
The Position of 
Mathematics in the History 

of Technology

A Eulogy on Pure Mathematics

Teun Koetsier
Amsterdam, October 2022



Pure maths: When 
Godfrey Harold Hardy 
(1877–1947) was 
asked during World 
War I to work in 
ballistics, he answered 
that “He was prepared 
to go off and have his 
body shot at; he was 
not prepared to 
prostitute his brain for 
the purposes of war”.



Zooming 
out from 
pure maths!



• The ascent of the Global Intelligent 
Machine or THE MACHINE 

• Exponential growth
• The history of technology
• The history of mathematics against the 

background of technology
• An example: external ballistics

Structure of talk



1. The Machine



In Edward Morgan Forster’s 
novel from 1909, The Machine 
Stops, mankind lives inside a 

huge machine that controls all 
aspects of their lives. In the 
story The Machine breaks 

down and many people are 
killed. Yet the protagonist 

Kuno escapes and ….. 



ARPANET in September 1971.



Usenet 1986
connecting UNIX 
computers.



The Internet 



Kevin Ashton in 1999: “The Internet 
is almost wholly dependent on 
human beings for information. […] 
We need to empower computers with 
their own means of gathering 
information, so they can see, hear 
and smell the world for themselves”.

The Internet of Things



Source of picture: The Internet Mapping Project

The Internet of Things



For now, the IoT is primarily a giant 
information machine.

The IoT will be increasingly 
connected to production devices. 

Towards THE MACHINE



Until now the information gathered 
and processed by the IoT in general 
leads to a response in which 
machinery and human intervention 
are both involved. In the future we 
will often let machines 
autonomously do the work. 

The IoT will develop into the Global 
Intelligent Machine or THE 
MACHINE. 



THE MACHINE



THE MACHINE is one entity. 
Moreover, it possesses brains in 
the form of very smart and very 
fast processing units. It has an 
enormous memory capacity.
THE MACHINE is getting more and 
more intelligent.

One Entity



No central control

No central entity that controls the whole. 
Many different actors, individuals, 
companies, states, and other institutions 
or organizations control parts of THE 
MACHINE. 
Improbable that in the near future one 
actor will gain complete control. Yet, 
small-scale  MACHINES are imaginable.



Robot industries

Fully automated prisons are 
conceivable. 

Robot factories, farms.
Robot law enforcement?

Robot armies.



THE MACHINE

THE MACHINE will in the future encompass all 
new machines.



2. Exponential growth



2000

1900

1800

Derek de 
Solla Price: 
After the
Scientific
Revolution
the number
of scientific
publications
doubled
every 15 
years.

Our knowledge grows exponentially



Copernicus’ De Revolutionibus of 
1543 -> Present

(2022-1543)/15=32

-1 

= 8.589.934.591

In the next 15 years, just as much new knowledge 
will be produced as in the entire period before 

that! 



3. The history of 
technology
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Stone Age Revolution 
(50.000-40.000 BP)

•Stone Age information tools: 
Symbolic thought and in particular 
this fantastic information tool called 
language.

•Language a female invention?
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Agricultural  Revolution (10.000 BP)

• Information tools: Full writing (all 
the words of a language can be 
represented) and later printing, but 
also planetaria, clocks, the abacus 
and the earliest mechanical 
calculators. 
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The Industrial Revolution 
(18th century)

•First large-scale mechanization of 
production: production machinery.

•Then large-scale mechanization of 
information processing: information 
machinery. 



Gregory Clark



Accelerating waves of Industrial Revolution.



4. The history of 
mathematics against the 

background of technology
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• The beginning: Prehistorical time and in the
agricultural societies. Maths = technology

• From Pythagoras until 1900:
Classical antiquity: The deductive method (the

Greeks)
16th -18th centuries: Algebra and analytical

methods: (Descartes, Leibniz, Euler, Lagrange)
Rigorous 19th century maths:  analysis, geometry. 

Maths and technology are disjunct.

