
s.lynch@mmu.ac.uk

https://www.mmu.ac.uk/computing-and-maths/staff/profile/dr-stephen-lynch

4-Day

mailto:s.lynch@mmu.ac.uk
https://www.mmu.ac.uk/computing-and-maths/staff/profile/dr-stephen-lynch


Schedule (Day 2)

Download all files from GitHub:

https://github.com/proflynch/CRC-Press/ 

Solutions to the Exercises in Section 2:

https://drstephenlynch.github.io/webpages/Solutions_Section_2.html
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Anaconda: Launch a Jupyter Notebook: Start Session 1

Click here to open a new 
Python 3 ipynb notebook
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Anaconda: Launch a Jupyter Notebook

Click here to open a new Python 3
ipynb notebook
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Jupyter Notebook
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Jupyter Notebook: Inserting Titles and Figures

You can File > Download as >  Notebook (.pynb) or Webpage (.html)
Save (ipynb) file in a folder with figure and Open using Jupyter.
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Simple Programming with Jupyter Notebooks (Solving ODEs)

https://oeis.org/wiki/List_of_LaTeX_mathematical_symbols
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Jupyter Notebooks: LaTeX Symbols
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Google Colaboratory

https://colab.research.google.com/
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Google Colaboratory

https://colab.research.google.com/

Click here to open a new 
Python 3 ipynb notebook

Google Drive

GitHub
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Google Colab: Untitled0.ipynb Notebook

Connect to hosted runtime. You can use a Central 
Processing Unit (CPU), Graphical Processing Unit 
(GPU) or Tensor Processing Unit (TPU).

File Name

Add Code cell

Add Text cell
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Google Colab: Loading Images from the Web and Computer

Copy Image Address from internet 

Loading a figure from the Web:   Loading a figure from your computer:   
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Animation in Google Colab

Edit to animate 𝑦 = 𝑒!"."$%& sin 𝑡 , for
0 ≤ 𝑎 ≤ 50?
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Interactive Plots in Google Colab
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Interactive Plots in Google Colab: End Session 1
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Biology: Population of Blowfly: Start Session 2

𝑥!"# = 𝜇𝑥! 1 − 𝑥! , 𝑥! is population and 𝜇 is a parameter. 
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Biology: The Logistic Map

Figure: Sensitivity to initial conditions: chaos. Figure: Bifurcation diagram.
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Interacting Species in the UK
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The Holling-Tanner Model: Predator-Prey

Fig. 1A limit cycle of the Holling-Tanner ModelFig. Fig.  Predator-Prey: Lynx and snowshoe hare.   
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Modelling Epidemics with ODEs
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Muscle Model
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Muscle Model (Modelling with Springs and Dampers) 

KCE
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Muscle Model (Python Program of Hill Model) 
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Muscle Model (Lengthening and Shortening) 

Lengthening and shortening with rests. Hysteresis curves from modelling.
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Muscle Mode

Hysteresis curves from experiment. Hysteresis curves from modelling.

Ramos J, Lynch S, Jones DA & Degens H (2017) Hysteresis in muscle (Feature Article),
International Journal of Bifurcation and Chaos 27, 1730003, 1-16.
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Chemistry: Balancing Chemical Equations
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Chemistry: Balancing Chemical Equations
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Chemical Kinetics: A Simple Model

𝑑𝑥
𝑑𝑡 = −𝑟#𝑥

𝑑𝑦
𝑑𝑡

= 𝑟#𝑥 − 𝑟+𝑦

𝑑𝑧
𝑑𝑡 = 𝑟+𝑦

Compartmental Model
|A| = x, |B| = y, |C| = z
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Chemical Kinetics: A Simple Model



Chemistry: Chemical Kinetics
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Chemistry: Chemical Kinetics and ODEs
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Chemistry: Oscillating Chemical Reactions
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Chemistry: Periodic Reaction
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Chemistry: Common Ion Effect in Solubility 
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Chemistry: Common Ion Effect Silver Chloride: End Session 2
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Data Science: Pandas and Drug Efficacy: Start Session 3
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Data Science: Pandas
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Data Science: Linear Programming
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Data Science: K Means Clustering: Program_8e.py
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Data Science: Program_8g.py: Clusters and Outliers 
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Data Science: Decision Trees: Predicting Species of Iris
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Decision Trees: Predicting Species of Iris: Program_8h.py: End Session 3
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Economics: Cobb Douglas Quantity of Production Model: Session 4 

Microeconomics: Minimize cost and 
maximize quantity of product. 

