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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 
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The Netherlands, 1913
FREE SYSTEMS

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

Jupiter, Io, Europa, Ganymedes and Callisto
The earth and the moon
The sun and the earth
Any pendulum
The earth
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FREE SYSTEMS
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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.
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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
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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
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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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Source: www.idemployee.id.tue.nl/l.m.g.feijs/amv.doc,
www.elektronicaforum.nl/astabiele-mutivibrator-t16888.html




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
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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/






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 
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TUNED OSCILLATORS



Source: https://www.edgefx.in/crystal-oscillator-circuit-working-applications/
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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
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Picture credit: Arthur Hanau, „Die Prognose der Schweinepreise“, Sonderheft 7, Institut für Konjunkturforschung, 1928. 

PHASE SHIFT OSCILLATORS


 Theo van Doesburgs manifest 'Tot een beeldende architectuur' dat in hetzelfde jaar dat het Rietveld Schröderhuis voltooid werd, verscheen in nummer 6/7 van De Stijl ter gelegenheid van deze tentoonstelling:
8. De plattegrond. — De nieuwe architectuur heeft den wand doorbroken en zoodoende de gescheidenheid van binnen en buiten te niet gedaan. De wanden dragen niet meer ; zij zijn tot steunpunten teruggebracht. Hierdoor ontstaat een nieuwe, open plattegrond, totaal verschillend van de klassieke, daar binnen- en buitenruimten elkaar doordringen.Rietveld maakte de bovenverdieping van het Rietveld Schröderhuis variabel door in plaats van vaste wanden schuifwanden toe te passen.
11. De nieuwe architectuur is anti-kubisch, d. w. z. zij streeft er niet naar, de verschillende functioneele ruimte-cellen in één gesloten kubus samen te vatten, maar zij werpt de functioneele ruimte-cellen (alsmede luifel-vlakken, balkon-volumen enz.) uit het middelpunt der kubus naar buiten, waardoor hoogte, breedte en diepte + tijd tot een geheel nieuwe plastische uitdrukking in de open ruimten komen. Hierdoor krijgt de architectuur (voor zoover dit constructief mogelijk is — opgave der ingenieurs !) een min of meer zwevend aspect, dat bij wijze van spreken, tegen de zwaartekracht der natuur ingaat.
13. In tegenstelling met de frontaliteit door een starre, statische levensopvatting gehuldigd, biedt de nieuwe architectuur een plastische rijkdom van alzijdige tijdruimtelijke werking.
15. De nieuwe architectuur is anti-décoratief. De kleur (en dit moeten de kleuren-schuwen trachten te beseffen !) is niet een versierend of ornamentaal, maar een organisch uitdrukkingselement der architectuur geworden.
20

PHASE SHIFT OSCILLATORS
By Cobweb_theory.png: by Rinconsoleao at en.wikipediaSupply-and-demand


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




Source: Wikimedia, Mandelbrot set


CHAOTIC OSCILLATORS

add x  

square
0

repeat
convergence?
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N. Bacaër,A Short History of Mathematical Population © Springer-Verlag London 2011









p.377-384










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
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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-doodtij-int-eng.jpg 



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








32



MODULATION
amplitude modulation



frequency modulation 
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SYNCHRONISATION
Source: http://www.michaelfalkner.de/herzmusik/gleichtakt.html
http://www.scholarpedia.org/article/Synchronization
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Thank you for your attention

Loe Feijs
l.m.g.feijs@tue.nl
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