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Isaac Newton  
 
Principia 1687  
 
Nature and natureõs 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 canõt the meteorologists  
do the same? 76  

 

 
Too many variables and scales  
Chaos and butterfly effect  
Ṇ Ḣ 

 
Nonlinear turbulence with rotation  
‍ ἤ 

Computer models and  
Experimental Science  
 

 

A Tricky Question??  
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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 
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Mathematical Modeling  
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Formulation  
ᵓӣ о Ȳ 

  ה
иȳ иѠ ‍  ה ἤ 

Solution/Analysis  
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Interpretation  
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In the style of Van Gogh's painting "Starry Night," massive congregations of greenish phytoplankton swirl in the dark water around Gotland, a 

Swedish island in the Baltic Sea. Population explosions, or blooms, of phytoplankton, like the one shown here, occur when deep currents bring 

nutrients up to sunlit surface waters, fueling the growth and reproduction of these tiny plants. (Credit: NASA Goddard Space Flight Center/USGS) 

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

              

Phytoplankton  
Swirls  
 
 
Vortex & 
Filaments  

http://news.yahoo.com/photos/otherworldly-images-of-earth-slideshow/landsat-photo-1343069856.html;_ylt=ApM6a5mMYJp.98VkzcbBR1mr9HQA;_ylu=X3oDMTNzMmhuYmRwBG1pdANTbGlkZXNob3cgU3BvdGxpZ2h0BHBrZwM4MWJmODI4Ny01MDQ0LTM1MDktYmI4Yi05N2ZjZGM4ZTJjNmUEcG9zAzQEc2VjA21haW5faW1nBHZlcgM0MjdiOTljMC1kNGY4LTExZTEtYWZmZC0wNTNmZjUzNjY2NWI-;_ylg=X3oDMTJ2MjRhbXBtBGludGwDdXMEbGFuZwNlbi11cwRwc3RhaWQDNDYzMjBhMmQtMGJkOC0zNzdhLTlhMmEtYThiZDM3M2EzOWQ0BHBzdGNhdANob21lfHBob3RvcwRwdANzcy1nYWxsZXJ5;_ylv=3


Theory points to three main mechanisms: mixing the ocean's surface layers 

(up to a few hundred metres) by wind; mixing of deeper layers by ocean 

currents; and eddies, swirls created when warm ocean currents meet cold 

ones, blending large swathes of the ocean 10-100km across.  

 

 Dr Salée and colleagues report in in Nature Geoscience, eddies suck up as 

much carbon as the other two mechanisms do, something most current 

climate models fail to account for. 

 

Economist, 12/08/2012 



Airborne-radar reflectivity in Hurricanes  

Guillermo (1997) (left panels) and Bret (1999) (right 

panels). 

Spiral Band in Hurricane and Galaxy 

Kossin and Schubert  2001 



 



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. 



ENIAC ï late 40s Earth Simulator -- 2002 

35 trillion 

calculations per 

second 

̪ ̫ K Computer  
[1] ̢ 

̪ ̫ 10 16 ̢ 

10**13 slower 

2013  

http://zh.wikipedia.org/wiki/%E5%AF%8C%E5%A3%AB%E9%80%9A
http://zh.wikipedia.org/wiki/%E6%97%A5%E6%9C%AC%E7%90%86%E5%8C%96%E5%AD%A6%E7%A0%94%E7%A9%B6%E6%89%80
http://zh.wikipedia.org/wiki/%E8%B6%85%E7%B4%9A%E9%9B%BB%E8%85%A6
http://zh.wikipedia.org/wiki/%E4%BA%AC_(%E8%B6%85%E7%BA%A7%E7%94%B5%E8%84%91)
http://zh.wikipedia.org/wiki/%E4%B8%AD%E6%96%87%E6%95%B8%E5%AD%97
http://zh.wikipedia.org/wiki/%E5%96%AE%E4%BD%8D
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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 



)(xfy=y

x x : hard working 

y : exam grade 

ñwhatsoever a man soweth,  

   that he shall also reapò 

linear 

nonlinear 

Function 

 

