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History, despite its wrenching pain,
Cannot be unlived,

But if faced

With courage, need not be lived again.
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Typhoon and Vortex Dynamics
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Mathematical Modeling, Computations,
and Scientific Research
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Atmospheric and Oceanic Fluid
Dynamics
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Two-Dimensional Turbulence

Airborne-radar reflectivity in Hurricanes
Guillermo (1997) (left panels) and Bret
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Kuo, H.-C., L.-Y. Lin, C.-P. Chang, and R. T. Williams, 2004: The formation of
concentric vorticity structure in typhoons. J. Atmos. Sci., 61, 2722-2734.
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Typhoon Lekima (2001)
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Fovell, Taipei, 2008

The profound study of nature is the most
fertile source of mathematical discoveries.

Fourier 1768-1830

In a note in Physics Today (Vol. 17, p 62, 1964) M. Reiner ascribes
the knowledge that rock flows to the Prophetess Deborah.

“In her famous song after the victory over the Philistines, she sang
“The mountains flowed before the Lord.”

When, over 300 years ago, the Bible was translated into English,
the translators... translated the passage as "The mountains melted
before the Lord'--and so it stands in the authorized version.

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.

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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A New York Times-line

MacMitan Reparts Signa. ‘America in Longest
of New ice Age” Warm Spell Since 1776,
Line
| Records a 26-Year Rise™
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SPECIAL REPORT GLOBAL WARMING FiEe8 Warming trend begins 1700A.D.
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Politics are for the moment
An equa’rlon is for eternity
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Aristotle (384-322 BC) was a past

Z 44 ’ﬁ E o E s ‘ﬁ P R "’f Piked ‘ﬁv,}i ) FaR o s g, master at asking gquestions.
FREZZEBLN] TR RERAW TP T EE - B He wrote the first book on

Meteorology, the Merewpoloyia
B Z‘;':-k B A FA? (perewpor: Something in the air)
FFFR OARE - HAD Am & This work dealt with the canses
of various weather phenomena and
wilh the origin of comets.

While a masterly speculator. Aris-
totle was a poor observer: for ex-
bl ample. he believed that the light-
“FHEH ning followed the thunder!
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There are two ways, and can only be two, LR oL m@ﬁd K ehEd BEL - RER
of seeking and finding truth. SRR B Y VI Y AL T m,j P
. . SR A ?*7’ ’1451’!3@{}_5 » KK A g7
The one, from senses and particulars, take a fl}ghf to ; r ;;» 5 iﬁf oy P;U:Fv TigE 4 %fr;l ; i
the most general axioms, and from those principles & %k
and their truths, settle once for all, invents and
judges of intermediate axioms. PoAel A G ARSI HS W - T
. PAEEARMMAA EERFM o E P Ptk
The other method collects axioms from senses and ;L X gpqg:;;i Ao oo T
particulars, ascending continuously and by degrees,
S0 “rha‘r in The end it arrives at the more general Bamy - 25 88 TREL, > bELE TRy
axioms; this latter way is the true one, B, (aai) o 1rg-i ERRENEL ¢
but hitherto untried..... Roger Bacon 8/03/2009 F
Axioms are general propositions arrived at by induction and suited to be the starting
point of deductive reasoning.
Now we oply see moc}els, B ot
like reflections in a mirror; 2 - g Theory
but then we shall see face to face. a
Now | only know partially; False facts are highly injurious to the
but then | shall know as fully as progress of science, for they often endure
| am myself known long; but false views, if supported by some
St. Paul, 1%t letter to the Corinthians, 13:12 ev!dence, _do l'ﬂ"? harm, :for‘ gvgry_o_ne takes a
salutary pleasure in proving their talseness.
Models - 4888 « BERIRFRINIEF - ERE Darwin, The Origin of Man, chapter 6
qB8c - '““ﬁ{Fﬁﬂﬂ@EEE’JﬁI}E EEm A
E;gEEE’JA & Never trust an observation without a supporting
interpretation
TEENEEN, HEHEMBREHEMN TR AW
BAR  #iSBEBRHLESRERINRNEEE - FHE I 17 S e A4 7 PR BRI R

Occam Isaac Newton

W d

(1285~1349)

