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3/2/2012 ṮЄ  

  Politics are for the moment  
  An equation is for eternity  
 
       ᶰ ᴓϣᵁ ỌϨ ᶰ ᴓϣᵁ ả 
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Х ϫ​  ѵ҉ ╥ ​ П  
                        МҶ ᶝῧ ѷ ᴰԉ  

Л Ȳ​Л ȲХѡϚ ȲϫѡϚ​ȴ--  ·ѵ҉ɞ ·╥ ɟ 

ъЄ ȲẔ֤Ɫ   ȴ -- Іɞ ᾬɟ   
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    ǯ  
 

 

We are in the learning business!  
 

῀ ֪Ɫиṹᴖצ Ⱥ 
 
ṅЏᵂשׁ ЛҠи ȴ 
ṅѠשׁ Ȳḥצ ╥ԓ Л ȴ 
 

ԓїԓϩ ᶵ᷾Ϥ Be Aggressive!  
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Ǜ  

 
  

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

  
(working hour accumulated; hundred 
hours per piece or work)  

The School of Athens Raphael (1483-1520)  
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ȸῈ ᾼṶ  

Ṹṭ ֵ  

ȳ ȳ  
 
ᶮᴖϱ ȸ Ϛ
֪ȲϚйṶᾬѠ ῀ Ȳ
ᵀẔӐṝ╥ᴞὙᾼȴ 

 ὑ  
 
҃ᾼ Ԓ‒ד҃ ẞӉ ԛכẞ  

   

          ṿϢ  
          ᵂṿϢ  
  

῀ זּ Л֝ Ὲ 
 
ᵂ╥ ᾼׁשṅЏᵂȴ 

  
Ӂ   Є    ѝֿ  

 
ᴥ ₇Ằ Taste   ԏ 
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Є Ӣ Ṏ: Ṇ ᾼ῀ Ȳ 
ᵑϢ ȳ ֻᾼ῀ Ȳ 
דּ Ἠ Ӑ ᾼ ᾛṿӣȷ 

 
њ ɦ ɧproject ȴ 

 
ṅӢשׁ Ԓצ ᾼ ῀ Ȳ 
ṅӢḆשׁ Ϯ ϩȸ 
Ɏ1ɏ ȳ ȳ ῀ ᾼ ϩȳ 
Ɏ2ɏ ῀צ╠ ᷅ᵒᾼ ϩȳ 
Ɏ3ɏ ῀ ᾼ ϩȴ 
 
ґ ѝ иέᾼ ϩ 

╥Ϛ ṅӢשׁ  Ϥ⅍ᾼ Ӑ Ԉ 

ᵠӢϷצ Ȳᵠ῀Ϸ ȲБצ Ȳ◔ṁȴ І 
צ ῈП Ἠצ ҟ Ὲᾼּד ứ√ȴ 

 
ϴἬדצꞋ╥ ָȲ ṓ  Ȳᵛṓֽẃȴד‍ד  

Ϣ ∂ ᾼ῀ ѷꜜᾼ −Єȴ 
 

דּ ᶮᴖϱ ᾼ ȲϷ דּ Ѡᾎȴּד  
Л Ḇ ȴ 

 

=ҵ Ȳҵ ╥ Л ứɎ ɏȴ 
 

Ṇ ыֵȲ᷄֝ד ԈϯכӴ֪Ὠ√Лὔȴ 
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Now we only see models,  

like reflections in a mirror;  

but then we shall see face to face.  

Now I only know partially;  

but then I shall know as fully as  

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

 

Models ǯ ǯ

ǰ 
 
Ǻ ǻ

ǰ 
 

ᶦở ᴳ 

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  

 

Fovell, 2008  
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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 

 

 

Ḇ    Л ᶔẦ 
   

 ѿ Ṷ Ɫ Ȳ іᴼȲ כӴ Ἐהứ√ᾼṆ
Ȳѿ― Ḇ ᾛᾼ Ȳּד Ṽ Ṷ Ɫ›
ẃ Ὑ ᾼ ȴ       Ѡὧּר     
 

Ọ ⁭                  Ͽ Ѐ Ẻ               
                                                                              
                                                                              

