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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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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

IVDWIG

. . . BOLTZMANMN
Logarithmic function log In o 1900

s=k log w
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“‘whatsoever a man soweth,
that he shall also reap”

Function A

Yy y=f(x)

y : exam grader linear ‘\

nonlinear
>
d d*
d—i>0:>d—le=? Xx:hardworking

42 > 5k ? 1715-20104F

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)

“‘Plutoed” To demote or devalue someone or something.

American Dialect Society, word of the year 2007
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Evangelista Torricelli (1608-1647)

IR EA TR

xy =1 % x fifijEe; BB LSy Gabriel's horn
~ “Torricelli’s paradox funnel’

1672, FEEHTE5Z Thomas Hobbes (Al )
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Kelvin wedge  deep water waves

[Courtesy of Aerofilms Ltd.]

2+#sin}(1)=2%19.5°

Ship waves

v —mmmm |UWCOSQ = C

Figurs 65, Waves generated in deep wates by u ship B, Case ()1 positions €y, Crn
ﬂll?wun.;ﬂ:lwdq(md!mwlhenhipv_ml!lﬁ;;(lhumm
travelled 8 distassce cf,, Case (B)1 the real positions E,. E,. E, of the sar 3
taking into scooant that their cocegy has only travelied o distance boty- At each,
the dependence of wavelength on divection of crnission, ws inferred from equation

bt ALy s whet wares gmerated e he Stationary waves

Whip was an A” and A° are mow to be found., All pach cireles lie within the Kebvin
(LAY
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A universe made by God must be a perfect universe, and
consequently should always operate with economy.

EREAIESESERVIE SR - BT DA ESE
e R/ NEE

Shortest path reflection (Hero of
Alexandria, 2" century B.C.) %ﬁﬁ%ﬁ@

“Every action done by nature is
done in the shortest way.”
(Leonardo da Vinci 1452-1519)3’%‘%@§Q§

Principle of least time (Fermat 1658)
A HRF ]

Principle of least action

(Maupertuis 1747)

Hamilton Principle (sir william

PAE=R

Rowan Hamilton 1805-1865 )5/ \GE &

7=

40.3 .
70 453 THEEFZH#??

ARBAFHE | ]

Woodcut of Ptolemy World Map (1482)

=

2010/6/6



Principle of Least Time (Fermat’s principle)

e H (z1,1) T
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FIGURES.13  Therefraction oflight as it passes from the waterinto the

less-dense air causes a fish to appear closer to the srface than it
actually is.
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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
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the Mathematics of Change # - %
u=u(r,y)

BEF - 24 pBRPL
~EEAE o
BN ERENE Chain Rule(idt 44 &)
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Feedback
Positive Feedback
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Exponential functions are both man’s 5 . o
. 1t v &
best friend and worst enemy.

23
dx et =14+t+—4+—+.. )
- =7 21 3! y
dt 2 g Il
5 B £
x(t) = J:(O)e_t
£2 43
e =1 t+2! 3!+....

TR i g
e-folding time oo gt
Can =)

Exponential Growth

t EBR B R EMZEA

Thomas Robert Malthus
L ——————
(1766~1834 )

English demographer and political economist

dp
— =
dt P

p = poe™
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dN
dt
N(t) = N(tg)e =)

— kN

4
N(t) N(to) %k to

Exponential Decay #5517,
Dating [E/{i7 2 E

Half life 2 &2H}

Finding k from two
observations

FH 2 I RN K HLk

N(t1) = N(tg)e Flta—to)
N(ty) = N(tg)e Fltz—to)

N(t1) —k(ty—ta)
= —e
p i?\r(tg)

Inp
ty — 14

Radiocarbon Dating
Libby 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 4

1
N0€7kt1/2 = ENO

N(tl) — Assumed to be
the same as present

N (to) = N(t1) = N(tg)e Htr—to)

In
tD:tIJFTEO

Lascaux cave painting
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Increasing viral diversity

Acute Chronic AIDS
Ty O =3 1eke GAR
& OB oo go S0

= Plasma viraemia
= CD4* T lymphocytes
Viral set-point
Primary
infaction
Weeks Years

Dormant Phase

BRI

HIV Modeling .

