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This	chapter	simply	collects	some	information	about	real-world	systems	that	may	
behave	somewhat	like	the	toy	systems	analyzed	earlier.		In	many	cases	they	seem	to	
behave	chaotically	and	their	waveforms	contain	spikes	that	may	indicate	that	
concentration	of	energy	occurs.		The	challenge	is	of	course	to	make	the	connection	
between	their	behavior	and	toy	system	behavior.		There	are	two	benefits	of	
attempting	this.		One	is	simply	the	intellectual	satisfaction	of	knowing	that	these	
systems	are	driven	by	the	same	basics	physics.		The	second	is	that	if	we	try	to	
explain	the	behavior	of	real	world	systems	in	terms	of	how	that	relates	to	toy	
system	behavior	we	may	get	added	understanding	of	the	real	world	system	that	has	
practical	value.	
	
The	discovery	of	chaos	has	forced	scientists	in	many	disciplines	to	try	to	explain	the	
chaotic	looking	waveforms	they	observe	as	possibly	the	result	of	internal	chaos,	as	
opposed	to	random	outside	events.		In	general	they	seem	to	believe	internal	chaos	
plays	a	role,	but	so	do	the	random	externalities.		They	have	tried	to	model	the	
internal	systems	and	these	models	can	behave	chaotically.		Whether	the	models	are	
faithful	models	of	reality	seems	unclear.		The	el	Nino	and	GNP	models	seem	to	have	
just	a	few	parts,	so	my	idea	for	a	model	with	6+	parts	seems	useful	to	determine	if	
energy	is	concentrated	at	times	causing	some	of	the	spikes	seen	in	the	waveforms	of	
real	world	systems.		
	
I’ve	inserted	links	that	may	be	useful	to	readers	who	want	to	investigate	these	areas.	
	
	
12.1	Waveforms	from	real	world	systems	
	
Slides	45	through	50	show	waveforms	in	real-world	systems.		Notice	how	periods	of	
mild	oscillation	are	interrupted	randomly	by	intense	peaks.		This	is	perhaps	the	
most	fundamental	behavior	of	chaotic	systems.		Slide	48	begins	to	illustrate	how	the	
total	amount	of	some	commodity	in	a	system	varies	between	the	parts	of	that	
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system.		In	the	“toy”	systems	described	later	that	commodity	is	energy.		In	one	case	
below	that	total	commodity	is	the	number	of	automobiles	built	worldwide.		In	the	
other	it’s	the	total	number	of	operating	systems.		Although	overall	trends	are	clear	
in	these	charts	the	small	annual	variations	in	the	wedges	seem	to	change	randomly.		
In	other	words	market	shares	oscillate	chaotically.			
	
This	material	also	appears	in	Chapter	1.	
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Slide	51	shows	chaotic	random	looking	changes	that	occur	within	earth	and	the	
solar	system.		Most	of	the	pole	reversals	apparently	take	a	few	thousand	years	to	
occur	but	at	least	one	it	thought	to	have	taken	less	than	a	hundred	years.		The	
eccentricity	of	planetary	orbits	varies	chaotically	because	they	all	interact.		The	
diagram	shows	Mercury’s	varies	quite	widely	whereas	the	heavy	planets	vary	
unperceptively.		Comparing	their	waveforms	makes	the	perhaps	obvious	point	that	
big	bodies	disturb	small	ones	much	more	than	the	reverse.		Simulations	like	this	
show	that	Mercury	could	-1%	probability-	collide	with	Venus	or	Earth	in	the	distant	
future.		http://www.scholarpedia.org/article/Stability_of_the_solar_system	
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12.2		Molecules	
	
A	look	at	how	simple	molecules	behave	is	a	useful	step	in	extending	our	
understanding	of	system	dynamics	from	very	simple	mechanical	systems	like	the	
double	pendulum	up	toward	the	much	more	complex	molecular	systems	that	self-
assemble	into	living	organisms.		It	all	comes	down	to	parts	linked	or	bonded	
together	into	a	system	by	spring-like	forces.		If	those	bonds	are	stretched	too	far	
they	break	allowing	new	systems	to	form.	This	happens	across	a	broad	range	of	
systems	stretching	from	atoms	and	molecules	to	solar	systems	and	galaxies.		Later	
in	the	book	I	hope	to	show	that	it	also	applies	to	societal	systems.	
	
Because	molecules	consist	of	parts	connected	by	spring-like	electromagnetic	forces	
its	not	surprising	that	the	parts	oscillate	when	the	molecules	contain	energy	in	the	
form	of	heat.		I	won’t	get	into	the	details	of	how	they	oscillate	here	except	to	
speculate	that	in	a	molecule	with	many	atoms	there	are	many	different	bonds	all	
oscillating	at	the	same	time.		Most	likely	they	interfere	with	each	and	probably	the	
result	is	that	each	oscillates	chaotically.		I	suspect	they	break	which	stretched	the	
most.		I	feel	those	spikes	in	interatomic	distance	are	directly	analogous	to	spikes	in	
the	double	pendulum’s	waveform	when	its	chaotic.		
	
Examples	of	molecular	vibration	or	oscillation:	In	some	of	the	simulations	
shown	below	it	isn’t	clear	whether	the	models	used	simple	linear	springs	or	non-
linear	Morse	Potential	forces.		And	some	seem	to	illustrate	just	one	mode	of	
vibration	at	a	time	whereas	in	reality	all	would	probably	be	coupled	and	chaotic.			
	
The	following	screenshot	is	from	an	animation	of	a	vibrating	benzene	molecule.	
https://search.yahoo.com/yhs/search?p=vibration+of+molecules+utube&ei=UTF-
8&hspart=mozilla&hsimp=yhs-001		or	at	
https://www.youtube.com/watch?v=HuSbLBDagdc	
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Molecular	dynamics	are	part	of	the	process	resulting	in	life:	The	emergence	of	
life	involves	molecular	dynamics	at	a	very	fundamental	level	since	its	all	chemistry.		
Here	is	a	picture	from	a	really	neat	video	showing	a	peptide	molecule	self-
assembling	after	many	trial	bonds	are	tried	and	broken.		Basically	a	bond	will	form	
when	two	atoms	are	brought	together	but	if	it’s	a	weak	bond	vibration	or	oscillation	
within	the	molecule	may	break	that	bond	and	allow	that	atom	to	land	and	bond	
somewhere	else.		Its	an	instance	of	what	I	call	system	reorganization.		The	initial	
bond	could	form	what	I	call	a	sub-optimum	configuration	because	its	not	the	lowest	
energy	and	thus	most	stable	configuration	possible.	Eventually	after	trying	many	
potential	bonds	the	molecule	should	settle	into	that	optimal	low	energy	
configuration.				

	
This	site	has	a	really	neat	and	instructive	video	showing	how	a	peptide	molecule	self	
assembles.		One	can	see	how	weak	bonds	form	temporarily,	but	then	break	until	a	
stable	low	energy	configuration	is	reached	by	this	trial	and	error	process.			
https://video.search.yahoo.com/video/play?p=youtube+Simulation+Molecule+For
mation&vid=6123f88bce545dc14a13008b76a6d18b&turl=http%3A%2F%2Ftse4.
mm.bing.net%2Fth%3Fid%3DOVP.V5a5b65a0197b98175963d40f7ec3fed6%26pid
%3D15.1%26h%3D145%26w%3D300%26c%3D7%26rs%3D1&rurl=https%3A%
2F%2Fwww.youtube.com%2Fwatch%3Fv%3DB4sS1iIp-
Qk&tit=Molecular+Dynamics+Simulation+of+self+assembling+Peptide+in+gromacs
&c=17&h=145&w=300&l=337&sigr=11bl0m7j8&sigt=123br2jv7&sigi=1311kacei&
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ct=p&age=1406748225&fr2=p%3As%2Cv%3Av&b=391&fr=yhs-mozilla-
001&hsimp=yhs-001&hspart=mozilla&tt=b			This	is	a	screenshot	from	that	video.	
	
