Where and how is
mathematical thinking
used!




Keeping track
keeping track is

different kinds centered around
of quantitative practical needs
attributes and

measures distance

“humbers
around us”

usually nothing
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some of this is too basic for this course!



Keeping track of quantities makes it possible

to use numbers in many situations...

(decisions)

“It’s really cold today
so | take my warmest
coat”

(how much do
we need?)

“Fifteen litres of water

will be enough”

(qualitative and quantitative

understanding)

Eurcpe: Distribution of retail sakes

2014
source RBL-AN sarvey 2006

N.‘M. CQM?I.
o2 1%
445

Jerrmeny
A%

Saam
i
Auning
i
Covnmlen
a5

Saitiedia
rd

N
TN France

s Ly tad LEN
Kxingsom

Workd: distridation of retail sales
by seogle market 2014

Searte MRLAM sreey MIA

ARmr-
lardd Cther

g 9
Carac

445

Chind
N

U8

“Sweden is a small market for
organic foods, but large in
proportion to its population”



Investigating
the abstract

Mathematics itself Particular abstract problems
(numbers, shapes,...) (games, strategies, algorithms,...)



Why not just understanding
the abstract?



To investigate is to carefully

examine and draw conclusions. Investigating is sustainable

learning! Just learning other
This is a way to create beople’s solutions is not
knowledge. enough!

Everyone can learn
to investigate, but it
requires practice! You
practice and extend ()
your natural ability
to think

An investigation often begins
with a question - and continues
with other questions that you
formulate along the way

“Seek and you

Investigating requires shall find!”
hard work and patience!



consider varied
realistic problems

practice entire
process
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Why do we need to

know programming?
What comes first?

So much code has

already been written!

What do we mostly

do in math education? How can | possibly come
up with anything new in
math with so many smart
people working for so long?



investigating the world



Collecting data and empirical modelling

We can learn first hand about the
world by collecting data, doing
experiments, and drawing conclusions
from these
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Mechanistic modelling
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WHY DOES THE MOON FOLLOW US?

If we have some knowledge, we
can find out more by just thinking
and drawing conclusions

“Primitive” Weather Forecast

p=pRT IHeal Gas Law (Equation of State)

=2 F:. 5 Motion AP =P84

Hydrostatic Law (Obtamed from the Equation of Vertical Motion)

AT = g G + (1 p)Ap First Law of Thermodynamics

(Lpdp'At = -DIV
Conservation of Mass Applied to the Atmosphere (Equation of Contunuty )
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Ocean model

If we know well how things work
we can create models that simulate
reality in the computer and learn
even more!



Two fundamentally different ways
to do calculations about the real
world
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General Maximum Range

Parabolic Trajectory

Simple direct calculation for easy
things
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Step by step simulation is feasible for
much more complicated systems!



Qualitative understanding is more
important than full quantitative

understanding “there are atoms and

molecules™

“the apple falls to the

» “this culture o
ground J

borrowing is not
healthy”

“basically, the population
increases in proportion to
its size”



Many aspects of nature can be explained
surprisingly well with mathematics!



designing



What is it to design?

the bgst low energy
materials...
| low cost
lots of light
7,

Y
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L Sometimes there is a
To design is to create a more
lot of work between

detailed description of an idea the design and the
real thing!

Usually many possible
solutions!




Also simple designs!

| mix milk, cocoa, and sugar.
But | am experimenting to
get the proportions right...




Common ways to use mathematics in
engineering

Energy losses must be reduced
through sufficient insulation.

Ventilation 15 %

Tak 15%

Vaggar 209

Golv och kallare 15%

Dimensioning Simulation

(often relatively simple calculations using rules based on (requires more sophisticated models)
experience)



Common ways to use mathematics in
engineering

Energy losses must be reduced
through sufficient insulation.

Ventilation 15 %

Tak 15%

Vaggar 20°¢

Golv och kallare 15%

Dimensioning is already a simple form of Simulation is typically used in a manual
optimization process to optimize the design



You may nheed measuring to
implement the design




bstract mathematical
esigns

ENTRY

v

E-II-(;Iid'S algorithm for‘t‘l‘le
reatestcommon divisor (gc
___oftwo numbers __

——

1 INPUTA, B

___yes
2]
no
3 |
no (< or =]

4] B« B-A

5] GOTO 2
1

v

6 A« A-B

7] GOTO 2

Y
8 PRINT A

Recommended Diet

239 M Fruit

18% #Protein
JAVegetables
#Dairy
wlGrains
4 Other

“the vote needs a
2/3 majority”

SATURDAY SCHEDULE
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and many other things...

Clockenflap



We wiill talk more about
problem solving and the
design process later in the
course!



The four categories highlight important
aspects of mathematical thinking, and are
partially overlapping - but that’s ok...
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designing for designing when
keeping track investigating the abstract

designing when
investigating the world
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