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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 I 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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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. 

 

 

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



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. 



PERFORM ANALYSIS IN EXCEL 

Note this estimate is slightly different to  

the 100Bq used in the subsequent  

MATLAB analysis  

NOTE IGNORE 

DATA AFTER 28.75 

DAYS FOR BEST 

FIT 



radioactive_decay_analysis.m 

Data flow 

Data processing and 

Information 

Presentation 

 

is often best achieved 

by writing code. 

 

In other words 

a text file which 

is interpreted 

by a programming 

language like 

MATLAB or Python 



make_decay_rate_data.m 

iodine-131 activity .xls 

radioactive decay curve.png 

radioactive_decay_analysis.m 

radioactivity analysis graph.png radioactivity analysis log graph.png 



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 

correlations? 

 

• Could you work out the rate of change  

  of temperature, time etc? (And plot this). 



EUMETCAST 

Earth Observation data 

Astronomical 

telescope 

(+ spectrometer, 

digital camera 

etc) 

Davis Vantage Pro 

automated weather 

station 

Dartcom  PC based receiver 

system running software to 

ingest and process each data 

stream simultaneously 

Workstation 

console in 

room beneath 

observatory 

Processed data (e.g. 

temperature 

variation vs time Excel 

sheet, indexed images 

for plotting cloud cover 

over UK vs time etc) 

USB sticks/hard drives 

(possibly internal network) 

to Z drive / Firefly for 

general Wincoll access 

Star track? 

e.g. full hemisphere 

weather every 15 minutes 

at 1 pixel per km2 resolution! 

Temperature Wind speed 

Pressure Wind direction 

Humidity UV index 

Solar radiation 

Geostationary Phase 2 



Measurements 

7/6/18 to 21/6/18 



Measurements 

7/6/18 to 16/8/18 



Measurements 

7/6/18 to 16/8/18 

This ‘wind rose’ displays the frequency of wind 

measurements in circular sectors. Angle 

corresponds to 16 wind direction sectors (e.g. N, NNE 

etc) and range corresponds to wind speed. The colour 

scale is the logarithm of frequency. 



Project 3: A Random Walk 

Learn about loops and simple simulations using random numbers. And how gases 

and liquids diffuse and mix. 

randomwalk.m 

diffusion.m 





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. 

https://www.youtube.com/watch?time_continue=1&v=MS8KA7Mayho




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. May’s Bifurcations, The 

Mandlebrot Set and the Lorenz attractor. 



The logistic map and population modelling 

Robert May 

1936- 

 1 1n n nx rx x  

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. 

I published this 
model in 1976 

Growth 

parameter 

The population next year is 

predicted using this iterative 

equation called a logistic 

map 

The pattern of x values with n 
is not always simple ..... 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjQiN6syebVAhUBxxQKHWPfB_AQjRwIBw&url=http%3A%2F%2Fwww.pfma.org.uk%2Ffeeding-tips-for-rabbits&psig=AFQjCNFfbvSmk_4xqRLxyzyOX1HUpi1rLA&ust=1503344631142498
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjC_I7cyubVAhVEOxQKHd1wBWAQjRwIBw&url=http%3A%2F%2Ffindonvet.com.au%2FOurServicesBenefits%2FFindonRabbit%2CBird%2CReptileSmallMammalVet%2FRabbitCare.aspx&psig=AFQjCNFfbvSmk_4xqRLxyzyOX1HUpi1rLA&ust=1503344631142498
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiSluyDy-bVAhUK7xQKHW6lC_kQjRwIBw&url=http%3A%2F%2Fwww.yourvets.co.uk%2Fnews%2Frabbit-viral-haemorrhagic-disease-update%2F&psig=AFQjCNFfbvSmk_4xqRLxyzyOX1HUpi1rLA&ust=1503344631142498
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiV1aOdy-bVAhUJOxQKHR8jAWgQjRwIBw&url=http%3A%2F%2Fwww.petwebsite.co.uk%2Frabbits%2Frabbit-care%2Fhow-much-and-what-to-feed-rabbits&psig=AFQjCNFaBW5wz-bdt5sBgVRRB-u5PLke6Q&ust=1503345134990750


 11 1n n nr x rx x  

Population becomes extinct after about 

twenty iterations 



 12 1n n nr x rx x  

Population tends to an equilibrium value 



 13 1n n nr x rx x  

Population oscillates between two values 



 14 1n n nr x rx x  

Chaos! 



