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|Isaac Newton

Principia 1687

Nature and nat
w lay hid in night,

Seearen  God said,

Let Newton be,

and all was light. A. Pope




Edmund Halley (1656-1742)

A Tricky Question??

If the astronomers can make

accurate 76 - year forecasts,

why canot the met
do the same? 76

Edmund Halley was a contemporary and friend of Isaac
Newton.

i s P e e M Too many variables and scales
Chaos and butterfly effect

Halley and his Comet N K

Nonlinear turbulence with rotation
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Computer models and

Experimental Science

Halley’s analysis of what is now called Halley’s comet is an

excellent example of the scientific method in action.













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 letter to the Corinthians, 13:12
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The profound study of nature is the most
fertile source of mathematical discoveries. Fourier
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Phytoplankton
Swirls

Vortex &
Filaments
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In the style of Van Gogh's painting "Starry Night," massive congregations of greenish phytoplankton swirl in the dark water around Gotland, a
Swedish island in the Baltic Sea. Population explosions, or blooms, of phytoplankton, like the one shown here, occur when deep currents bring
nutrients up to sunlit surface waters, fueling the growth and reproduction of these tiny plants. (Credit: NASA Goddard Space Flight Center/USGS)


http://news.yahoo.com/photos/otherworldly-images-of-earth-slideshow/landsat-photo-1343069856.html;_ylt=ApM6a5mMYJp.98VkzcbBR1mr9HQA;_ylu=X3oDMTNzMmhuYmRwBG1pdANTbGlkZXNob3cgU3BvdGxpZ2h0BHBrZwM4MWJmODI4Ny01MDQ0LTM1MDktYmI4Yi05N2ZjZGM4ZTJjNmUEcG9zAzQEc2VjA21haW5faW1nBHZlcgM0MjdiOTljMC1kNGY4LTExZTEtYWZmZC0wNTNmZjUzNjY2NWI-;_ylg=X3oDMTJ2MjRhbXBtBGludGwDdXMEbGFuZwNlbi11cwRwc3RhaWQDNDYzMjBhMmQtMGJkOC0zNzdhLTlhMmEtYThiZDM3M2EzOWQ0BHBzdGNhdANob21lfHBob3RvcwRwdANzcy1nYWxsZXJ5;_ylv=3

"' Alamy
Theory points to three main mechanisms: mixing the ocean's surface layers
(up to a few hundred metres) by wind; mixing of deeper layers by ocean
currents; and eddies, swirls created when warm ocean currents meet cold
ones, blending large swathes of the ocean 10-100km across.

Dr Salée and colleagues report in in Nature Geoscience, eddies suck up as
much carbon as the other two mechanisms do, something most current
climate models fail to account for.



Spiral Band in Hurricane and Galaxy

Whirlpool Galaxy * Ms1

: L . Hubble
Airborne-radar reflectivity in Hurricanes Heritage

Guillermo (1997) (left panels) and Bret (1999) (right e o T

Kossin and Schubert 2001




Wake Turbulence

/—— Lift distribution

Bound vortex
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Trailing vortex

(a)

Lift distribution

Rolling up

Trailing vortices

(b)

FIGURE 3.10:2 (a) A horse-shoe vortex representing a wing with a uniform lift distribu-
tion. (b) Lift distribution on an elliptic wing.

My Wake Vortex Study at Wallops Island

NASA Langley Research Center 5/4/1990 Image # EL-1996-00130
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Fig. 8.10. Sketch of the flow along an airfoil. The wing is shown in gi

contour C' is shown by the thick solid line.

FIGURE 3.10:4 The vortices in the wake of an oscillating wing, idealized under the
assumption that the lift fluctuation is very small so that the distortion of the wake due
to the vortices in it is also very small. L is the lift, « is the angle of attack.
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FIGURE 3.10:5 The vortex wake behind a stork in level flight.




