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The Art of Approximation

R

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 
ÔÈÁÔ ÔÈÅ ÕÎÉÖÅÒÓÅ ÄÏÅÓÎȭÔ ÏÂÊÅÃÔȢ

ɀJordan Ellenberg
How Not to be Wrong. The Power of Mathematical Thinking
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The calculations we will do are deliberately imprecise.

Simplificationis a key to understanding.
Rounded numbers are easier to remember.
Rounded numbers allow quick calculations.

)ÎÓÔÅÁÄ ÏÆ ÌÏÏËÉÎÇ ÉÔ ÕÐȟ ÉÔȭÓ ÍÕÃÈ ÍÏÒÅ ÆÕÎ ÔÏ ESTIMATE.

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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Who am I ?
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Astronomy
1979 ɬ2003

Leiden University

Harvard -Smithsonian Center for Astrophysics

RadioastronomischesInstitut , Universität Bonn

Max-Planck-Institut für Radioastronomie

Innovation & Entrepreneurship
2003 ɬpresent

TU Delft
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Pizza  &  Science

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

Sustainability ?

The ability for the
biosphereand human civilization

to co-exist indefinitely.

R

Mants ~ Mhumans

Number of ants on Earth  ~ 2 ³1016 Total weight   ~ 5 ³1010 kg.
Number of humans on Earth  ~ 8 ³109 Total weight   ~ 6 ³1010 kg.
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The world WITH you The world WITHOUT you
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David MacKay  (1967 – 2016) 

Watch his TED Talk: A reality check on renewables (2012):
www.youtube.com/watch?v=-5bVbfWuq-Q

http://www.youtube.com/watch?v=-5bVbfWuq-Q
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R

https://mitpress.mit.edu/9780262514293/street-fighting-mathematics
https://mitpress.mit.edu/9780262526548/the-art-of-insight-in-science-and-engineering

Sanjoy Mahajan (1969)



05/15/2023

18

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

https://www.youtube.com/watch?v=4CdbBHzw8yQ
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https://www.youtube.com/watch?v=4CdbBHzw8yQ
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R

Population  ~  9,000,000

How many disposable diapers are used in Switzerland every day?

R
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Arne Hendriks

Arne Hendriks proposes to shrink the human 
population to an average height of 50 cm
as a way to reduce the amount of food
and natural resources we consume.

The IncredibleShrinkingMan

https://www.youtube.com/watch?v=KSNx1Ly0Jok
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Robert Wadlow (1918-1940)
272 cm     199 kg

ChandraBahadurDangi (1939-2015)
54.6 cm     14.5 kg

Nate Robinson and Shaquille/ȭ.ÅÁÌ
175 cm                216 cm           +23%
82 kg                 147 kg            +79%
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10% larger in all three dimensions

33% larger in volume

26% larger in all three dimensions

100% larger in volume

Eames Lounge Chair and Ottoman (1956)
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Assignment

TEAM 1

FOOD

HOUSING

TRANSPORT

?

TEAM 2

ENERGY

MANUFACTURING

ANIMALS

?

Quantify the Impact on PlanetEarth
when humansare only 50 cm tall

in these domains:
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RecommendedBooks on Innovation, Creative Thinking and Entrepreneurship

Questions ?
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