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o 1 T
= 3%

- BLEE Theory

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

R
Never trust an observation without a supporting
Interpretation

TR R BrEds  FERAN 4
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Aristotle’'s Meteorologia

Aristotle (384-322 BC) was a past
master at asking questions.

He wrote the first book on
Meteorology, the Merewpoloyia
(petewpor: Something in the air)
This work dealt with the causes
of various weather phenomena and
with the origin of comets.

While a masterly speculator, Aris-
totle was a poor observer: for ex-
ample, he believed that the light-
ning followed the thunder!
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|saac Newton
Principia 1687

Nature and nature’s law
lay hid In night,

Sir Isaac Newton

(16421727) God said :

et Newton be,
and all was light. A. Pope



Edmund Halley (1656-1742)

Edmund Halley was a contemporary and friend of Isaac
Newton.

He was largely responsible for persuading Newton to pub-

lish his Principia Mathematica.
Halley and his Comet

Halley’s analysis of what is now called Halley’s comet is an
excellent example of the scientific method in action.




If the Astronomers can make accurate
76-year forecasts, why can’t the
Meteorologists do the same?

e Size of the Problem < F 3 pd B&'L + #+4 F

The solar system is discrete, with relatively few degrees
of freedom; Dynamics is enough.

The atmosphere is a continuum with (effectively) infinitely
many variables; ”l‘hermodyu::—nmicq is essential.

e Order versus Chaos 5[6 AR~ kP AT R

The equations of the solar system are quasi-integrable
and the motion is regular.
The equations of the atmosphere are essentially nonlinear
and the motion is chaotic.

Peter Lynch



Florida

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.)

MQTION OF LOW CLOUDS

W VELOCITY OF LOW CLOUDS

20

EO T {ﬁ‘
"~ TRADE
2

Fujita, 1971
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Euler's Equations for Fluid Flow

Leonhard Euler, born on 15
April, 1707 in Basel. Died on
18 September, 1783 in St Pe-
tersburg.

Euler formulated the equa-
tions for incompressible, in-
viscid fluid flow:

oV 1
— HV - VVH-Vp=g.
ot x | p

V-V 0

s Ed S, 2
A 2K Partial Differential Equations PR

A~ > #2378 PDE



Euler 18 century ,f,‘uﬁgfﬁfé_ N %ﬁ'fé_ = 0}'_\5_

Fluid Dynamics

& Pressure gradient force B R *

~Lvp

Yo
4 Eulerian-Lagrangian B 3%

transformation

d o 0 0 0
—=—+U—+V—+W—
dt ot OX oy 0z

€ Mass conservation ,F?_E 2 Jg

(continuity equation)

8_p+8pu+8pv+8pwzo
ot oX oy 0z

Isothermal sound speed (same
mistake as Newton)

[apj (6Pj
— | vs. | —
op ); op ),



Euler 1755

d
— ov dv = — f p ds
df U'm dum
dv _
fvmpadt-——/vmvlodt-
dv _
Py =—VP

Lagrange 1781

ol 1
‘_u @ —Vp—VK -V
ot p
F=¢E+vxB)

Rotation Vortex Lorentz Force Law F=qg(~-VV +vx B)



Coriolis Force = Conservation of Angular Momentum
Centrifugal Force




fv: E-W Coriolis force

Conservation of angular momentum, 2 f,—, -E_ o { .}gy_

Hadley 1735

m fu: N-S Coriolis force
Centrifugal force, thermal wind balance

Ferrel, 1859

B Coriolis force, Coriolis, 1835
A Falkland ship battle in WW |

m Laplace, (1740-1827)

Atmospheric Observational net work (1800-1815)
Hydrostatic balance approximation

Tidal wave equation,

Laplacian

Adiabatic sound speed

r'\’a-ro\'»‘"‘

% 4

N\
/

c3 T



D’Alembert 1746

Math. Model for Atmospheric Motion
in aqua-planet

; (Won the 1746 Berlin Academy’s
Award; Euler’s endorsement)

pole
pole

E
/ Solar and Lunar Force
equolor equator ~ Fourier 1768-1830
Fig. 2. A schematic view of a meridional cross-section of Fig. 3. The same as Fig. 2, but for the general circulation
the general circulation as visualized by Hadley (1735). as visualized by Thomson (1857) and Ferrel (1859).
Streamlines indicate the meridional and vertical flow, H
while letters E and W indicate regions of easterly and Why the earth nOt heatlng up When

westerly flow.

receive sun energy continuously?