ᶑּכ 

Л Ḃ  
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Mathematical Modeling  
∂  ӣ דּ   

 
 
Formulation  
ᵓӣ о Ȳ 

  ה
иȳ иѠ ‍  ה ἤ 

Solution/Analysis  
иέȳ  Ɏ ȸן ⇔ɏ 

Interpretation  
דּ דּ   

оȳ ᴯо 

о-- --ה ϩṆ  

                
 

Function   y = f(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   ln     

                                       s=k log w 
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)(xfy=y

x x : hard working 

y : exam grade 

ñwhatsoever a man soweth,  

   that he shall also reapò 

linear 

nonlinear 

Function 

 

Y=Y(x) 

 

 

◕ 

◕ 

ᴵ ᴻἢᴻ ᴵἢ 

◕ 

ẗ    
 

         ἤиέ 

Bodeôs Law of Astronomy      1778 
 

0      3     6     12     24     48     96     192     384 

 

4   7    10     16     28     52   100     196     388 

 

0.4  0.7  1.0   1.6    2.8    5.2    10     19.6    38.8 

 

 

 

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) 

 

 

ñPlutoedò To demote or devalue someone or something. 

                 American Dialect Society, word of the year 2007 

ᶨ ᵐ Ϫ1715-2010ẹ 
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ᵩІ ӣ֯Ѿ ṩȲ ṩ֯ѾӴṶȲӴṶ֯Ѿ ҡȲ
ҡ֯Ѿ ȴӇ ҡЭПừȲ 

ỞП ȲỞҠѿ⇔ẔҡȲМҠѿᴩὑЭȴ ẕ 

Ṹ49 ậϣ ᵍᶎ ṇậ 1000ậϣ 10^-147 

 

ẙ ḑ 10^18 sec 

10^10 ᴋợ ᴷẚḭậϣ ῎ ḭᴋ ậ 10^4ϣ 

 

10^10*10^18*10^4 = 10^32 

 

10^32*10^(-147)=10^(-115)  ~  0    ϣᵌḄ ḢẐϫ 

 

ṅשׁ ╥ їỦ ᾼṶ Ⱥ       Л ϢТӼТȺ 

ñSix 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.ò         Huxley 

и   
the Mathematics of Change о  

 

Chain Rule( √)  

и 

Ҭ y иȲЛḂ x  

ІȸϚѐП ȳѡậẔҙ 

            ȳ ѷЛ ȴ 
 

 

Rate of Change 

ⱱ ᵌ ⱱ  
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ᵃᶶ ȹϒ ᾼӢ ϩṆ  

uȸᶶ ╓  
 

x: ᴕ ᵂ  
 

y: ᾲ ᾼ  

>0 <0 щ Ὑᾼ Ӣ >0 <0 <0 

ᴕ ю Лᶶ Ȳ 

ᾲ ᾼ ֵ Лᶶ  >0 ᴕ ֵ ᶶ  

<0 ᾲ Лᶶ  
Ϣᾼ ἤ 

Ϣᾼ  

ἤ+ =ϢӢ 
ᶮЛֽד  ї 
 їЛֽ⁄  
 ᶮЛ ї 
 їЛ  Іד‍ 

 

Ӕч       
ọ      
 
Ϛ Ϛ П  
 
ч῏ П  
 
Ӕ֫           
 
֫  

 

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
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        Feedback             ֫           

Positive Feedback                   Negative Feedback         

         Ḹẖ                                ẖ  

Exponential functions are both manôs 

best friend and worst enemy. 

  

e-folding time 

Ͽ Ἕ᷊ Ѐ   
    t 

Exponential Growth 

ề ṭἒả Ẻ 

ἤ 

‍ ἤ╓
  כ

Ӕ֫  
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Thomas Robert Malthus 

( 1766ѣ1834 ) 

English demographer and political economist 

ϢЀ  

╜ᾙ  

ᴓᴱề Ṋ ◕ ề  

ề ᶰ ᶚ 

Ϥ ` ◕ 

1804     1 billion 

1927     2 

1960     3 

1975     4 

1987     5 

1999     6 

2010     7 

Finding k from two 

observations 

Ṋ2 N῏℗k 

Exponential Decay  

 

Dating  ẈἋ ╖ẹ 

 

Half life ᷊  

4  
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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. 

