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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.

Darwin, The Origin of Man, chapter 6
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Aristotle’'s Meteorologia

He wrote the first book on
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Bode’s Law of Astronomy 1778
0 3 6 12 24 48 96 192 384
4 7 10 16 28 52 100 196 388

04 0710 16 28 52 10 19.6 388

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)

“Plutoed”

Evangelista Torricelli (1608-1647)
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~ “Torricelli’s paradox funnel”
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A universe made by God must be a perfect universe, and
consequently should always operate with economy.

A ARESERAHES - AU
& 2 B3t/ IN R

Shortest path reflection (Hero of
Alexandria, 2" century B.C.) %’)‘QE@@

“Every action done by nature is
done in the shortest way.”
(Leonardo da Vinci 1452-1519) i 5 85 &

Principle of least time (Fermat 1658)
I

Principle of least action

(Maupertuis 1747)

Hamilton Principle (sir wiliam
Rowan Hamilton 1805-1865)15z/[\EE T2
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Principle of Least Time (Fermat'’s principle)
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This s the Smell's Law,
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FIGURES.13  Therefraction oflight as it passes from the waterinto he
less-dense air causes a fish to appear closer to the surface than it

René Descartes i~ actualyis.




deep water waves

Kelvin wedge

[Courtesy of Aerofilms Ltd.]

2#sin(1)=2+19.5°

Ucos P = c| -

Stationary waves T
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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.

“whatsoever a man soweth,
that he shall also reap”
Function

YRy y=1f(x)
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“Six monkeys, set to strum unintelligently
on typewriters for millions of years, would
be bound in time to write all the books

in the British Museum.” Huxley
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Function y = f(x)
Commonly Occurring Functions

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

Trigonometric functions cos sin

Exponential functions e
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Exponential functions are both man’s
best friend and worst enemy.
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dt

2(t) = x(0)e™!
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( ﬁﬂﬂf‘ﬁ%) Exponential Growth
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Thomas Robert Malthus

Wikiped
(1766~1834)
English demographer and political economist
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aly = —kN Finding k from two

dt observations

N(t) = N(to)e %) N(t1) = N{ty)e Hta=t0)

N(tz) = N(tg)e M2t
Nty N(to) k¢, r‘__\'qup_'

N(ta)

Kty —12)

Inp
ty— 1

Exponential Decay k=
Dating E4-

Half life J-%2Hf

Radiocarbon Dating

C14 half life ~5700 years:

Begin to decay when dead.

In2

5700

= 1216 « 1074

1
‘an Ktiyz — T)JVO

Inp
tg =t +

v

Libby Nobel Prize for Chemistry in 1960

Ratio of C14 to C12 is constant for living matter,

Nty) = .} Assumed to be
the same as present

pN(to) = N(t:) = N(to)e *t:+—t)

Figure 3.9 Shroud of Turin

incroasing viral divarsity

Chronic AIDS
GO0 0 LN
3 52]

= Plasma viaamia
l — CD4* T ymphocytes

Viral sat-point

Primary
Infaction

Weeks Years
Dormant Phase
TR

HIV Modeling

Perelson and Nelson (1999]
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3 10° {1/ (day - mi))

V: number of virions
p: rate of production of new HIV virions
c: clearance rate for the virions in the plasma
T: infected target cells in unit volumn
- non-infected cells in unit volumn
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Early and aggressive therapeutic
intervention is necessary if a marked
clinical impact is to be achieved.
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Romantic Romeo and Fickle Juliet  (Strogatz 1988)
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Fourier, Jean Baptiste Joseph

1768-1830
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The profound study of nature is the most
fertile source of mathematical discoveries.
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f(x) does not have to be analytical;

f(x) does not have to be periodic.
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Periodic phenomena are actually

everywhere in the biological world.

What else can you think of?

