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What students say about 33130 
Mathematical Modelling 1 lectures 

Autumn 2014 SFS, 441 in the class. 

The teacher is able to explain concepts clearly 

  98% either “Agree” or “Strongly Agree” 

Average on this question:    4.74     Scale 1 to 5 

 

• UTS Average: 4.1 

• Science Faculty average: 4.1 
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Student comments – Talib’s tutorials 

• He was accurate and took his time explaining 
the work to ensure that everyone understood 
before he moved on. 

• The teacher was extremely good at explaining 
the work to all types of students. He made 
sure that we understood all steps to solve a 
problem. It was great that he also taught us 
the importance and applications of 
mathematics in the workforce. 
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Student comments: What did you 
particularly like about this subject? 

• The subject is very interesting and challenging at the same 
time. 

• Made maths interesting and fun by the energy and attitude 
that Mary brought to class every lecture. 

• I loved Mary's way of explaining how things we learnt were 
related to real world problems 

• I was never lost and even through hard topics I was able to 
ask questions. The relation of my studies with real life 
problems made it easy to engage with. Previously I had not 
liked mathematics but I found that learning the applications 
of mathematics interesting and useful in my engineering 
studies. 

Also popular: the notes handed out and filled in during 
lectures, the jokes, the support materials online. 
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Structure of the talk 

• Getting and keeping attention 

• Ways to link to the real world 

– As Ragbir Bhathal said yesterday, when teaching 
engineering students it is all about “Relevance, 
relevance and relevance”. 

• Approaches to explaining mathematical 
concepts (analogy, metaphor, stories, history, 
gimmicks etc) 
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Getting (and keeping) attention 

• Mystery objects 

• Video clips 

• Real world stories and pictures 
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Mystery objects 
 

Place them on the document projector with 
minimum comment, e.g. “later in this lecture we 
will see what this chicken bone and this lump of 
plastic have in common” 
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Video clips 
 

Really sooo easy –  minimum preparation. 

     E.g. Tacoma Narrows bridge collapse, 1940 

 

(Photos removed but easy to find on the 
internet) 
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Video clips 
 

Another example: London Millennium Bridge 
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Video Clips 

• Something quirky, for example the resonance 
of these metronomes 

 

• Metronomes Video 

 

 

• http://youtu.be/kqFc4wriBvE 
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Real world stories and pictures 

 
Gateway Arch 

A national Monument in St Louis, USA 

 
The facts here are from 

 
http://www.gatewayarch.com/Arch/info/arch.fact.aspx 



Looks like 𝑦 = −𝑥2 

• (Photos removed but easy to find on the 
internet) 
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The catenary story. Hanging chain… 
http://whistleralley.com/hanging/hanging.htm 
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• Designer:  
Eero Saarinen 
(original design  based on a 
catenary) 

• The Dutch mathematician Christiaan 
Huygens named this curve from the Latin 
word catenarius, which means "related to a 
chain."  
 

• Structural engineer:  
Hannskarl Bandel 

   (modified the catenary) 
 
Constructed 1963-65 
Height is 192 metres 
           (UTS Tower is 120m) 
Cost $13 million 
Stainless steel 
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A scene during construction 

The cross sections are equilateral triangles 

 

(Photos removed but easy to find on the 
internet) 
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Eero Saarinen, designer 

• (Photos removed but easy to find on the 
internet) 

 

Coupland, Al-Masoodi, Egea    UTS    ACSME     
Oct 2014 

16 



What is the connection? 
 

Gateway arch and Sydney Opera House 
 

(Photos removed but easy to find on the internet) 

 

• Eero Saarinen, the architect who won the 1948 
competition for the design of a monument in the 
memorial park at St Loius, was on the jury which 
selected the winner  - Jørn Utzon - of the 
competition for the design of the Sydney Opera 
House.  
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How to make the mathematical model 

• Students need to be introduced to the 

formula for a catenary  𝑦 = 𝑎cosh(
𝑥

𝑎
) 

• The development of the formula from first 
principles involves the arc length formula and 
can be found at 
http://whistleralley.com/hanging/hanging.htm 

Alternatively,  start with cosh 𝑥 =
1

2
𝑒𝑥 +

1

2
𝑒−𝑥 
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Two questions to ask when preparing 
any lecture 

• What is the meaning and the definition of (the 
concept) 

• Why do we study it? (What are the benefits 
from knowing this?) 