Assumed to be  

the same as present 

Dormant  Phase 

        Ṫ  

2010    ᵌᴵ 

            ồᴫ ἥ (40%?) 
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HIV Modeling 

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: ╬ ֯ẔӢỄ в Ӣᾼ ◖ ӭ 

k: Ӕ ◖ ╬  

ᾬᾙ  

Early and aggressive therapeutic 

intervention is necessary if a marked 

clinical impact is to be achieved. 

 

ᴶЄϚ ᶠ ᾎ 

ᴓꜜ  

ᵸ Ὶ╖C 

u 

v 
ᾼ  

 ד

ᴯ 

 

t 

ҙ  ́

u 

v 

ᴯד  

Cos ↕  Sin Ϥᵌ₃ ϫ 

 

Ḅᶰ  

 

ᴻ Ϫ 

Romantic Romeo and Fickle Juliet      (Strogatz 1988) 

ᵌᾼ  ᾼ  
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Negative Feedback Oscillators 

X  Cost      Y Sin t 

 ᾬ ⅎ      רּ Ғ       Ḗ ϱ   
 
 ϱ       ⅎ ю       ᵅ Ḗ ϯ  
 
                         ֫  

Note of Feynman at age of 15 

15  
תּ♀ ≢ ᶑ 
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Periodic phenomena are actually 
everywhere in the biological world.  

What else can you think of?  

NF-əB and IəB Model 

X: nucleus NF-əB 

Y: IəB 

yxy
dt

d

yxSx
dt

d

dg

ba

-=

--=

Science 298: 1241-1245. 

Ἥ Ṇ∏ ἢ ╖ ₯ 

Ỵᾤ  

ẖ  
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By controlling Ŭ and ŭ, a cell can 

decipher the same stimulus in 

different ways. 

What controls Ŭ and ŭ? 

Ŭ=0,ŭ=0 

Ŭ=0.3,ŭ=0.3 

Ŭ=1,ŭ=1 

Summary of  

NF-əB and IəB Model 

Ỵᾤ  ▬Ồ ẖ   ḙẚ€  

ṆᵌẈ  ᵸ  Science 298: 1241-1245. 

ϩṆ  

ᴯד  

dx/dt  =    x(1-y) 

dy/dt = y (x-1) 



2012/2/21 

20 

ϩṆ  

ᴯד  
dx/dt  =    x(1-y) 

dy/dt = y (x-1) 

t 

ҙ  ́

u 

v 

Cos ↕  Sin Ϥᵌ₃ ϫ 

ϩṆ  

ȲϚ◕ ╝Ṷȷ 

Ͼҡ Ϻȴ 

 

Ϻ 

  

῏ 

ɎỪ ɏ 

῏ Ɏ ṏϢӖɏ 
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(1.5, 0.5) 

h=0.5 

Harvest effect  
῏ ῏ 

֝ ᴩ ậ Ȳ 
ҠѿṿӢ Ἇ  

 ᵓѠ֣צ῏
ȴ 

 
 
1960 DDT ṶԈ 
 

 
Ѭ  

῏ 

῏ 

Lotka-Volterra Model 

A Predator-Prey Model 

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% 

Humberto DôAncona 

1926 

World War One   ᶚ₂ ᴵ 
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Epidemics 

Å Epidemics: epi ñuponò and demos ñthe peopleò , 

i.e., ñupon the peopleò 

Å 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 ñBlack Death" of 1347ï51 

Recovery Rate ּת  

  Infection Rate   

 

No Death in the model 

SIR Model 

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. 

Forecast and control of epidemics in a 

globalized world    PNAS vol.101 no.42 
HufnagelÀ, Brockmann, and Geisel 
῏: ἣѝ     ѡ : 2007/12/18  ╓ :  

ᴔ  

 

ⱴᴵ ἅ 

ᵲּת ἥ  

ᴓ ảᵌᴋ╖ᴵ ἅ 

http://upload.wikimedia.org/wikipedia/commons/b/b8/Black_Death.jpg
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S I S Ẻ   ᵌ ṆἭ  

 
 

 
 

 

תּ         

I 

The Mathematics of Marriage,   
MIT Press 2002 

Gottman, Murray, Swanson, Tyson, Swanson 

 

H happy 

W happy 

H unhappy 

W unhappy 
  

H unhappy 

W happy 

 H happy 

W unhappy 

Ǡ 
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 н Introduction  Modeling  Example  Solve & Explanation  Conclusion 

ÅFirst Application of Mathematical Modeling 

in Social-Sciences. 

