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Why are we doing this?

Think of a modern profession that does not involve the use of computers
to create, record and store information, control machinery .... I'm not sure | can.

Experience of data flow, data processing and information presentation is a
particularly vital element of scientific craft. But at the moment your Science
experience is probably mostly theoretical problem solving, taking notes and
performing lab experiments.

Real Scientists will spend most of their time on data flow, data processing and
information presentation. So start learning these skills and you are more
likely to get a job. The likes of Amazon, Google, Uber, Facebook will continue to
‘disrupt’ traditional industries. If you don’t have these skills, you will not have
much to offer to the higher paid sectors of the economies of the future.

But even if your horizon is merely “how can a get a Distinction at Pre-U and get
into a top flight University?” skills in Scientific Computing are a great way to
consolidate your subject, especially when you begin to create projects and
systems of your own design.

Making things yourself is the BEST motivator for learning



If most future jobs currently
performed by humans will be done
much more efficiently and safely by
robots / artificial intelligence...

Wouldn't you want to be the person
programming this technology?

https://robohub.org/envisioning-the-future-

of-robotics/
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*Check out Nate Silver’s excellent book of the same name

A Short Course in Scientific Computing
You are not going to become an expert in two weeks, so this is a taster. However, it is possible to
experience a few things in a fairly complete way. These can be your templates for your own designs.

Project 1: The Signal and the Noise*

You're a soviet nuclear physicist sent to Chernobyl in 1986. You need to determine the
presence of an isotope from its half life, but background levels are huge.... All you have
is an Excel file of count rates. Your military commander demands results as soon as
possible....

Project 2: The Weather with you
Investigate patterns in local measurements of temperature, humidity, pressure using our
meteorological system on the roof of Science School.

Project 3: A Random Walk
Learn about loops and simple simulations using random numbers. And how gases
and liquids diffuse and mix.

Project 4. The Planets
Make a gravity simulation based upon one the solar system planets and its moons
(or the Solar System itself). Learn how to make animated plots.

Project 5. Visions of Chaos
Explore iconic mathematically generated imagery, that looks just like organic and
geological forms . May’s Bifurcations, The Mandlebrot Set and the Lorenz attractor.



Project 1: The Signal and the Noise

You are a soviet nuclear physicist sent to help with the Chernobyl disaster in 1986.

You need to determine the presence of an isotope from its half life, but background
levels are huge.... All you have is a text file of count rates. Your military commander

demands results as soon as possible.

= Time /days

Activity /Bq

fc.; [= I B s iodine-131 activity [Compatibility Mode] - Microsoft Excel = X
- § Home Insert Page Layout Formulas. Data Review View % - =7 x
h"‘dj & calibri -18 - |§ = g‘ = General - A 5% Insert - X - 47~
P‘t Gilp s o&afEEEE- B s\sl 5% Delete - | (@] - -
T me-ad (EEle] [wal U Eeome 2
Clipboard = Font £l Alignment | MNumber = Cells Editing |
114 - L
A B c D E F G H
1 lodine-131 count rate H
. Start date 26th April 1986, Chernobyl location X123.

decay rate of lodine-131 /Bq

M 4 » ¥ Sheetl Sheet2 Sheetd /¥J

Ready |

12001
50 1007 :
. 0.25 994 1000+
. 0.5 1226
5 0.75 1054 g 800 - .
5 1 1028 P C
0 1.25 1135 Se0
215 793 g ol “.‘t}}
2 1.75 1020 RS
= 2 869 200 =
225 847 TR et lodine-131 Xenon-131
2;35 iggo % 10 20 30 40 50 @ i @
' 740 e’ 4



PERFORM ANALYSIS IN EXCEL

a P Q R 5

Note this estimate is slightly different to
the 100Bq used in the subsequent
MATLAB analysis
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7 E\Programming\A Course in Coding\2. MATLAB\Short Scientific Computing Course\1. The Signal and the Noise\radioactive_decay_analysis.r
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Project 2. The Weather with you
Investigate patterns in local measurements of temperature, humidity, pressure using
our meteorological system on the roof of Science School.