Thomson (1857) Heat emission or diffusion (by IR)

Hadley (1685-1758)
Ferrel (1859) His calculations showed a very cold

Distribution of sun heating Centrifugal force surface (No green house effect)
(north and south;

seasonal scale) Coriolis 1835  Arrhenius 1896

Earth rotation (conservation of

angular momentum) CO2 green house effect, but were

dismissed by scientists [WHY?7]



D’Alembert Paradox

i InmllliﬂlillllljIﬂmmll|JI|IIlllIiJHllllllkmllln T mmnmmmnmmmmm
A

LR N C -
1717-1783 to>>t, —>>—, or Lf—j—Re»:::{l

D’Alembert Solution of the Wave Equation
[f(x + ct) and f(x-ct)] Re small viscosity important

Re large viscosity unimportant
Atmospheric Motion first expressed mathematically

(Won the 1746 Berlin Academy’s Award; aqua-planet
Endorsement of Euler)

Solar and Lunar Force Cause the Atmopheric Motion



Development of Thermodynamics 44 4 §
£

19 century
- T HoBI (el > EBIA TS
First law: Energy is what makes it go and
energy is conserved.
AQ = AU+ WORK
Second law: Entropy tells it where to go!
¥ T E R =< FUIRH R

Joule, Rudolf Clausius, Lord Kelvin and

others
4 T
Macro --- Micro

Classical and Statistical Thermodynamics
Szt 4 L

Ludwig Boltzmann, 1844-1906, whose work led

to an understanding of the macroscopic world on

the basis of molecular dynamics.

S=kLogW

Precipitation

Enthalpy
Entropy
Gibbs Free energy

LVDWIG

BOLITZMANN,
1844 - 1906




Ideal Gas Law Equation of State 32 12 % * #2

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

B 1787, Charles law, VIT =c when P = c.

Hm 1803, Gay-Lussac law, P/T =c when V =c.

B 1811, Avagardro, 1 mole gas is 22.4 | in
volume.

Universal Gas Constant
*=8314.3 J /(deg.» kmol)

PV=nR*T

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

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

Rv = 461 J/deg.kg (R*/Mv)



Estimate Avogadro’'s Number
———————————————————————————————————————

(1) Molecular size

vV 4.9 cm?®
] = — = ~ =24 % 10 " cm
A 2.0 X 107 cm?

Benjamin Franklin ( 1773 )

(2) Number of molecules

A__20x107em?

2 (24 x 1077 cm)
(3) Mass of the ol
&

m=VXD=49em®x 095— = 47g
cm

5 = 3.5 X 10% molecules

(4) Number of moles of all

Oll Spreads on Water Moles of 0il = 72004.7/201 = (1.024 mol
— molecular size 5
— Avogadro’s number (5) Avogadro’s number
, 3.5 X 10?° molecules 29
b e Avogadro’s number = 030 miol =15 % 10

: 2 e

Now we know: N, =6.022142x10* / mol




Planck, Unwilling Revolutionary: the idea of quantization

140 | E s | S R I | | 1 1
130 |- 2hC2 3
120 B 8000K B/i (T ) = hc N

110

100

90

80

70

60

T T v 17 1T T 17T 1T 17T 117

50

40

BLACKBODY RADIANCE (MW m2pum™)

30

| L L

20

10—
T=4000K

22 (eKAT —1)

0

N
~
R O AR TR Ml ol S BT st Tt }

[ A |

[ 2yl o Sl g

0 0.2 0.4 0.6 0.8 1.0 1.2

WAVELENGTH (um)

1.4

1.6

1.8

2.0

1900

Hall of Fame in Science
Gravitational Law
Blackbody Radiation

E= MC"2

Figure 8.7 Spectra of emitted intensity B,(T) for blackbodies at several temperatures, with

wavelength of maximum emission A,,(T) indicated.



