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OSCILLATIONS
Fact: many natural and artificial systems oscillate
• complexity can generate or dampen the oscillation
• so does adaptivity
• there is no single cause, but six different mechanisms
• oscillations happen at all scales of time and space

Why should you, as a designer, care?
1. working at the human scale: design smart interventions
2. using technology: share the language of scientists and engineers 1)

1) TU/e repository: Oscillat(e) 3844, differential equation 3601, modulation 965, synchronisation 256, forcing 856 



Source: E. Mariman An adipobiological model for weight 
regain after weight loss, Article in Adipobiology · Nov. 2011

Cartoon: Eileen van de Pol, Weight cycling and womenFinal report 
MSc Thesis Health and Society, Wageningen University, Feb 2015.

Adipocytes = fat tissue cells
Adipokine = signaling proteins released from adipocytes, including leptine
Leptine = hormone that signals saturation and reduces appetite



TYPES OF OSCILLATIONS

Sources: www.scientificamerican.com/,  www.ldoceonline.com, www.slideshare.net/Carolederks/samenvatting-belevenis-economie-presentation, 
rheingoldheavy.com/arduino-from-scratch-part-9-16mhz-crystal-oscillator,  www.biologycorner.com/worksheets/predatorsim.html

• free systems
• tuned oscillators
• phase shift oscillators
• relaxation oscillators
• chaotic oscillators
• predator-prey systems
• forcing
• modulation
• synchronisation

http://www.scientificamerican.com/


The Netherlands, 1913
FREE SYSTEMS

A free system has:
• multiple components
• connected by a 2nd-order D.E.
• with zero  or very low damping

D.E. = differential equation



The Netherlands, 1913
FREE SYSTEMS

Gallileo’s note sheet,Video by Steve Jones of Foucault's Pendulum at the Pantheon in Pa

• Jupiter, Io, Europa, Ganymedes and Callisto
• The earth and the moon
• The sun and the earth
• Any pendulum
• The earth






FREE SYSTEMS
Example: pendulum

Mass: m
Length:  L
Gravity constant:  g
Angle of deviation: 𝜗𝜗
Deviation along path:  xF

L𝜗𝜗

x
mg



𝐹𝐹 = −𝑚𝑚𝑚𝑚 sin𝜗𝜗

sin𝜗𝜗 ≈
𝑥𝑥
𝐿𝐿

𝐹𝐹 = −𝑚𝑚𝑚𝑚
𝑥𝑥
𝐿𝐿

𝐹𝐹 = 𝑚𝑚
𝑑𝑑2𝑥𝑥
𝑑𝑑𝑡𝑡2

−
𝑑𝑑2𝑥𝑥
𝑑𝑑𝑡𝑡2

=
𝑚𝑚
𝐿𝐿
𝑥𝑥

𝑥𝑥 𝑡𝑡 = 𝐴𝐴 sin
𝑚𝑚
𝐿𝐿
𝑡𝑡

𝑓𝑓 =
1
2𝜋𝜋

𝑚𝑚
𝐿𝐿

decompose force vector

approximate for small 𝜗𝜗

combine above equations

Newton’s second law

equate the expressions for F

solve the differential equation

recognize the frequency

F

L𝜗𝜗

x
mg



t[s]

x[m]

𝑥𝑥 𝑡𝑡 = 𝐴𝐴 sin
𝑚𝑚
𝐿𝐿
𝑡𝑡

solve the differential equation 
(choose 𝐴𝐴 and initial 𝑡𝑡)

Plot of                                  (for 𝑡𝑡 from 0 to 10) 0.3 sin
9.8
1.0 𝑡𝑡



FREE SYSTEMS

Passive walker, 
Source: www.space-eight.com

Standard conceptual models of legged locomotion 
and their predictive power with respect to walking 
and running dynamics. The inverted pendulum and 
the spring–mass system are the standard models 
for walking and running. 
Source: Geyer, Hartmut, Andre Seyfarth, and Reinhard Blickhan. “Compliant Leg 
Behaviour Explains Basic Dynamics of Walking and Running.” Proceedings of the Royal 
Society B: Biological Sciences 273.1603 (2006): 2861–2867. PMC. Web. 16 May 2018.






TUNED OSCILLATORS

Source:commons.wikimedia.org/w/index.php?curid=3056978, Anchor escapement
animation by Chetvorno, Wikimedia

Supplying energy
while pumping the
swing by lifting and
lowering the center
of gravity
(Wikipedia: 
Energiezufuhr beim 
Schaukeln durch 
Heben und Senken 
des Schwerpunkts)

Ancor escapement



TUNED OSCILLATORS
A tuned oscillator has:
• a configuration tuned to an eigen-frequency
• such as a mass-spring configuration
• and a power source1) compensating the damping

Prigogine (Nobel prize 1977) introduced the term dissipative system



TUNED OSCILLATORS

http://www.babylona.nl/Geschiedenis.htm



Sources: Ethan Neil, lecture notes Physics
3210, Fall 2015, www.colorado.edu and
06103104HKN, gnindia.dronacharya.info/