10000 ; , : |

a A r — | ions

8000 I I [ = =(azelles

6000+

Population

4000

2000¢

% 5 0 15 20 25
Time (yr)
Example 8-11

Negative Feedback Oscillators

Negative Feedback Oscillators

X Cost YSint dj - Prd IRAE NEER
dt Fii2t ¥ y
Xy dy _
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at .\
dx
< Y. ar =Y
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Whatcan Xand Y be? X Cost YSint
oA
s NF-kB and IkB Model
Feedback w &
Positive Feedback Negative Feedback A Tgt ﬁiﬁf*%@{?ﬁq*%ﬁf%%ﬂ
. dr T
dt f W
rﬂ = % = —¥ X: nucleus NF-kB
dt Y: IkB
HE2 ¥ 4 xﬁﬁ;@
- H-Ba)E —X=S—-ox
N Y T ALFHBHES FIR M3 dt
Heepip o 1 EA e 2 &
Hogoa d &
Ex ;iimss:;m; output at y @

Science 298: 1241-1245.
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Summary of B4 ks
NF-kB and IkB Model

0=0.3,5=0.3 Phase Diagran dx/dt = x(1-y)

a=0,5=0 2 : o

Lr
r =y

By controlling a and &, a cell can d

decipher the same stimulus in
different ways. n::r =y +ay
y

What controls a and 5? dy/dt =y (x-1)
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e M
[ x=0.99 y~0.74
0.02 0.61
. x=1.01 y~1.35

FEdFa 4 g ] |
“Sensitivity dependence on initial condition.”
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wber of Students Perceiving

== Ind Run

=+ 3rd Run

Man

Picture Number

Hysteresis %

ber of Students Perceiving

g
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Number of Students Perceiving

Force

74

5
Extension =1 e
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Picture Number
In one sense the rubber band
was harder to stretch when it R GEEIEE)
was being loaded than when it Q%ﬁgﬁ—, N
was being unloaded. TR

TR T35

: - > TP ERE
Lewis Fry Richardson, 1881-1953. AR T B
I8 T HIERF AR R
During WWIL Ricliardson ¥j’m\%$§ ~ EANERE 4
womputed by huml the pressure B R AR - DR A

elange at n single poim.

B RO THEE -
It took lim two years !

His “forecast’ was a 13x13=169 i# ODE
eatastrophic failure: 169 p d &

= 146 hP'a in 6 bours

His wethod was unimpeachable,

So, what went wrong?

dQ ol gn-l
dt A *

df floe+ Ax) = o= Ar)
dz 2Az '

Richardson’s Dream

64,000 Computers: The first Massively Parallel Processor

Richardson’s Game Theory ? )

B TERRFTIFALIRL?
# < @ Richardsonire & »
1953 5 3| £ 41 o

Arm Races
i LA e E AR
da ) R AR B
—7 = —alr —x0) f by\ sk R nE g paed -
EREERR
dy ( Ry
—_ = =y — 1 L
T /1]

I w4
(s A 42T )
X, y war potential
Could an arms-race end without fighting?
“Yes, without a shot being fired,”
if one side outspent the other on armaments
and the weaker nation bankrupted itself.

1/a<1/b Truce

(Peace?)
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Arelation between the probability of two countries
going to war and the length of their common border.

B AT RE ML E] 8 SR A R EL ] -
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Fractal #& 2

B3R LI

Richardson {2 — (R Gy sas &
ST A - (B E A IR -

0. Ashford

first weather forecast - ENIAC, 1950

—

\EIES Fjortoft
Frankel Relcheldenfer

“$F§wpﬁ;g.
Y i

Wexler

In front of the Eniac, Aberdeen Proving Ground, April 4, 1950, on the occasion of the first
numerical weather computations carried out with the aid of a high-speed computer.

The E N IAC Electronic Numerical Integrator and

Computer

18000 vacuum tubes
70000 resistors

10000 capacitor

6000 switches

140 K Watts power

No high-level language
Assembly language

500 Flops
Function Table 0.001 s

3,700,000,000 times slower than current day large computer

FEEN REEE

To see a world 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

-W-ER
- -xF
=P HERR
AR B AR

Scale free
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G.l. Taylor 1950
HHIR A 0.01s 5 HRIERT 10" )

0.01s

Figure 1.5, A photograph of & Breball 15 ms after an stomic exphosson
on the ground (Bustrates the spherical symmetry of the phesomenon and
the sharp boundary of the perturbed region (Taylor, 1960w, b, 1963 g,

E
e =11
L
a3
po=Thgm™, = W, t=001s
. %
E = w2 = 1007
skt —_— bl sl
5 ] =} d

by ¢
RE BTN B~ 10% ) oo embempicticsmit i i e
0 et ¢ (T 190508, 19650

Metabolic rate vs size

og @1t 18 1@ oo teeo

g 1he porvstre
it (Tssmiogens 1)

W oW oW oW W Body Mass (kg
W 151
ISR TR ———— 1L ( ) for a series of Js and hirds as a fuf

e Lfbpowen wabng Sem (ke il

3/4
|=1,M

miennals 0 4 B of maee (n g1 coempbly of s (in kg): the sealo i logarithmie and exemplifes the 3/4-power scalil
s ot W 854 4 dincovered by Kleiber [2, 22, 27, 20]

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.