* Run plot_met_data.m and generate graphs from the files in the Met data directory
Can you spot any trends?

« Load a met_data file into MATLAB. Investigate its structure.
» Adapt code from plot_met_data.m to make your own graphs.

« How about temperature vs pressure, or temperature vs humidity. Are there any
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Wind speed vs time
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Project 3: A Random Walk
Learn about loops and simple simulations using random numbers. And how gases
and liquids diffuse and mix.

Random walk. Max step size = 1, N = 10000
10 T T T T T T

o % randomwalk.m | -
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Project 4. The Planets
Make a gravity simulation based upon one the solar system planets and its moons
(or the Solar System itself). Learn how to make animated plots.

o - 0 =3.1° 0 =26.7° 0 =97.8°
€«— 6=0° 6=177.3 O=234 6 =25.2 ) 9h 55m ® 10h 40m 17h 14m

58d 15.5h € =— 243d 26m 47 23h 56m _~” 1d36m

« (é ¥

JUPITER SATURN URranus NEPTUNE

M1=3, M2=2 T=1.2649 years
Star and planet 4 ; . !

M=1 solar masses, T=11.8647 years
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https://www.youtube.com/watch?time_continue=1&v=MS8KA7Mayho
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Project 4: The Planets

Make a gravity simulation based upon one the solar system planets and its moons
or the Solar System itself). Learn how to make animated plots.

MS =2,t=1.6 MS = 1.4,t=12

-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15



Project 5: Visions of Chaos
Explore iconic mathematically generated imagery. May’s Bifurcations, The
Mandlebrot Set and the Lorenz attractor.

May Bifurcations Logistic map
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The logistic map and population modelling

| published this
model in 1976

Robert May
1936-

Assume an ecosystem can support a maximum number of rabbits.
Let X be the fraction of this maximum at year n.

To account for reproduction, next year’s population is
proportional to the previous.

To account for starvation, next year’s population is also proportional
to the fraction of the maximum population as yet unfilled.

The population next year is

X — rX 1 - X predicted using this iterative
n+1 N n equation called a logistic
/\ map