Phase pace behaviour of damped swing Limit cycle of swing with positive feedback

TUNED OSCILLATORS



TUNED OSCILLATORS
Mayer waves (10 seconds waves in blood pressure)

Hunting oscillation in railway tracks: 
https://en.wikipedia.org/wiki/Hunting_oscillation

Feijs, L., Langereis, G., & Van 
Boxtel, G. (2010). Designing for 
heart rate and breathing 
movements. Design and 
semantics of form and movement, 
57.

https://en.wikipedia.org/wiki/Hunting_oscillation


Picture credit: Arthur Hanau, „Die Prognose der Schweinepreise“, Sonderheft 7, Institut für Konjunkturforschung, 1928. 

PHASE SHIFT OSCILLATORS



PHASE SHIFT OSCILLATORS
A phase shift oscillator has:
• three or more “reservoirs”
• a delay or phase shift from one reservoir to the next
• a round-trip amplification of one or more

The reservoirs come in various disguises: warehouses, depots, 
vessels, capacitors, etc.



PHASE SHIFT OSCILLATORS
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Cobweb-theory: Supply (S) and Demand (D) affecting prizes P1,2,3 and Quantities Q1,2,3



PHASE SHIFT OSCILLATORS
https://forum.allaboutcircuits.com/threads/phase-shift-
oscillator-with-non-inverting-input-not-tied-to-ground.82055/

Source: http://www.tpub.com/neets/book9/35e.htm



PHASE SHIFT OSCILLATORS

www.slideshare.net/Carolederks/samenvatting-belevenis-economie-presentation, ExBased
project: the experience economy, QUANU, id_2184_rapport UU wo-ba Scheikunde.pdf, 2007



walking is using pendulums!

VAN DER POL, Balth; VAN DER MARK, Jan. LXXII. The heartbeat considered as a relaxation oscillation, and an electrical model 
of the heart. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 1928, 6.38: 763-775.

RELAXATION OSCILLATORS



RELAXATION OSCILLATORS
A working relaxation oscillator behaves as follows:
• a gradual increase of a “level”
• a sudden drop after the level reaches a fixed threshold
• so the level plot shows a typical saw-tooth pattern

The level can be literally fluid level in a vessel, or an electric potential, 
a mechanical stress level or a psychological stress level etc.

The gradual increase goes linearly or by exponential decay;
but the sudden drop goes by an avalanche / siphon-flush effect



walking is using pendulums!

VAN DER POL, Balth; VAN DER MARK, Jan. LXXII. The heartbeat considered as a relaxation oscillation, and an electrical model 
of the heart. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 1928, 6.38: 763-775.

RELAXATION OSCILLATORS



Van der Pol: Some instances of typical relaxation oscillations are: 
the aeolian harp, a pneumatic hammer, the scratching noise of a 
knife on a plate, the waving of a flag in the wind, the humming 
noise sometimes made by a water-tap, the squeaking of a door, 
the multivibrator of Abraham and Bloch, the tetrode 
multivibrator, the periodic sparks obtained from a Wimshurst
machine, the Wehmelt interrupter, the intermittent discharge of 
a condensor through a neon tube, the periodic re-occurrence of 
epidemics and of economical crises, the periodic density of an 
even number of species of animals living together, and one 
species serving as food for the other, the sleeping of flowers, the 
periodic re-occurrence of showers behind a depression, the 
shivering from cold, menstruations, and finally the beating of the 
heart.

RELAXATION OSCILLATORS



Source: www.idemployee.id.tue.nl/l.m.g.feijs/amv.doc

A-stable multivibrator AMV with coffee-cups 

RELAXATION OSCILLATORS
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0

Source: www.idemployee.id.tue.nl/l.m.g.feijs/amv.doc,
www.elektronicaforum.nl/astabiele-mutivibrator-t16888.html
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RELAXATION OSCILLATORS

A-stable multivibrator
AMV with two transistors 
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RELAXATION OSCILLATORS

Source: Klaus Wälde, Stress and Coping - An Economic Approach, Johannes-Gutenberg 
University Mainz, www.waelde.com/pdf/Waelde_Stress_and_Coping.pdf



Chain letters: individuals receive a letter asking them to send $1 (or $10 or 
$100) to the name at the top of the pyramid and to send the same letter to five 
friends or acquaintances within five days; the promise is that within thirty days 
you will receive $64 for each $1 ‘investment.’

Ponzi schemes: someone promises to pay an interest rate of 30 or 40 or 50 
percent a month; the entrepreneurs that develop these schemes always claim 
they have discovered a new secret formula so they can earn these high rates of 
return. They make the promised interest payments for the first few months 
with the money received from their new customers attracted by the promised 
high rates of return.

Pyramid schemes: sharing of commission incomes from the sale of securities or 
cosmetics or food supplements by those who actually make the sales to those 
who have recruited them to become sales
personnel.

