockmann, and Geisel
TR wo:2007/12018

Use the SIR model Rfth the stochastic forcing from international
aviation network to simulate the spread of the SARS, and to
explore the strategy for the disease control.
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SIS E Y s NH
as . > |
£ =aSI —ul

dt A S

" " dl
s dI_ @ - DI
dt — dt
S+71=1

dl

E:n(l—f}f—,uf

I it g

dt «

The Mathematics of Marriage,
MIT Press 2002

Gottman, Murray, Swanson, Tyson, Swanson

H unhappy
W happy

H unhappy
W unhappy

H happy
W unhappy
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H Introduction

A First Application of Mathematical Modeling
in Social-Sciences.

A Problem: The divorce rate for second
marriages 1 s even hic
become wiser from their first experience?

A Based on mismatches in the couples
personality or modes of communication
seems NOT be too successful.

H Introduction

AAiMen are from Mars, v
V e n @ sadack of understanding of
gender differences in communication
styles is at the root of marital problems.

A Another way approaching.

24
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H Modeling

A Self-Interaction (uninfluenced steady state) K
dx A9

a = rl(XO - X), u(t) — u(o)e- nt
Yy MO0
A Marital Interactions (influenced function) d
dx
a:rl(xo'x)'i'll(y)’ I (Z)_\.e.aiz if z>0
i =1 .
d tbhz if z<O0
=0 L. ™

H Modeling

A Five marriage types i different interaction
styles i related to interaction functions (1) in the
model

A Basic model fits empirical data to a two-slope
linear interaction function | (one each for the
Husband and Wife) 1, (H)

-+ | validating L
0 + Il avoider ~ ----"""" 0 H
- 0 [T volatile negativity pOSitiVity

25



H Modeling

A Characteristics (stable and unstable
types):

Volatile (S) T romantic, passionate, have heated
arguments with cycles of fights and sex.

Validating (S) i calmer, intimate, value
companionate marriage, shared experience
rather than individuality.

Avoiders (S) T avoid confrontation and conflict,
Interact only in positive range of their emotions.

Hostile (U) 7 (mixed) conflict-avoiding wife,
validating husband.

Hostile-Detached (U) T (mixed) volatile wife,
validating husband

H Example

An example of a Validating Couple

A For a validating couple, take for simplicity,

we have
dx

a9 ray,

d
d_i/ =1,(Yo - Y) +a,x

Let (X,¥) denote the equilibrium solution, then

2012/2/21
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H Example

An example of a Validating Couple

n(% - x)+ay =0,

L(Ye- yY)+ax =0.
The solution is

* a
X =% +2y,]1- 2,
Vi

12

Y =lyo + 22 x ]1- 2,
y rlr

" > mxg, and y* >y

Model

Stable Marriage

2012/2/21
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k4
Z A  Leonardo daVinci 1452-1519

Observe the movement of the surface of the water
H H which resembles that of hair which has two motions, of
MUltlple Scale Interactions which one depends on the weight of the hair and the
other on the direction of the curls. Thus water forms

é q v r v ﬁ n eddying whirlpools of which one part depends on the
- . predominant current and the other on the incidental
Current vortices motion and the return flow.o
[t Y XH XX £Y

T ozxnT e -A |

28



Midlatitude air temperature
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NF + FS + Multiple equilibriums

) NF + Fast and Slow d
Negative Feedback _.’E — r— 373 +y
v dx
=Y — =
dt ar 7 dy _
dy dy dt
— = —u _

@1 \/“ ;
=9 = y y
X = sint, y = cos t \/{ y>0
\ X
X \
y=0
y<O0

o9 Warming trend begins 1700A.D.

