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Politics are for the moment
An equation is for efernity
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Fovell, Taipei, 2008

The profound study of nature is the most
fertile source of mathematical discoveries.
Fourier 1768-1830
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Rotation

Coriolis Force

Non-inertial Frame




Jean Leon Foucault 1851
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2D (strong rotation)

Vortices with sharp edge

Kyoto Univ. GFD group

The eddies are small, numerous, and

Tortured Ocean?! with long filaments.

A serendipitous observation

Fe=-=| 100 km
Satellite {Nimbus-T) observation of “ocean color”
Photograph taken on board Space Shuttle Challenger {concentration of phytoplankton), NW North Atlantic

over Meditorranean Sea (Source: NASA) Source: NASA GSFC

Courtesy of H.P. Huang

Jupiter Rotational period 9.84hr
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HuangandRabiNson: 1998
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Waves with zero potential vorticity

Non-rotation rotation rotation

Gravity waves Kelvin Waves
Edge waves

Kelvin-Helmholtz Instability "
Intermediate
Turbulent Mixing 5 5§/t wavelength

ks tuiact 4 stk in beved fagh

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.

deep water waves

Kelvin wedge

[Courtesy of Aerofilms Ltd.]

= '2*sin‘1(§):2*19.5°

uUcosp = c

Stationary waves T
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Multiple Scale Interactions in Vortex Sonic Boom e
.. u/c ~
Mach number u/c
Wave mean flow interaction in stable stratified fluid
Turbulent feed back to the vortex mean flow
2D turbulence o :
Kyoto Univ. GFD group| Adiabatic Sound "-\7 Tim i 1 g st i gt 4 1
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This model will be a simplification and an ERESR —— T8 (82) i — @
idealization, and consequently a falsification. It is Bt
to be hoped that the features retained for TECHI

discussion are those of greatest importance in |
the present stage of knowledge.

Turing The Chemical Basis of Morphogenesis

False facts are highly injurious to the o
progress of science, for they often TS
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

Formulation VN AR R
Solution / Analysis 445 - %

Interpretation # %2
BE B BT

I;‘-L% ~ ﬁﬁﬁ ’P,: TFL interprets experiences on a higher than purely descriptive level. von Neumann
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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 Function y = f(x)

in the British Museum.” Huxley
Commonly Occurring Functions

3 * of zm:n 5 zm B y 4 o BF i
b \ B B 2F o 2R alf Polynomials: approximate with a high degree
v EF-‘ By 'g{ﬂ?? o }‘; é‘ E- ) of accuracy, almost any existing function
i‘s‘*&p\t CERTFIIRR T 0 P T LTS o us

Trigonometric functions cos sin
$EAO(HF » PO TR 10005 - 46751047 (5842
Exponential functions e

HiERFES 10718 sec IVDWI
1070 —EiFE T F - BED T —8T 101 . . . BOLTZMANN

Logarithmic function log In R
10410*10718*1074 = 10432 s=k logw

10732/10747=10%(-115) ~ 0 BWERRT - FARKENTS !

F‘tﬁl’pi—hm?‘\“r}’ﬂ AR R A

N = N 1
- A #%“ o= A 1"&7 ? Note of Feynman at age of 15
A
%% Function

(BER)
y y = f(x)
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dx dx

_ i IS BN
- T A universe mad.e by God must ,{t’lip't;fﬁ A ﬁ';:?
PAUL J. N A H be a perfect universe, and X
consequently should always the Mathematics of Change
operate with economy. Lo
HF f- T2 pBAE u=ul(x.y)
Shortest path reflection (Hero of - CHE AR o ) .
Alexandria, 2 century B.C.) ﬁ‘ Chain Rul e(ﬁ ﬁé fé:—)
S — 0
“Every action done by nature is J Dl Nud
done in the shortest way.” Rate of Change : [eaTN N (lﬂ
(Leonardo da Vinci 1452-1519) (D) of (dt () r (f?‘ f)_!j dt
Principle of least time (Fermat 1658) i'“j] a() ~ dyg Ty i /o
]
Principle of least action sin e drsy — g2
) : _9 F =.