Vilhelm Bjerknes (1862-1951

Peter Lynch
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The Ultimate Problem in Meteorology Bjerknes 1911
F %X AR

| The Present state of the atmosphere must be characterized
as accurately as possible. it FZ eFIELIB] +~ F P
[ £z ® R]

Il The intrinsic laws, according to which the subsequent states
develop out of the preceding ones, must be known.

IR F A FRE

Numerical Weather Prediction #cie * 5 ¢ 3%
[% - ¥% % "%ENIAC, EBV model, 1950]

The Observation component gip|
The diagnostic or analysis component % %74 47
The prognostic component ¢ 37



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
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Richardson’s Dream

Richardson’s Forecast Factory (A. Lannerback).
Dagens Nyheter, Stockholm. Reproduced from L. Bengtsson, ECMWF, 1984

64,000 Computers: The first Massively Parallel Processor



weaher forecast - ENIAC, 1950

Namias Fjortoft
Reichelderfer

. Neuann _._I_:.rankel 7 Freeman \@f
b s e .

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.



簡報者
簡報註解
J. Von Neumann in 1946 led an effort at the Institute for Advanced Study at Princeton to build an electronic computer, and he recognized weather prediction as a prime candidate for its application.  Charney and Eliassen, who were invited by von Neumann to Princeton in 1948, developed the nonlinear barotropic vorticity equation as the first application of numerical prediction, but progress on von Neumann’s computer was slow, so the Army was contacted in 1949 about using ENIAC.  The first one-day, nonlinear prediction took place in April 1950…it took over 24 h, in part because of frequent ENIAC breakdowns.


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

o) AR ) S0E




Earth Simulator -- 2002

3.254m agua planet

(Satoh et al. 2006)



3 Cells symmetric dynamics
Solar radiation is symmetric and
yet asymmetric phenomena exist

20th century: Wave Mean flow interaction

Solar + IR + Green house effect
Earth Rotation

Deep convection

Instabilities

Land-sea contrast

Heat
source

Seasonal migration of radiation

Heat source

Fig. 7.23 Vertical cross section through a steady-state circu- Ocean
lation in the laboratory, driven by the distribution of heat
sources and heat sinks as indicated. The colored shading indi-
cates the distribution of temperature and density, with cooler,
denser fluid represented by blue. The sloping black lines repre-
sent pressure surfaces. Note that the flow is directed down the
horizontal pressure gradient at both upper and lower levels.

Biosphere

Hydrological cycle
Heat Driven Atmosphere



Earth Simulator (Japan)

~10/8 Grids

Ly .
A VAVARAVSTET
NS, & AVATATATATATAT)
AR mm&:#‘ﬁﬁ“vgﬂ EA?,"‘,V‘ i,
T YAV
= ‘*‘ Almnmuwmu ,E
V

S AV VA AVLVAT&“Q“
«v v "JWAV v i
oA )

Figl © {upper) The cumulus are not resolved directly due to Fig2 : lcosahedral grid. The mesh is distributed homogeneously.
coarse mesh. (lower) Those can be resclved by the fine
mesh

Fig.3 : (Left) Image of MTSAT— 1R (Right) the results from NICAM 3.5km mesh.

Satellite observation = Numerical simulated



20th Century

Geophysical Fluid Dynamics (GFD)

Atmospheric Oceanic Fluid Dynamics (AOFD)

Is for those interested in doing research in the physics,
chemistry, and/or biology of Earth fluid environment.

(b)

Atmospheric and
Oceanic Fluid Dynamics

Fundamentals and Large-Scale Circulat

Fig. 9.2 Karman vortex streets in (a) the laboratory, for
water flowing past a cylinder [From M. Van Dyke, An Album of
Fluid Motion, Parabolic Press, Stanford, Calif. (1982) p. 56.],
and (b) in the atmosphere, for a cumulus-topped boundary
layer flowing past an island [NASA MODIS imagery].




Fig. 10.43 Condensation trails. [Photograph courtesy
of Art Rangno. |

All commercial aircraft flights in
U.S. were stopped for
3 days after the 911 attack.