• 20th century
Age of scientific technology



Only at the end of the 19th century science and 
mathematics start to play a significant role in 
technology!
In the centuries before 1900 from the point of view 
of technology science and pure mathematics look 
like an anomaly. 
Until 1900 there is hardly mathematics in technology.



The origin of pure science

• Man is an intelligent problem-solver: What should 
we do? Leads to technology.

• We are, however, also curious: Why are things the 
way they are? What is true? Leads to science.

• Moreover, we love challenges, we like to play and 
win.



5. An example: external 
ballistics



• Niccolo Tartaglia
(1499/1500-1557), 

• Nueva Scienza, 1537
• First mathematical 

approach of trajectory 
of bullet.







• Page from Daniel 
Santbech, 
Problematum
astronomicorum et 
geometricorum
sectiones septem
(Basel, 1561). Did the 
Dutchman Santbech (fl 
1561) know Tartaglia’s 
work? Model of two 
straight lines.





Galilei
Galileo Galilei, Discorsi e dimostrazioni matematiche, intorno 
à due nuove scienze, 1638: In vacuum the trajectory is a 
parabola.



Torricelli



18th century: 

F = m.a
gives

d2x/dt2 = -F(v)dx/dt
d2y/d2 = -F(v)dy/dt - g

v=[(dx/dt)2 +dy/dt)2]
François BLONDEL L'Art de 
jetter les bombes, 1683 



18th century mathematicians 
working in ballistics:

Varignon, Johann Bernoulli, Bélidor, 
Daniel Bernoulli, D’Alembert, Euler, 
Lambert, Bossut, Borda, Gassendi, 
Legendre, Vandermonde

Analytical solution for simple 
polynomial F(v)



‘

In his 18th century Manuel de l’artilleur d’Urtubie wrote: 
“The elevation and the charge to use are hard to find. 
Numerous causes spread uncertainty about this service: 
the resistance of the air, always heterogeneous; the 
quantity and quality of the powder, never well
proportioned; bombs, all of them defective in weight, in 
shape, in dimensions; the construction of the mortar, of 
the gun carriage, of the platform inevitably disturbed
after the first shot, the impossibility of placing the bomb
precisely, so that its axis and that of the mortar are one 
and that both are coincide with goal alignment. Each of 
these two causes alone produces astonishing variations. It 
is therefore only by force of the theory, attention in 
practice and accuracy, that we can profit the most from
the mechanism of throwing bombs”. D’Urtubie wrote 
about mortars (that use high arching ballistic trajectories), 
but his remarks were also valid for regular artillery. 



In 1908 the German Carl Julius Cranz
explained the slow development of ballistics:
i) The extreme mathematical complexity. 
Finding good approximate solutions requires
great ingenuity. Francesco Siacci (1839-1907).
ii) It took long before a good formula for F(v)
could be determined experimentally. 
Experimentally determining the initial
velocity was also complicated. 
iii) It took long before the mass production of 
identical parts of constant quality got started.
https://de.wikipedia.org/wiki/Carl_Cranz



Wikipedia: Siacci is well known for his 
contributions in the field of ballistics, 
distinguishing himself with a famous 
treatise Balistica, published in 1888 and 
translated to French in 1891. Of great 
importance is an approximation method 
he devised to calculate bullet trajectories 
of small departure angles. Known as 
Siacci's method, it was a major 
innovation in exterior ballistics and was 
widely used almost exclusively at the 
beginning of World War I.



On the 21st of October 1914 a shot was fired at Krupp’s 
firing grounds near Meppen, probably with a Big 
Bertha, a 42 cm mortar built by Krupp. Instead of the 
calculated 38 kilometers the grenade travelled 49 
kilometers. The investigation revealed that no one had 
considered the fact that the density of the air is almost 
negligible at great heights. 

This created new opportunities. In 1916 Fritz 
Rausenberger of Krupp was ordered to build a gun with 
a 120 kilometers range. These 36-meter-long guns were 
built and used against Paris in 1918.



Thank you!