(Maupertuis 1747) ghll%) P y
Hamilton Principle (sir wiliam
Rowan Hamilton 1805-1865) POy, 0 P e xRk
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Evangelista Torricelli (1608-1647)

Rene Descartes (1596-1650) “The derivative was first used, Torricelli designed first accurate barometer.
Pierre de Fermat (1601-1665 ft was then discovered; in infini
( ) it was then explored and developed; Afinite volume bounded an infinite sur_faceA

Issac Newton (1642-1727) and it was finally defined.” Grabiner 1983 [The hyperbola xy =1rotate about x axis;

Gottfried Leibniz (1646-1716) ’ Gabriel’s horn in Biblical Story]
“Torricelli’s paradox funnel” )

How to maximize the product from a divided constant? (Fermat 1637) AV = wy? Ax
At 1672, English philosopher Thomas Hobbes

M=rlCe) 3% it MaiisEP—Cli+ E) s M de(;lared thgt one would have to be crazy to oo
believe Torricelli. V= \/(ﬂ = Wf -qza’r
P -Cr+M=0 0=2F + 2 —CF Fl#) = fli+ E)
_J_tlt‘(u_"‘“’ O=2i4+E-C fli+E)=fl#)=0
@
.1{=|—r"’ 0=2% —¢ ,fl.r'+f'.'f—_|r5.l'| =0
E
c=te i
2
. fle+ E)y— fix) _ df . _
- lim —————— = — = f'[x} .—[
Czech mathematician Bernard Bolzano £~ E i Ja

(1781-1848) 1817

Principle of Least Time (Fermat’s principle) it was all as ephemeral as a rainbow
To the lighthouse, Virginia Woolf

=3

z—a) 1 fa—=) 1
= —a) +4f]F W 2 =af + |k W

1]

Noah's Thanksoffering (c.1803) by Joseph
Anton Koch. Noah builds an altar to the
Lord after being delivered from the Flood;
P 5 ES God sends the rainbow as a sign of his
This is the Snell's Law. o covenant (Genesis 8-9).

René Descartes

- RS A Exponential functions are both man’s

best friend and worst enemy.

Normul

de _
dt
2(t) = x(0)e™!

Apparent 2 r:i
pdsition Actual pesition ('_‘I =1-t+ ; - ‘;_| +

FIGURE .13 Therefraction of light as it passes fron the water into the
less-dense air causes a fish to appear closer o the surface than it

actually is. g )
y (1) dfeges 2 TEROER ,

. . i =0
(2) #s A = 23 & | e-folding time Jim =
(3) 78t a i ] hIL o (Eﬂﬂf‘ﬂ%) Exponential Growth
t EHERR
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aly = —kN Finding k from two
dt observations
N(t) = N(tg)e -t} N(ty) = N(ty)e Hto)

N(t2) = N(tg)e *2710)
N(t) _'i\‘r(fg} k ta

. N(ty) = o hlti=ta)

Radiocarbon Dating

C14 half life ~5700 years:

Begin to decay when dead.

Libby Nobel Prize for Chemistry in 1960

Ratio of C14 to C12 is constant for living matter,

N(ta) 1 )
| Noe /2 = SNo g
Exponential Decay [ 2
ty — 1 Nty) = j Assumed to be
) the same as present
Dating EH :
N (to) = N(t1) = N(tg)e Hir—t)
Half life %28
Inp
to =ty + —
HIV Modeling

incroasing viral divarsity
Acute Chronic AIDS

Bo D Soo00 Bed

og@ae® 8 3%3’
= Plasma viaamia

= COa* T ymphocytes

Viral sat-point

Primary
infaction

Weeks Years
Dormant Phase
TR

Perelson and Nelson (1999]

LR INGSE |
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: :P E ik
dt

dT
it

1T 'l'
= kipV —al.