	

	
	

I	suspect	that	energy	moving	within	the	molecule	causes	different	parts	to	vibrate	at	
different	times	and	is	essential	to	all	the	experimental	configurations	it	explores	
while	finding	the	least	energy	configuration.		Thus	energy	movement	may	be	key	to	
other	self-assembly	processes.	Since	molecule	more	than	three	parts	and	has	non-
linear	forces	perhaps	this	molecule	is	chaotic.	Experts	suggest	it	is	chaotic:	
http://store.elsevier.com/Nonlinearity-and-Chaos-in-Molecular-
Vibrations/Guozhen-Wu/isbn-9780444519061/	and	
http://www.iitk.ac.in/directions/directions_dec07/3jan~SRIHARI.pdf	
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Forces:	There	are	both	attracting	and	repelling	electrostatic	forces	that	act	on	
atoms	when	they	are	relatively	close	together	as	they	are	in	a	molecule.		In	the	
Morse	Potential	diagram	below	the	left	side	of	the	green	and	blue	curves	shows	the	
repelling	force	which	increases	as	the	atoms	get	closer	together.		The	right	side	of	
the	curves	shows	the	attracting	force	which	gets	stronger	as	they	get	closer.		It’s	a	
bit	confusing	but	essentially	the	atom	wants	to	stay	at	the	bottom	of	these	curves	
where	the	attracting	and	repelling	forces	are	equal.		That’s	iis	equilibrium	distance	
from	the	other	atom.		It	takes	force	and	energy	to	displace	the	atom	from	this	
equilibrium.		If	the	atom	is	up	on	either	side	of	this	well	it	has	potential	energy	and	
wants	to	fall	to	the	bottom.		Because	the	electrostatic	attracting	force	falls	off	with	
distance,	as	does	gravity,	its	possible	to	push	the	atom	up	the	right	hand	side	of	the	
blue	curve	until	it	essentially	becomes	disconnected	or	disassociated	from	the	
unseen	atom	at	left.			
	
Heat	will	make	the	atom	oscillate	around	its	equilibrium	position.		If	it	gets	hot	
enough	the	atoms	will	dissociate,	in	other	words	the	molecule	they	formed	will	
come	apart	into	its	separate	atoms.					
	
Computer	models	of	molecular	dynamics	apparently	range	in	sophistication.		In	the	
simple	models	the	forces	between	atoms	are	modeled	as	linear	springs.		The	atom	
therefore	oscillates	harmonically	around	its	equilibrium	position	as	shown	by	the	
green	curve	in	the	Morse	Potential	diagram	below.		In	reality	the	forces	aren’t	linear	
and	are	more	accurately	depicted	by	the	blue	curve.		
https://en.wikipedia.org/wiki/Morse_potential	
The	blue	curve	shows	that	if	a	molecule’s	energy	is	increased	enough,	for	example	
by	raising	its	temperature,	it	will	vibrate	so	hard	it	will	dissociate	or	fly	apart	into	
separate	atoms.	
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This	chart	conveys	the	same	message	but	plots	the	attractive,	repulsive	and	net	
resultant	forces	separately.		The	blue	Morse	curve	is	a	mirror	image	of	the	
“resultant”	curve.	
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Chemical	reactions	require	the	breaking	of	preexisting	bonds	and	formation	of	new	
ones.		Consider	hydrogen	and	oxygen	that	combine	to	form	water.		In	nature	
hydrogen	gas	is	in	molecular	form	where	two	hydrogen	atoms	are	bonded	together.		
Same	for	oxygen.		If	you	simply	mix	those	gases	together	at	room	temperature	
nothing	happens.		The	following	diagram	–although	not	ideal-	explains	what	needs	
to	happen	to	make	them	bond.		At	left	assume	we	have	the	oxygen	and	hydrogen	
molecules,	which	are	called	reactants.		Each	hydrogen	and	each	oxygen	molecule	
needs	to	be	heated	hot	enough	–usually	with	a	spark-	to	break	its	bonds	and	
dissociate	so	we	have	loose	atoms.	Picture	the	bottom	of	the	well	marked	“rc”	in	the	
diagram	above	is	at	the	base	of	the	red	arrow	in	the	diagram	below.		The	right	hand	
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side	of	the	well	slopes	up	just	right	of	that	red	arrow.		The	peak	is	where	the	
molecules	disassociate,	but	it	takes	energy	to	push	the	atom	uphill	to	that	level.			
That’s	called	“activation”	energy,	and	it	usually	in	the	form	of	heat.	
	
Once	they	are	loose	the	hydrogen	and	oxygen	atoms	are	free	to	bond	together	to	
form	H2O	water	molecules.		That	re-bonding	occurs	on	the	downslope,	and	the	new	
molecule	would	come	to	equilibrium	down	on	the	right	side	of	this	hill	where	it	says	
products.			
	
In	this	case	the	amount	of	energy	it	took	to	break	the	old	bonds	was	less	than	what	
the	new	bonds	radiated	off	as	they	formed.		Thus	the	overall	reaction	is	exothermic	
in	that	it	gives	off	heat,	which	dissociates	any	unburned	molecules	thus	keeping	the	
reaction	going.			
	

	
	
This	picture	is	another	way	to	illustrate	this	concept.	
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Actually	the	semi-technical	animated	video	by	Dr.	Amal	K.	Kumar	at	this	site	
explains	these	concepts	better	than	these	diagrams	can.		It	shows	how	potential	and	
kinetic	energy	change	as	atoms	vibrate.		It	plots	curves	of	PE	and	KE,	and	attractive	
and	repulsive	forces	as	a		function	of	distance.	
https://www.youtube.com/watch?v=Wl5QHeS2UXE			

The	drawing	below	is	my	attempt	to	relate	the	Morse	well	to	the	activation	energy	
diagram	since	it	may	not	be	obvious.	
	
	

	
	
Before	the	reaction	each	oxygen	and	hydrogen	molecule	is	in	its	own	well,	that	is	the	
two	atoms	in	each	molecule	are	spaced	an	equilibrium	distance	apart.		At	the	top	of	
the	curve	all	the	atoms	are	floating	around	separately.			At	right	each	hydrogen	atom	
is	in	its	own	well	at	the	equilibrium	distance	from	the	oxygen	atom.		Because	the	
right	well	is	deeper	the	H2O	molecule	is	more	tightly	bound	and	can’t	be	broken	
apart	easily.		Its	obvious	that	the	atoms	in	any	mix	of	molecules	will,	over	time,	settle	
into	their	most	tightly	bonded	configurations	if	the	weak	configurations	are	
occasionally	broken	apart	by	temperature	spikes	in	the	environment.		In	other	
words	the	parts	in	this	system	over	time	have	a	tendency	to	evolve	toward	their	
lowest	energy,	most	stable,	configuration.			
	
This	same	simple	concept	applies	to	any	molecule	or	other	system	in	equilibrium	or	
close	to	it.		Sub-optimal	configurations	can	be	stable	unless	something	disturbs	them	
strongly	enough	to	break	bonds	and	allow	reconfiguration.		Consider	political	
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systems.		It	takes	energy	to	break	them	apart	so	some	-hopefully	better-	system	can	
form.	Chemistry	as	applied	to	politics!		It	seems	the	same	basic	physics	apply.	
	