ÅProblem: The divorce rate for second 

marriages is even higher! Why? Donôt they 

become wiser from their first experience? 

ÅBased on mismatches in the couples 

personality or modes of communication 

seems NOT be too successful. 

 

Friday Applied Mathematic Seminar, National Taiwan University, Department of Mathematics 

 н Introduction  Modeling  Example  Solve & Explanation  Conclusion 

ÅñMen are from Mars, women are from 

Venusòð a lack of understanding of 

gender differences in communication 

styles is at the root of marital problems. 

 

ÅAnother way approaching. 

 

Friday Applied Mathematic Seminar, National Taiwan University, Department of Mathematics 
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  Introduction н Modeling  Example  Solve & Explanation  Conclusion 

ÅSelf-Interaction (uninfluenced steady state) 

 

 
 

ÅMarital Interactions (influenced function)      ᶑ 

Friday Applied Mathematic Seminar, National Taiwan University, Department of Mathematics 
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  Introduction н Modeling  Example  Solve & Explanation  Conclusion 

ÅFive marriage types ï different interaction 

styles ï related to interaction functions (I) in the 

model 

ÅBasic model fits empirical data to a two-slope 

linear interaction function I (one each for the 

Husband and Wife) 

 

 

Friday Applied Mathematic Seminar, National Taiwan University, Department of Mathematics 

positivity negativity 

H 0 

IHW (H) 

-    +      I validating 

0   +      II avoider 

-    0      III volatile 
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  Introduction н Modeling  Example  Solve & Explanation  Conclusion 

ÅCharacteristics (stable and unstable 
types): 

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

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

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

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

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

 
Friday Applied Mathematic Seminar, National Taiwan University, Department of Mathematics 

  Introduction  Modeling н Example  Solve & Explanation  Conclusion 

An example of a Validating Couple  

ÅFor a validating couple, take for simplicity, 

we have 

 

 

 

 Let           denote the equilibrium solution, then 

    

 

 
Friday Applied Mathematic Seminar, National Taiwan University, Department of Mathematics 

.)(

,)(

202

101

xayyr
dt

dy

yaxxr
dt

dx

+-=

+-=

),( ** yx



2012/2/21 

27 

  Introduction  Modeling н Example  Solve & Explanation  Conclusion 

An example of a Validating Couple  

 

 

 The solution is 

Friday Applied Mathematic Seminar, National Taiwan University, Department of Mathematics 

.0)(

,0)(

*

2

*

02

*

1

*

01

=+-

=+-

xayyr

yaxxr

].1/[][

],1/[][

21

21

2

2
0

*

21

21
0

1

1
0

*

rr

aa
x

y

a
yy

rr

aa
y

y

a
xx

o -+=

-+=

Stable Marriage 

 
 

  Model  
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Å Leonardo da Vinci  1452-1519) 

ñObserve 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.ò 

 
Ѭῶ ֽ֝ Ȳ Њצ Ӽצ ₤Ȳ
ᵶצЛ֝ѐ⇔ᾼ ȴ 

Multiple Scale Interactions 

ả ᶁ ṟᵕἢṇ 
Current    vortices 

ᶎἇ 
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y 

x 

y 

x 
x 

y 

y = 0 

y > 0 

y < 0 

Negative Feedback 
NF + Fast and Slow 

NF + FS + Multiple equilibriums 

x = sint, y = cos t 

Bruegel, Pieter, the Younger 

< Winter Landscape (1601) > 

                 Warming trend begins 1700A.D. 