£
g
3
£
ES
N
£
g
5w

Date (byL Be) Bruegel, Pieter, the Younger
§ T < Winter Landscape (1601) >

6°C d
§ L s o Wt oo
150 100 50 0
Date (kyr BP)
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Business & Media Institute

ADVANCING THE CULTURE OF FREE ENTERPRISE IN AMERICA

Business & Media institate . 325 SOUTH PATRIGK ST . ALELANBRIA, VA 22314 . (703)663.9733 . www. BusinessandMedis.org

MAY 17, 2006

FIRE AND ICE

Journalists have warned of climate change for 100 years,

0
but can’t decide weather we face an ice age or warming
) -2
By R Wansex ApeRsos
RisEARcis ANALYST 4
Dax Ganon oL |
Ttz Boo Pickas Fres Magker FeLLOW : T
1880 1900 1920 1940 1960 1980 2000

Mean Temperature over Land & Ocean

= Land

8 5-Yr Mean
e — Oceaﬂ

6 5-Yr Mean

Temperature Anomaly (°C)
i

A New York Times-line

“MacMillan Reports Signs
of New Ice Age”

“America in Longest
Warm Spell Since 1776;
Line

“Scientists Ponder Why
Werld’s Climate is
Changing; A Major

“Past Hot Times Hold
Few Reasons to Relax
About New Warming”

Records a 25-Year Rise”

Cooling Widely

Sept. 18, 1924
March 27, 1933

- +

Considered to Be
Inevitable”

‘ Dec. 27, 2005
May 21, 1975

The 1970s cooling scare

2012/2/21
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January, 1977

KN

MAY 20 iS5 MAY 26,

5
TIME map by v F

Time magazine’s June 24, 1974, story
showed how Arctic snow and ice had
grown from 1968 to 1974.

Reports

t hat
climatologists are agreed that

Awe must pre
i ce age

2012/2/21

April, 2006

SPECIAL REPORT GLOBAL WARMING

BE
WORRIED.
BE

WORRIED.

Climate change isn't some vague
future problem—it's already
damaging the planet at an alarming
pace, Here's how it affects you, your
kids and their kids as well

EARTH AT THE TIPPING POINT
HOW IT THREATENS YOUR HEALTH
HOW CHINA & INDIA CAN HELP
SAVE THE WORLD—OR DESTROY IT
THE CLIMATE CRUSADERS

2007

1979-2000 median minimu:

¥ = 2005 minimum

September 16,2007 Sealce Concentration (percent)

O— T

0 50 100
the wor| doés
a ]

pard | #61] th g WX
. O

6e & ¥y |
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lemperature Anomaly (V)

—_—  Five Year Average

Global Temperatures

—=—  Annual Average

1860

1880 1900 1920

1940

1960

1980 2000

AMO Departure

-0.2

-0.4

-0.6

1

| | ]

1

1860

1880 1900 1920

2010,2011 3 i AT ”°

Arctic Oscillation (AO):i A . 9
2010eewy Nouve Aws
1939-1941 3e i Aw1941e n

3e

ATNARARRA, Scotand
Colest sioe 1995

3 ML_U3

BEUING, China
Coldest since 1970

1940 1960
9 vdpi
< .
AM W Q
"M W N

1980

2000
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Forecasters in the United Kingdom are saying that upcoming winter could be
the most severe the nation has experienced since Charles Il was King: (1683/84).
London, December 30, 2010

North Atlantic Oscillation(NAO)

Positive NA(Q Negative NAO

From : http://www.ldeo.columbia.edu/res/pi/NAO/ 66

w
[
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http://www.ldeo.columbia.edu/res/pi/NAO/NAO-.gif
http://www.ldeo.columbia.edu/res/pi/NAO/NAO+.gif
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Reference: http://www.spicx.com/2010/08/pictures

1960-2010 95% Extreme Rainfall

w -5 —MY
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W-TT:0.05 5-TT:0.40 MY-TT:0.52 TYS-TT:0.89

—TYs =TT

Ny

s i .

Year

More TY number ?

L
d

onger TY duration?
Nure 1 A&
e m !

(b)

Rain events (1/station)

(c

—

Rain intensity (mm/hr)

-taken- by- hitlers - nazi- soldiers_7947.html#axzz1EewULx15

(9mm/hr)

100 w =5 —MmY —TYS =TT
W: 5% S: 8% MY:23% TYS:64%

80 W-TT:0.12 S-TT:0.42 MY-TT:0.56 TYS-TT:0.86
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Rain (mm/day)

PDO index
o

w

T

Year

| BEAD Tk |

| S HARA NEAK { i
1900 1920 1940 1960 1980 2000 1900 1920 1940 1960 1980 2000

Year

(b)
-10
An-bu
-8
Tll"l!ll'
\ -6
Taipel: peng-Chial_ 4
Island

Ishigakijima -2

T° o)