Principia 1687
English Philosopher
Nature and nature's law
“What can be accounted for |GY hid in nigh'r,

by fewer assumptions YwETS " God said,

is explained in vain by more.” Let Newton be,

and all was light. A. Pope

Occam’s Razor:
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) Evangelista Torricelli (1608-1647)
A universe made by God must be a Torricelli designed first accurate barometer.

perfect universe, and consequently Afinite volume bounded an infinite surface.

should always operate with [The hyperbola xy =1rotate about x axis; Gabriel’s
economy. horn in Biblical Story]
“Torricelli’s paradox funnel”
Shortest path reflection (Hero of AV may?Ax
. At 1672, English philosopher Thomas Hobbes
Alexandria, 2" century BAC.)
declared that one would have to be crazy to —
believe Torricelli. Vo= dV =7 ; Zdr
“Every action done by nature is f o ¥
done in the shortest way.” (Leonardo - s g
da Vinci 1452-1519) & V=m r_T
3 P a

Principle of least time (Fermat 1658)

Principle of least action (Maupertuis
1747)

Hamilton Principle (sir William Rowan
Hamilton 1805-1865)

“it was all as ephemeral as a rainbow”

To the lighthouse, Virginia Woolf

Woodcut of Ptolemy World Map (1482)

Claudius Ptolemy AD 90-168

- 10 8
20 153
30 223
Noah's Thanksoffering (c.1803) by Joseph 40 29
Anton Koch. Noah builds an altar to the Lord 50 35
after being delivered from the Flood; God 60 403
sends the rainbow as a sign of his covenant 70 453
(Genesis 8-9). 80 50
Ta) = Lz =al HaflF | [l =)t +ed]h
W [
20
A -(n=a) 1. fa-m) 1_,
[z —af +3f]E Vi " [lma—aP +i3]t Vs
This is the Snell's Law,
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Apparent
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FIGURES.13 Therefraction of light as it passes fro the water into the
less-dense air causes a fish to appear closer o the surface than it
actually is.
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Function y = f(x)
Commonly Occurring Functions

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

Trigonometric functions cos sin

Exponential functions e

Logarithmic function log In
s=k log w

Viie 34
the Mathematics of Change

B3 - R4 pRHE u=u(r,y)

Chain Rule(:d 4f &)

du  dudr  dudy

—_——— 7
dt  dwdt  Oydt
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¥ Function
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y y = f(x)
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L, Edmund Halley (1656-1742)
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A Tricky Question??

If the astronomers can make
Accurate 76-year forecasts,

Why can’t the meteorologists do
the same?

Size of the problem
AFAEIIRRUL B F

Order versus chaos
LR R R




Halley 1686

First proposed the atmospheric
motion is connected with the
distribution of sun heat

(follow the sun in the daily scale;
thus wind is westward.)

Halley 1686

Sun heat

BUFEH
JEREL

RPN
R T R A

Y-Z Profile
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1746 |~

D’Alembert 1746

Solar and Lunar Force

Math. Model for Atmospheric
Motion in aqua-planet (Won the
1746 Berlin Academy’s Award;
Euler’s endorsement)

Galileo’s “suction vacuum”
Torricelli’s air pressure “pushing”

Air weigh 1000kg/m~2

Barometric Pressure

harometer,

The relationship betweon the height of the mercury colwmn
and the charactor of the weatler wins soon soticed.

P = force/area = MLtA2/L2 Material volume; Fluid parcel
= M/Lt"2

INt/m”2 = 1 Pascal

1 millibar = 100 Pa = 1 hPa

Euler and Bernoulli regarded the

pressu cting upon an
imaginary closed boundary and
mechani ivalent to the action

of the fluid exterior to the boundary
upon that interior to it.

Previous scientists had regarded the
pressure as the weight of a unit
column of fluid.

i B )
[ Sy

Figeee 21 A castodn by Sidncy Harris, 3 nosed chmaicler
of mmar in science. "~ Hydeodynasics™ Bemoulli 3 our

ldeal Gas Law  Equation of State 32 1§ # # * 42

W 1662, Boyle law, PV =c when T =c.

W 1787, Charles law, V/T =c when P =c.

