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Fovell, Taipei, 2008

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

Kelvin wedge  deep water waves
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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.

Turing The Chemical Basis of Morphogenesis

“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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Note of Feynman at age of 15
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A universe made by God must
be a perfect universe, and
consequently should always
operate with economy.

Shortest path reflection (Hero of
Alexandria, 2 century B.C.)

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

Principle of least time (Fermat 1658)

Principle of least action
(Mauperluis 1747)

Hamilton Principle (sir wiliam
Rowan Hamilton 1805-1865)

Evangelista Torricelli (1608-1647)
Torricelli designed first accurate barometer.

Afinite volume bounded an infinite surface.
[The hyperbola xy =1rotate about x axis;
Gabriel's horn in Biblical Story]

“Torricelli’s paradox funnel”

At 1672, English philosopher Thomas Hobbes
declared that one would have to be crazy to

believe Torricelli. V= frﬂ _ ﬂ_foc uza’r
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Principle of Least Time (Fermat’s principle)

9|X (=)
i

f

—{m—a) 1 [a—=1) 1

—={ar=a)_yLi s (asm) e Ty
=P +lF B | [ —aP + ) %

This is the Snell's Law.

“it was all as ephemeral as a rainbow”

René Descartes

To the lighthouse, Virginia Woolf

Noah's Thanksoffering (c.1803) by Joseph
Anton Koch. Noah builds an altar to the
Lord after being delivered from the Flood;
God sends the rainbow as a sign of his
covenant (Genesis 8-9).
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FIGURE .13 Therefraction of light as it passes fron the water into the

less-dense air causes a fish to appear closer to the surface than it

actually is.
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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

Exponential functions e
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Logarithmic function log In ™
s=k logw

cos sin

Exponential functions are both man’s
best friend and worst enemy.
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Finding k from two
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Radiocarbon Dating

Libby Nobel Prize for Chemistry in 1960
incroasing viral divarsity

C14 half life ~5700 years:
Ratio of C14 to C12 is constant for living matter,
Begin to decay when dead.
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Figure 3.9 Shroud of Turin
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HIV Modeling .
. Romantic Romeo and Fickle Juliet  (strogatz 1988)
Perelson and Nelson (1009)
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The profound study of nature is the
most fertile source of mathematical
discoveries.

flx) = z_,f.—"'

Periodic phenomena are actually
everywhere in the biological world.

y What else can you think of?
Fourier, Jean Baptiste Joseph fi= % / fleje™ % de

1768-1830
1807 at age 39; argued with Lagrange and
Laplace on the representation of a triangle
Heat emission or diffusion (by IR) wave with cosine and sine functions.

His calculations showed a very cold f(x) does not have to be analytical;
surface (No green house effect) f(x) does not have to be periodic.




2009/12/23

Negative Feedback Oscillators
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NF-kB and IkB Model Summary of
NF-kB and IkB Model
@=0.3,5=0.3
@=0,5=0
@F\y@ By t_:ontrolling a and _6, a ceII_ can
L attoront waye,
X: nucleus NF-kB y
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Science 298: 1241-1245.
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Edward Norton Lorenz American

i 1917 ~2008 ‘ Mathematician & Meteroloﬂist
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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
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During the 3 days after the
9/11 /2001, statistical
significant increase of 1.1C
in the average diurnal
temperature range for
ground station across US.

Fig. 10.43 Condensation trails. [Photograph courtesy
of Art Rangna.|
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Warming trend begins 1700A.D.

Bruegel, Pieter, the Younger

§ M) < Winter Landscape (1601) >
- 27 1590




2009/12/23

F FRB( Dt )R

HEa:AEE K WHY?? Global Temperatures |,

—=— Annual Average

1910-19403% 8 49 %
— Five Year Average P o F AR
At

1950# [l 3R S

Extrapolation is absolutely unstable!

Temperature Anomaly (°C)

¥ 1860 1880 1900 1920 1940 1960 1880 2000
(Source: Global Warming Art)

= SPECIAL REPORT

Mean Temperature over Lamd & Ocean

I January, 1977 April, 2006

[SPECIAL REPORT GLOBAL WARMING |

Temperature Asomaly (°C)
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A New York Times-line

“America in Longest
of New ice Age” Warm Spell Since 1776,

Line
| Records a 26-Year Rise™

Sept. 18, 1924
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Thank you! Epidemics
« Epidemics: epi “upon” and demos “the people” ,
A painting with filamentations! i.e., “upon the people”

» 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)

The “Black Death" of 1347-51
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S _ o SIR Model
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Forecast and control of epidemics in a
globalized world  PNAS vol.101 no.42

Hufnagelf, Brockmann, and Geisel
WMz B 2007/12/18 4 R FAR L

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.

Metabolic rate vs size

FIGURE 1 Metabalic rate (s watts) for a series of mammals and hirds as a fuf
of s (in kgl the scaln i logarithmic and exemglifees the 3/4-power scali]
discovered 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.
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Figure 15, A phetograph of a firvball 13 s after nn alimic sxploskn
on the groan ilhntrates the spherial symmetry of the phenomenon sad
thur shary boundary of the perturbed regian [Taylee, 1950, b, 1083

Symbol ‘ Definition Representative value or
first guess
R radius of wavefront 10°m
R time 1025
2o ambient pressure 10° Pa
o ambient density Ikgm?
£ energy released 1045
et
Fugmem A L s of e vl Fali, soeming 1) W gropomssd
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A, G constant
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Figure 113, The — 1/9 power-daw depndence of the rowing time T oa the sumber

ol carsmen a (solid line). This may be compared with racing times over 3000 m.
all at calm or mear dithons. A, 1964 Olympics, Tekye,

Mexico City; =, 1970 Workd Rowing Championships, Ontarie; ©

2, 1970 Lscerne
Inseational Champicaships. After McMaban (1971),
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