An extra question… 

How to communicate the answers to students? 
(Or, how to encourage them to find the answers 
themselves). 
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Riemann Sums – why bother? 
An answer from a guest lecturer from 

Engineering, Anne Gardner. 
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At least one student will say it should 
be a different formula… 
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Joists and floorboards 

• (Photos removed but easy to find on the 
internet) 
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Physical models for one, two and three 
dimensions 

• Thin thread for 1D 

• Paper, floor or walls for 2D 

• 3D space can be described by talking about 
the corner of the room as the origin 

• String and points in 3D 

 

• Rubber gloves – where to place the third axis? 
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Analogy: Social relations to explain the concept of 
function 

 
We consider that the domain is the set of all 
boys and the codomain is the set of all men. It 
means that a father is a dependent variable and 
son is an independent variable. This relation is a 
function because each son has a father who is 
unique. (Because it is impossible if there is a boy 
without a father and it is impossible to get a son 
with two or more biological fathers.) The range 
is the set of men who have minimum one son. 
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Formalising this… 

• father = parenthood(son); 

• f = p(s); 

• Domain= the set of all sons; 

• Dp = {s/ s is a son} 

• Codomain = the set of all men; 

• Cp = {m/ m is a man} 

• Range = the set of all fathers 

• Rp = {f/ f is a father} 
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Anthropomorphism… 

Giving human characteristics to animals or 
inanimate objects… 

 
10 10 

15 50 

20 250 

25 1250 

30 6250 

35 31250 

40 156250 

45 781250 
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Physical illustration (1) 
(Mary thinks this is a metaphor!) 

• Ask students in the front 
row to write on a card 
the successive terms in a 
sequence 

• Use a bucket to collect 
the numbers 

• The total in the bucket at 
any point is the partial 
sum of the sequence 
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Physical illustration (2)  
Introducing networks 

• Paper streamers thrown from some students 
to others 

• Build up a network diagram on the board (use 
the students’ names for the nodes) 

• Show how to make a matrix from this 
information 
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Example – networks and matrices 

The directed graph The corresponding matrix 
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Introducing networks 

• Slowly explain the idea of rows * columns to 
get the number of two-step connections  

• This gives a REASON for this kind of matrix 
multiplication 

 

• OR… 
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If the students already know how 
to multiply matrices, ask them to 
explain WHY the product shows 

two-step links 
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USING ANALOGY: From Function 
Machine to solving second order non-
homogeneous differential equations 

Student meet Function machine at school 

 

 input                                         output    

 

  3……………………………………..9    

𝑦 = 𝑥2 
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What if the input is now a function, and the machine 
performs some kind of operation involving derivatives? 
In this example, we know the solution to y’’+5y’+6y=0, 

and we seek the solution to y’’+5y’+6y=4. 
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Thank you for listening. 
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If time… the story of the green bracelet 
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Before and after surgery for detached retina 
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Second operation 

• A vitrectomy 

• The surgeon removes some or most of the 
vitreous (and with it the blood and floaters) 

• An air bubble is inserted to keep the shape of 
the eye 

• The eye gradually makes more fluid as the air 
bubble gets absorbed 
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The second bubble story 
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Measuring the projection of the bubble  

Date Diameter of projection in mm 

28-Apr 145 

29-Apr 120 

29-Apr 95 

30-Apr 85 

1-May 55 

1-May 42 

2-May 38 

2-May 30 

3-May 18 

4-May 5 

4-May 0 
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y = -1.0355x + 134.69 
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Indicating a linear relationship between projected 
diameter (y) and time (x)   The correlation is -0.99 
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Calculus and bubbles 

Let’s write   y = -1.0355x + 134.69   as  
 

 y = -1.0355t + 134.69, 

 

then 
𝑑𝑦

𝑑𝑡
 is the rate of change of the projected 

diameter with time, and 
𝑑𝑦

𝑑𝑡
= −1.0355 . 
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Calculus and bubbles 

𝑑𝑦

𝑑𝑡
 is the rate of change of the projected 

diameter with time, and 
𝑑𝑦

𝑑𝑡
= −1.0355 . 

Since the projected diameter of the bubble is 
some multiple of the actual radius, we can say 
that, if r is the radius of the bubble,  

𝑑𝑟

𝑑𝑡
= 𝑎𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡. 
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Calculus and bubbles 

𝑑𝑟

𝑑𝑡
= 𝑎𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Is this what we expect? Can we use related rates 
to investigate this? 
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Calculus and bubbles 

𝑑𝑟

𝑑𝑡
= 𝑎𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Is this what we expect? Can we use related rates 
to investigate this? Let V be the volume of the 
bubble, assumed to be a sphere. 

𝑑𝑟

𝑑𝑡
=
𝑑𝑉 𝑑𝑡 

𝑑𝑉 𝑑𝑟 
  (From the Chain Rule) 
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Calculus and bubbles 

We could assume that the rate of change of the 

volume with time, 
𝑑𝑉

𝑑𝑡
, is proportional to the 

surface area of the bubble, as the bubble 
decreases in size because of its contact with the 

surrounding liquid. So 
𝑑𝑉

𝑑𝑡
= 𝐶4𝜋𝑟2, where C is a 

constant. 

 

We have 𝑉 = 4

3
𝜋𝑟3 so 

𝑑𝑉

𝑑𝑟
= 4𝜋𝑟2. 
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Calculus and bubbles 

Putting this together, 
𝑑𝑟

𝑑𝑡
=
𝑑𝑉 𝑑𝑡 

𝑑𝑉 𝑑𝑟 
=

𝐶4𝜋𝑟2

4𝜋𝑟2
= 𝐶.  

 

Which is what the measurements seem to 
indicate! 

 

 
End of bubble story 
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