\

Growth

; The pattern of X values with n
parameter

IS not always simple .....
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iteration number n
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.05 0.0475| 0.045244| 0.043197| 0.041331| 0.039623| 0.038053| 0.036605| 0.035265| 0.034021| 0.032864| 0.031784| 0.030773] 0.029826| 0.028937| 0.028099| 0.02731| 0.026564| 0.025858
0.1 0.09 0.0819| 0.075192| 0.069538| 0.064703| 0.060516| 0.056854| 0.053622| 0.050746]| 0.048171| 0.045851| 0.043749| 0.041835| 0.040084| 0.038478] 0.036997] 0.035628| 0.034359
0.15 0.1275| 0.111244)| 0.098869| 0.089094| 0.081156] 0.07457] 0.069009| 0.064247] 0.060119] 0.056505] 0.053312] 0.05047]| 0.047923| 0.045626| 0.043544| 0.041648] 0.039914| 0.038321
0.2 0.16 0.1344] 0.116337| 0.102802| 0.092234| 0.083727| 0.076717| 0.070831| 0.065814| 0.061483| 0.057703| 0.054373| 0.051417] 0.048773| 0.046394] 0.044242] 0.042284| 0.040496
0.25 0.1875| 0.152344)] 0.129135| 0.112459] 0.099812| 0.08985| 0.081777] 0.075089| 0.069451] 0.064627| 0.060451] 0.056796| 0.053571| 0.050701| 0.04813| 0.045814| 0.043715| 0.041804
0.3 0.21 0.1659| 0.138377| 0.119229| 0.105013| 0.093986| 0.085152| 0.077901| 0.071833| 0.066673| 0.062228| 0.058355| 0.05495| 0.05193| 0.049234| 0.04681| 0.044619| 0.042628
0.35 0.2275| 0.175744| 0.144858| 0.123874)| 0.108529| 0.096751| 0.08739| 0.079753| 0.073392] 0.068006| 0.063381] 0.059364| 0.05584| 0.052722| 0.049942| 0.047448] 0.045197| 0.043154
0.4 0.24 0.1824| 0.14913| 0.12689| 0.110789| 0.098515| 0.08881| 0.080923| 0.074374| 0.068843| 0.064103| 0.059994| 0.056395| 0.053214| 0.050383| 0.047844] 0.045555| 0.04348
0.45 0.2475] 0.186244| 0.151557| 0.128587] 0.112053| 0.099497| 0.089597| 0.08157| 0.074916| 0.069304| 0.064501| 0.06034] 0.056699] 0.053485| 0.050624| 0.048061| 0.045751| 0.043658
0.5 0.25 0.1875] 0.152344| 0.129135| 0.112459| 0.099812| 0.08985| 0.081777| 0.075089| 0.069451| 0.064627| 0.060451| 0.056796| 0.053571| 0.050701| 0.04813| 0.045814| 0.043715
0.55 0.2475| 0.186244)| 0.151557| 0.128587] 0.112053] 0.099497| 0.089597| 0.08157] 0.074916] 0.069304] 0.064501] 0.06034| 0.056699| 0.053485| 0.050624| 0.048061| 0.045751] 0.043658
0.6 0.24 0.1824| 0.14913| 0.12689| 0.110789| 0.098515| 0.08881| 0.080923| 0.074374| 0.068843| 0.064103| 0.059994| 0.056395| 0.053214| 0.050383] 0.047844] 0.045555| 0.04348
0.65 0.2275| 0.175744| 0.144858| 0.123874] 0.108529] 0.096751| 0.08739] 0.079753| 0.073392] 0.068006| 0.063381] 0.059364| 0.05584| 0.052722| 0.049942| 0.047448] 0.045197] 0.043154
0.7 0.21 0.1659| 0.138377| 0.119229| 0.105013| 0.093986| 0.085152| 0.077901| 0.071833| 0.066673| 0.062228| 0.058355| 0.05495| 0.05193| 0.049234| 0.04681| 0.044619| 0.042628
0.75 0.1875| 0.152344| 0.129135| 0.112459| 0.099812| 0.08985| 0.081777| 0.075089| 0.069451| 0.064627| 0.060451| 0.056796| 0.053571| 0.050701| 0.04813] 0.045814| 0.043715| 0.041804
0.8 0.16 0.1344| 0.116337| 0.102802| 0.092234| 0.083727| 0.076717| 0.070831| 0.065814| 0.061483| 0.057703]| 0.054373| 0.051417| 0.048773| 0.046394] 0.044242] 0.042284| 0.040496
0.85 0.1275| 0.111244)| 0.098869| 0.089094| 0.081156] 0.07457] 0.069009| 0.064247] 0.060119] 0.056505] 0.053312] 0.05047] 0.047923| 0.045626| 0.043544| 0.041648] 0.039914| 0.038321
0.9 0.09 0.0819| 0.075192| 0.069538| 0.064703| 0.060516| 0.056854| 0.053622| 0.050746] 0.048171| 0.045851| 0.043749| 0.041835| 0.040084| 0.038478] 0.036997] 0.035628| 0.034359
0.95 0.0475| 0.045244| 0.043197| 0.041331] 0.039623] 0.038053| 0.036605| 0.035265| 0.034021] 0.032864] 0.031784] 0.030773]| 0.029826| 0.028937| 0.028099| 0.02731] 0.026564| 0.025858
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1
- opulation becomes extinct after abo

Population b xtinct after about
3 0.6 i ] —x(0) = 0.05
o twenty iterations (0)=02
x(0)=0.6
0.2
x(0)=0.9
0
0 2 4 6 8 10 12 14 16 18 20

iterat

ion




X

n-+1

=rX (1-X,

x(n)