Fig. 22 The welght of many fying objeces (verth
speed (luowieo 0!

1106 ] with permiss

A beautiful woman !

wibiisy i werumd of DA

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.

NF + Fast and Slow
Negative Feedback

dr .
e,
dt I U

NF + FS + Multiple equilibriums
da

dr

=r—u" +y

dy
= —€ar

dy _ oy @
dt ’ m = y
It is a 325m steel bridge linking the City of London at . .
St. Paul's Cathedral with the Tate Modern Gallery at
Bankside. . : X
“Nice” lateral vibrations (20 cm S shape wobble, 1cycle X =sint,y = cos t y y
per second) like on Tacoma Bridge developed on the day ' y>0
(June 12, 2000) of the opening......
y=0
y<o0
H Introduction Il Modeling
« James D. Murray
* Dr. John Gottman, Clinical Psychologist H unhappy H happy
« Drs. Julian Cook, W happy W happy
 Kristin Swanson,
* Rebecca Tyson,
« Jane White H unhappy H happy
: W unhappy W unhappy
The Mathematics of Marriage; “MIT-Press-2002

H Introduction

* First Application of Mathematical Modeling
in Social-Sciences.

* Problem: The divorce rate for second
marriages is even higher! Why? Don’t they
become wiser from their first experience?

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

H Introduction

* “Men are from Mars, women are from
Venus”— a lack of understanding of
gender differences in communication
styles is at the root of marital problems.

» Another way approaching.

12
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Il Modeling

+ Self-Interaction (uninfluenced steady state)
dx

E =1,(X = X),

dy
dt

u(t) =u(0)e™
=n(-y). VO =v(0e™
 Marital Interactions (influenced function) — E;&E¥j75

dx
a:rl(xo—x)ﬂl(y), | () az ifz>0
dy ' bz ifz<0

a:rz(yo_y)*'lz(x)-

Il Modeling

* Five marriage types — different interaction
styles — related to interaction functions (1) in the
model

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

-+ | validating __
0 + Il avoider  ----""" 0
-0

11 volatile negativity

positivity

Il Modeling

* Characteristics (stable and unstable
types):

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

\/alidatin~ Q) Aalmar intimata

vaiGaing (o) — Caimer, intimaie, value .
companionate marriage, shared experience

rather than individuality.

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

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

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

Il Example

An example of a Validating Couple

 For a validating couple, take for simplicity,

we have
%fr(x -X)+
FTamEA ay,
d

dilt/:rz()’o_y)‘*'azx'

Let (x\¥) denote the equilibrium solution, then

Il Example

An example of a Validating Couple
I’I(XO - X*) + a‘ly* =0,
rz(Yo - y*) + az)(* =0.
The solution is

X' =[x+ Sy, - A
Y1

1
r

12

« a.
y =[yo+ =% 1/IL-

a1a2
L I

Stable Marriage

" = wg. and ¥y >y
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13



2010/5/31

Now we only see models,
like reflections in a mirror;

AT BB ERHRAI N o AN k)
S R Y SR ek b o U R R SR but then we shall see facg to face.
KB o o S0 Now | only know partially;

but then I shall know as fully as

| am myself known.
St. Paul, 1%t letter to the Corinthians, 13:12

Models - #2848 - EEGRMEFF - FRPE
Al FBC - ERMEEECHER - FEM

E— | ey A {4 -

AREE —— HE (B8 Bl — Bl
L o

AL yspis "WEBNBE , BV S EEEY
BAR - AEBRLBSENRSTE

ulc~1

0802002

Mach number u/c

[

0804002 0802002

{ 0904002

0906002

4 L m

gy 0908002

. . Figees 1,11, The dirmcmsbonlins v o0 i sghere, T {twn 21, 508 Fomction of
Adiabatic Sound B P et T 2 s e
e E BB s EGEHE izt @
o NS o3 TG {
AE R HYELEL REMTAEE | o0, | grema 9
REREEBTSERE 1005
%400mm omtemmr | sw0vy | BEEER -
400mm=0.4m - BRIHE gravity
04m*1000 kg m3*25x10°0 kg | LHFETREE | 2101 | BHGEES
' iR ~2+020 o
co BRI @
10°3 m2* 3.5x10°0m? e zromy | PHGET l
=35x1019] ~10%)
R K | s0my | R _—
n+BU—EBa+IKr+3tn TunguskalEEHHE ) ) BRI
B O(FICI08E: | 1076 Md’*f‘?’ﬁ
% 1013 FE{AFIEE)
1.68*m :o J/Zfl - FREERR ARG - s %7 [ LR E AR
+1.4ex10 kg U 25 ( 6*105mol ) x% G 3 PV — @ HRER MR
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Mesoscale Organization