Bubbles: purchasing an asset, usually real estate or a security, not because of 
the rate of return on the investment but in anticipation that the asset or 
security can be sold to someone else at an even higher price.

Manias: the frenzied pattersn of purchases, often an increase in prices 
accompanied by an increase in trading volumes; individuals are eager to buy 
before the prices increase further.









https://www.variantperception.com/2017/09/22/the-anatomy-of-a-bubble/





CHAOTIC OSCILLATORS
A  chaotic oscillator has:
• multiple iterations over time
• one or more non-linear elements
• highly sensitive cause-effect relationships

Chaotic systems are mathematically deterministic but nearly 
impossible to predict. 
Usually the state space has stable regions and in-between regions 
where the behavior is chaotic.



CHAOTIC OSCILLATORS

• example: population dynamics
• demo

– convergence
– bifurcation
– chaos

• theory: the logistic map
• Theory & demo: the Mandelbrot set
• history: chaos noise in early radio receiver



number of 
rabbits next year

number of 
rabbits this year

as a fraction of 
the maximum 
number of rabits

growth rate 

“logistic” map



Similar: The Chaos theoretic argument that undermines Climate Change modelling by Anthony 
Watts (2011) https://wattsupwiththat.com/2011/06/13/the-chaos-theoretic-argument-that-
undermines-climate-change-modelling/

Excellent explanation on youtube: “This equation will change how you see the world ” 
(the logistic map) by Veritasium, link https://www.youtube.com/watch?v=ovJcsL7vyrk

https://wattsupwiththat.com/author/wattsupwiththat/
https://www.youtube.com/watch?v=ovJcsL7vyrk


CHAOTIC OSCILLATORS continued
(theory: the logistic map)



Source: Wikimedia, Mandelbrot set

add x  

square0

repeat

convergence?

CHAOTIC OSCILLATORS continued
(theory & demo: the Mandelbrot set)



Source: Loe Feijs design

add x  

square0

repeat

convergence?
1
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Source: Wikimedia, Mandelbrot set

add x  

square0

repeat

convergence?



Source: Wikimedia, Mandelbrot set

add x  

square0

repeat

convergence?



Source: Wikimedia, Mandelbrot set

add x  

square0

repeat

convergence?





PREDATOR PREY SYSTEMS

Source:Volterra, V. (1928). Variations and fluctuations of the number of individuals in animal species living together. J. Cons. Int. Explor. Mer, 3(1), 3-51.
(across: V Vadasz - 2007)., http://www.scielo.org.co

A predator prey system has:
• two or more populations
• an interaction effect which increases one, decreases the other
• integration effects govern growth and decline growth

The interaction effect appears in the D.E. as a product term xy
(besides the usual linear terms x, y, dx/dt, dy/dt, etc.)



PREDATOR PREY SYSTEMS

dx/dt = Ax – Bxy
dy/dt = -Cy +Dxy

Lotke Volterra equations, x being
the size of the prey population, y 
the predators, t is time and A,B,C,D, 
are parameters

Source:Volterra, V. (1928). Variations and fluctuations of the number of individuals in animal species living together. J. Cons. Int. Explor. Mer, 3(1), 3-51.
(across: V Vadasz - 2007)., http://www.scielo.org.co



Netlogo > Models library > Biology >Wolf sheep predation



TYPES OF OSCILLATIONS

Sources: www.scientificamerican.com/,  www.ldoceonline.com, www.slideshare.net/Carolederks/samenvatting-belevenis-economie-presentation, 
rheingoldheavy.com/arduino-from-scratch-part-9-16mhz-crystal-oscillator,  www.biologycorner.com/worksheets/predatorsim.html

• free systems
• tuned oscillators
• phase shift oscillators
• relaxation oscillators
• chaotic oscillators
• predator-prey systems
• synchronisation
• modulation
• forcing

oscillations act 
upon each other

http://www.scientificamerican.com/


SYNCHRONISATION

Source: http://www.michaelfalkner.de/herzmusik/gleichtakt.html
http://www.scholarpedia.org/article/Synchronization

http://www.michaelfalkner.de/herzmusik/gleichtakt.html


MODULATION
• amplitude modulation

• frequency modulation



Tremolo: modulate 
intensity of sound waves

Vibrato: modulate 
frequency of sound waves



Source: katwijk.info/nl/getijden-eb-vloed.php#Info, 
en.es-static.us/upl/2012/10/two_tidal_bulges_earth.jpeg, 
www.ecomare.nl/fileadmin/ecomare/data/images/springtij

Applying an external periodic force to a system 
(which may have internal feedback or 
resonance) 

FORCING

https://katwijk.info/nl/getijden-eb-vloed.php#Info
http://en.es-static.us/upl/2012/10/two_tidal_bulges_earth.jpeg


Source: https://subconsciousseamstress.wordpress.com/2013/10/31/critical-path/



Thank you for your attention
Loe Feijs
l.m.g.feijs@tue.nl
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