iteration number n

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.05 0.095| 0.17195| 0.284766| 0.407349| 0.482832| 0.49941] 0.499999 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.1 0.18 0.2952| 0.416114| 0.485926| 0.499604 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.15 0.255| 0.37995| 0.471176| 0.498338| 0.499994 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.2 0.32 0.4352| 0.491602| 0.499859 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.25 0.375| 0.46875| 0.498047| 0.499992 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.3 0.42 0.4872| 0.499672 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.35 0.455| 0.49595| 0.499967 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.4 0.48 0.4992| 0.499999 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.45 0.495| 0.49995 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.55 0.495| 0.48995 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.6 0.48 0.4992| 0.499999 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.65 0.455| 0.49595| 0.499967 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.7 0.42 0.4872| 0.499672 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.75 0.375| 0.46875| 0.498047| 0.499992 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.8 0.32 0.4352| 0.491602| 0.499859 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.85 0.255| 0.37995| 0.471176| 0.498338| 0.499994 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.9 0.18 0.2952| 0.416114| 0.485926| 0.499604 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.95 0.095| 0.17195| 0.284766| 0.407349| 0.482832| 0.49941| 0.499999 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1| -4.4E-16| -8.9E-16| -1.8E-15| -3.6E-15| -7.1E-15| -1.4E-14| -2.8E-14| -5.7E-14| -1,1E-13| -2.3E-13| -4.5E-13| -9.1E-13| -1.8E-12| -3.6E-12| -7.3E-12| -1.5E-11| -2.9E-11] -5.8E-11

1
0 Population tends to an equilibrium value
0.6 x(0) = 0.05

>
0.4 x(0)=0.2
x(0) =0.6
0.2
x(0)=0.9
0
0 2 4 6 8 10 12 14 16 18 20

iteration




n-+1

=X, (1-X

x(n)