The	diagram	below	shows	how	catalysts	reduce	activation	energy.		An	enzyme	is	a	
biological	catalyst	that	facilitates	chemical	reactions	in	living	cells.		Again	there	are	
probably	analogies	in	political	and	economic	systems.		Something	equivalent	
to	a	catalyst	lowers	the	barrier	to	change.		This	is	worth	thinking	about	if	one	
is	trying	to	create	change	in	those	systems.	What	would	serve	as	a	catalyst?				
	
	
	
	

	
	
	
	
Here	are	some	other	similar	diagrams.		Most	chemical	reactions	(like	hydrogen	or	
wood	burning)	are	apparently	exothermic	and	give	off	energy.		But	endothermic	
reactions	actually	absorb	energy.	
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In	a	more	generic	sense	this	is	probably	the	basic	physics	behind	the	systems	
behavior	I	call	“sudden	reconfiguration”.		In	it	an	existing	system	of	tightly	bonded	
parts	breaks	apart	because	the	bonds	have	been	stretched	too	much	and	then	the	
parts	reassemble	into	a	different	system.		In	this	case	its	a	different	molecule.	
	
Other	material:		
	
Widipedia	has	animation	of	molecular	vibration	modes	plus	other	details:	
https://en.wikipedia.org/wiki/Molecular_vibration	
	
Lecture	on	molecular	vibration	discussing	energy	levels:	
https://www.youtube.com/watch?v=DJI518yTr2c	
	
Good	tech	site	with	animations	of	vibrating	molecules	(click	on		SF6	molecule):	
http://www2.ess.ucla.edu/~schauble/MoleculeHTML/SF6_html/SF6_page.html	
	
Animation	showing	how	molecular	bonds	are	stretched	and	compressed:	
https://en.wikipedia.org/wiki/Molecular_vibration			
	
This	very	clear	lecture	treats	bond	strength	and	energy	needed	to	break	it:	
https://www.youtube.com/watch?v=I9jd1Ew_YGU&ebc=ANyPxKoqzaVjxJaWWAAp
c3GCwrV25dzhktewYBQIVTPvshRz4sBpn-
91bqDWk_QjiYaKx9m3OLde7n83nBwadHzaR7ZSz-u16g	
	



12-22	

This	explains	some	of	the	intermolecular	forces	and	how	they	fall	off	with	distance.		
https://en.wikipedia.org/wiki/Molecular_mechanics	
	
This	explains	intermolecular	forces:	(but	its	not	too	clear)		
https://www.youtube.com/watch?v=S8QsLUO_tgQ	
	
Other	animations	of	vibrating	molecules:	
https://www.youtube.com/watch?v=HuSbLBDagdc	
https://www.youtube.com/watch?v=iy-8rguvGnM	
https://www.youtube.com/watch?v=3RqEIr8NtMI&index=2&list=RDHuSbLBDagdc	
	
http://physics-animations.com/Physics/English/thermo.htm	(gas	molecule	moving	
chaotically)	
	
3D	molecule	rotating	in	space	shows	3D	fairly	good:	http://physics-
animations.com/Physics/English/thermo.htm	
	
	
	
12.3			el	Nino	current	
		
	
La	Ninia	and	El	Nino	describe	the	east	west	position	of	a	large	body	of	warm	water	
west	of	South	America.		It	moves	east	and	west	in	random	fashion	thus	effecting	the	
weather	world	wide.	Experts	say	it	oscillates	chaotically.		See:	

http://journals.ametsoc.org/doi/abs/10.1175/1520-
0469%281996%29053%3C2786%3ACOOTCA%3E2.0.CO%3B2	and		
http://journals.ametsoc.org/doi/full/10.1175/1520-
0469%282001%29058%3C3613%3AIOTCET%3E2.0.CO%3B2	and		
http://www.osti.gov/scitech/biblio/5534485	and	
https://search.yahoo.com/yhs/search?p=el+Nino+chaotic&ei=UTF-
8&hspart=mozilla&hsimp=yhs-001	and	
https://www.climate.gov/news-features/blogs/enso/no-you-
can%E2%80%99t-blame-it-all-el-ni%C3%B1o	

		
	
I	initially	thought	it	might	be	a	relatively	simple	real	world	system	akin	to	the	donut	
shaped	lab	vessel	within	which	a	fluid	can	behave	chaotically	as	it	changes	the	
direction	it	rotates	like	the	Lorenz	waterwheel	and	double	pendulum	do.		However	a	
closer	look	at	the	literature	reveals	that	the	current	itself	is	not	internally	chaotic	
but	rather	the	warm	water	“patch”	moves	chaotically	because	its	driven	by	chaotic	
changes	in	large-scale	prevailing	winds.		Its	not	the	simple	example	I	was	looking	
for.			
	
Here	is	some	misc.	info	about	el	Nino.		I’ve	not	time	to	investigate	this	topic	further.	
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El Niño and La Niña are opposite phases of what is known as the El Niño-Southern 
Oscillation (ENSO) cycle. The ENSO cycle is a scientific term that describes the 
fluctuations in temperature between the ocean and atmosphere in the east-central 
Equatorial Pacific (approximately between the International Date Line and 120 degrees 
West).  

La Niña is sometimes referred to as the cold phase of ENSO and El Niño as the warm 
phase of ENSO.  SOURCE: http://oceanservice.noaa.gov/facts/ninonina.html 

•  El Niño:  A warming of the ocean surface, or above-average sea surface temperatures 
(SST), in the central and eastern tropical Pacific Ocean.  Over Indonesia, rainfall tends to 
become reduced while rainfall increases over the tropical Pacific Ocean.  The low-level 
surface winds, which normally blow from east to west along the equator (“easterly 
winds”), instead weaken or, in some cases, start blowing the other direction (from west to 
east or “westerly winds”).  

•  La Niña: A cooling of the ocean surface, or below-average sea surface temperatures 
(SST), in the central and eastern tropical Pacific Ocean.  Over Indonesia, rainfall tends to 
increase while rainfall decreases over the central tropical Pacific Ocean.  The normal 
easterly winds along the equator become even stronger. https://www.climate.gov/news-
features/blogs/enso/what-el-ni%C3%B1o%E2%80%93southern-oscillation-enso-nutshell 

 

 

This	is	a	bar	chart	and	circulation	diagram	from:	bar	chart	from:	
https://en.wikipedia.org/wiki/La_Ni%C3%B1a			The	diagram	shows	what	looks	like	
rotating	body	of	water	and	my	first	thought	was	whether	or	not	this	might	be	
analogous	to	the	circulation	in	a	Rayleigh-Benard	cell	and	might	therefore	reverse	
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direction	if	enough	energy	was	added	by	global	warming.		A	closer	look	at	the	
driving	mechanism	suggests	to	me	that’s	not	likely	as	it	would	require	the	warm	
water	to	sink	at	far	left	West	or	far	right	East.			

 

  

 

 

Good	uTube	video	explanation	and	animation	of	el	Nino:	
https://www.youtube.com/watch?v=tyPq86yM_Ic	and	
https://www.youtube.com/watch?v=WPA-KpldDVc	

el	nino	linked	to	bad	crops/poor	fishing	hunger	and	Aztec	sacrifices:	
https://www.youtube.com/watch?v=wWumfp4yraA	The	point	of	inserting	this	is	to	
show	that	the	system	itself	may	not	“care”	if	it	is	rotating	one	way	or	the	other,	or	is	
chaotic	or	not.		What’s	important	is	how	that	affects	things	outside	the	system	
depend	on	that	behavior.		Or	things	“riding”	on	that	system.	