1700 

⁵ᴓ 

ᴞ ȹȹ   ϢⱢȹȹ 
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     -                  +                -                  + 
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January, 1977 April, 2006 

Reports that the worldôs 

climatologists are agreed that 

ñwe must prepare for the next 

ice age.ò 

Җ Ԝ ᵅּנ  
Җ ȳԍ ȳ ‹ד125000֯
Б ‹Ɏѩӭ♄׀ 2⇔ Ȳ Ѭ

6еѐɏȴ 

1974 2007 

ᾤ— ϫ 
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Єᴫ◦ֵ҅ד ◦  

᷇  ₁ 
 

 

2010Ṻ  

2010, 2011 ᶾ    ἰ Ἃ ᷇  
Arctic Oscillation (AO):ἰ Ἃ ꜡Ϥ᷇ Ϥ Ϥᵷ⁯ ϣ ᶾϥ 

2010ẹḙϣ ᴒᴜẹ Ἃϣᵌ ṷ ᵯ Ỵ ᴜẹ Ϫ 

1939-1941 3ẹἰ Ἃϣ1941ẹᾐ Ά ϣ Ω ϣ
ᴟẹ ᶾ ᴻϣ ᵌ ϣ☼ᶰ Ά ϥ 
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Forecasters in the United Kingdom are saying that upcoming winter could be  

the most severe the nation has experienced since Charles II was King: (1683/84). 

London, December 30, 2010 

1683-84ᶾᵺ ϣ300ảẹ₃ ἰ ᶾᵺϥ 

66 From :  http://www.ldeo.columbia.edu/res/pi/NAO/ 

Positive NAO Negative NAO 

North Atlantic Oscillation(NAO) 

῀⸗ ₁ 

http://www.ldeo.columbia.edu/res/pi/NAO/NAO-.gif
http://www.ldeo.columbia.edu/res/pi/NAO/NAO+.gif
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ᶦ ḃ•ҷ  -  ᾼҍщנ 

Å ᶦ 1942~ד1941
ҍủᵂד ḃ ᾼЄ

Ȳ ὑ• ᾼҍ
щ ϠϮנ ╦ ,
ѹ֯ḥצ Ҩ
҆ ҍủὢ ᾼ
ᶮϯȲ ֯ ◕

ϺϡϫϚ Ϣ
, ắ ϝϫ ϢҒϱ
ҷ ҷϒᴍ
Ϣ,֯Ϯᴍϡϫ
М,ᴾϠϮכ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Reference: http://www.spicx.com/2010/08/pictures - taken- by- hitlers - nazi - soldiers_7947.html#axzz1EewULx15  

 

68 

1960-2010 95% Extreme Rainfall   (9mm/hr)  

More TY number ? 

Longer TY duration? 

ḓ ᴜᵖẹ ả 

ẹ ᵯ ᴵ 

http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
http://www.spicx.com/2010/08/pictures-taken-by-hitlers-nazi-soldiers_7947.html
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҅ד о 
Decadal change 

Hung and Hsu 2004 

2010 

ה1948ּ  2009 ♀Ἤ ᶝ  
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∂ ₥ Ử ᵐϣᶰ ᵐ ϣ ᵐ‖ϣ
ᵐ Ửᵌ  

1945ẹ (Iwo Jima)  ᶔ  

 ᵻᴵ Ϥ₥ẏ  

ᵌᵍ  
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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. 

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  

            ϚḘϚѷꜜ 

            ϚῧϚщ  

         њМ  

         ″Ṫᵛ╥Ә⌡ 

 

            Scale free 

           Model  
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Now we only see models,  

like reflections in a mirror;  

but then we shall see face to face.  

Now I only know partially;  

but then I shall know as fully as  

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

 

Models ǯ ǯ

ǰ 
 
Ǻ ǻ

ǰ 
 

ᶦở ᴳ 

Model Airplanes 

 

ᴋ╖ᶚ₂ ᴻⱬᴵ 

 

Ἕ  Similarity 
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ᴋ╖ᶚ₂ ᴻⱬᴵ 

 

Ἕ  Similarity 

   39 ⇔   Kelvin wedge      deep water waves 

39ΐ
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() o

3
11 5.192sin2 *=* -

[Courtesy of Aerofilms Ltd.] 

Stationary waves 

A universe made by God must be a perfect universe, and 

consequently should always operate with economy. 