iteration number n

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.05] 0.1425| 0.366581| 0.696598| 0.634047| 0.696094| 0.634641| 0.695615| 0.635204| 0.695159| 0.635738| 0.694725| 0.636246| 0.694311| 0.63673| 0.693915| 0.637191] 0.693536| 0.637632
0.1 0.27 0.5913] 0.724993| 0.598135| 0.721109| 0.603333| 0.717967| 0.607471| 0.71535| 0.610873| 0.713121| 0.613738| 0.711191| 0.616195| 0.709496| 0.618334| 0.707991| 0.620219
0.15 0.3825| 0.708581| 0.619482( 0.707172| 0.621239| 0.705904| 0.622811| 0.704752| 0.62423| 0.703701| 0.625518| 0.702736| 0.626694| 0.701846| 0.627775| 0.701021| 0.628772| 0.700253
0.2 0.48 0.7488| 0.564296| 0.737598| 0.580641| 0.730491| 0.590622| 0.725363| 0.597634| 0.721403| 0.602943| 0.718208( 0.607155| 0,715553| 0.61061| 0.713296] 0.613514| 0.711343
0.25 0.5625| 0.738281] 0.579666( 0.73096| 0.589973| 0.725715| 0.597158| 0.721681| 0.602573| 0.718436| 0.606857| 0.715745| 0.610362| 0.71346] 0.613304| 0.711487| 0.61582| 0.709757
0.3 0.63 0.6993| 0.630839| 0.698644| 0.631622| 0.698027| 0.632356| 0.697446| 0.633046| 0.696897| 0.633695| 0.696377| 0.634308| 0.695884| 0.634889| 0.695415| 0.635439| 0.694969
0.35| 0.6825| 0.650081| 0.682427| 0.650161| 0.682355| 0.65024| 0.682284| 0.650318| 0.682213| 0.650395( 0.682144| 0.65047| 0.682076| 0.650545| 0.682009| 0.650619| 0.681942| 0.650691
0.4 0.72 0.6048| 0.717051| 0.608667| 0.714575| 0.611873| 0.712453| 0.614591| 0.710607| 0.616934| 0.708979| 0.618983| 0.707529| 0.620795| 0.706226| 0.622413| 0.705045| 0.62387
0.45 0.7425| 0.573581] 0.733757| 0.586072| 0.727775| 0.594356( 0.723291| 0.600424| 0.719745| 0.605136| 0.716839| 0.608942| 0.714395| 0.612105] 0.712298| 0.614789| 0.71047| 0.617107
0.5 0.75 0.5625| 0.738281| 0.579666| 0.73096| 0.589973| 0.725715| 0.597158| 0.721681| 0.602573| 0.718436| 0.606857| 0.715745| 0.610362| 0.71346| 0.613304| 0.711487| 0.61582
0.55 0.7425| 0.573581] 0.733757| 0.586072| 0.727775| 0.594356| 0.723291| 0.600424| 0.719745| 0.605136| 0.716839| 0.608942| 0.714395| 0.612105| 0.712298| 0.614789| 0.71047| 0.617107
0.6 0.72 0.6048| 0.717051| 0.608667| 0.714575| 0.611873| 0.712453| 0.614591| 0.710607| 0.616934| 0.708979| 0.618983| 0.707529| 0.620795| 0.706226| 0.622413| 0.705045] 0.62387
0.65 0.6825| 0.650081| 0.682427| 0.650161| 0.682355| 0.65024| 0.682284| 0.650318| 0.682213| 0.650395| 0.682144| 0.65047| 0.682076| 0.650545| 0.682009| 0.650619| 0.681942| 0.650691
0.7 0.63 0.6993| 0.630839| 0.698644| 0.631622| 0.698027| 0.632356| 0.697446| 0.633046| 0.696897| 0.633695| 0.696377| 0.634308| 0.695884| 0.634889| 0.695415| 0.635439| 0.694969
0.75 0.5625| 0.738281) 0.579666( 0.73096| 0.589973| 0.725715| 0.597158| 0.721681| 0.602573| 0.718436| 0.606857| 0.715745| 0.610362| 0.71346| 0.613304| 0.711487| 0.61582| 0.709757
0.8 0.48 0.7488| 0.564296| 0.737598| 0.580641| 0.730491| 0.590622| 0.725363| 0.597634| 0.721403| 0.602943| 0.718208| 0.607155| 0.715553| 0.61061| 0.713296| 0.613514| 0.711343
0.85 0.3825| 0.708581] 0.619482| 0.707172| 0.621239| 0.705904| 0.622811| 0.704752| 0.62423| 0.703701| 0.625518| 0.702736| 0.626694| 0.701846| 0.627775| 0.701021| 0.628772| 0.700253
0.9 0.27 0.5913| 0.724993| 0.598135| 0.721109( 0.603333| 0.717967| 0.607471| 0.71535| 0.610873| 0.713121| 0.613738| 0.711191| 0.616195| 0.709496| 0.618334| 0.707991| 0.620219
0.95 0.1425| 0.366581] 0.696598| 0.634047| 0.696094| 0.634641| 0.695615| 0.635204| 0.695159| 0.635738| 0.694725| 0.636246| 0.694311| 0.63673] 0.693915| 0.637191| 0.693536| 0.637632

1| -6.7E-16 -2E-15 -6E-15| -1.8E-14| -5.4E-14| -1.6E-13| -4.9E-13| -1.5E-12| -4.4E-12| -1.3E-11| -3.9E-11| -1.2E-10| -3.5E-10| -1.1E-09| -3.2E-09| -9.6E-09| -2.9E-08| -8.6E-08

1
0.8

/\\_/A\_/A\_/’—_\\_/A\_/A\__/’\'\_/’__‘\
0.6 —x(0) =0.05
>
0.4 X(O) =0.2
Population oscillates between two values (0)=056
x(0) =0.9
0
0 2 4 6 8 10 12 14 16 18 20

iterat

ion




n-+1

=rX (1-X,

x(n)