Good	Utube	on	global	air	currents:	
https://www.youtube.com/watch?v=Ye45DGkqUkE	
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Above	two	charts	from	red/blue	chart	from:	(note	they	are	upside	down	from	each	
other.		https://search.yahoo.com/yhs/search?p=el+nino+history+chart&ei=UTF-
8&hspart=mozilla&hsimp=yhs-001	NOTE:		the	blue	chart	suggests	the	peak	highs	
have	been	getting	higher.			Could	this	be	global	warming?	
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This	quote	is	from	the	best	web	site	on	el	Nino	I’ve	found	so	far.		Note	where	the	
author	says	that	if	total	energy	is	increased	it	will	increase	the	intensity	“extreme	
events”.			I	think	this	–along	with	rising	sea	levels-	is	one	of	the	surest	statements	we	
can	make	about	the	impact	of	global	warming.	

“When the Walker circulation weakens or reverses, an El Niño results….. 

And “The studies of historical data show the recent El Niño variation is most 
likely linked to global warming. For example, one of the most recent results, even 
after subtracting the positive influence of decadal variation, is shown to be 
possibly present in the ENSO trend,[54] the amplitude of the ENSO variability in 
the observed data still increases, by as much as 60% in the last 50 years.[55]” 

“The exact changes happening to ENSO in the future is uncertain:[56] Different 
models make different predictions.[57][58] It may be that the observed phenomenon 
of more frequent and stronger El Niño events occurs only in the initial phase of 
the global warming, and then (e.g., after the lower layers of the ocean get warmer, 
as well), El Niño will become weaker than it was.[59] It may also be that the 
stabilizing and destabilizing forces influencing the phenomenon will eventually 
compensate for each other.[60] More research is needed to provide a better answer 
to that question. The ENSO is considered to be a potential tipping element in 
Earth's climate[61] and, under the global warming, can enhance or alternate 
regional climate extreme events through a strengthened teleconnection.” 
https://en.wikipedia.org/wiki/El_Ni%C3%B1o%E2%80%93Southern_Oscillation 

	
	
12.4		Convection	in	earths	mantle:	
	
I’ve	had	no	time	to	do	more	than	collect	material	and	offer	a	few	initial	observations	
in	this	area.		Here’s	what	I’ve	learned	and	found.	
	
There	are	very	slow-moving	convection	currents	in	earth’s	molten	mantle,	which	
apparently	behave	chaotically	like	convection	currents	in	laboratory	Rayleigh-
Benard	cells.		In	the	process	they	carry	tectonic	plates	and	continents	around	in	
what	seems	a	random	fashion.		I	suspect	they	also	create	plumes	of	rising	magna	
that	arise	in	random	locations	and	at	random	times	over	millions	of	years.			
	
The	earth’s	mantle	is	of	course	a	very,	very	powerful	fluidic	system	that	affects	
almost	everything	on	earth	over	geologic	time,	but	they	are	so	massive	they	are	not	
noticeably	affected	by	anything	that	happens	on	earth’s	surface	includiong	anything	
we	humans	do.		We	in	essence	ride	this	system.		Thus	they	are	the	largest	of	Earth’s	
mega-systems	and	created	the	lowest	frequency,	most	powerful	mega-trends	which	
underlie	and	affect	everything	else.		
https://en.wikipedia.org/wiki/Mantle_convection	
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“The	current	mantle	plume	theory	is	that	material	and	energy	from	Earth's	
interior	are	exchanged	with	the	surface	crust	in	two	distinct	modes:	the	
predominant,	steady	state	plate	tectonic	regime	driven	by	upper	mantle	
convection,	and	a	punctuated,	intermittently	dominant,	mantle	overturn	
regime	driven	by	plume	convection.[3]	This	second	regime,	while	often	
discontinuous,	is	periodically	significant	in	mountain	building[13]	and	
continental	breakup.[14]”	https://en.wikipedia.org/wiki/Mantle_plume	

	
Magna	plumes	created	the	Hawaiian	Islands	and	one	exists	below	Yellowstone	Park.		
Magma	plumes	may	have	also	caused	or	contributed	to	two	of	earth’s	most	massive	
volcanic	outpourings	which	created	rock	formations	called	the	Siberian	and	Deccan	
traps.	
	
About	66	million	years	ago	three	things	happened	at	about	the	same	time:	a	large	
meteor	impacted	in	Mexico,	massive	lava	floods	occurred	in	India,	and	a	large	
percent	of	life	on	Earth	including	the	dinosaurs	went	extinct.		The	extinctions	are	
largely	attributed	to	the	meteor	but	the	lava	floods	may	have	contributed.		Its	
possible	the	lava	eruptions	were	solely	caused	by	an	unusually	powerful	magma	
plume	strong	enough	to	break	through	earth’s	crust	by	itself,	but	the	timing	is	too	
much	of	a	coincidence	and	suggests	that	shock	waves	from	the	meteor	were	the	final	
straw	that	triggered	the	volcanic	event.		
https://en.wikipedia.org/wiki/Deccan_Traps	and	
https://en.wikipedia.org/wiki/Cretaceous%E2%80%93Paleogene_extinction_event	
	
The	Siberian	eruptions	occurred	about	252	million	years	ago	and	are	thought	to	be	a	
likely	cause	of	the	Permian–Triassic	extinction	event,	which	occurred	at	about	the	
same	time.		It	wiped	out	almost	all	life	in	the	oceans	(including	those	cute	trilobites)	
and	about	70	percent	of	earth’s	land	animals.		See:	
https://en.wikipedia.org/wiki/Permian%E2%80%93Triassic_extinction_event	and	
https://en.wikipedia.org/wiki/Siberian_Traps	and	
https://en.wikipedia.org/wiki/Trilobite	
	
I	also	suspect	that	pulsating	magna	plumes	may	have	caused	the	Colorado	plateau	to	
cycle	above	and	below	sea	level	several	times	thus	creating	the	layers	of	sandstone	
and	limestone	visible	in	the	Grand	Canyon.	
		
At	lease	some	scientists	have	concluded	these	mantle	convection	currents	are	
chaotic.		The	quote	below	is	from	one	in	a	collection	of	technical	papers	at:	
https://books.google.com/books?id=893cBwAAQBAJ&pg=PA89&lpg=PA89&dq=ch
aos+earth%27s+mantle&source=bl&ots=h07C59ugwE&sig=mktVOe9PoDuJpBi5h8l
2TsWBd1A&hl=en&sa=X&ved=0ahUKEwit_ZT22_HNAhVX-
2MKHXjeCP4Q6AEINDAD#v=onepage&q=chaos%20earth%27s%20mantle&f=false	
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How	toy	systems	provide	insights:	The	images	below	are	from	a	computer	
simulation	of	convection	in	Earths	mantle.		Note	how	chaotic	those	convection	
currents	appear.		This	simulation	supports	my	thought	that	chaos	may	have	
concentrated	energy	in	certain	plumes	causing	them	to	be	strong	enough	to	break	
through	Earths	surface	and	create	the	Deccan	and	Siberian	traps.		I’ve	not	seen	that	
said	in	what	little	technical	literature	I’ve	read	but	I	deduce	it	from	having	seen	
energy	concentrate	in	the	double	pendulum.		This	is	an	example	of		the	benefit	from	
studying	toy	systems.	
	
These	complex	patterns	are	typical	of	spatial/temporal	chaos.		Variables	like	
temperature	or	flow	rate	vary	randomly	across	space	as	well	as	in	time.			
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This	is	the	best	computer	simulation	produced	image	of	magma	plumes	I’ve	found.		
Its	easy	to	believe	this	process	is	chaotic	thus	producing	plumes	in	random	
locations,	at	random	times,	and	of	random	strengths.	Source	is	a	good	semi-technical	
overview	of	how	the	Hawaiian	islands	were	formed.	Its	found	at:	http://written-in-
stone-seen-through-my-lens.blogspot.com/2015/09/flying-geology-of-island-of-
hawaii-part.html		The	quote	below	accompanied	this	image.	
	