Ground diurnal Temperature

is larger by 1.1K in these 3 days
as compared to the climate
mean.
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Keeling Curve (1958- )

o,
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Atmospheric CO,
concentration (ppm by volume)

3701 I
3601 %
3504 !
Mauna Loa stz
340 ‘\.-'. 35 }_
330 & 4 bt 7 4 4 |_
3201 RYY: %4 A i . o
"‘\"""%“ Charles Keeling (left) at the dedication of
196860 5 70 75 s0 85 90 95 woooz theKeeling Building at the Mauna Loa
Year Observatory, Hawaii (1997)
| =T - 40 | = TOF’EX‘
a Jason _
M Vs — § = a0 | — B0-day smoothing
- ! “Hauna Loa Observaton

» 407 Anniversai

Change in mean sea-level

1994 1996 1298 2000 2002 2004

3 mm/year mm


簡報者
簡報註解
Newell et al. (1978) argued that large-scale variations in the atmospheric circulation may mask real long-term changes in CO2 at MLO, but Sadler et al. (1982) disproved that assertion.


Temperature Anomaly (°C)

Mean Temperature over Land & Ocean

T T T T T | T | I ] 1 ]
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Science Diges!

February, 1973

Reports that the world's
climatologists are agreed | 5. -«
that “we must prepare for | s @

h‘-\‘ .'\

MAY 20 lo MAY_ﬁ. 97a oI
b v T .

Time magazine's June 24, 1974, story
showed how Arctic snow and ice had
grown from 1968 to 1974.




Newsweek

April 28, 1975

In an article titled "The Cooling
World” said that meteorologists
are almost unanimous that
catastrophic famines might result
from global cooling.




SPECIAL REPORT GLOBAL WARMING

BE
WORRIED.
BE

WORRIED.

Climate change isn't some vague
future problem—it’s already
damaging the planet at an alarming
pace, Here's how it affects you, your
kids and their kids as well

EARTH AT THE TIPPING POINT
HOW IT THREATENS YOUR HEALTH

HOW CHINA & INDIA GAN HELP
SAVE THE WORLD—OR DESTROY IT

THE GCLIMATE CRUSADERS

O © O N
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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
LIRFATGM GMAET L > 2R ATfE
voB TR e R £ 2 F
BB B CRTFTURES P FUFENS ooy

HA9HT > [BFEIIY {3 4310007 > HF10M4T7 24
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Hamilton’s principle
Fermat’s principle

Minimization

oT
% 0
—_(azl—a) —]:*—I— (a—-azg) i_o
[(z1 =P+l VI [(ma—a)2+43]7 Vo
' sind; W |
sinf, V,

This is the Snell’s Law.
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pdsition Actual position

FIGURES.13 The refraction of light as it passes fron the waterinto the
less-dense air causes a fish to appear closer to the surface than it

actually is.
(1) 4 3'%"3‘355‘7
(2) ikl“l‘l'_ /igﬁ » =
(3) #7582 = > &)
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Buckingham’s Pi Theorem

n variables can always be combined to form
Exactly (n- r) independent nondimensional variables, where
R is the rank of the dimensional matrix.

Eg. T, M, L, g are the 4 variable in the simple pendulum problem

kg, m, s are the rank 3 dimensional unit

N
; [
4-3 =1 nondimensional variable 1 ™ \/ g

Similar result can be derived from Newton’s mechanics or
from the fact that the difference of potential energy and kinetic energy over
a period will be minimized; the Hamilton principle.



G.l. Taylor 1950

—ground

100 m.
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).

%10810 rf
10.5
Symbol Definition Representative value or
first guess
adius of wave 9.
R radius of wavefront 10° m 2
t time 1025
Po ambient pressure 10° Pa 8.5
Py ambient density l kgm?
£ energy released 1014 75t 4 ! | 1 ! .
4 -3 -2 -1

log g ¢

Figure 0.3. Logarithmic plot of the fireball radius, showing that r,-'" 215 proportional
J to the time ¢ (Taylor 1950b, 1963).
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T~y — 7~ i ~ T Walking speed
V p ! T V' g
()
mg
[ (-
Y RSN LU
V mgr V mgl
T ;’ I B2 Runner speed is
VI T ~ \/f T l independent of leg length
[ = I*m/3 the moment of inertia Force is proportional to muscle area

Mass m is proportional to volume

Linar is the torque (force * length)

Lmar ™~ me ~ EZJ?