Perelson and Nelson (1999)
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f

e
m‘E x\)
t Free virion 1,,, = 0.19 days "]

[

| iected ool 11,135 doys
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| e
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=P

— V.
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dT
W — fvluv - (l_l.

P = NaT.

i
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/o]
|

s s
a (v IR
10t s
Frea virio 1,,,= 022 days
efected cell £, = 1.39 days
T p———— A |
@1 2 3 4 5 6 7 8
Days

Figure 4.5. Log of plasma concentrations (copies per mL) of HIY-1 RNA (circles)
for two representative patients (upper panel, patient 104; lower panel, patint
107) after ritonavir treatment was begun on day 0. The solid line s a nonlinear
least square fit to the data. HIV-1 RNA level is an easier measure of HIV virions
since each HIV virlon contains two RNA molecules. (See exercise 5 for more
details.) (From Perelson et al. [1996], used by permission of Alan 5. Perelson.)

P(ty) = eV(tg) ~ 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 plasma

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

N R R EN T R By 3

ko f mreitpd g 43

Early and aggressive therapeutic

clinical impact is to be achieved.

intervention is necessary if a marked
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BEFLORER 2 RORTE
Romantic Romeo and Fickle Juliet (Strogatz 1988)

dR d.J
— =] —=-R
dt dt
2 A P i
/ costsintdt =0 iV
"uow i
)
o =0
Cos flI Sin ZAHRH - FKE | t u
SR LU AP - 8
/N ?

The profound study of nature is the most
fertile source of mathematical discoveries.
EEN W E TS 3 NI R
flay =" fre'™ TR
fr= % /lz: flaye ™ rdy {7 SR

1 e
flr)= — / fre kT g
Cr

3 1 " TR Lo
i H = — e~k g
Fourier, Jean Baptiste Joseph i NeT '/_\ fl)

1768-1830

HERCETERFSHIVRE R - AR
FRREG—H LT -

18074 » {HiIrEE 39)5%; Al By Licosine FlI singf
W = ARG S > STEAVEE > e
BR8240 Lagrange » Laplace >
CauchyfrE i se - Bftg "BRr, -

f(x) does not have to be analytical;
f(x) does not have to be periodic.

L SUE
filE R R F R S A
CRZEBUERAS)
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Periodic phenomena are actually
everywhere in the biological world.

What else can you think of?

L N
et 4

Negative Feedback Oscillators

dy .
dt "
X
\/X =
AL i e 3
BRI R
A
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JliEES
10000 , , | . 1
A \ 'i — Lions
8000 } I\ Iy I = =Gazelles

6000t

Population

4000

2000¢

Negative Feedback Oscillators

iow 4R Bt dR MR
FEE2LE ¥
) dy

AL AHES Wi AL gp L

dx

V.
X )( E:—y
\_/

What can Xand Y be? X Cost Y Sint
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NF-kB and IkB Model

input

L

Science 298: 1241-1245.

”D

©:

X: nucleus NF-kB
Y: IkB

C

ix:S
dt

HIWAE

AR ELE 1’?8\ e AR

20,

Summary of
NF-kB and IkB Model

0=0.3,56=0.3

Science 298: 1241-1245.

time

0a=0,5=0

By controlling a and &, a cell can

decipher the same stimulus in
different ways.

What controls a and &?