P = Nal.

k . #RmEEC

Pty = cVity) ~2x 3 x 10% {1/ (day - ml))

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

NoALE Rtmve R 2 & A2 s d dep

K & ¥ wmredkop A B 4 F

Early and aggressive therapeutic
intervention is necessary if a marked
clinical impact is to be achieved.

R sy £

Periodic phenomena are actually
everywhere in the biological world.

What else can you think of?

Romantic Romeo and Fickle Juliet

dR -~

dt

j costsintdt =0 ]
A T
e =1

Cos I Sin B - FHKE |
BRI DARER
BN ?

(Strogatz 1988)

d.J -
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Negative Feedback Oscillators
dy
E =X

X J dx

«\-/” E;——y

FRGZ MR} [ RCEE
By BEER "W T W

X Cost YSint

Time (yr)
Example 8-11 i w e
NF-kB and IkB Model Summary of
NF-kB and IkB Model
A input 0=0.3,5=0.3
a=0,5=0
@F“YQ By controlling a and &, a cell can
decipher th timulus i
L difforent waye,
X: nucleus NF-kB y
Y: IkB What controls a and 5?
4 X=S—-ax-py
dt -
) d time
output a y=x-&

Science 298: 1241-1245.

A beautiful woman !

T
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Ahertiing utiler the sprple’s akin ~ apple el
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Metabolic rate vs size
r G.l. Taylor 1950
f

I1= 4E]/5t2/5p04/5

Figure 15, A phatograph of a firvball 13 e after nn alanic sxploskn
on the groan ilhntrates the sphersoal symmetry of the phenomenn sad
thur shary boundary of the perturbed regian [Taylee, 1950, b, 1083

Symbol Definition Representative value or Wi
Jirs guess [ TR T Y
Body Mass (kg

X radius of wavefront 10 m
; o 0 FIGURE 1 Metabalic rate (ia watis) for a series of mammals and birds as a fuf

- — of tma {in ki), the scal is logarithmic and exemplies the 3/4-power scali
o ambient pressure 10°Pa - discoversd by Kleiher (2, 22, 27, 20,
00 ambient density | I kgm? 3 /
P energy released | 1045 I M

bt 0

[ R R ——

. Hemmingsen (1960) Reports of the Steno Memorial
3 £~ 10 S ——— Hospital and Nordisk Insulin Laboratorium 9, 6-110

Kleiber (1932) Body size and metabolism. Hilgardia 6, 315-353.

w6
wl 4
|
A, G constant
logT &
E o pr®i?
7 | 5%
P e g2
4 Tapis
5
FE T
P \ =
2 1 2 [ ]
P=ndn~ @~ 600 =
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.
all at calm ar near ditions. A, 1964 Dlympics, Tokye; @, pics.
Mexico City; =, 1970 Warkd Rewing Championships, Cutario; O, 1970 Liceme
Insematioral Champicaships. After McMaban (1971).

Epidemics ff‘: — _gst | SIR Model

« Epidemics: epi “upon” and demos “the people” , dl ) o

i.e., “upon the people” g = ST =vl = (35 —v)I
* An epidemic is the occurrence in a community iR ol

or region of cases of an illness, specified health dt

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 No Death in the model 2 }i’_ null cline
Dictionary of Epidemiology. New York: Oxford
University Press, 1995)

1 Recovery Rate

;7 Infection Rate

Forecast and control of epidemics in a

globalized world  PNAS vol.101 no.42
Hufnagelf, Brockmann, and Geisel
HEH RIS B 2007/12118 4 B Fcl: PR £F7

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.

The “Black Death" of 1347-51
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NF + FS + Multiple equilibriums
NF + Fast and Slow L
Negative Feedback (L=

3
— =r—ux 4y
dr o dt
W =¥ — =
dt dt Y dy
— = —€T
ﬂ"i - dy dt
dt ’ W = —er y
\\)/ N -
X =sint, y = cos t y y>0
X
y=0
y<o0

London Millennium Bridge

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.