Rain (mm/day)

Figure 2. (a) The monthly standardized PDO index and
the year-to-year variation of the FMA rainfall in Taipei. The
thick line is the 21-year running mean. (b) The 21-year
running means of the FMA rainfalls at 4 Taiwanese stations
and | Japanese island (Ishigakijima).
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Debris flow and flooding triggered by Typhoon Morokat and their implications,

Nanzisian Stream, southern Taiwan

st opmed g 2010

Decadal change
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Lift distribution

Bound vortex

T

P
/ i
“— Trailing vortex

3 g
@)

Lift distribution

Elliptic wing

™ x 1
Trailing vortices Rolling up

(b)

FiouRe 3.102 (a) A horse-shoe vortex representing a wing with a uniform lift distribu
ng

tion. (b) Lift distribution on an elliptic

Lore |
Time, or space

wting wing, idealized under the
c wake due

FiGURE 3.10:4 The vortices in the wake of an osci

3| assumption that the lift fluctuation is very small so that the distortion of t
1o the vortices in it is also very small. L is the lift, « is the angle of attack.
— |
-
Fig. 8.10. Sketch of the flow along an airfoil. The wing is shown in g
contour C is shown by the thick solid line. FIGURE 3.10:5 The vortex wake behind a stork in level flight.
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A British Airways Boeing 777-200 aircraft is approaching to land at
Gatwick Airport traveling at 170 kts at approximately 1800 ft. The cloud base
Is 2200 ft, RH = 83%, T = 16.8, Td = 14.5, p = 1022.2 hPa, wind = 6.4 km/h.

To see aworld in a grain of sand
And heaven in a wild flower
Hold infinity in the palm of your hand
And eternity in an hour.

William Blake

CECV"®
COCuw
b M 3
"TV 9]

Scale free
Model

2012/2/21
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Now we only see models,

like reflections in a mirror;

but then we shall see face to face.
Now | only know partially;

but then | shall know as fully as

I am myself known.
St. Paul, 1st |etter to the Corinthians, 13:12

Models 3 3

]

Model Airplanes
K T 3 5 N Z |

‘E Similarity
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‘E Similarity

39 = Kelvinwedge deep water waves

o
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BOUNDARY OF
KELVIN WEDGE

BOUNDARY OF
KELVIN WEDGE

Figure 68. Waves generated in deep water by a ship B. Case (a): positions Cy, Coy
€, of any waves generated £, scconds ago (when the ship was at A) if their energy
d travelled a distance ct,. Case (8): the real positions E,, Ey, E, of the same waves,
ing into account that their energy has only travelled a distance jcf,. At cach,
dependence of wavelength on direction of emission, as inferred from equation
83), is shown. The circle with diameter AD is the locus of all such waves. Other
Such circles, with diameters A’'D’ and A”D", are where waves generated when the
ship was at A’ and A” are now to be found. All such circles lie within the Kelvin
. Wedge of semi-angle (184).
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Ship waves
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Stationary waves

A universe made by God must be a perfect universe, and
consequently should always operate with economy.
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Shortest path reflection (Hero of
Alexandria, 2" century B.C.)

AnEvery action d¢

done in the shortestwa y . 0
(Leonardo da Vinci 1452-1519)

Principle of least time (Fermat 1658)

Principle of least action
(Maupertuis 1747)

Hamilton Principle (sir wiliam
Rowan Hamilton 1805-1865) n
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René Descartes

Apparent
pdsition

Actual position

FIGURES.13 Therefractionoflight as il passes from the waterinto the
less-dense air causes a fish to appear closer to the surface than it
actually is.
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16 Oct. 1964 First Chinese Atomic bomb explosion.
More than a fortnight before the Chinese test,
Mr. Dean Rusk had stated in Washington on

Sept. 29 that the United States expected

China to conduct an atmospheric nuclear test in the near future,

and would inform the world if it occurred
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G.l. Taylor 1950