A British Airways Boeing 777-200 aircraft is approaching to land at
Gatwick Airport traveling at 170 kts at approximately 1800 ft. The cloud ba:
Is 2200 ft, RH = 83%, T = 16.8, Td = 14.5, p = 1022.2 hPa, wind = 6.4 km/I
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http://zh.wikipedia.org/wiki/%E5%AF%8C%E5%A3%AB%E9%80%9A
http://zh.wikipedia.org/wiki/%E6%97%A5%E6%9C%AC%E7%90%86%E5%8C%96%E5%AD%A6%E7%A0%94%E7%A9%B6%E6%89%80
http://zh.wikipedia.org/wiki/%E8%B6%85%E7%B4%9A%E9%9B%BB%E8%85%A6
http://zh.wikipedia.org/wiki/%E4%BA%AC_(%E8%B6%85%E7%BA%A7%E7%94%B5%E8%84%91)
http://zh.wikipedia.org/wiki/%E4%B8%AD%E6%96%87%E6%95%B8%E5%AD%97
http://zh.wikipedia.org/wiki/%E5%96%AE%E4%BD%8D
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Function vy = f(x)
Commonly Occurring Functions

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

Trigonometric functions cos sin

Exponential functions e LVDWIG

BOLTZMANN
1844 - 1906

Logarithmic function log In
s=k log w



whatsoever a man soweth, i
that he shall also reapo
Function

Y=Y(X)

y y = f(X)
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nonlinear

ifx . hard working
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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)



NSI 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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P A UL G

NAHIN

A universe made by God must be a perfect universe, and
consequently should always operate with economy.

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

AEvery action dc
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 william
Rowan Hamilton 1805-1865)





http://upload.wikimedia.org/wikipedia/commons/f/f0/Claudius_Ptolemy-_The_World.jpg
http://upload.wikimedia.org/wikipedia/commons/f/f0/Claudius_Ptolemy-_The_World.jpg
http://upload.wikimedia.org/wikipedia/commons/3/36/Ptolemaeus.jpg
http://upload.wikimedia.org/wikipedia/commons/3/36/Ptolemaeus.jpg

Principle of Least Time ( Fer mat 0s p

(3:2’ y2)

~(m1-9) 1 aea)aiid
(@1 —a)2+4P Vi [(@a—a)2+42t Vo
' sinf; W '

sindy, ~ V,

This is the Snell’s Law.




N

N
Apparent

pdsition  Actual pesition

PIGURES.13 Therefraction of light as it passes from the waterinto the
less-dense air causes a fish to appear closer to the surface than it
actually is.

René Descartes


http://www.google.com.tw/imgres?imgurl=http://climate.met.psu.edu/www_prod/data/frost/images/rainbow.jpg&imgrefurl=http://climate.met.psu.edu/www_prod/data/frost/frosttraining.php&h=886&w=1272&sz=176&tbnid=jngQ9tDMMdp-mM:&tbnh=104&tbnw=150&prev=/images?q=rainbow+picture&hl=zh-TW&usg=__5FHXlE0_IZLZ_iPjj73MAfWywHo=&ei=tz54SvKtLITWsQO9wM3fBA&sa=X&oi=image_result&resnum=4&ct=image
http://en.wikipedia.org/wiki/File:Descartes_Rainbow.png
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http://www.google.com.tw/imgres?imgurl=http://pic.nipic.com/2008-01-10/200811011464846_2.jpg&imgrefurl=http://www.nipic.com/show/3/84/270143d51a2f4779.html&usg=__9hmzzPQWe80_MubKXYHJzWtmDpU=&h=1197&w=1190&sz=55&hl=zh-TW&start=10&um=1&itbs=1&tbnid=CD19aNWzNNyVKM:&tbnh=150&tbnw=149&prev=/images?q=%E5%A4%AA%E6%A5%B5&um=1&hl=zh-TW&sa=X&rlz=1T4ADBF_zh-TWTW323TW325&tbs=isch:1

Feedback

Positive Feedback Negative Feedback
dx
dil? ? = Y
— =Y dt -~
dt i
(04
dy -
— = dt
dt
,— ¢ t e’ = cosf 4 isin 6



ExXponential functions ar
best friend and worst enemy.

t2 o
dx e=1+t+—-+—+.... [
dt A
r(t) = 2(0)e” "
t2
—t — | |
L TR T

- fﬂ
e-folding time \ flﬂi 7= 0

Exponential Growth




Thomas Robert Malthus

(1766 1834)

N Englishdemagrapher and political economist

dp

— = (¥
dt p
p = pogﬂ'f‘

1804
1927
1960
1975
1987
1999
2010

1 billion
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70

Annual Additions and the Annual Growth Rate of Global Population
The growth of global population has peaked.
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Nurmber of disasters reported
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UN: Australia floods demonstrate rising cost of
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Nurnber of people reported killed

0
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Number of people killed in disasters: 192009

Number of people reported killed by natural disasters 1900 - 2009
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Year

EM-DAT:The OFDACRED hEnatoral DEaser Dathase - waw emdathe - Uske s e Catholkjee & Lowah, Brissek - Bekjlum



Casualty in Disasters
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Life Expectancy vs. PPP Per Capita GDP
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Haitian earthquake one year later, 1/12/2011

One Year Later

This is the presidential
Palace, one year after.