For every growth parameter r 
 

1000 iterations are worked out  

 

then the x values of the next 

1000 iterations are plotted 

Extinction 

Stable 

equilibrium 

Bifircation 

Chaos! 

Model breaks down for r > 4 

 1 1n n nx rx x  



 1 1n n nx rx x  

A B C 

D E 

A B C D E 

One solution 

One solution Two solutions 

Next bifurcation 

Chaos 

Tracking the bifurcations maps the 

‘road to chaos’. The ratio of successive  

bifurcation intervals 

is a universal constant! 

 4.669201609...



Zooming in 

reveals an 

‘infinite tree of 

bifurcations’ 

during chaotic 

regions 

It turns out the ratio of 

successive bifurcation intervals 

is a universal constant! 

4.669201609...

 1 1n n nx rx x  



Colour is the logarithm of the probability 

of finding an x value  

Certainty at 

a single 

value 

0.5 probability at 

first bifurcation 

Low probability 

of being 

anywhere i.e. a 

chaotic 

sequence 

 1 1n n nx rx x  



Lorenz and Rössler strange attractors 

Edward Lorenz 

1917-2008 

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.  

8
3

10

28

s

r

b





 

 

dx
s y x

dt

dy
x r z y

dt

dz
xy bz

dt

 

  

 

His equations looked a bit like 

these: 

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


 

 

dx
s y x

dt

dy
x r z y

dt

dz
xy bz

dt

 

  

 

Although x,y,z trajectories 

are chaotic, they tend to 

gravitate towards a particular 

region. 

 

This region is called a 

strange attractor. 

Twenty trajectories 

overlaid from random 

starting positions 

8
3

10 28s r b  



Shaw et al; “Chaos”, 

Scientific American 

54:12 (1986) 46-57  

Applying the Lorenz 

equations, a cluster 

of initial x,y,z values 

separated by a tiny 

random deviation 

will eventually 

spread out evenly 

throughout the 

strange attractor. 



The Mandlebrot Set has infinite 

complexity! 

... But a recursive fractal geometry 

Benoit Mandlebrot (1924-2010) 

Mandlebrot, complex 

numbers and iteration 
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Mandlebrot transformations of complex numbers 

2

1 0n n
z z z


 

0
0.5 0.3z i 

1
0.66 0.6z i 

2
0.58 1.1z i 

3
0.4 1.6z i  

4
1.8 0.8z i  

The Argand 

diagram 
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Diverges outside 

Mandelbrot set 



Gaston Julia 

(1893-1978) 
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Plot a surface with height 

h(x,y). This is the 

iteration number when 

|z| exceeds a certain 

value e.g. 4 

Plot a surface with  

height h(x,y)  

2 2-

Re( ), Im( )

( , )
x y

x z y z

h x y e


 



In this case colours indicate  

height h(x,y). It is a ‘colour-map’. 

julia.m  plot option abs diverge  

julia.m  plot option  plot z  



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


Much scarier than the cyclops in the Odyssey! 



The light bulb 
 

 2

1 0
log

n n
z z z


 



7 steps to enlightenment 
 

 1 2

1 0
tan

n n
z z z


 



The Mandlerocket!  1 2

1 0
sin

n n
z z z


 



Micro mandlebeast 
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The profusion of power 
  2

1 0

nz

n n
z z z


 



2
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2 2-

Re( ), Im( )

( , )
x y

x z y z

h x y e


 



Remember h(x,y) is 

a surface .... 
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2 2-

Re( ), Im( )

( , )
x y
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Selection from Day of Julia.  

Mathematicon Exhibition, 2014 

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


 1 2

1 0
tan

n n
z z z


 

2 2-

Re( ), Im( )

( , )
x y

x z y z

h x y e


 



7 steps to enlightenment 



 1 2

1 0
sin

n n
z z z


 

2 2-

Re( ), Im( )

( , )
x y

x z y z

h x y e


 



The Mandlerocket 