\ a=1,5=1

AWML Bt &R SMERDH

AR F RS E
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dx/dt = x(1-y)
do )
T xr—xy
d

d_z:. = —y + ry

dy/dt =y (x-1)

AP 8]
G m
) dx/dt = x(1-y)
1 Phase Dia
#Ej ,__E] 25 gram
dx o
3 T r—xy
25 d
d_!: = —y + 1Y
2 g
>_
1.5 dy/dt =y (x-1)
1 1% LT
05
2 " "
/ costsintdt =0
0 U 'y Cos I Sin ZA4HEH - FKE !
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Phase Diagram dj — ey

dt — '

05 15 - 2 25 3 35
AESF (F213)
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AT
y h=0.5
o Yty by Harvest effect
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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 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 134751

ds SIR Model
— =387
dt |
dI - ,"lﬂ’—-\\\\
E = +;‘JS’I— L"I f— (f}S J— L’)I I, < \\\
4:\\\ \ \\
dR _ I ///‘7 \\ \\\
E_*L ij « % \\\ \\\
v Recovery Rate ;&% ,/ N
Vv
. s
3 Infection Rate FiFi# B
: ' V .
No Death in the model 2= Ejﬁ null cline S T

AR ERAR
. . R N A —E R T
Forecast and control of epidemics in a
globalized world PNAS vol.101 no.42
Hufnagelt, Brockmann, and Geisel
WRF R P 2007/12/18 4 Wi iR A
Yy
Use the SIR model Wifh the stochastic forcing from international
aviation network to simulate the spread of the SARS, and to
explore the strategy for the disease control.
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Hysteresis  #E/
Number of Students Perceiving

FBHR

Woman

&

SRR
dx ta " n S
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B NEIFRE L el MHORE:  IMEARIEFEERIER
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1.8
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—15T
06 127
Magnetic 10T
Flux density
, —08T
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—03T
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Magnetic field strength FizaG5a R
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HERE

280

Extension - .
Picture Number

In one sense the rubber band
was harder to stretch when it s CGREIIE)
was being loaded than when it Q%ﬂ%ﬁ: b
was being unloaded. izt g A

IR
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During WWI, Richardson
computed by hand the pressurc
change at a single point.

It took him two years !

His *forccast’ was a
catastrophic failure:

Ap =145 hPa in 6 hours

So, what went wrong?

{’1(2 (2”4']. e (J” 1
ot 24t

= FJ'.P

df _ flr+Ax) — f(x — Ax)
dr 2Ax i

Lewis Fry Richardson, 1881-1953.

His method was unimpeachable,

FPIRERE SR A
— KB E B E PR 4R I RGE
[FIRF 3¢ T SRR BRI RA

e - SR E A
HY SRR AR > DU RS
HUsE R ERE -

13x13=169 iz ODE
169 p d &

mr——
INETWIES
Frankel

Fjortoft
aReichelderfer

g Freeman (s

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.
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Richardson’s Dream

Richardson’s Forecast Factory (A, Lannerback).
Dagens Nyheter, Storkholm. Heprodoced from L. Bengtsson, SCUWE, 1984

64,000 Computers: The first Massively Parallel Processor

Richardson’s Game Theory # &

-nl\

e TERRFTEFALIRL D
M % fRichardsoniis 4 »
1953 & X P £ 4R -

Arm Races
Richardsoniz 2 B = 4 3 B & ﬁ% ,
dif e F] g J’K.ﬁitu’l‘*";}'a ﬁ_%g; B
E = (r—/r[)) B fs i I..[ mﬁ]’i\'ﬂjﬁ%%%~jmm{%ﬁ;g .

IEEEEERR
="
_ = — a l _

i Yy —1%Yo

i w4k
(B AR AR R )
X, y war potential
Could an arms-race end without fighting?
1/a<1/b Truce .Yes, w!thout a shot being fired,
if one side outspent the other on armaments

and the weaker nation bankrupted itself.
(Peace?)
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A relation between the probability of two countries
going to war and the length of their common border.

B=p AT REPERIALEIE R A EL B -

HEZEF AFREE

|

R D
W JEHE
B RHIEARAT U R

AR Fractal 7%/

SRR
R #E
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Richardson {56t &— ([ R ERE a4
AT RS - (HH B AR -

0. Ashford

The E N IAC Electrortﬂc Numerical Integrator and
omputer

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

FEER  RRTEH
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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

- V- R

- -2 g
¢ ¥HFEE
FI7R T LA

Scale free

G.I. Taylor 1950
0.01s

HIE R 0.01si5 RN FE ) 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 ;'N!m -

E —
prot=2

p=lkgm™3. == 100m, t=0.01s

EaprPt 2 = 10T

L i L L L 1
T'lt -3 -2 ~1
logig t

% EJ E;’ ':3' 55»};2 EEL_ ~ 1014 \] ﬁgumD.J.Lmriahmiculmar‘m:ﬁmhallrndius.ﬂwinxllmlrfﬂispmpminml

to the time ¢ (Taylor 1950k, 1963).