 

ᴢ ᾃ ᶨ ϣ☼ᶰ₥ ἢ
” ᴻ ϥ 

 

Shortest path reflection (Hero of 

Alexandria, 2nd century B.C.)  

 

ñEvery action done by nature is 

done in the shortest way.ò 

(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) ᴻ
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Claudius Ptolemy  AD 90-168 

 

10        8 

20        15.3 

30        22.3 

40        29 

50        35 

60        40.3 

70        45.3 

80        50 

 

Woodcut of Ptolemy World Map  (1482) 

ᴯẹ ậᵐ ??     

Ễ  

  

Principle of Least Time (Fermatôs principle) 

ṳẚ₣ ᵐ ἅ “  

 

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
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 Ϛ ֵ Ⱥ 
ԏ ֵױֽ Ȳ 

і ᷉ Ⱥ 

Ɏ1ɏ ᶶ ȹ 
Ɏ2ɏ₰ые Ȳ ῏ϱ ȴ 
Ɏ3ɏ ᶲԜѭЍẛ ȴ 

(4) ᴨᾐ ȲӴᶳ ỄȺ 
(5) ᷉ ứ√Ȳ Њ  
    ȴ 

René Descartes ᷿  

52 

42 

ӍӕӒӒẹӕᶔӏӌᶒᴠᵱӑ ϣ 

Ẉᾝ ∂ ᴑᴋ ṕϩ 

 ϩ ᷀ϣ 

ᴑ Ẑᵦ ⱬ ᾤ ᴋᴒᴟố ᶢϣ 

ḟ ῏ Ọ ᶢϥ ᴑḗ ᶢϣ 

 ᵌẮẚᵙ ϥ 

ᵦ ḗ ᶢὉᴢϣ 

ὁ ╖ϥỒ ϣ ϫ  

 

  Ћ∂ ᾯṕЌ Ẉ   ϣ 

          ᶢ ᴑẙ ᵩϥ 
 
16 Oct. 1964 First 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 .   

 
∂ ₃ᴠᶷ Ὰ ᶢ 

Codename 596 

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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І ʲ           J 1410

G.I. Taylor 1950 

Ṋ ᶢ0.01s ᷀ ᴚ 1410 J 

0.01s 

Minor explosion 
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Major Explosion 

Metabolic rate vs size 

Kleiber (1932) Body size and metabolism. Hilgardia 6, 315-353. 

 

I=I0M
3/4

Hemmingsen (1960) Reports of the Steno Memorial  

Hospital and Nordisk Insulin Laboratorium 9, 6-110 
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ᴩ ⇔ 

6 

 

4 

0 

-3 

ᴩ

 

Ѡװ6 … 
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A, G constant 

WHY ẕốᵯϪϪ 

 
 

╥ →ϱ  װ֪ Ϣ  Ϣ ᴯ 
 

20ᵩ   100ᵩ Ϫ  ᶶ ȹ ЄЊȹ 

 

о    Top 1% 

 

њ Ϻ3Ϣ   њײ  Ϻ100Ϣ ᴶ῏ⱢṾȹײ
 

ἤ ‍ ἤ     
 

Scale free 

 

Mathematical elegance and analysis 

 

Important parameter(s) 
 

װ֪ דװ֪  כד
 

 

 

 

 

ϩ 
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       Buckinghamôs 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. 

 

 

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

 

kg, m, s are the rank 3 dimensional unit 

 

 

4-3 =1 nondimensional variable    

 

Similar result can be derived from Newtonôs mechanics or 

from the fact that the difference of potential energy and kinetic energy over 

a period will be minimized; the Hamilton principle. 

