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Politics are for the moment
An equation is for efernity
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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
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Never trust an observation without a supporting
interpretation
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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

I am myself known.
St. Paul, 1%t letter to the Corinthians, 13:12

Models - #888 - BEFBMRF - FHME
FBC - ERMEEECHRR - EEM
IEETEMAL -

THENBEN, EMHEMBFREEREN
BAR  GERBELESRENREER -

Fovell, 2008 iyt

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 s

B g
Formulation s~ LA At
Solution / Analysis 4+ ~ f#

Interpretation # 5 2%

iR 1555 4 RH(ODE,PDE) B E v ~ Fix (L
S .
TN g§m| L LR S

<
L
-

X ¥

©

“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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the Mathematics of Change
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du  OJudr  Jdudy

Rate of Change 4
dt — Ordt Oy dt

lin fl&)y df N
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Function y =1f(x)
Commonly Occurring Functions

Polynomials: 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
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y y="f(x)

Henri Poincaré

Wikipedia

French
(1854~1912) Mathematician & Physicist

Contribution:

1) Chaotic deterministic

Cox ek system
yrEf e \
St 2) Three body problem
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2 . Science and Hypothesis
dx dx " yp “
#H 4 3‘4 Ly Edward Norton Lorenz American
- ’ du 1917~2008 Mathematician & Meterologist
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Time Series — Initial Condition Slightly Difference

(xy.2)=(0.1,1)

(x,y,2)=(0,1.001,1)

(x.y,2)=(0,0.999,1)

17

Fn
!

Pl P i u s mals s s n

PRI

PR du B Judr  Jdudy
xARiEEE At drdt  dydi

IR BRenpE
AHFEP DT L <0 >0 <0 <0 >0
S~

o g iede den s \
>0 4 AL 5 g TR R AL S AR o
o
. Ll ) s 4 4
DU g g pdarnn s BrrRE=1 2
dy FBA5H b
dx % A dop| e
:‘l::f >4 ] A5% B
o Y i e

18




Exponential functions are both man’s
best friend and worst enemy.

dr et =141+
—_— =2
dt
x(t) = x(0)e" |
200
T & .
(’_r=l—f+9—1—j+..., v
2! 3! e

Tl
e-folding time

(i F58)

#N
L lim — =0
f—oo £

Exponential Growth

t e

dN B
dt

N(t) = N(l‘.[_'-'}c_k“_t‘)

EN

N(t) N’(fg} k tO

Exponential Decay
Dating &=

Half life 5 Fei]

Finding k from two
observations

N(t1) = N(tg)e )
Ktz —ta)

N(ta) = N(tg)e

_ N(t1) — o klti—tz)
Nitz)

20

Age of the Solar System Ui (#) = U (1)
Ta(t) = 7335 ()
el

F7 —MU
dlis -
et —A2l2

A _ Im2 /44T yr
A ) T In 2/0.707

I, (1) _ f'nf[”,f'\- PRy’
Ua(t) [75(0)

We do not know the initial Liy(t)

Radiocarbon Dating

leby Nobel Prize for Chemistry in 1960

C14 half life ~5700 years:

Ratio of C14 to C12 is constant for living matter,

Begin to decay when dead.

In2

5700

2 1,216 w1074

1
T oo—ktifz _ =3
Noe ‘_)AV(,

N(t)) = Assumed to be
. the same as present

U238 and U235 at the beginning a(t) 137.8 L
of our solar system, but the nuclear - pN(tg) = N(t) = Nta)e™ {t1—ta)
Synthesis theory suggest that the ratio Ly
is approximately equal to one. [7,(0) = 1
P Inp
- In(137.8) ., 5.97Cyr 21 to=t1+—
Ao — Ay : N Lascaux cave painting

incroasing viral divarsily
Chronic AIDS
GO0 0 LN
33403
— Piasma viraemia
l = CD4* T ymphocytes

Virad sat-point

Prirmary
Infaction

Weaks Yadrs

Dormant Phase

i
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HIV Modeling

Perelson and Nelson (1999)

BRA

dv
dr

Al

—r =KV = aT.
P = NaT.

BRIk

Plte) = eV(ty) ~ 2 x 3 % 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
N o dmee a8 4 bR A 3 s 4 dcp

k& F kA R A

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

24
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The profound study of nature is the
most fertile source of mathematical
discoveries.
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.-i f.r Fourier, Jean Baptiste Joseph fi L /'\ flr)e™ "z
VT o
3 1768-1830
1807 at age 39; argued with Lagrange and
i Laplace on the representation of a triangle
e ( il 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?
- HErE
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Example 8-11 2 - ff 28
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Periodic phenomena are actually
everywhere in the biological world.

What else can you think of?