“Plume devotees admit that mantle-plume behavior is not simple and that they 
don't necessarily ascend vertically straight, narrow and continuous, but swirl, 
plump-up, swell, thin-out, break-up, stagnate, pulsate and even shoot off 
laterally.” 
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The	simulations	of	mantle	convection	look	very	similar	to	Rayleigh-Benard	
convection	in	small	laboratory	containers	as	simulated	in	the	three	images	below.			
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Links	and	images:		
	
These	videos	show	how	convection	currents	in	the	earths	mantle	drive	plate	
tectonics:	https://www.youtube.com/watch?v=ryrXAGY1dmE	and	
https://www.youtube.com/watch?v=Kpoko_l34ZE	
	
“The	convection	of	the	Earth's	mantle	is	a	chaotic	process	(in	the	sense	of	fluid	
dynamics),	which	is	thought	to	be	an	integral	part	of	the	motion	of	plates.		As	the	
molten	rock	moves	up	and	down	changing	pressures	and	temperatures	cause	its	
chemical	composition	to	change	and	produce	many	different	minerals.	A	relatively	
simple	process	building	complexity.“	
https://en.wikipedia.org/wiki/Mantle_%28geology%29#Earth.27s_mantle	
	
“It	is	generally	accepted	that	thermal	convection	is	the	primary	means	of	heat	
transport	in	the	earth's	mantle.	Heat	is	produced	in	the	mantle	due	to	the	decay	of	
the	radioactive	isotopes	of	uranium,	thorium,	and	potassium.	Heat	is	also	lost	due	to	
the	cooling	of	the	earth.	The	surface	plates	of	plate	tectonics	are	the	thermal	
boundary	layers	of	mantle	convection	cells.	The	plates	are	created	by	ascending	
mantle	flows	at	ocean	ridges.	The	plates	become	gravitationally	unstable	and	
founder	into	the	mantle	at	ocean	trenches	(subduction	zones).	Intra-plate	hot	spots	
such	as	Hawaii	are	attributed	to	mantle	plumes	that	ascend	from	the	hot	unstable	
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thermal	boundary	layer	at	the	base	of	the	convection	mantle.	“	
http://ebooks.cambridge.org/chapter.jsf?bid=CBO9781139174695&cid=CBO97811
39174695A058			
	
Nice	movie	of	continental	drift	from	Pangaea	250	Million	years	ago	to	present:	
https://www.youtube.com/watch?v=uLahVJNnoZ4	and	
https://www.youtube.com/watch?v=tObhGzHH2aw		
	
Here	is	a	long	video	on	plate	tectonics	and	convection	that	among	other	things	
describes	(at	t=33)	the	origin	of	the	Deccan	traps	and	says	they	resulted	from	a	
giant	plume:	https://www.youtube.com/watch?v=bg0tsqQfTxY	
	
MOVE	this	to	life	section:		this	movie	starts	with	formation	of	moon	and	shows	how	
the	earth	evolved	so	conditions	were	OK	for	life:		
https://www.youtube.com/watch?v=69dpAdpx1dk	
	
Below	are	two	diagrams	of	convection	cells	and	plumes	in	earth’s	mantle.	Source:	
https://en.wikipedia.org/wiki/Mantle_convection			
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These	videos	show	how	convection	currents	in	the	earths	mantle	drive	plate	
tectonics:	https://www.youtube.com/watch?v=ryrXAGY1dmE	and	
https://www.youtube.com/watch?v=Kpoko_l34ZE	
	
“The	mantle	is	a	huge	layer	of	solid	rock	about	3,000	kilometres	thick,	that	over	the	
course	of	millions	of	years,	moves	a	bit	like	a	really	thick	liquid.	The	crust	(where	we	
live)	floats	on	top	of	the	mantle	-	so	it	moves	when	the	mantle	moves.”….	New	
research	by	a	team	from	the	University	of	Cambridge	suggests	that	this	isn’t	the	
case.	The	group	used	data	from	over	2,000	sites	around	the	world	to	measure	the	
amount	of	vertical	movement	in	the	mantle,	and	they	found	that	it’s	much	more	
common	than	anyone	thought.”		http://www.sciencealert.com/earth-s-mantle-
moves-way-more-than-we-thought-it-did	
	
This	is	also	good:	
https://books.google.com/books?id=893cBwAAQBAJ&pg=PA89&lpg=PA89&dq=ch
aos+earth%27s+mantle&source=bl&ots=h07C59ugwE&sig=mktVOe9PoDuJpBi5h8l
2TsWBd1A&hl=en&sa=X&ved=0ahUKEwit_ZT22_HNAhVX-
2MKHXjeCP4Q6AEINDAD#v=onepage&q=chaos%20earth%27s%20mantle&f=false	
	
There	have	been	books	about	chaos	in	the	mantle:	
http://ebooks.cambridge.org/chapter.jsf?bid=CBO9781139174695&cid=CBO97811
39174695A058	
	
Image	of	plume	in	mantle	simulation.	Source:	
https://en.wikipedia.org/wiki/Mantle_(geology)	
	
	

	
	
Why	Colorado	plateau	rises:	
https://www.sciencedaily.com/releases/2011/04/110427131812.htm	and	
http://onlinelibrary.wiley.com/doi/10.1029/2009GL039778/full	and	
http://crev.info/2011/05/colorado_plateau_uplift_solved/		A	quick	skim	of	the	
above	suggests	but	does	not	say	directly	that	mantle	plumes	caused	the	plateau	rise.	
The	details	are	complicated.			
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Another	article:		Mantle	phase	transitions	and	layered	chaotic	convection	found	at:		
http://onlinelibrary.wiley.com/doi/10.1029/91GL02951/full	

The	convection	of	the	Earth's	mantle	is	a	chaotic	process	(in	the	sense	of	fluid	
dynamics),		from:	https://en.wikipedia.org/wiki/Mantle_(geology)	

	
	
	
12.5	Business	cycle			
	
12.5.1	Economy	appears	chaotic:	A	key	measure	of	economic	performance	is	the	
gross	national	product	or	GNP.		Although	it	has	steady	grown	for	decades	in	the	US	
there	are	fluctuations	in	the	grown	rate	called	business	cycles.		These	are	just	barely	
apparent	in	the	chart	below.	These	fluctuations,	usually	called	booms	and	
recessions,	sometimes	even	depressions,	occur	in	a	seemingly	random	manner.			
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The	top	chart	in	Slide	40	is	a	magnification	of	these	fluctuations	relative	to	the	red	
baseline.		They	produce	a	chaotic	looking	waveform	that	looks	remarkably	similar	to	
that	produced	by	a	chaotic	double-pendulum	or	an	oscillating	spring/mass	system,	
even	though	the	later	isn’t	technically	chaotic.			
	



12-38	

	
	
If	these	waveforms	look	similar	its	reasonable	to	ask	if	there	is	some	similarity	
between	the	systems	that	produced	them.			But	first	a	little	background.	
	