“Nice” lateral vibrations (20 cm S shape wobble, 1cycle
per second) like on Tacoma Bridge developed on the day
(June 12, 2000) of the opening......

The Ultimate Problem in Meteorology — Bjerknes 1911
F B iR AL

| The Present state of the atmosphere must be characterized
as accurately as possible. it F& LR~ F Tk
[ £Fz = R]

11 The intrinsic laws, according to which the subsequent states
develop out of the preceding ones, must be known.
I REeh F B PR

Numerical Weather Prediction #ci& < § 37 4%
[% - #7% *5ENIAC, EBV model, 1950]

The Observation component #Lig|

The diagnostic or analysis component 2 %74 7
The prognostic component g 3¢

x4 (1819)

% i vV
[#
Momentum e .
Conservation (18) T * FeVe

‘:’% + bW
Mass conservation (18) ” y Radiation

I: : i ) A

Energy conservation (19) 77 * "gy ' gy " War Q (1’; ??)ﬁj“f

- P g Moisture
popRT. 8 1( )

Equation of State(17,18,19) \ Latent heat

BESRAF oI FA? (19)

Lewis Fry Richardson, 1881-1953.

During WWI. Richardson
computed by hand the pressure
change at a single point.

It took him two years !

His “forecast’ was a
catastrophic failure:

Ap =145 hPa in 6 hours

His method was unimpeachable.

So, what went wrong?

_ Peter Lynch |

10
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Richardson’s Dream

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

R 5 E2
PR

Fractal #& 2
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Mandelbrot Set

Cautious Romeo and Juliet

Arm Races
)
f =—all+hJ
illf HIJ' { )+r‘
— = —alxr — xgy 2
%: —aJ + bR at

L y

ot - -b dt
a"l-g_ TN adh
.R) ( | Ry ] 1\ fean X, y war potential
(JT - ._1 ' . (1 f 1/a<1/b Truce

(Peace?)

= —aly —yo) + ba

0. Ashford

Fallingin Love b>a 1/b <1/a
HELNERA (CEBREERT)

first weather forecast - ENIAC, 1950

R,
von NEWES Fjortoft
v

Electronic Numerical Integrator and
The ENIAC  Eecrorc
; - . . B 18000 vacuum tubes
70000 resistors

10000 capacitor
6000 switches

Wexler
Neumann Frankel

Reichelderfer
Freeman vyl
ar- - 0 g , 8 .‘Chamey
: y N e 140 K Watts power
] 2 No high-level language
Assembly language

500 Flops
Function Table 0.001 s

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

In front of the Eniac, Aberdeen Proving Ground, April 4, 1950, on the occasion of the first %_‘:\E‘ﬂg%ﬂg %%ﬁ*&

numerical weather computations carried out with the aid of a high-speed computer.

12
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ENIAC - late 40s
- Tt

(Satoh et al. 2006)

FEILFER #1030 5 0 TR ZTHHAE I REl FEIA T AE e

g

3 8 8
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# iﬁ 1 Doy 7
#E:. Hsof
B 40 Emmmm hemisphere
T e s Sk -
85 90 95 w0 05
7

L7 5 EWR D 25 B R AT A AR 2 ORI R 0T ) LRy EDR ety
TRTRH—FHEF1.5%  SRTAH—FEF0.3%

- 3 S AE R H LR -
The best part of waking up, is the vortex in your cup!
- ) o8 m Palinstraphy

E_HJ'V'VU =W Z stirkin

@ %]

5 I e, Mixing
Cc= Ejva,va di i

porcent of initial va

£ w00 av —v [(v0)av
h‘f . . P
Stirring Mixing

Coffee with white

Thank you!

A painting with filamentations!

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, 1%t letter to the Corinthians, 13:12

Models - #8828 - BEFMBF - FRAE

TS - BRABRECHER - DEM
BEEBAAL -

THENSEEN, BEMHMBEFEEREN
BT  AERBEABTENREER -
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