29

Negative Feedback Oscillators
FiR'E  RUKP4p )
SRV dy

VTR i WP g

dx
= =Y

7 %
‘xk/y‘ o

What can X and Y be? X Cost Y Sint
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NF- x B and | k B Model

Y:1kB
d
—X=S—ax—
dt »
d
output ayzﬂ_by
31

Science 298: 1241-1245.

Summary of
NF- « B and | x B Model

2=0.3,5§=0.3
a=0,6=0

By controlling a and &, acell can

decipher the same stimulus in
different ways.

What controls a and §?

\ a=1,6=1

time
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NF + FS + Multiple equilibriums

Negative Feedback NF + Fast and Slow dr .
egative Feedbac F —rx—24 Y
da dr ‘
- =Y — =
dt At ¥ dy
— = —¢x
dy L dy dt
dt ' T y
X = sint, y = cos t y \/y y>0
g [
y=0 E /\S
ng

Struggle for Existence
-- Charles Darwin

A struggle for existence inevitably
follows from the high rate at which all
organic beings tend to increase.

Every being, which during its natural lifetime
produces several eggs or seeds, must suffer destruction
during some period of its life, and during some season
or occasional year; otherwise, on the principle

of geometrical increase, its number would quickly
become so inordinately great that no country

could support the product. 3

Thomas Robert Malthus

Wikiped

(1766~1834)
English demographer and political economist

Lo g

FO 0 S TR R
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T
Malthusian Model
I ———
Population Growth

AX _% dp

—— ~ ot
MDAt dt @& P
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Hence, as more individuals are produced than
can possibly survive, there must in every case be
a struggle for existence, either one individual with

Logistic Effect

dr
—=url-x)

i Time Series (P % & 1)

another of the same species, or with the individuals . e O
i i i i i iti i rP:rll i !._’=“ J.l P - 3
of distinct species, or with physical conditions of life. g =B pll=3) SN
i —> TR B2 RTOITJE
It is the doctrine of Malthus applied with manifold =  Logistic effect
force to the whole animal and vegetable kingdoms; ' —p=0
for in this case there can be no artificial increase of 2 :2-123
food, and no prudential restraint from marriage. : X
Although some species may be now increasing, ks
more or less rapidly, in numbers, all cannot do so, |
for the world would not hold them....
7 °% 50 e 100 150 "
The amount of food for each species of course P
. . . . . o .r
gives the extreme limit to which each can increase: T (1 —x)—h
[

but very frequently it is not the obtaining food,
but the serving as prey to other animals,
which determines the average numbers of a species.

-- Charles Darwin

Malthusian model R =
Logistic equation (with harvest) E??’FJ[%}EE&—W}W
Volterra system (with harvest) =i +
Predation

Competition m@ﬁyi +EVR L + ?\fﬁff

Poincare

Lorenz *

h: constant rate of population harvested.

x|

'

vy rrrrrrirri o,
14

Figure 1.7 The bifurcation diagram for
fulx) = %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,,

Lotka-Volterra Model
e

A Predator-Prey Model

Humberto D’Ancona
1926

World War One  {fi ¥ - fy/m-+

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%

i ) ) iy
o Ty T
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Vito Volterra
- Wikipedia]

(1860~1940)

Italian
Mathematician & Physicist

Contribution:
1) Mathematical biology

2) Volterra-Lotka equations
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dx

— =K x(l—-x—-ay)
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\
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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

53

Letter to the Guardian on June 14, 2000 (2 days later)

The Millennium Bridge problem (Millennium bug strikes again, June 13)
has little to do with crowds walking in steps. It is connected with what
people do as they try to maintain balance if the surface on which they are
walking starts to move, and is similar to what can happen if a number of
people stand up at the same time in a small boat. It is possible in both
cases that the movements that people make as they try to maintain their
balance lead to an increase in whatever swaying is already present,
so that the swaying goes on getting worse.

Is it true “the bridge never going to fall down”, or any rate get damaged, as a
result of swaying? That has been said about the bridge before, and those
Responsible for this one need to understand, before making such
pronouncement, that the problem involves more than engineering principle.

Prof. Brian Joesphson

Department of Physics
University of Cambridge
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Nothing like this had been predicted by computer
simulations, the safety assessments,
the wind tunnel experiments.

“Nice” lateral vibrations 20 cm S shape wobble
developed by shaking machine with 1cycle per second
frequency. [where the hell does it come from?]

People walk at a pace of about 2 strides per second;
these repetitive footfalls is to create a vertical forces.

The culprit is the small sideway force with each step;
1 cycle per second. Shouldn’t the no coordination
cancel out the force? No bridge standard code on this.