Two	main	theories:	It	seems	that	the	big	debate	in	the	economic	community	is	
what	theory	best	explains	chaotic	fluctuations	in	the	economy	or	the	GNP.		Some	
argue	that	the	fluctuations	are	caused	by	shocks	from	random	outside	(i.e.:	
exogenous)	events.		Examples	include:	natural	or	man-made	catastrophes.		Here	is	
one	quote	from	the	literature:	
	

Slide	40	
Gross	Na/onal	
Product	(GNP)		
waveform	

GNP	

Spring/
mass	
system	

Double	
pendulum		
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	“Observing	these	similarities	yet	seemingly	non-deterministic	fluctuations	
(of	GNP)	about	trend,	we	come	to	the	burning	question	of	why	any	of	this	
occurs…..Economists	have	come	up	with	many	ideas	to	answer	the	above	
question.	The	one,	which	currently	dominates	the	academic	literature	on	real	
business	cycle	theory,	was	introduced	by	Finn	E.	Kydland	and	Edward	C.	
Prescott	in	their	1982	work	Time	to	Build	And	Aggregate	Fluctuations.	They	
envisioned	this	factor	to	be	technological	shocks	i.e.,	random	fluctuations	in	
the	productivity	level	that	shifted	the	constant	growth	trend	up	or	down.	
Examples	of	such	shocks	include	innovations,	bad	weather,	imported	oil	
price	increase,	stricter	environmental	and	safety	regulations,	etc.”		From:	
https://en.wikipedia.org/wiki/Real_business-cycle_theory	

	
The	other	main	theory	is	that	fluctuations	occur	because	the	economic	system	is	
internally	(i.e.:	endogenously)	chaotic.		In	other	words	the	“parts”	in	the	economy	
oscillate	chaotically	just	like	the	parts	in	the	double	pendulum.		No	outside	shocks	
are	necessary.		They	suggest	the	fluctuating	GNP	waveform	results	from	that	
internal	oscillation.		Still	others	have	proposed	it’s	a	combination	of	the	two.	
https://arxiv.org/pdf/1509.01034.pdf.			
	
Slide	39	illustrates	both	theories.		First	it	illustrates	that	the	economic	system	could	
be	rattled	by	external	shocks.		Secondly	it	illustrates	the	economy	as	a	system	
comprised	on	interacting	parts.		For	simplicity	just	four	are	shown	in	this	conceptual	
diagram.		The	parts	push	and	pull	on	each	other	with	spring-like	forces	so	that	when	
one	is	disturbed	that	disturbance	is	transmitted	to	the	others.		I	use	the	term	spring-
like	conceptually.		By	it	I	mean	any	force	that	one	thing	exerts	on	another	that	
causes	it	to	change,	not	instantly,	but	rather	after	some	delay.		The	delay	in	
spring/mass	systems	is	caused	by	inertia.		Economists	recognize	that	economic	
systems	don’t	react	instantly	and	have	built	delay	or	inertia	into	their	models.			
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The	parts	in	the	spring//mass	system	are	of	course	steel	balls	or	other	masses.		
Economic	parts	are	of	a	different	nature.	
	
12.5.2	Modeling	the	economy:		My	diagram	is	conceptual	but	economists	have	
actually	spent	a	great	deal	of	effort	developing	computer	models	of	the	economy	and	
exploring	their	behavior.		Such	models	seem	to	have	the	equivalent	of	interacting	
parts,	although	based	on	the	authors	brief	look	into	this	area,	I	haven’t	seen	them	
identified	as	such.		I	suspect	the	“parts”	are	real	tangible	things	like	consumers,	
employees,	and	businesses.		It	appears	that	different	models	have	different	numbers	
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of	parts.		For	instance	it	appears	some	models	include	foreign	customers	or	
investors	while	others	do	not.			
	
The	bobs	or	parts	in	the	double	pendulum	have	fixed	attributes	like	mass	but	also	
variable	attributes	like	speed	or	position.		Usually	we	just	call	them	variables.	The	
equations	for	the	double	pendulum	model	how	one	attribute	or	variable	interacts	
with	other	variables.		It	appears	that	economic	models	do	likewise.		In	other	works	
there	may	be	a	direct	equivalency	between	toy	system	models	and	economic	model,	
but	its	not	obvious	since	they	use	using	different	terms.							
	
Some	economic	models	have	as	few	as	three	or	four	interacting	variables.		One	
model	has	the	following	eight.		Apparently	one	part	in	this	model	is	banks	plus	
companies	and	the	variable	associated	with	this	part	is	the	quantity	of	liquid	assets	
they	have	at	any	point	in	time.		Goods	inventory	may	be	the	variable	associated	with	
a	part	otherwise	known	as	a	warehouse.		Wages	would	be	variable	associated	with	a	
part	called	labor	force.		I	am	of	course	speculating	about	these	relations.		They	are	
probably	spelled	out	somewhere	in	the	literature.			
		

liquid	assets	of	banks	and	companies	
goods	inventory	
capital	
number	of	employed	workers	
consumer	money	stock	
price	
wages	
producer	investment	ratio			
Source:	
http://research.atmos.ucla.edu/tcd//PREPRINTS/StephH&co_EcoCycles-
Final.pdf	

	
Economists	have	equations	for	how	these	parts	are	thought	to	interact	in	the	real-
world.		They	incorporate	these	into	simulation	models	to	see	how	the	system	
behaves	once	disturbed.		The	image	below	shows	the	chaotic	GNP	waveform	
generated	by	one	model.	
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The	goal	of	such	research	is	to	have	a	computer	model	which	faithfully	models	the	
real	world	and	can	be	used	to	determine	what	government	policies	might	mitigate	
depressions,	or	how	to	get	rich	with	well-timed	investments.	One	test	would	be	to	
see	if	the	model	could	reproduce	a	historic	GNP	waveform.		Another	would	be	to	
make	a	forecast	and	judge	later	if	it	was	correct.		I’ve	not	seen	a	claim	that	either	
goal	has	been	achieved.	It’s	simply	an	extraordinarily	hard	challenge.		
	
Overall	I	have	the	feeling	from	this	brief	look	at	the	subject	that	chaos	theory	as	
applied	to	economics	hasn’t	been	too	useful.	
	
			
12.5.3	A	larger	context:		Figure	41	illustrates	these	two	theories	again	but	places	
them	in	a	larger	context.		In	that	larger	context	two	additional	theories	are	
suggested.	
	
This	whole	economic	system	obviously	exists	as	a	sub-system	within	a	much	larger	
system	or	environment	which	includes	everything	on	the	earth.		It	contains	many	
other	sub-systems	like	the	climatic	sub-system,	the	groundwater	sub-system,	the	
political	sub-system,	and	sub-systems	of	government.		The	diagram	shows	just	two	
of	them	with	arrows	to	indicate	they	interact	with	the	economy.			
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In	Slide	41	the	economic	system	is	enclosed	by	the	dotted	line	and	comprised	of	four	
hypothetical	parts:	A,	B,	C	and	DNP.		The	endogenous	theory	suggests	these	four	
parts	can	oscillate	like	an	isolated	spring-mass	system,	albeit	chaotically	because	the	
linking	forces	are	non-linear.		In	this	example	the	GNP	part	is	some	part	whose	
behavior	or	change	traces	the	DNP	waveform.		
	
Slide	41	shows	that	parts	have	different	sizes.		Its	obvious	that	big	parts	exert	more	
force	on	small	parts	than	the	reverse.		Just	like	Jupiter	dominates	the	behavior	of	
other	planets	I	suspect	General	Motors	affects	Acme	Headlight	Company	more	than	
the	reverse.		This	effect	shows	up	in	the	spring/mass	simulation	to	be	described	
shortly.		Another	thing	to	note	is	that	some	effects	are	one-way.		A	affects	B	but	not	
the	reverse.		I	show	these	by	one-way	arrows.		For	example	the	varying	output	of	
the	sun	affects	earth	but	nothing	on	earth	will	affect	the	sun.		Climate	historically		
affected	the	economy	more	than	economy	affected	the	climate,	but	of	course	that’s	
changed	in	recent	decades.		Now	back	to	the	main	story.	
	
The	exogenous	theory	suggests	fluctuations	in	the	economy	and	GNP	are	caused	by	
external	shocks	from	one-time	events	such	as	inventions	and	regulations.		If	there	
were	a	long	series	of	these	shocks	it	would	obviously	cause	a	chaotic	looking	
waveform	even	if	the	economic	system	weren’t	internally	chaotic.			
	