iteration number n

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.05 0.19 0.6156| 0.946547| 0.202385 0.6457] 0.915085| 0.310816| 0.856838| 0.490667| 0.999652| 0.001393| 0.005565| 0.022137| 0.086589| 0.316366| 0.865114| 0.466766| 0.995582
0.1 0.36 0.9216]| 0.289014] 0.821939| 0.585421| 0.970813] 0.113339| 0.401974] 0.961563| 0.147837] 0.503924| 0.999938| 0.000246| 0.000985| 0.003936| 0.015682| 0.061745| 0.23173
0.15 0.51 0.9996| 0.001599| 0.006387| 0.025386| 0.098965| 0.356683| 0.917841] 0.301635| 0.842605| 0.530488( 0.996282] 0.014817| 0.058389| 0.219918| 0.686217| 0.861293| 0.47787
0.2 0.64 0.9216| 0.289014| 0.821939| 0.585421| 0.970813| 0.113339| 0.401974| 0.961563| 0.147837| 0.503924| 0.999938| 0.000246| 0.000985| 0.003936| 0.015682| 0.061745| 0.23173
0.25 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
0.3 0.84 0.5376]| 0.994345| 0.022492| 0.087945| 0.320844| 0.871612| 0.447617| 0.989024| 0.043422] 0.166146| 0.554165] 0.988265| 0.046391| 0.176954| 0.582565| 0.972732| 0.106097
0.35 0.91 0.3276] 0.881113] 0.419012| 0.973764] 0.102192| 0.366996| 0.92924] 0.263011| 0.775345| 0.69674| 0.845174] 0.523421| 0.997806| 0.008757| 0.034722| 0.134065| 0.464367
0.4 0.96 0.1536| 0.520028] 0.998395| 0.006408| 0.025467| 0.099273] 0.35767| 0.918969| 0.29786| 0.836557| 0.546917] 0.991195| 0.034909| 0.134761| 0.466403| 0.995485| 0.017978
0.45 0.99 0.0396| 0.152127| 0.515939| 0.998984| 0.00406| 0.016176| 0.063657| 0.238418 0.7263] 0.795154| 0.651537| 0.908147| 0.333665| 0.889331| 0.393686| 0.954789| 0.172666
0.5 1| 4.44-16| 1.78E-15| 7.11E-15| 2.84E-14| 1.14E-13| 4.55E-13| 1.82E-12| 7.28E-12| 2.91E-11| 1.16E-10| 4.66E-10| 1.86E-09| 7.45E-09| 2.98E-08| 1.19E-07| 4.77E-07| 1.91E-06
0.55 0.99 0.0396| 0.152127| 0.515939| 0.998984| 0.00406| 0.016176| 0.063657| 0.238418 0.7263] 0.795154| 0.651537| 0.908147| 0.333665| 0.889331| 0.393686| 0.954789| 0.172666
0.6 0.96 0.1536| 0.520028] 0.998395| 0.006408| 0.025467| 0.099273| 0.35767| 0.918969| 0.29786| 0.836557| 0.546917] 0.991195| 0.034909| 0.134761| 0.466403| 0.995485| 0.017978
0.65 0.91 0.3276] 0.881113] 0.419012| 0.973764] 0.102192| 0.366996| 0.92924] 0.263011| 0.775345]| 0.69674| 0.845174] 0.523421| 0.997806| 0.008757| 0.034722| 0.134065| 0.464367
0.7 0.84 0.5376| 0.994345| 0.022492| 0.087945| 0.320844| 0.871612| 0.447617| 0.989024| 0.043422] 0.166146| 0.554165] 0.988265| 0.046391| 0.176954| 0.582565| 0.972732| 0.106097
0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
0.8 0.64 0.9216| 0.289014] 0.821939| 0.585421| 0.970813| 0.113339| 0.401974] 0.961563| 0.147837] 0.503924| 0.999938| 0.000246| 0.000985| 0.003936| 0.015682| 0.061745| 0.23173
0.85 0.51 0.9996| 0.001599| 0.006387| 0.025386| 0.098965| 0.356683| 0.917841] 0.301635| 0.842605| 0.530488| 0.996282] 0.014817| 0.058389| 0.219918| 0.686217| 0.861293| 0.47787
0.9 0.36 0.9216] 0.289014| 0.821939| 0.585421| 0.970813] 0.113339] 0.401974| 0.961563| 0.147837| 0.503924| 0.999938] 0.000246| 0.000985| 0.003936] 0.015682| 0.061745| 0.23173
0.95 0.19 0.6156| 0.946547| 0.202385 0.6457] 0.915085| 0.310816| 0.856838| 0.490667| 0.999652| 0.001393| 0.005565| 0.022137| 0.086589| 0.316366| 0.865114| 0.466766| 0.995582
1| -8.9E-16| -3.6E-15| -1.4E-14| -5.7E-14| -2.3E-13| -9.1E-13| -3.6E-12| -1.5E-11| -5.8E-11| -2.3E-10| -9.3E-10| -3.7E-09| -1.5E-08 -6E-08| -2.4E-07| -9.5E-07| -3.8E-06| -1.5E-05
1.2 |
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May Bifurcations Logistic map