0.01s
9 0.01s " Aa 1047
grovnd —
Figure 1.5. A photograph of a fireball 15 ms after an atomic explosion
on the ground illustrates the spherical symmetry of the phenomenon and
the sharp boundary of the perturbed region (Taylor, 1950a, b, 1963] %Iog.o 7
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Figure 0.3. Logarithmic plot of the fireball radius, showing that r;* is proportional
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Metabolic rate vs size
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FIGURE 2 Metabolic rate (in keal/he) for a sesies of organisms ranging from the  FIGURE 1 Metabolic rate (in watts) for a series of mammals and birds as a fun

smallest microbes to the largest mammals as a function of mass (in g), exemplify-  of mass (in kg); the scale is logarithmic and exemplifies the 3/4-power scaling

ing the persstence of the 3/4-power scaling law (the solid lines) over 20 orders of  dliscovered by Kleiber [2, 22, 27, 29].
magnitude (Hemmingsen [12])
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Hemmingsen (1960) Reports of the Steno Memorial
Hospital and Nordisk Insulin Laboratorium 9, 6-110

Kleiber (1932) Body size and metabolism. Hilgardia 6, 315-353.
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speed (horizontal axis) on a log—log plot. This figure is reproduced from reference
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A, G constant
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Figure 1.13. The —1/9 power-law dependence of the rowing time 7 on the number
of oarsmen 7 (solid line). This may be compared with racing times over 2000 m,
all at calm or near calm conditions: A, 1964 Olympics, Tokyo; @, 1968 Olympics,
Mexico City; x, 1970 World Rowing Championships, Ontario; O, 1970 Lucerne
International Championships. After McMahon (1971).
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D6 AI

Buckinghamoés Pi Tt

n variables can always be combined to form
exactly (n- r) independent nondimensional variables, where
r is the rank of the dimensional matrix.

T, M, L, g are the 4 variable in the simple pendulum problem

kg, m, s are the rank 3 dimensional unit

l
4-3 =1 nondimensional variable g

Similar result can be derived from
from the fact that the difference of potential energy and kinetic energy over
a period will be minimized; the Hamilton principle.

D6Al embert - madox T

1717-1783 b, =1,

e rBhlwion of the Wave Equation
[f(x + ct) and f(x-ct)] Re small viscosity important
Re large viscosity unimportant

Atmospheric Motion first expressed mathematically

(Won the 1746 Berlin-pacsadefmyds Awardp
Endorsement of Euler)

ne $
Solar and Lunar Force Cause the Atmopheric Motion Q& w nn

a(

N
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Figure 82 Drag coefficient for a sphere. The characteristic area is taken as A = 7d* /4. The reason for
the sudden drop of Cp at Re ~ 5 x 10% is the transition of the laminar bound==" *~=+=*~ ~ =~=ylent one,
asexplained in Chapter 10.
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Oil Drop Experiment of Millikan 1909

Fd = B?T’P?}'vl Stokes Drag law

4
W == 3 _ . Ar chi
3‘}1'?‘ 9(P = Pair) Principle

9
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= . cover
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several thousand N
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Franklin, Nathen, Ekman

e e d
r o
u*u/(g*H)‘E 1 Fig. 6.2. (a) Surface “slicks” showing the presence of internai waves in the wake of a ship in Bute Inlet, British
o, Columbia. The vessel was traveling at 0.5 m s™" in a surface layer of almost fresh water only slightly deeper than
$ \"E its 3.4 m draft. The internal waves caused horizontal motion at the surface that affects the ripple pattern and s0
4 H | yn renders the internal wave pattern visible at the surface during calm conditions. [Photo courtesy of Defence Research

< v Establishment Pacific, Victoria, British Columbia. (b) A laboratory experiment [from Ekman (1904)|, showing internal
20% waves being generated by a model ship. The tank is filled with two fluids of different density, the heavier one being
dyed to make the interface clearly visible. The model ship (the superstructure of the “Fram” has been drawn in

subsequently) is towed from right to left, causing a wake of waves on the interface.