Beside	the	two	main	economic	theories,	Slide	41	illustrates	two	other	possible	ideas	
for	why	the	economy	fluctuates.			First,	the	economic	system	is	obviously	coupled	to	
other	systems	that	may	oscillate	chaotically	and	imprint	their	behavior	on	the	
economic	system.	(Support	for	this	idea	will	be	given	shortly.)		For	example	the	
climate	system	oscillates	chaotically	and	imprints	its	vibrations	on	the	economy	in	
the	form	of	changing	food	harvests.		The	political	system	seems	to	oscillate	between	
periods	of	protective	versus	open	trade	policy,	tighter	or	looser	regulation	and	so	
forth.		These	oscillations	are	what	some	economists	call	external	shocks.		The	term	
shock	connotes	sharp	one-time	events	whereas	oscillation	connotes	a	reoccurring	
and	perhaps	less	sudden	change	in	pressure.		
	
Finally	each	part	–	in	this	example	part	A-	in	the	main	economic	model	is	likely	
comprised	of	smaller	sub-systems.		For	instance	the	oil	industry,	the	auto	industry,	
the	computing	industry,	the	gaming	industry,	and	so	forth.		It	seems	likely	they	
interact	–perhaps	oscillating	chaotically-	while	competing	for	customer	dollars.		
Chaotic	behavior	within	one	sub-part	might	imprint	chaos	on	the	overall	GNP.				
	
12.5.4	Prediction:	The	main	value	of	Slide	41	may	be	to	illustrate	the	nearly	
impossible	challenge	of	building	a	model	capable	of	predicting	the	next	boom	or	
bust,	unless	perhaps	if	its	imminent.		I	would	sum	it	up	thus.		First,	lets	suppose	
there	was	a	reasonably	good	simulation	model	of	the	economy.		If	the	economic	
system	were	internally	chaotic	per	the	endogenous	theory	it	would	be	impossible	to	
make	long-term	predictions	about	when	things	like	recessions	would	happen	
because	the	model	would	have	“sensitive	dependence	on	initial	conditions”	or	SDIC.		
No	one	could	put	the	initial	conditions	into	this	model	accurately	enough	to	produce	
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a	reliable	long-term	forecast.		I	would	guess	long-term	in	this	context	would	be	
several	business	cycles	ahead.		But	in	addition	to	this	problem	the	not	well-
understood	interference	from	coupled	systems	acts	like	“noise”	to	alter	the	initial	
conditions.		Finally	there	are	the	shocks	that	could	come	in	many	forms	from	many	
places:	a	change	in	consumer	taste,	the	vicissitudes	of	OPEC,	a	terror	incident.		In	
short	the	precise	initial	conditions	needed	for	a	reasonable	forecast	would	be	
unknown	for	three	or	four	very	different	reasons.				
	
Based	on	my	research	on	toy	systems	like	the	double	pendulum	I	think	there	may	be	
some	hope	for	short-term	prediction	of	things	like	recessions,	again	assuming	one	
has	a	good	model.		It	depends	on	whether	the	system	is	strongly	chaotic	internally	
or	just	moderately	chaotic.		(I	don’t	know	which	is	true.)	In	the	double	pendulum	the	
general	pattern	of	behavior	can	repeat	exhibiting	what’s	called	quasi-periodic	
behavior.		Quasi-periodic	is	another	term	for	moderately	chaotic	in	my	view.		Quasi-
periodic	behavior	allows	a	certain	amount	of	useful	prediction,	especially	in	the	
short	term.		If	the	economy	is	quasi-periodic	some	short-term	prediction	might	be	
possible	IF	there	were	no	strong	shocks	from	outside	and	IF	the	economic	system	
were	not	tightly	coupled	to	some	system	that	was	chaotic	or	whose	pattern	of	
behavior	was	not	known.				
	
12.5.5	Coupled	systems:	The	notion	that	one	system	can	imprint	its	behavior	on	
another	is	substantiated	by	models	of	simple	toy	systems.		They	demonstrate	the	
applicable	physics.		Consider	the	following	example.	
	
The	screenshot	below	is	from	a	simulation	where	a	lightweight	system	is	coupled	to	
a	much	more	massive	system	and	imprints	its	behavior	on	it.		In	this	image	the	left	
ball	weights	10	times	what	the	right	one	weighs.		Each	ball	is	coupled	to	a	wall	with	
a	spring	making	for	a	two-part	system	on	the	left,	and	another	two-part	system	on	
the	right.			In	isolation	the	heavy	system	oscillates	slowly	and	produces	the	following	
low	frequency	waveform.	
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The	right	hand	ball	acting	in	isolation	oscillates	at	high	frequency	as	shown	below.	
	

	
		
When	the	two	systems	are	coupled	together	by	inserting	the	red	spring	between	the	
two	blue	masses	the	small	system	imprints	its	higher	frequency	waveform	on	the	
larger	systems.		This	shows	up	as	bumps	on	the	heavier	ball’s	low	frequency	
waveform	as	shown	below.		Don’t	get	confused	by	the	size	of	the	waveforms.		Right	
can	move	back	and	forth	quiet	a	bit	when	not	tied	to	left,	but	when	tied	rights	large	
mass	keeps	left	from	moving	very	far.				
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Suppose	now	the	heavy	ball	represents	some	large	part	in	the	slowly	changing	DNP	
system,	while	the	small	ball	represents	some	part	in	a	smaller	rapidly	changing	
system,	maybe	something	like	the	climate	which	varies	quite	a	bit	from	year	to	year	
in	particular	crop	regions.		Further	supposed	the	small	system	was	acting	
chaotically.		If	this	example	is	any	guide	the	small	system	would	imprint	its	chaotic	
waveform	on	the	waveform	of	DNP.		
		
12.5.6	Mega	part	and	mega	trends:	When	one	thinks	about	this	complexity,	
systems	within	systems,	everything	interconnected,	it	seems	virtually	impossible	to	
construct	an	economic	model	that	would	replicate	or	predict	real	world	behavior	
with	any	appreciable	accuracy.		But	maybe	we	need	to	consider	timeframes.		Maybe	
we	can’t	predict	booms	or	recessions	that	are	say	more	than	a	year	ahead,	but	
maybe	we	can	predict	long-term	trends	to	some	extent.	Again,	I’m	lead	to	
speculation.					
	
Its	tempting	to	think	there	are	mega	parts	in	the	world	that	interact	over	relatively	
long	periods	to	produce	what	some	have	called	megatrends.		Megatrends	would	
include	things	like	the	communications/computing	revolution,	depletion	of	natural	
resources,	globalization,	and	climate	change.		Historical	examples	would	include:	the	
Protestant	reformation,	the	enlightenment,	the	post-printing	press	spread	of	
knowledge,	the	“age	of	discovery”,	and	the	industrial	revolution.	
	
How	one	would	define	the	“parts”	in	a	system	whose	interaction	would	produce	
these	megatrends	is	hard	to	say.		It	does	however	seem	clear	that	these	megatrends	
interact	with	each	other	within	a	huge	global	system.		Whether	this	global	system	
oscillates	so	what	we	call	a	megatrend	is	just	one	part	of	a	very	long	cycle	taking	
hundreds	or	thousand	of	years	to	repeat,	or	alternately	megatrends	don’t	oscillate	
but	rather	only	grow	is	an	interesting	question.		The	point	now	is	they	do	occur,	
probably	interact,	and	most	certainly	effect	things	like	the	long-term	growth	rate	in	
GNP.	
	
I’ve	not	yet	looked	for	any	modeling	of	interacting	mega	trends.	It	seems	worth	
some	investigation.				
	