Consider a manufacturer of steel cans:

Quantity of product:

𝑄 𝐿, 𝐾 = 200𝐿
+
,𝐾

#
,

Cost of construction:

𝐶 𝐿, 𝐾 = 20𝐿 + 750𝐾,

where 𝐿 is labour and 𝐾 is capital.

Use Lagrange multipliers. Fig. Isocost-isoquant graph.
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Economics: Cobb Douglas Quantity of Production Model 
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Economics: Solow-Swan Exogenous Growth Model: Program_9b.py  

Macroeconomics

The ODE is:

𝑑𝑘
𝑑𝑡 = 𝑠 𝑓 𝑘(𝑡) − 𝑛 + 𝛿 + 𝑔 𝑘 𝑡 ,

where k is capital intensity, s is the savings 
rate, 𝑛 is population growth, 𝛿 is deprecation 
and g is technological progress.

Fig. Interactive plot.
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Economics: Modern Portfolio Theory: Program_9c.py 

Ex
pe

ct
ed

 R
et

ur
n

Pension fund manager – 
minimize risk

Hedge fund manager – best 
risk-reward combination.

Load financial datasets using 
Yahoo Finance. The three stocks 
Apple, Caterpillar and Google are 
used in this example.  
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Economics: The Black-Scholes Model: Program_9d.py: End of Session 4 

The Black-Scholes partial differential equation 
describing the price of a European call or put 
option over time.

where V is the price of the option as a 
function of stock price S and time t, r is risk-
free interest rate, and 𝜎 is the volatility of the 
stock. 
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Engineering: Linear Electric Circuits: Resistor-Inductor-Capacitor: Session 5
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Electric Circuits: The Memristor: Program_10b.py
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Nonlinear Electric Circuits: Chua’s Circuit: Program_10c.py
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Chua Circuit Animation
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Engineering: Coupled Oscillators: Program_10d.py
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Engineering: Periodically Forced Systems: Program_10e.py
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Engineering: Periodically Forced Systems: Bifurcation Diagram

Fig. Bifurcation diagram showing a clockwise hysteresis loop as the 
amplitude of forcing is increased and decreased.
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Hysteresis in the Periodically Driven Two-Bar Linkage

Figure:
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Tensors

Definition: An n’th rank tensor in m-dimensional space is a mathematical 
object that has n indices and 𝑚! components and obeys certain
transformation rules.

Tensors have applications in Riemannian geometry, mechanics, elasticity, 
theory of relativity, electromagnetic theory and artificial intelligence, for 
example.

Cauchy stress tensor.
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Tensors in Artificial Intelligence

Definition: An n’th rank tensor in m-dimensional space is a mathematical object that has n indices and 𝑚! components 
and obeys certain transformation rules.

3 is a scalar and rank 0 tensor

[1,2,3] is a vector and rank 1 tensor

[[1,2,3],[4,5,6],[7,8,9]] is an array and rank 2 tensor

[[[1,2],[3,4]],[[5,6],[7,8]]] is an array and rank 3 tensor

In Deep Learning:

Images are represented by tensors of rank 4

Videos are represented by tensors of rank 5
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Tensors and Python
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Tensors and Python: End Session 5

There are a number of ways to multiply tensors, for example:



Day 2 Summary

Download all files from GitHub:

https://github.com/proflynch/CRC-Press/ 

Solutions to the Exercises in Section 2:

https://drstephenlynch.github.io/webpages/Solutions_Section_2.html
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