Synchronizations; just like people stand up in the boat.
Sync may be accidentally trigger when enough people on
the bridge. 55
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Hemmingsen (1960) Reports of the Steno Memorial
Hospital and Nordisk Insulin Laboratorium 9, 6-110 4

Kleiber (1932) Body size and metabolism. Hilgardia 6, 315-353.
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Dead-water near the coast

Wave drag problem

u*u/(g*H)
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Kelvin wedge
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2xsin*(4)=2+19.5°

deep water waves

[Courtesy of Aerofilms Ltd.]

Ship waves




Fig. 8.9. Vortices trailing form the wingtips of a Boeing 727. Figure courtesy
of NASA.
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F=Cppar ® S v: speed

Vi volumn

W=p,Vg=p, 515 g S: area

F=W
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Figere 15, & photograph

of & Becball 15 ma alter
on the grosnd illustrates the spherical symmetey of the phes:

the sharp boundary of (he perturbed ragics {Taylor, 1050a, b, 196T)

Symbol Definition Representative value or
Jfirst guess
r radius of wavefront 10°m
P time 1025
o ambient pressure 10°Pa
o ambient density Lkgm?
E energy released | 1014y

i £ ~ 104 )

G.I. Taylor 1950

a e
]
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r=r(t.E.p.p.c)

[e] = [LPT2] [pl = [MLT'T 3] (1] = [1]
o] = ML= [E) = [ML*T™%): |v] = [L).

prt f pr® p
Er2 E " pe

pr/E — oc Minor explosion|

fily=1)=1

pr® - pre |
Er £ 2P
I

pr® i
= =—=h{-1) dr
dt
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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 Rangno.]
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Keeling Curve (1958- )
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concentration (ppem by vohume)
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=0 WW Charles Keeling (left) at the dedication of
S0 @ 7o 78 @1 @5 @0 we migz  the Keeling Building at the Mauna Loa

Year Observatory, Hawaii (1997)
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Time magazine's June 24, 1874, story
showed how Arctic snow and ice had
grown from 1968 to 1974.

Reports that the world’s
climatologists are agreed that
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Mean Annual Cloud Cover (% ~
(data: 15CCP) (%) (1982-2001)
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« The climate system is sensitive to cloud cover and cloud type

« There is conflicting evidence on changes in global cloud cover over
past 2-3 decades; reported trends vary by cloud type

« Deep convection impacts cirrus cloud coverage

Volcano Eruption

Benjamin Franklin
first proposed that
1783-83 bitter cold is
due to volcano
eruption of Laki in
Iceland in July 1783.

Temperature change (°C)
&
N
T

A year without summe]

L L L L

1991 1982 1883
M. Pinatubo eruption

185 Memory effect

Fig. 8-6 Observed change of the Earth’s global mean
surface temperature following the Mount Pinatubo crup-
tion (June 1991} Adapted from Intergovernmental Panel
on Climate Change. Climare Change 1994, New York:
Cambridge University Press, 1995,
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Bryden and Longworth Nature 2005

Petr Chylek

weakening
circulation
Search and Discove
April 2006,
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connection to global warming. The At-
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Regional Structure of Tropical Cyclone Intensity Trends
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- There statistical evidence that the
strongest hurricanes are getting
stronger is most convincing for
the Atlantic (1981-2006).
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The intensity change signal is
quite weak for the Pacific basin.
Source: Elsner et al., Nature, 2008. 109
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There is some recent evidence that overall Atlantic hurricane
activity may have increased since in the 1950s and 60s in
association with increasing sea surface temperatures...
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Year

PDI is proportional o the time
integral of the cube of the surface
wind speeds accumulated across ail. 10

Source: Kerry Emanuel, J. Climate (2007). storms over their entire life cycles.

Source: Emanuel (2006); Mann and Emanuel (2006) EOS. See also Holland and Webster (2007) Phil. Trans. R. Soc. A
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The frequency of recorded storms (low-pass filtered) in the
Atlantic basin is well-correlated with tropical Atlantic SSTs
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Two future projections of Atlantic tropical cyclone power dissipation

Projection 1:
Tropical Atlantic SST

Some worrisome
time series...

Some alternative
perspectives...

i I Projection 2:

i1 I Tropical Atlantic SST
1 I Relative to Tropical

Mean SST

Source: Vecehi e al. Sciends (5008)
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It is premature to conclude that human activity--and particularly greenhouse
warming--has already had a discernible impact on Atlantic hurricane activity.

2009
ta) Atlartic HURDAT Storms (Adjusted for Estimated Missing Stonms) 1878-2006

+1.60 storms/century (1878-2006)
+4.39 storms/century

Hurmicanes. Tropical. and Subtropical Storms.

Trend from 1878-2006: Not significant (p=0.05, 2-sided tests, computed p-val ~0.2)

Trend from 1900-2006: Is significant at p=0.05 level 115

Source: Vecehi and Knutson, J. Climate, 2008
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A coffee lover's dream:
The best part of waking up, is the vortex in your cup!

Palinstraphy
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