W 1803, Gay-Lussac law, P/T =c when V =c.
W 1811, Avagardro, 1 mole gas is 22.4 1 in

volume.
Universal Gas Constant p= f(V T)
R* = 8314.3 J /(deg.. kmol) !
V=h(P,T)
—n R* AT e i B -0
PV=nR*T 2 e JPH

PV=m/MR*T P=m/VR*MT
P= p RT,R=R*M

Ra= 287 J/deg.kg (R*Mad)
Rv=461J/deg.kg  (R*/My)

Development of Thermodynamics Tg't" g Ly e

19 century Precipitation
Bo=® g Enthalpy
First law: Energy is what makes it go and Entropy
energy is conserved. Gibbs Free energy
AQ = AU+ WORK 15 5

Second law: Entropy tells it where to go!
Foae < FYIRE

Joule, Rudolf Clausius, Lord Kelvin and

.

others i
(

EN e

Macro - Micro

Classical and Statistical Thermodynamics
L A

Ludwig Boltzmann, 1844-1906, whose work led

to an understanding of the macroscopic world on

IVDWIG
BOLTZMANN
LTI,

the basis of molecular dynamics.
S=kLogW
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Estimate Avogadro’s Number

(1) Molecular size
Benjamin Franklin (1773) v 19em?
AT 20 e

=24% 107 cm
(2) Number of molecules

A * 107 em?®
N=Ao 2O s 10 molecules
27 (24107 em)?

(3) Mass of the oil

m=VXD=49cem®x 0951174@
om?®

(4) Number of moles of oil
Oil spreads on water __ 478
. 200 g/mol
—>molecular size

— Avogadro’s number (5) Avogadro’s number

Moles of oil = = 0.024 mol

Now we know:

N, =6.022142x10% / mol

The engineer training I received did teach me
to tolerate approximations, .....even theories

based on approximations could sometimes have
a considerable beauty in them.

The pure mathematician who wants
to set up all of his work with
absolute accuracy is not likely to
get very far in physics.

Paul Dirac

A beautiful woman !

A apysle in he fisg Apple

et wler the grpde's skin

g rell

Wt mithin & sartan ubinm

14 pimatan

Mach number u/c

g

i
. . Pigmes 1,11, The rncmsbonlens drag o0 8 sphere, 1) (Himwes 270 . o6 # fnction of
Adiabatic Sound ey B e s e e
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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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Metabolic rate vs size

W e o
Body Mass (kg

e o v o s i i e FIGURE 1

) fior & series of Is and hirds as a fuf
e of man (1n ). commpbly  of s (in kgl 1hwaulm:mkmdnw-h:uuwm
o e S o W 0t 4 incovered by Kleiber [2, 22, 27, 0]

Hemmingsen (1960) Reports of the Steno Memorial
Hospital and Nordisk Insulin Laboratorium 9, 6-110

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

- Ej/stz/spo—l/t?

Figura 15, A p

stigraph of & frrball 15
o the gros

il i e Explosion
e sk rasen e sphericnl symimetzy of the o ol
e slharp bsiimdagy o e perturbed region [Taglor, 10508, b, 1463)

Jouny
Symbol Definition Representative value or
Jirst guess
R radius of wavefront 10%m
P time 102
Po ambient pressure 10°Pa
00 ambient density tkgm™
s energy released 105

G.l. Taylor 1950

et P
Frguem 81 Loptrnc s ot bl . b g e 1, 14 g
R~ 104 ) e i bl : '.:::.;:.‘:::..;.;.:::...:ﬁ?%:% i
1143 ] welth .-..m..u.. [
Kelvin wedge  deep water waves

2 2+#sin}(4)=2+19.5°

UCos P =

Stationary waves

[Courtesy of Aerofilms Ltd.]

Jlz 4= Ay — f(xi— Ax)
2Ax

) Qn+l _ -1 _
24t

13x13=169 i ODE

169 p d &




Richardson’s Dream

Richardsor
Dragrns Nyhets

64,000 Computers: The firs

Massively Parallel Processor

Electronic Nu cal Integrats
he ENIAC £=te
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| L M 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

- R R

ENIAC — late 40s
4

s

NASDA, JAERI, JAMSTEC

(Satoh'et al. 2006)

P SRS 0 5 TRV R s

Day 3

Day 5

85 00 05

Ty RS D LR T e B LT R i [ 4 T 1A
TIPS FEREN1.5% 0 3TEE- FiEH0.3%

Incroasing vieal diversity
Acute Chronic AIDS

k] Dol o
o35 8
— Pasmawmma |
= D4 T ymphocytes
Viral sat-point
Frinary g = g
V IRCHON \\_‘
Weaks Years

Dormant Phase

T

HIV Modeling e

1. !‘

~.