1 | I I I I
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Growth parameter r Model breaks down forr > 4
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Two solutions
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Iteration

Tracking the bifurcations maps the

‘road to chaos’. The ratio of successive
bifurcation intervals
is a universal constant!

May Bifurcations Logistic map
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May Bifurcations Logistic map

It turns out the ratiQ of
successive bifurcation intervals

is a universal constant!

Zooming
reveals an
‘infinite tree of
bifurcations’
during chaotic
regions

May Bifurcations Logistic map
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May Bifurcations Logistic map probability
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Lorenz and ROssler strange attractors

Edward Lorenz was using a Royal McBee LGP-30 computer in 1961 to model weather
patterns. He accidentally fed in 3 digit precision numbers into the model from a printout
rather than the 6 digits used by the computer. These tiny errors created a hugely
different weather forecast....

Lorenz’s weather model was very sensitive to initial conditions.

s=10

His equations looked a bit like
these:

O t Edward Lorenz
1917-2008



https://en.wikipedia.org/wiki/File:Edward_lorenz.jpg

_ _ Lorenz attractor
Although X,y,z trajectories

: Twenty trajectories
are (?haOtIC, they tend tO_ overlaid from random
gravitate towards a particular starting positions
region.

This region is called a
strange attractor.
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Applying the Lorenz
equations, a cluster
) of initial x,y,z values
7 separated by a tiny
| random deviation
will eventually
spread out evenly
throughout the

=\ strange attractor.

Shaw et al; “Chaos”’,
Scientific American
54:12 (1986) 46-57



~===__ | Mandlebrot, complex

zA2 +20

numbers and iteration

e e The Mandlebrot Set has infinite

' | complexity!
__________ _ _ _ ... But a recursive fractal geometry

“Dijon" French
ersion 1.

— Define size of Argand diagram

xwidth x centre v centre H julia E = @
1.501% -1.1386 0.36269 % — Julia ical opti
Julia function z-=f(z,z0)
— Ci ite image opti Colour opti Output PNG image properties.
A
max ¥ of tile pixels 200 NaN colour Colormap image width image height zh2 420
Delete composite images (1l (Lo )| ane 0o Map creation rule

abs diverge -
Convergence radius lterations.
4 50
Map function
abs hd

atical options

‘Written by Andy "Dijon” French
Version 1. March 2011

z"2 +z0 — Define size of Argand disgram———
xwidth x centre  centre
Map creation rule 15019 -1.1386 0.36269

Julia function z->f(z,z0)

abs diverge v. — Composite image opti Colour opti Output PNG image properties ————
Convergence radius lterations. max # of tile pixels 800 NaM colour Colormap image width image height
4 50 Delete composits images 11 prism A 200 600
Map function
abs -

Written by Andy "Dijon” French ;:
Version 1. March 2011

— Define size of Argand diagram

xwidth X centre ¥ centre
0.10481 -1.7489 0.00084002
—C ite image opti Colour opti Output PNG image propertiess ————
max # of tile pixels 800 NaM colour Colormap image width image height
Delete composite images 11 prism T 800 600

Benoit Mandlebrot (1924-2010)



Mandlebrot transformations of complex numbers
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X = Re(z)
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Mandelbrotz = z° +z
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N
¢ <o - § O" b
I
>
I 0.5¢
1 1_ , I l | ';,r ! |
2 1.5 1 -0.5 0 0.5 2 -1.5 =1 -0.5 0 05
x = Re(2) x = Re(2)
T - -1 - :
i ] -0.5+
N
+ i g o- s
I
>
I 1 0.5¢
| 4 1 [ |