2010/6/6

28



Metabolic rate vs size

10000 T T T T T

§

=]

Metabolic Rate (watt)
g

Metabolic Fate (kealhr)

om o1 1 10 100 1000 10000
Body Mass (kg)

Mass (g)

FIGURE 2 Metabolic rate (in keal/hr) for & series of organisms rangisg from the FIGURE1 Metabaolic rate (in watts) for a series of mammals and birds as a fuy]
smaliest microbes to the largest mammals 45 a fusction of mass (in g), exemplif-  of mass (in kg); the scale is logarithmic and exemplifies the 3/4-power scalin

ing the persistence of the 3/4-pewer scaling law (the solid lines) over 20 orders of  gicnvarad by Kleiber [2, 22, 27, 20].
magnitude (Hemmingsen [12])

0 Hemmingsen (1960) Reports of the Steno Memorial

Hospital and Nordisk Insulin Laboratorium 9, 6-110
Kleiber (1932) Body size and metabolism. Hilgardia 6, 315-353.

wirsg loading WIS (newlons par squans metar)
1 10 10¢ 10
-

] Y [
7 10 20 30 50 7o 100 200

Eruising speed V (motors por second) N i
5 lg. - 2

L]

Fig. 2.2 The weight of many fyir
E {horizontal axis) on
[106] with permission from MIT Press.
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A beautiful woman !

ARRBEARMNE

Get down with the apple

10 contimatars

i -

# Y. :
" = o Ll -

Getting under the apple’s skin — apple cells

10 micrans

The double helix within a strand of DNA

1 nanometer (10 angstroms)
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The Mathematics of Marriage,
MIT Press 2002

Gottman, Murray, Swanson, Tyson, Swanson

H unhappy H happy
W happy W happy
H unhappy H happy
W unhappy W unhappy

Te derive the eguations ----- oF

not o derive the eguations

that is o guestion /4
{"/LU;& v'e;)S the bee '.’E \ _f_?_
s
X< S
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I Introduction

 First Application of Mathematical Modeling
in Social-Sciences.

* Problem: The divorce rate for second
marriages is even higher! Why? Don’t they
become wiser from their first experience?

» Based on mismatches in the couples
personality or modes of communication
seems NOT be too successful.

I Introduction

* “Men are from Mars, women are from
Venus”— a lack of understanding of
gender differences in communication
styles is at the root of marital problems.

« Another way approaching.

2010/6/6
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Il Modeling

» Self-Interaction (uninfluenced steady state)
dx :

a0 ) =u(0)e
Yonle-y. VO =VOe™

 Marital Interactions (influenced function)  E2&%17

dx

AR SR H O az ifz>0

d li(z)z{blz ifz<0
. <

d)tlzrz(yO—y)“‘lz(X)' |

0

Il Modeling

* Five marriage types — different interaction
styles — related to interaction functions (1) in the
model

» Basic model fits empirical data to a two-slope
linear interaction function | (one each for the
Husband and Wife) 1, (H)

| validating i

-

————————— 0 H
negativity positivity

+
+ Il avoider
0

I volatile
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Il Modeling

» Characteristics (stable and unstable
types):

Volatile (S) — romantic, passionate, have heated
arguments with cycles of fights and sex.

Validating (S) — calmer, intimate, value
companionate marriage, shared experience
rather than individuality.

Avoiders (S) — avoid confrontation and conflict,
interact only in positive range of their emotions.

Hostile (U) — (mixed) conflict-avoiding wife,
validating husband.