Total casualty 230,000.
Total debris removed 5%.
Total number lost home : 2M
People still homeless : 1.5 M




The visible border between Haiti and the Dominican Republic
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Radiocarbon Dating

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

In?2
k= — ~1.216 % 1074
5700 .

|
Noe—ktlfz — §N0

N(t1) = Assumed to be [
the same as present ¥

pN(tg) = N(t1) = N(tg)e Htr—to)
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LLascaux cave painting




Increasing viral diversity

-
Acute Chronic AIDS
Doy 8 Galeld 03
o n’:!:## O iy gﬂ &

- Plasma viraemia
= CD4* T lymphocytes

Viral set-point

Primary
infection

Weeks Years
Dormant Phase

2010
(40%7?)



HIV Modeling

Perelson and Nelson (1999)
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Figure 4.5. Log of plasma concentrations (copies per mL) of HIV-1T RNA {circles)
for lwo representative patients (upper panel, patient 104; lower panel, patient
107) after ritonavir treatment was begun on day Q. The solid line is a nonlinear
least square fit to the data. HIV-1 RNA level is an easier measure of HIV virions
since each HIV virion contains two RNA molecules. (See exercise 5 for more
details.) (From Perelson et al, [1996], used by permission of Alan S. Perelson.)

P(ty) = cV(ty) ~ 2 x 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 plasin

T: infected target cells in unit volumn
- noninfected cells in unit volumn

clinical impact is to be achieved.
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Romantic Romeo and Fickle Juliet  (Strogatz 1988)
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Note of Feynman at age of 15
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Negative Feedback Oscillators

X Cost Y Sin t d‘y
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Number of Students Perceiving

Woman

Man

— 1st Run
— — 2nd Run
---+ 3rd Run

2 3 4 5 6 % 8
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

Woman

Man

1

Picture Number




Cytokine Memory

Low X


http://upload.wikimedia.org/wikipedia/commons/3/3f/Hysteresiscurve.svg
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Force

Extension

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

it was being unloaded.

Number of Students Perceiving

Woman

Man

4 5
Picture Number



http://en.wikipedia.org/wiki/File:Elastic_Hysteresis.jpg







Leonardo da Vinci 1452-1519

Observe the movement of the surface of the water
which resembles that of hair which has two motions, of
which one depends on the weight of the hair and the
other on the direction of the curls. Thus water forms
eddying whirlpools of which one part depends on the
predominant current and the other on the incidental
motion and the return flow.o
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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
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Similarity

Photo by gunppff 2011
http://mypaper.pchome.com.tw/tb12

7

http://mypaper.pchome.com.tw/tb121860

Photo by gunppff 2011



deep water waves
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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, Ca,
C, of any waves generated z, seconds ago (when the ship was at A) if their energy
* had travelled a distance ct,. Case (b): the real positions E;, E, E; of the same waves,
taking into account that their energy has only travelled a distance ct,. At each,
l)the dependence of wavelength on direction of emission, as inferred from equation
' (183), 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).

Kelvin wedge

2* sin (4

UCOS P = C

Stationary waves

Ship waves

C, C3

(@



Codename 596

L

16 Oct. 1964 irst 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



0.01s

ground — B8

100 m.

G.l. Taylor 1950

0.01s 10 J

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
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Figure 0.3. Logarithmic plot of the fireball radius, showing that r? s proportional
to the time ¢ (Taylor 1950b, 1963).



Metabolic rate vs size
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FIGURE 2 Metabolic rate (in kcal/hr) for a series 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 persistence of the 3/4-power scaling law (the solid lines) over 20 orders of discovered by Kleiber [2, 22, 27, 29].
magnitude (Hemmingsen [12]).
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Kleiber (1932) Body size and metabolism. Hilgardia 6, 315-353.



A beautiful woman !

Anything different ?

Lincoln !