7 %5

Gaston Julia
(1893-1978)

n <5tudent Version> : julia

F

%

— Define size of Argand diagram
xwidth x centre

314 -0.8

¥ centre

0

— Composite image options

max # of tile pixels 200

Delete composite images

— Julia mathematical options

Julia function z-=f(z,z0)

zh2 +z0

Map creation rule

abs diverge )
Convergence radius terations
4 50 k
Map function ’v
abs v: i

Written by Andy "Dijon™ French
Version 1.2 Feb 2012

[ Piot all terations Reset to Julia defaults

|:| 3D surface DRI

|:| 30 & 20 surface | 500

COutput PNG image properties

Colour options

MaN colour

[111]

Colour range

1]

Colormap image width image height

prism = 200 500




julia.m plot option abs diverge
Plot a surface with height
h(x,y). This is the
iteration number when

|z| exceeds a certain
value e.g. 4

| In this case colours indicate i
' ' height h(x,y). Itis a ‘colour-map’. |

__________________________________

julia.m plotoption plot =z
Plot a surface with
height h(x,y)

X=Re(z), y=Im(z)
h(X,y) = gV

36




n <Student Version> : julia

— Julia mathematical options

Julia function z-=f(z,z0)
zh2 +20

Map creation rule
abs diverge

Convergence radius lterations

4 50

Map function

Written by Andy "Dijon” French - -
Version 1.2 Feb 2012

[ Piot all iterations Reset to Julia defaults |

|:| 30 surface DPI

|:| 30 & 20 surface | 500 -

Output PNG image properties -

Colormap image width image height

— Define size of Argand diagram.
xwidth x centre y centre

0.14885 -0.97578 -0.28756

Colour options
max # of tile pixels 200 NaN colour Colour range
M1 [0 1] prism | 2400 1800

—C ite image options

Delete composite images

* The Mandleplant slurping complexity | )}
from the Argand plane (!) | :




Mandelbrot Deep Zoom



5. Visions of Chaos/Deepest Mandelbrot Set Zoom Animation ever - a New Record! 10%5e275.mp4




The light bulb 7 = |Og 22 7

n+1



1( 52
7 steps to enlightenment Z . = tan (Zn + Zo)






W

““AA‘

2
Micro mandlebeast Zn+1 — (Zn + Zo)







Remember h(x,y)Is ; —7247
a surface .... n-+1 n 0

Mandlebrot surface: iteration 1

real numbers x

8 Xx=Re(z), y=Im(z)
o n(x,y)=e """



2
L =L L,

n

Mandlebrot surface: iteration 8

real numbers x

_ g X=Re(z), y=Im(z)
o n(xy)=e"”



2
L =L L

n

Mandlebrot surface: iteration 64

real numbers x

- X=Re(z), y=Im(z)
o (x,y)=e """



Mandlebrot surface: iteration 1 Mandlebrot surface: iteration 2

-1 0
real numbers x
real numbers x

Mandlebrot surface: iteration 4
Mandlebrot surface: iteration 3

\!
-1 0
real numbers x

-1
real numbers x

Mandlebrot surface: iteration 7
Mandlebrot surface: iteration 5

-1 0
real numbers x

real numbers x



Mandlebrot surface: iteration 13

real numbers X

Mandlebrot surface: iteration 24

o
T
Q.
=

3
I=
>

5 B,
o
.

0.5

real numbers x

Mandlebrot surface: iteration 15

bomplex numbers i*y

0.5 E
real numbers x

Mandlebrot surface: iteration 64

omplex numbersi*y -

0.5
real numbers x

Selection from Day of Julia. e
Mathematicon Exhibition, 2014 Mathemaucon


http://www.eclecticon.info/mathematicon.htm

/ steps to enlightenmgnt Z ., = tan: (zlf + Zo)

Mandlebrot surface: iteration 24

real numbers x

< x=Re(z), y=Im(z)
o n(xy)=e"”



n+1

The Mandlerocket 7 = Sir]‘1 (zﬁ + ZO)

Mandlebrot surface: iteration 25

real numbers x

X=Re(z), y=Im(z)

-0.5 X

h(x,y) =e