Hostile-Detached (U) — (mixed) volatile wife,
validating husband

Il Example

An example of a Validating Couple

» For a validating couple, take for simplicity,
we have

dx
a = rl(XO - X) +a)y,

dy

H = I’z(yo - Y)+azx-

Let () denote the equilibrium solution, then

2010/6/6

34



Il Example

An example of a Validating Couple
(X, — X )+ay =0,
(Y, - y)+ az)(* =0.
The solution is

X" =[x, + 2y, /- 2%
Y,

1
lr2

Y =lyo + X)L~ 2

Stable Marriage

¥ > x, and y* > yo

% dv ﬁ& }ORERE R o 3
23 —i#&%—m SEEEC S £ S

g g EER 0 FAWAR 0 TRAK o sus
A A E R L B R .

PERYA L FER o S R EAPE S PERE
BRAWLABI

Fpl=t 4B B R RN R (KE)

i Bk S o B ERT A FRER L o
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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

| am myself known.
St. Paul, 1st letter to the Corinthians, 13:12

Models - #&81 « BEEFAMNTR T - FFHMEF
FEC - EBRMEFEECNERE - FiEm

REETENAK -

"B, BERSE A EREN
BAR - AEERLERRNNSEE .,
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/ —_—> A
HE24 Sun energy > s=| Earth
specific >
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Malthusian Model

Population Growth
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Lotka-\Volterra Model

A Predator-Prey Model

Humberto D’Ancona
1926

World War One iF&#thlgE A
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%

de ) dy .
P2’ a YTy

Vito Volterra

(1860~1940) ltalian
Mathematician & Physicist

Contribution:
1) Mathematical biology

2) Volterra-Lotka equations
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if,’
(,—I =a(l—a)—h

at

h: constant rate of population harvested.

Ty Y r
/4

Figure 1.7 The bifurcation diagram for
falx) = 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.

Il Conclusion

- New language for describing marital interaction
and social influence and rationale for the marital
experiments

« Concept that marriages can be classified into
one of 5 types of marriage depending on the
couple’s interaction style:

« Stable marriages have matched interaction
styles. Unstable marriages have mismatched
interaction styles

« Couple’s interaction data suggest specific
therapy
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Edward Norton Lorenz American
ﬁ 1917 ~2008 i Mathematician & Meterologist
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“Sensitivity dependence on initial condition.”

H Poincare
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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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NF + FS + Multiple equilibriums
NF + Fast and Slow dx

3

Negative Feedback

=sj = y y
X =sint, y = cos t \/{ y>0
N\ x
X \
y=0
y<0

A, G constant
logT 8
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o
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P=nd~ p*l® ~ po*GHn? 5
Figure 1.13. The — 1 /9 power-law dependence of the rowing time T on the number
of oarsmen r (solid line). This may be compared with racing times over 2000 m,
v~ 711/ 9 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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Lift distribution

Bound vortex

SRR < vt

’/— Lift distribution

y Elliptic wing

Wake Turbulence

(L)

Ficomr 1102 {a) A borse-shoe vories
tion. (b Lift distribation on an elliptic wing.

- |

Time, or space
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e e e

Faaumi L1064 The vortices in the wake of an oscillating wing, jdealized under the
distortion of the wake dus

—————| asumption that the 1t fluctuation ks very small so that the
16 ke vortices in it is also very small. L is the lift, @ is the angle of attack.
|
-
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Fig. 8.10. Sketch of the flow along an airfoil. The wing is shown in g
contour € is shown by the thick solid line, R F N i SR P Tt N T K

A British Airways Boeing 777-200 aircraft is approaching to land at
Gatwick Airport traveling at 170 kts at approximately 1800 ft. The cloud base
Is 2200 ft, RH = 83%, T = 16.8, Td = 14.5, p = 1022.2 hPa, wind = 6.4 km/h.
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. . He wrote the first book on
F ?\ R 2 &El_rﬁii ‘r%‘ Meteorology, the Merewpodoyia

(petewpor: Something in the air)
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