Y=Y(x) 
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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 

1715-2010  



ᵩІ ӣ֯Ѿ ṩȲ ṩ֯ѾӴṶȲӴṶ֯Ѿ ҡȲ
ҡ֯Ѿ ȴӇ ҡЭПừȲ 

ỞП ȲỞҠѿ⇔ẔҡȲМҠѿᴩὑЭȴ ẕ 

49 1000 10^-147 

 

 10^18 sec 

10^10  10^4  

 

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

 

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

 

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 
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Chain Rule( √)  
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Rate of Change 
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A universe made by God must be a perfect universe, and 

consequently should always operate with economy. 
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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)

 



                                                                                                                          

                                               

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) 

??     

 

  

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


Principle of Least Time (Fermatôs principle) 
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René Descartes  

52 

42 

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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Earth Sun energy 
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Donôt Worry! Be Happy!    
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2 stable multiple equilibria 

~273K 



             
 

 
 

 
 

          
 

 
 

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


        Feedback                       

Positive Feedback                   Negative Feedback         

                                         



Exponential functions are both manôs 

best friend and worst enemy. 

  

e-folding time 
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Exponential Growth 
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Thomas Robert Malthus 

( 1766 1834 ) 

English demographer and political economist 

ϢЀ  
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1804     1 billion 

1927     2 

1960     3 

1975     4 

1987     5 

1999     6 

2010     7 



70  

1804     1 billion 

1927     2 

1960     3 

1975     4 

1987     5 

1999     6 

2012     7 



ѿ2011 ☺ЄѬⱢẂȲ ḳ Бכ ᾼ  

1900~2009  

UN: Australia floods demonstrate rising cost of 
ŘŀƳŀƎŜ ƛƴ ǘƘŜ ŦŀŎŜ ƻŦ άnew normalέ marked by 
unpredictable and extreme weather patterns  
(12/29/2010) 
 

:
 



Number of people killed in disasters: 1900-2009 
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Haitian earthquake one year later, 1/12/2011 

One Year Later 
 

This is the presidential 

Palace, one year after. 

 
 

Total casualty 230,000. 

Total debris removed 5%. 

Total number lost home : 2M 

People still homeless : 1.5 M 

 

 



The visible border between Haiti and the Dominican Republic 

 

 



Finding k from two 

observations 

2 N k 

Exponential Decay  

 

Dating   

 

Half life  

4  



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 

         

2010     

             (40%?) 



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. 
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Cos   Sin ̡  

 

 

 

 

Romantic Romeo and Fickle Juliet      (Strogatz 1988) 

  



Note of Feynman at age of 15 

15  
 



Negative Feedback Oscillators 

X  Cost      Y Sin t 

               
 
              
 

                          



1 2 3 4 

5 6 7 8 



 
1 2 3 4 

5 6 7 8 





 

 

 

 

Hysteresis      



S 

x 

Low x 

High x 

                  

Cytokine Memory                       

http://upload.wikimedia.org/wikipedia/commons/3/3f/Hysteresiscurve.svg


Magnetic field strength  

Magnetic  

Flux density 

 



In one sense the rubber band 

was harder to stretch when it 

was being loaded than when 

it was being unloaded. 

  

 

 

 

 

 

 

 

 

 
 

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


 





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 
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To see a world in a grain of sand 

And heaven in a wild flower 

Hold infinity in the palm of your hand 

And eternity in an hour.  

               William Blake  
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            Scale free 

           Model  

 

 

 



 

 
 

  Similarity 

 

 
 



   39 ⇔   Kelvin wedge      deep water waves 

39ǯ



() o

3
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Stationary waves 

39 

39 

Kelvin wedge 
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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 .   

 
 

Codename 596 



І ʲ           J 1410

G.I. Taylor 1950 

0.01s

 

1410 J 
0.01s 



Metabolic rate vs size 

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

 

I=I0M
3/4

3/4  



Lincoln !! 

A beautiful woman ! 

Anything different ? 
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