Turbulence

100 -
D
Cp= ——~
(15)pUA
e 1/x
104
Fa
prﬁ Lll:}. 1+
014+
f } f f
10" 10° 10" 102 103
Re= pﬁd

Figure 8.2 Drag coefficient for a sphere. The characteristic area is taken as A = 7d? /4. The reason for
the sudden drop of Cp at Re ~ 5 x 107 is the transition of the laminar boundary layer to a turbulent one,

gs explained in Chapter 10.

[M|[L][T]~? drag force;

p;  [M][L]=* density of fluid

R [L] radius of sphere

v [L][T]7' speed

v [L]?[T]~" Kkinematic viscosity

t’-'_-‘ > trz-r

— >
1/

s

R‘E

'R
o = Re
L/
vR
or — = Re << 1.
1
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Power = Force x velocity
Forcex= Density x velocity®2 x Area

W, eureaThdie i 4 B8 ik 091 548, AR

[
= [ (power X time = energy)
U —v

dFE
=0

—r = 0 &d 7

N Bu? N u? 0= = 3
u—v  (u—v)2 N



Fig. 8.9. Vortices trailing form the wingtips of a Boeing 727. Figure courtesy
of NASA.

Y

#

— T

Fig. 8.10. Sketch of the flow along an airfoil. The wing is shown in grey, the
contour C' is shown by the thick solid line.

Wake Turbulence

@' Waka Vortax Sludgr at Wallops Island
NASA Langley Research Center Image # EL-1996-00130

VAN AN

Fig. 8.12.

Two boats carrying sails with very different aspect ratios.



Biomath

1

/—~ Lift distribution

Bound vortex

e
Trailing vortex

(a)

Lanchester

/ Lift distribution

/Elliptic wing

L or o V\

Time, or space v

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.

/

FiGURE 3.10:5 The vortex wake behind a stork in level flight.

: 1@,—;_ %}/
e
‘ 9 o =
Trailing vortices Rolling up
(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.

Y. C. Fung




F = OL Pair /UQ S

W=psVg=pr Sy

F=W
05 _ CL Pair v?
Pr g
CLS p?m"r v°
W _ )Of g S15 =

v: speed
V' volumn

S: area



wing loading W/ S (newtons per square meter)
il 10 102 103 10

I I
| I Boeing 747
DC-10
Conceorde e
Boeing 767
5 Boeing 757 @
105 |— 6 Boeing 727 @
Boeing 737 @
Fokker F-28/ @ ® F-14
Fokker F-27,
S ® Mig-25

e F-16
10% — Beech Airliner /@ -
@ Learjet 31

Beech King Air

Beech Baron
Piper Warrior @

Schleicher ASW22B @
Schleicher ASK23 @

ultralight @

4 Beech Bonanza e

103 — human-powered airplane @ ® skysurfer

pterancdon @ mute swan e
10% |— i
wandering albatross g
white pelican @
golden eagle @

g Canada goose
S

§ brown pelican ®

@D

=

gannet

|05prey °
snowy owl @

10" — !
/.g ﬂ herring gull @
L= .
E ©
=

® pheasant
@ razorbill

® ruffgd grouse
Franklin’s gull @ ® partridge
@ puffin

pigecn hawk
1()0 L common tern e
American robin @

purple martin @
hermit thrush @
tree swallow @ ®/English sparrow

bank swallow @ @ chimney swift
house wren

Wilson’s snipe
starling

spotted sandpiper

American redstart @
golden-crowned kinglet @
European goldcrest @

privet hawk @
blue underwing @
1072 |-
yellow-banded dragonfly e ® dung beetle
eyed hawk e : @ little stag beetle
® common swallowtail @ summer chafer
green dragonfly @ @ bumblebee

