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using
The Art of Approximation
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The Art of Approxi

A basic rule of mathematical life

If the universe hands you a hard problem, try to
solve an easier one instead, and hope the simple
version is close enough to the original problem
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The calculations we will do ardeliberately imprecise.

Simplificationis a key to understanding.
Rounded numbers aresasier to remember.
Rounded numbers allowguick calculations.
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How many seconds are there in a year?

60 seconds per minute
60 minutes per hour
24 hours per day

365 days per year

Make nice round numbers:

60 x 60 = 3600 = 4000 (-10%)

24 = 25

365 = 400 (-10%)

4000 x 25 x 400 = 4,000 x 10,000 = 40 million

Fix the overestimates:
40 million -20% = 32 million seconds

Actual number: 31.5 million seconds
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Astronomy
19794 2003

Leiden University
Harvard -Smithsonian Center for Astrophysics
RadioastronomischesInstitut , Universitat Bonn

Max-Planck-Institut flir Radioastronomie

Innovation & Entrepreneurship
2003¢ present

TU Delft
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The Leiden/Dwingeloo Survey
of
Galactic Neutral Hydrogen
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Dap Hartmann
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Atias of
Galactic
Neutral
Hydrogen

Dap Hartmann and W. B. Burton

Includes CD containing
all data and animations
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%W HarvardSmithsonian Center for Astrophysics
S T. M. Dame, Dap Harimano, & P, Thaddews
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Pizza &Science

https://www.delta.tudelft.nl/article/column-pizza-and-science
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what is

Sustainability ?

The abillity for the
biosphereand human civilization
to co-exist indefinitely.

M

Number of ants on Earth ~2 10 Total weight ~ 53 10%ag.
Number of humans on Earth ~81C® Total weight ~ 63 10%ag.

ants Ivlhumans
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The Biomass of Animals

Arthropods

Arthropods

Cnidarians

Nematodes

Wild Mamimals
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The Biomass of Animals
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The Biomass of Animals

€ One cube represents 1 million metric tons
of carbon. One thousand cubes represent
1 Gigaton of Carbon (Gt C).

Cnidarians
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The Biomass of Animals
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The world WITH you
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Comparing All
Biomass of Life on Earth
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The world WITHOUT you
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ITIS EXEMPLAR

“THIS IS TO
ENERGY AND CLIMATE
WHAT FREAKONOMICS

IS TO ECONOMICS”
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SUSTAINABLE | ENERGY-

WITHOUT THE HOT AIR®

David MacKay (1967 —2016)

David JC MacKay Watch his TED Talk: A reality check on renewables (2012):
www.youtube.com/watch?v=-5bVbfWug-Q
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http://www.youtube.com/watch?v=-5bVbfWuq-Q
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STREET-FIGHTING
MATHEMATICS

" THE ART OF EDUCATED GUESSING AND

PPORTUNISTIC PROBLEM SOLVING

Mastering Complexity

- SANJOY MAHAJAN SANJOY MAHAJAN
FOFEWORD gy FARVER A. MEAD

Sanjoy Mahajan (1969)

https://mitpress.mit.edu/9780262514293/street-fighting-mathematics
https://mitpress.mit.edu/9780262526548/the-art-of-insight-in-science-and-engineering
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||||||| Books Journals Open Access Resources Give About Contact Us Newsletter Q

The Art of Insight in Science and
Engineering $3500 Paperback
Mastering Complexity

a2 —

1N SCIENCE AND ENGINEERING

[ e

Description Author(s) Praise Open Access

Request permissions

Tools to make hard problems easier to solve.
Read open access N
L Inthis book, Sanjoy Mahajan shows us that the way to master compl 5 : her than precision.
Precision can overwhelm us with information, whereas insight cor

ninto a simple picture. Uniike computer o

sllege,
0 nsight and find understanding giving readers
scienceand engineering

jence and Engineering

shows us how to bui solve any problemin

https://mitpress.mit.edu/9780262526548/the-art-of-insight-in-science-and-engineering

https://www.youtube.com/watch?v=4CdbBHzw8yQ
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AN APROXIMATE, STREET-FIGHTING ANALYSIS
BEGINS WITH A HOME EXPERIMENT

What is the approximate
ratio of the fall speeds

a. 2 : 1 (bigger cone is significantly faster)
b. 1: 1 (cones fall at roughly the same speed)
c. 1: 2 (smaller cone is significantly faster)

https://www.youtube.com/watch?v=4CdbBHzw8yQ
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How manydisposable diapersre used in Switzerland every day?
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Population ~ 9,000,000
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A MOTION PCTURESE INCREDIRLE
U WlllTl
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ot JACK ARNDLD s o RICHARD MTHESON s ALERT ZUGSMUTH

Arne Hendriks Thelncredible ShrinkingMan

Arne Hendriks proposes tehrinkthe human
population to an average height o650 cm

as a way to reduce the amount of food

and natural resources we consume.

50cm
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Robert Wadlow (19181940)
272 cm 199 kg

ChandraBahadurDangi (19392015)
546 cm 14.5kg

H——— e - Nate Robinsonand Shaquille/ 8 . A Al
175 cm 216 cm +23%
82 kg 147kg +79%
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/ 10% larger in all three dimensions

/ 33% largein volume
WEIGHT /
/
/ 26% larger in all three dimensions
/ 100% largen volume
/
/
Eames Lounge Chair and Ottoman (1956)
LENGTH
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50cm

60"
511"
510"

Average male height

per country

1
The Netherlands UK USA India Indonesia
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Average male height

per country

I
T
TheNetherlands UK USA India Indonesia

Bon
AppetEats
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Assignment

Quantify the Impacton PlanetEarth
when humansare only 50 cmtall
in thesedomains

TEAM 1 TEAM 2
FOOD ENERGY
HOUSING MANUFACTURING
TRANSPORT ANIMALS

? ?
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RecommendedBooks onlnnovation, Creative Thinking and Entrepreneurship

Innogﬁatlon
Scott Bégkun

O'REILLY* ‘with four new chapters.

Questions

MATT 7
RIDLEY
B *
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HOW TO NUR

CRAZY IDEAS T
DISEASES,
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@,-

Loonshots

SAFI BAHCALL

and stborof Thinkig. Pt and Sow
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