R HEF
BRAKED
ﬁéﬁﬁ?
TP

TP F AN
mmA T o

?
1987 £ S0 17 Akl TilweE VBT 2

120 -0 50 -3 a 0 &0 50 120 130
[average = 60%] Hieon: A"";‘:LC:%C""” (%) (1982-2001)

* The climate system is sensitive to cloud cover and cloud type

« There is conflicting evidence on changes in global cloud cover over past 2-3 decades; reported trends
vary by cloud type

« Deep convection impacts cirrus cloud coverage

Volcanic Activity in the Land of Fire and Ice

Spectacular pictures taken from a helicopter at sunset show how ash from an Icelandic
volcano is severely disrupting travel plans for British air passengers.

Picture: MARCO FULLE / BARCROFT

4/16/2010

Volcano Eruption FIFBOK LR S BRI

o EREHE—[ER
¥ KRB FRA RS
s or
&
$ oz
2
&= R "
g oab I?enjamln Franklin
E A first proposed that
¥ Y 1783-83 bitter cold is

08 r X L X . due to volcano

eruption of Laki in
Iceland in July 1783.

1991 1982 1993 1994
M. Pinatubo eruption

Fig. 8-6 Observed change of the Earth's global mean
surface temperature following the Mount Pinatubo erup-
tion (June 1991). Adapted from Imtergovernmental Panel
on Climate Change. Climate Change 1994, New York: Memory effect
Cambridge University Press, 1995,

A year without summer

15
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2008.2.28 =
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2008 3% & 4f
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1998.3 4 3% i 4
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ITE L Ik
Prince Gustav Channel,
(1995, 650% + 2 1)
Larsen Inlet,

Larsen B,

(2002.1.31, 3250 =+ = 1)
Wordie,

Muller,

Jones shelves.
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Southern Hemisphere Sea Ice Anomaly

Armaly bors THT3-2000 maan

2008 winter
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e Anomaly (milliee st bm)
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Bryden and Longworth Nature 2005
B T F BRI Ry BT 4
IETAFHROZ5 1M %&ﬁiha—iﬁéétﬁ°

1957 2204+ 6G SV

2004 M8 +68V

Net 8.1 %685V
15V = 10%m*s~!

correct result. It is a mystery how such
an error was missed by Levi and by the
editors and reviewers of the original
paper. The observed change of 8.1 Sv is
well within the uncertainty of the meas-
urement. The correct conclusion from

B E BB o 814125V

Epidemics

« Epidemics: epi “upon” and demos “the people”
i.e., “upon the people”

« An epidemic is the occurrence in a community
or region of cases of an iliness, 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)

The “Black Death" of 1347-51
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Forecast and control of epidemics in a
globalized world  PNAS vol.101 no.42
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Use the SIR model with 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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Lotka-Volterra Model
e

A Predator-Prey Model

Humberto D’Ancona
1926

World War One {z&ELEAIBA
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%
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Vito Volterra

(1860~1940 )

Italian
Mathematician & Physicist

Contribution:
1) Mathematical biology

2) Volterra-Lotka equations
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h: constant rate of population harvested.
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Figure 1.7 The bifurcation diagram for
folx) = 201 - x} - h.

Small changes in harvesting rate can lead to disastrous changes
in population has been observed many times in real situations on earth.

I Conclusion

New language for describing marital interaction
and social influence and rationale for the marital
experiments

Concept that marriages can be classified into
one of 5 types of marriage depending on the
couple’s interaction style:

Stable marriages have matched interaction
styles. Unstable marriages have mismatched
interaction styles

Couple’s interaction data suggest specific
therapy
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Figure 113, The — 19 power-daw dependence of the sowing e T on the aumber

of carsmen a (solid line). This may be compared with racing tmes over 2000 m.
1 all at calmar near ditsons: A, 1964 Otympies, Tokye: @, pics.
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Inseational Champicaships. After McMaban (1971),
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