3 abbage white @ hornet
107 — antiio

® green-veined white

@ ruby-throated hummingbird
@ |stag beetle

@ cock chafer

® honeybee
® meat fly

scorpion fly @ cranedly

damsel fly ® ® house fly

-4 |

10 ® gnat
@ hover fly
® midge
105 I.fmitflJy I I | | | | ] o) | 1
1 2 3 4 5 7 10 20 30 50 70 100 200
cruising speed V (meters per second) s
T 3R

Fig. 2.2 The weight of many flying objects (vertical axis) aga{lnfst thelir cruising
speed (horizontal axis) on a log—log plot. This figure is reproduced from reference
[106] with permission from MIT Press.






log T 8

| | ! |
1 2 4 8

FI

Figure 1.13. The — 1 /9 power-law dependence of the rowing time T on the number
of oarsmen 7 (solid line). This may be compared with racing times over 2000 m,
all at calm or near calm conditions: A, 1964 Olympics, Tokyo; @, 1968 Olympics,
Mexico City; x, 1970 World Rowing Championships, Ontario; O, 1970 Lucerne
International Championships. After McMahon (1971).
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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



簡報者
簡報註解
先簡單地介紹何謂傳染病. Epidemics的希臘字根原意即”upon the people”, “在人群之上”, 這也就是傳染病的定義: 在社群中, 一種超乎預期(感染人數, 致死率等等) 的疾病

http://upload.wikimedia.org/wikipedia/commons/b/b8/Black_Death.jpg

ds SIR Model

= 351
dt | N
df _ ] T
E = —|—L‘}SI —vl — (338' — yjI Y /- "‘-\\
. Y / ;,':n‘\\\ \\\\
/ L | - ) A
P +i1 | :'/J/”'— x \\\\ \.\\
I Recovery Rate {;;‘f | N > '
ﬁi S

3 Infection Rate

v +
S = _575 null cline

No Death in the model

Forecast and control of epidemics in a

globalized world PNAS vol.101 no.42

Hufnagelt, Brockmann, and Geisel
A e PP 2007/12/18 dp Wk A X F

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.



HIV Modeling i
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f
Free virion £, = 0.19 days

Perelson and Nelson (1999) ] ol et
dV S

dl’
dt

— =P (‘:V._ B LR
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P = NaT.

-
<
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103

e

. Freevirion t,,, = 0.22 days
* Infected cell t,, = 1.39 days

LS ELES

e EHEC

I

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

Days

P(ty) = cV(ty) ~ 2 x 3 x10° (1/(day - ml))

: non-infected cells in unit volumn
Nt S mie e 4 & N A 2 3 P
£, L 3 .o 12’ /,j ) _ ‘// f] ‘\ . \"‘l’
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Figure 4.5. Log of plasma concentrations {copies per mL) of HIV-T RNA (circles)
for two representative patients (upper panel, patient 104; lower panel, patient
107) after ritomaviy treatment was begun on day C. The solid line is a nonlinear
least square fit to the data. HIV-1 RNA level is an easier measure of HIV virians
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.)

Early and aggressive therapeutic
Intervention Is necessary If a marked
clinical impact is to be achieved.
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Thomas Robert Malthus

VAY; 0

(1766~1834 )
English demographer and political economist
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Population Growth
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Logistic Effect

Time Series (F¥ & & 71])

dp

dt
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|otka-\olterra Model

Predator

Prey

A Predator-Prey Model

Humberto D’Ancona

1926
World War One i &% F{jJi@—~
A
~ ~

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%

dx dy Yy + Yy

— = — 11 — = —q

dt v dt




Vito Volterra

(1860~1940)

Italian
Mathematician & Physicist

Contribution:
1) Mathematical biology

2) Volterra-Lotka equations
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簡報者
簡報註解
X: prey
Y: predator
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Politics are for the moment
An equation is for eternity
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A coffee lover's dream:
The best part of waking up, is the vortex in your cup!

Palinstrophy

Do 46
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Stirring Mixing
Coffee with white
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h: constant rate of population harvested.
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Figure 1.7 The bifurcation diagram for
fr(x) = x(1 - x) — h.

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



QJ,’ mn
C'vé )

dv
dt

(ﬂ C
— Qm ‘in

- Qu:mt — _&Q
Qm.&fcr

V(0) = V.