 ́

1717-1783 

DôAlembert Solution of the Wave Equation 

              [f(x + ct) and f(x-ct)] 

 

Atmospheric Motion first expressed mathematically 

(Won the 1746 Berlin Academyôs Award; aqua-planet 

Endorsement of Euler) 

 

Solar and Lunar Force Cause the Atmopheric Motion 

 

DôAlembert Paradox 

 

 

Re small  viscosity important 

Re large  viscosity unimportant 

 

ϩ ᶚ 

 

ᴻϩ ↕ ϣ 

Ω₭ ϣ ἢṇ  
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1/x 

const            Turbulence 

blue : sphere; red : disc 

Disc 

sphere 
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Archimedesô 

Principle 

Oil Drop Experiment of Millikan 1909 

Stokes Drag law 

ᴕ  ᴱϣהּ

ᶝ ᶝᵟ  

ᵣ ᴚּי  

u*u/(g*H)ѣ1 

יּ↕ Ἕ 

Ⱨịᴚⁿיּ  

20%  

ồᶝ  Dead Water 

 
Franklin, Nathen, Ekman 

Sea water 

Fresh water 
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Sonic Boom 

Adiabatic Sound 

Mach number  u/c 

u/c ~ 1 

Lincoln !! 

A beautiful woman ! 

Anything different ? 
ᵌẈᶁ ᵌẈ  

 

ề ề ϣ 

ἥẍᵌẈϨ 

ᵌ ᴾ ṑϣ 

Ḑ „ẚỒᴾᵍϥ 
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In a note in Physics Today (Vol. 17, p 62, 1964) M. Reiner 

ascribes the knowledge that rock flows to the Prophetess 

Deborah.  

 

ñIn her famous song after the victory over the Philistines, she 

sang `The mountains flowed before the Lord.ò  

                  ᴾ ẚᴢ  

When, over 300 years ago, the Bible was translated into 

English, the translatorsé translated the passage as `The 

mountains melted before the Lord`--and so it stands in the 

authorized version.    ᴾ ẚᴢ ᵯ 

 

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.  
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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.  

 

З ᴞẔ ῏ᴖ ПȲ⁄щ֮ Л БϚ ȷ 
ᴞẔЛ ῏ᴖ ПȲ⁄ᾬ ᶺꞋ Ϸȴɧ 
----- ›Ṛ   
 

ɞ ІöּוѬɟȸɶУ ЛҠѿ ὑ ῏Ȳὅὑ
Ϸȷ ЛҠѿ ὑԜ῏Ȳ Ϲ Ϸȴɷ 
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Isaac Newton 

 

Principia 1687 

 

Nature and natureôs law  

lay hid in night, 

God said, 

Let Newton be, 

and all was light.     A. Pope 
  

If the astronomers can make  

Accurate 76-year forecasts,  

Why canôt the meteorologists do  

the same? 

 

ᵺᶎ Ḅᶰ 76ẹϣ 

ἒ ᵌἅϪ 
 

Size of the problem 

Є ◦ᴞӦ⇔  ʞ ϩ  

 

Order versus chaos 

Є ◦ᾼ Ḣȳ  

 
 

 

A Tricky Question?? 
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London Millennium Bridge   

London Millennium Bridge   

http://upload.wikimedia.org/wikipedia/commons/5/57/Mill.bridge.from.tate.modern.arp.jpg
http://upload.wikimedia.org/wikipedia/commons/5/57/Mill.bridge.from.tate.modern.arp.jpg
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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. 

ñNiceò lateral vibrations (20 cm S shape wobble, 1cycle 

per second)  like on Tacoma Bridge developed on the day 

(June 12, 2000) of the openingéé 

                      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 ñthe bridge never going to fall downò, 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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1 2 3 4 

5 6 7 8 

 
1 2 3 4 

5 6 7 8 
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ῼᴶꜝᵶ 

ῼᴶꜝᵶ 

Hysteresis      
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S 

x 

Low x 

High x 

 ᴓ ᵯ      ּת     ᵕ       ḙẚᵦ  

Cytokine Memory             Ṏ ỴᾤḸẖ   ḙẚ Ṏ ᴚ        

Magnetic field strength  

Magnetic  

Flux density 

ᶇ ◕ 

http://upload.wikimedia.org/wikipedia/commons/3/3f/Hysteresiscurve.svg
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In one sense the rubber band 

was harder to stretch when it 

was being loaded than when it 

was being unloaded. 

Ṭ Ͽ Ѐ 

„ Ṭ 

Ṭ 

ᵦ Ṭ 

ḛ  
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bZXY
dt

dZ

YrXXZ
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YX
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dX
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8
  ,28  ,10 === brs

Edward Norton Lorenz 

( 1917ѣ2008 ) 

American  

Mathematician & Meterologist 

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