0 ¢ Dead Water
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Figure 1.11. The dimensionless drag on a sphere, T (times 2/x), as a function of

Adiabatic Sound the dimensionless governing parameter T, = U/, the Mach number (Chernyi

1961). The quantity IT approaches a constant for large values of IT;.
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Getting under the apple's apple cells The double helix within a strand of DNA

In a note in Physics Today (Vol. 17, p 62, 1964) M. Reiner
ascribes the knowledge that rock flows to the Prophetess
Deborah.
Ailn her famous song after the
sang The mountains flowed before the Lord. 0

P az™ A
When, over 300 years ago, the Bible was translated into
English, the transl atorsTée tr a
mountains melted before the Lord --and so it stands in the
authorized version. P &4z~ A4 wm

Prophetess Deboah knew two things. First, that the
mountains flow, as everything flows. But second, that they
flowed before the Lord, and not before man, for the simple
reason that man in his short lifetime cannot see them flowing,
while the time of observation of God is infinite.
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We may define the non-dimensional Deborah number
D =(time of relaxation)/ (time of observation).

From a scientific point of view, then one should not ask
whether a given piece of material is a solid or a fluid. If
the Deborah number is large, the material should be
regarded as a solid. Otherwise it should be regarded as
a fluid.
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Isaac Newton

Principia 1687

a

Nature and n
| lay hid in night,

s'r(l1ss?zc-1N7e2\;';°n God S a|d,

Let Newton be,

and all was light. A. Pope

Edmund Halley (1656-1742) A

A Tricky Question??

If the astronomers can make
Accurate 76-year forecasts,
Why ¢ a m@teorotodisés do
the same?

Edmund Halley was a contemporary and friend of Isaac
Newton.

ely responsible for persuading Newton to pub-

;I\ell\;l:: [;:lfrv.‘]uu Mathematica. m Z B N 76e w
Halley and his Comet £ 3 &%

Size of the problem
€d 30« Yy 2

Order versus (_:haos )
€4 - A Hy i

Halley's analysis of what is now called Halley’s comet is an
excellent example of the scientific method in action.

53



2012/2/21

London Millennium Bridge

London Millennium Bridge
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London's Millennium Bridge is the first pedestrian
river crossing over the Thames in central London for
more than a century.

It is a 325m steel bridge linking the City of London at
St. Paul's Cathedral with the Tate Modern Gallery at
Bankside.

ANi ceo | at er(a0cmsshapeavblible,nsycle
per second) like on Tacoma Bridge developed on the day
(June 12, 2000) of the openin

Letter to the Guardian on June 14, 2000 (2 days later)

The Millennium Bridge problem (Millennium bug strikes again, June 13)
has little to do with crowds walking in steps. It is connected with what
people do as they try to maintain balance if the surface on which they are
walking starts to move, and is similar to what can happen if a number of
people stand up at the same time in a small boat. It is possible in both
cases that the movements that people make as they try to maintain their
balance lead to an increase in whatever swaying is already present,

so that the swaying goes on getting worse.

l's it true Athe bridge never going
result of swaying? That has been said about the bridge before, and those
Responsible for this one need to understand, before making such
pronouncement, that the problem involves more than engineering principle.

Prof. Brian Joesphson

Department of Physics
University of Cambridge
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Number of Students Perceiving

Woman

Man

— 1st Run
—— 2nd Run
---+ 3rd Run

Picture Number

Figure 6.8: Schematic representation of the visual catas-
trophe based on the data in table 6.1 on three runs
(1234567876543212345678) through the series of pictures
in figure 6.7. On the vertical axis is plotted the number of
students perceiving a change in their perception. At the
level “man,” all of the students perceive a man, and at the
level “woman,” all of the students perceive a woman. On
the first run (solid line), all of the students see a man’s
face until the fifth picture, where a few students suddenly
see a woman. The biggest jump occurs at the seventh pic-
ture. By the eighth picture, all of the students are seeing
a seated woman. On the second run, most of the students
continue to see a woman until the fifth and fourth pictures
are presented, after which point most of the class is seeing
a man’s face. A similar pattern appears in the line for
the third run, but the shifts in perception do not occur in
the same place as they did for the second run. Thus these
results are a good illustration of one-time hysteresis.

Hysteresis

Number of Students Perceiving

Z

Man

Picture Number
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Number of Students Perceiving

Force

Extension

In one sense the rubber band
was harder to stretch when it T
was being loaded than when it . T
was being unloaded. T
T

Edward Norton Lorenz American

‘ 1917+ 2008 I Mathematician & Meterologist
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