Perelson and Nelson (1999) i ‘EJ"!‘ -
AV L 4
P - T

I . .
i = kLW —al,
dt

P =NaT.

Pligi = V(i) ~2 %3 % 10° {1/ (g - 1l )y

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

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 A A2 s d dep

ki & ik B A E P~ - HR TR
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Being Critical 13503 (X))

Curiosity Always questions in mind

Sheer Hard Work  (Genius!? Yes or No!!)
Serendipity
In the filed of observation,
chance favors only the prepared mind.
Pasteur 1854

HE EEHEHORM
ﬁ WA B ERE
T_v-?j_ﬁb

HF o EAREX

AR R TR IR ]

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

TERBNRS

(working hour accumulated; hundred
hours per piece or work)
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Higp e apiviod B Ak e
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FrAai3 290k EA#TE
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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

23R ATEM, BMAS2F > 2K AT
vy AT R L2 E o
FRAB2ZE VT URE T P T NENS ouy
HAof [ 141510009 - #1007 [

t":Sf'Tﬁw 10118 sec
1070 - FIf B T nia'?}'gi—y%;fu F‘Jﬁ" 1074 >

10710*10°718*1074 = 10"32

10132/10047=10%-115) ~ 0 #EEF > THFEIE !

FRPLRELTCIGFEE | 32457
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PAUL L NAHIN

W~ AL

> FpRAEY HiFER
> FEsy

B A}
> FRw m‘fj# > i EE Y R
> o E R FRSE > 31451 p
> W e S
e N - P P ?‘/—\ v )\ 5%
> K- @R g FW: ™%
A AA s o2 . 0. Abstract
> A2 e 2 M
> #t; T%ne » SR 1. Introduction (Background + Purpose)
WL F W 2. Method (Models, Analysis Technique)
3. Results

4. Conclusion (Summary; Concluding Remarks)
5. References

Clear figure Obscure figure N —— Apr.May,dun
N = T O Now, pec
| 30N
2| d " ta‘ 0 e o0
. 20°N = R T > o3
| U ™ P -
1f fon e ity "
10N *
2 & & s
X

DHJOE MM0E 120E 130 E M0E 150 E 180E 170 E 180 E

Labels are too small
Line is not clear

Uncertainty over

-} Bryden and Longworth Nature 2005
weakening rar ok .

g r e e F 2\ fme L2 P A 28 4
circulation PR AP A AFLEBETL
arh, woss Levi's Search and Discov- 1957 e D S = . N N A ¥ & 4
Barbars Goss | ! 1 Discon 229+ 6 SV a Z?;bd—kjj‘k?ué‘“ﬁn?ui,mﬂwi»

ﬁ7§ < o
2004 148+ 6G SV i
lante Ohce.
latitude
Net 8146 SV Tig AP E X A N & EEA

Hed GARIERF L o
1SV = 10%m*s—!
FLHER AT > KB E LD

JF
2 correct result. It is a mystery how such Loy 2R
- i an error was missed by Levi and by the ]EE & ’J Wﬁ; P S N J °

editors and reviewers of the original

—— !
THE DRy AF TER N
o T OMOFRIIW, ) paper. The observed change of 8.1 Sv is
well within the uncertainty of the meas-
urement. The correct conclusion from

8.1+125V
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Differentiation A5
Integration &

T
s Butterfly Effect Chaos i
I ————

me o omme y=x®  pER R

LE
x=0.99 y~0.74
0.02 0.61
x=1.01 y=~1.35

e
“Sensitivity dependence on initial condition.” H Poincare
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¥ - B G918 54 ¥ ehF i+ (Central Disease Control)
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- Wt 5 SRR R o
The best part of waking up, is the vortex in your cup!

Palinstrophy

DO _R . 7.ve-vva

Dt ar

i b P g e Mixing

¢ =lj\-n-w dv i

dC (o oo b (B

F:j” VOWO d —vJ(VU}ufl | R
Stirring Mixing Tiei {hr}

Coffee with white
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