Vi(t) =Vy — AQL.

dC’
V— = Qan( “an T

dC‘ Q:n( i T CT)

dt Vo — AQt

o),

0.5

I =

dC™

\( IA
C _ Cén (1 . (1 o %“2 Qin/ U‘)
U

I:] Qéﬂ,
" C = Cmcﬂc n=

Qa’n ! T - &Q

dat*

ﬁQ :D, T — OO

I - t*/n n

C* =1 — exp(—t")

. n=1 n=2 n=3
—
I = t
2l | ¢ =l-e' 11 — OO
c =t :
0.8 ' o
/ L.
b c =1 —L‘L
oal ye : 3 27
- /./// ., :
/ o~ !
06/ 74 LY '
. ,// ¢ 4 :
/ )
04 :
03 :
0.2 E
0.1 :
|
. |
0 05 1 15 2 25 3 35 4




vascular
branching

Resistance: R =(C—

4 ! 4

Total Resistance: R — () ( a —becot 0 , bcsc 9)

The Resistance is Minimized when:

cosf = =
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Figure 1.11. The dimensionless drag on a sphere, I (times 2/ ), as a function of
the dimensionless governing parameter Iy = U/¢, the Mach number (Cherny1
1961). The quantity IT approaches a constant for large values of IT;.
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Ship waves

(@)

Cs

BOUNDARY OF
KELVIN WEDGE

BOUNDARY OF
KELVIN WEDGE

Figure 68. Waves generated in deep water by a ship B. Case (a): positions Cy, (I
C, of any waves generated £, seconds ago (when the ship was at A) if their energy
travelled a distance ct,. Case (b): the real positions E,, E,, E; of the same waves,
aking into account that their energy has only travelled a distance ct;. At each,
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
uch circles, with diameters A’D” and A”D”, are where waves generated when the
hip was at A’ and A” are now to be found. All such circles lie within the Kelvin

: .;-_Wedge of semi-angle (184).



Kelvin edge

< Ship-wave pattern >
2+sin *(1)=2%19.5°

3

[Courtesy of Aerofilms Ltd.]



Kelvin wedge  deep water waves

[From V. A. Tucker, “Waves and Water Beetles,”
Physics Teacher 9, 10-14 19 (1971), Fig.3
(Copyright 1971 by American Assoc. Phys. Teachers)]




124

Dead-water near the coast

Wave drag problem

Fig. 6.2. (a) Surface “slicks” showing the presence of internal waves in the wake of a ship in Bute Inlet, British
Columbia. The vessel was traveling at 0.5 m s~ ' in a surface layer of almost fresh water only slightly deeper than
its 3.4 m draft. The internal waves caused horizontal motion at the surface that affects the ripple pattern and so
renders the internal wave pattern visible at the surface during calm conditions. [Photo courtesy of Defence Research
Establishment Pacific, Victoria, British Columbia.] (b) A laboratory experiment [from Ekman (1904)], showing internal
waves being generated by a model ship. The tank is filled with two fluids of different density, the heavier one beir?g
dyed to make the interface clearly visible. The model ship (the superstructure of the “Fram” has been drawn 1N
subsequently) is towed from right to left, causing a wake of waves on the interface.
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Whirlpool Galaxy * Mgt

_ - _ Hubble
Airborne-radar reflectivity in Hurricanes Hericage

Guillermo (1997) (left panels) and Bret (1999) (right panels). bt in ot M i




Bowmen and Mangus (1993)

Fig.1: Daily TOMS images of total ozone
in the Southern Hemisphere for six
consecutive days in October 1983.
Latitude circles are drawn at 40°,60°,
and 80 °S. The outermost latitude is
20 °S.
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ATMOSPHERIC CONDENSATION
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e
Henri Poincare
e

French
Mathematician & Physicist

(1854~1912)

Chaotic deterministic
system
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Science and Hypothesis Z



Edward Norton Lorenz American
(1917~2008 ) Mathematician & Meterologist
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Time Series — Initial Condition Slightly Difference

(x.y,2)=(0,1,1)
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ACE vs May-Nov SSTA (5-30°N, 120-180°E)
[10-year Gaussian-filtered; standardized]
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Conditional unstable atm.
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