12.5.7	Practical	implications:		Is	there	any	practical	value	in	all	this	if	we	can’t	
construct	economic	models	capable	of	making	useful	forecasts?		One	idea	has	to	do	
with	inertia.		Systems	oscillate	because	inertia	causes	a	delay	between	action	and	
reaction.		Parts	in	the	toy	systems	don’t	move	instantly,	instead	they	accelerate.		
Economists	have	built	delay	or	inertial	into	their	models.		I	suggest	that	recent	
radical	improvements	in	how	fast	information	propagates	in	the	modern	world	has	
reduced	the	delay	between	something	happening	and	someone	becoming	aware	of	
it	and	responding.		I	feel	the	pace	of	virtually	everything	has	sped	up.		The	feedback	
loop	is	tightening.	The	system	is	oscillating	at	a	higher	frequency.		I	feel	values,	
social	moirés,	and	government	policies	have	not	been	able	to	catch	up	with	the	rapid	
changes	in	how	fast	information	flows	thus	causing		commerce,	robotics,	medical	
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care,	etc.	to	change	apace.		One	could	make	an	argument	that	technology	should	
slow	down	so	other	aspects	of	society	could	catch	up	in	dealing	with	the	
consequences.		We	should	at	minimum	realize	that	rapid	change	in	some	systems	
causes	problems	in	those	with	more	inertia.	
	
As	to	the	economic	models	it	appears	they	have	given	economic	policy	makers	a	
better	understanding	of	the	system	and	how	to	control	it	short	term.	
	
	
12.5.9	Other	questions	and	thoughts:	
	
a)		What	“thing”	changes	form	and	location	in	economic	models?		In	the	toy	
systems	energy	is	the	thing	that	oscillates	between	its	PE	and	KE	forms	and	also	
moves	around	in	the	system	from	part	to	part.			Apparently	money	is	the	energy-like	
thing	that	moves	around	in	at	least	some	of	these	economic	models.		For	instance	a	
very	simple	one,	called	the	Kaldor-Kalecki	model,	consists	just	of	the	following	two	
equations.			
	
Y’	=	a(I(Y,K)	–	S(Y,K)	
	
K’	=	I(Y,K)	-dK	
	
Where	Y	is	income,	K	is	capital	stock,	I	is	gross	investment,	and	S	is	savings.	
https://arxiv.org/pdf/1509.01034.pdf.		These	terms	all	deal	with	money	so	it	
appears	that	money	is	the	“thing”	that	oscillates	between	these	four	categories.			
	
This	may	or	may	not	be	the	proper	interpretation.		My	point	is	that	it	may	be	useful	
to	compare	the	dynamic	models	of	real	physical	systems	like	the	double	pendulum	
with	economic	models	to	determine	if	there	is	some	“thing”	that	oscillates	both	
within	economic	models	and	the	real-world	that’s	equivalent	to	energy.		I	think	
that’s	the	case,	but	maybe	the	equations	mean	something	entirely	different.		The	
literature	I’ve	seen	does	not	address	this	issue.	
	
b)	What	is	the	equivalent	of	PE	and	KE?		Some	liberty	to	speculate	is	probably	OK	
if	labeled	as	such.		Thus	I	make	bold	to	speculate	that	money-in-hand	is	equivalent	
to	PE	or	potential	energy.		It	has	the	ability	to	make	things	happen,	to	cause	action	
such	as	the	manufacture	of	a	product.		The	action	is	then	the	equivalent	of	KE	or	
kinetic	energy.		Slide	42	is	the	authors	attempt	to	illustrate	these	ideas	in	a	very	
abstract	dynamic	model.	
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The	notion	is	that	consumers	have	money,	which	is	equivalent	to	potential	energy	
because	if	released	it	can	cause	someone	to	do	something.		In	this	case	they	release	
it	in	the	form	of	a	payment	to	a	producer	(e.g.:	factory).		The	factory	then	produces	
some	product	or	good,	which	is	returned	to	the	consumer	sometime	later.		The	
action	of	producing	is	arguably	equivalent	to	the	kinetic	energy	of	mass	in	motion.		
Workers	are	literally	moving	and	consuming	energy.		But	the	producers	return	
some	of	the	money	back	to	the	consumers	(as	a	class)	because	this	same	group	of	
humans	are	also	workers	in	the	factory.		His	happens	in	the	form	of	wages,	which	
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gives	them	the	PE	of	money	again.		The	next	cycle	starts	when	they	pay	for	an	
additional	product.		The	various	delays	in	this	process	should	result	in	the	money	
oscillating	back	and	forth	between	consumer	and	producers.	
	
The	point	here	is	to	see	if	there	is	some	basic	similarity	between	the	economy	as	a	
system	and	physical	systems	that	exhibit	some	of	the	same	behaviors,	such	as	
oscillation	and	chaos.		To	do	so	we	must	find	the	economic	equivalents	of	physical	
parts,	and	the	economic	equivalent	of	PE	and	KE.		Or	so	it	seems.	
	
c)	External	shocks	may	ring	the	economic	bell.		The	toy	systems	we	have	studied	
rest	at	equilibrium	until	they	are	disturbed	by	a	one-time	external	event	like	
manually	lifting	the	pendulum	bob	or	stretching	a	spring/mass	system.		This	
disturbance	provides	the	energy	to	set	them	oscillating.		Possibly	exogenous	shocks	
do	the	same	thing	to	the	economy.		If	so	GDP	fluctuations	represent	not	only	the	
initial	disturbance	but	also	the	way	the	system	oscillates	thereafter.		The	economy	is	
therefore	like	a	bell	rung	by	exogenous	shocks.			
	
d)	Models	vs.	reality.		Economic	models	like	those	above	will	behave	chaotically	
but	that	doesn’t	prove	that	the	real-world	economy	is	intrinsically	chaotic.		It	may	be	
that	links	to	other	systems,	which	are	chaotic,	or	shocks,	are	sufficient	to	explain	
GNP	fluctuations.		
	
e)		Comparing	different	models	might	be	instructive.		If	they	haven’t	done	so	
already	I	feel	economists	would	benefit	by	comparing	economic	models	with	the	
well	researched	models	of	what	I’ve	been	calling	toy	systems.		The	toy	system	
models	have	physical	parts	like	pendulum	bobs.		What	is	the	nature	of	the	parts	in	
economic	models?		What	is	the	equivalent	of	mass	inertia	in	economic	models?		
Energy	is	the	“thing”	that	changes	form	and	position	in	toy	system	models.		What’s	
its	equivalent	in	economic	models?		Explain	why	and	how	economic	models	are	
dissipative	or	conservative.		Compare	the	forces	involved.		In	economic	models	what	
it	the	equivalent	of	gravity?		Are	economic	forces	non-linear	and	if	so	why?		Again	I	
speak	as	an	outsider.	
	
f)		Are	models	tweaked	to	produce	desired	behavior?		I	suspect	its	relatively	
easy	to	construct	a	set	of	interacting	equations	that	will	behave	chaotically.		It’s	an	
unfounded	suspicion	but	its	possible	some	of	their	creators	have	tweaked	economic	
models	just	enough	to	produce	chaotic	behavior	as	opposed	to	making	them	best	
represent	reality.			
	
	
12.5.10		Supporting	material:	
	
a)	Actual	DNP	waveform	from	Wikipedia.		
https://en.wikipedia.org/wiki/Real_business-cycle_theory	
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b)	Short	and	long	term	GDP	charts	from	http://www.tradingeconomics.com/united-
states/gdp-growth	
	

	
	

	
	
c)	“GNP,	in	turn,	measures	the	country'	aggregate	output	by	simply	evaluating	all	
final	goods	and	services	produced	in	the	economy	during	a	year	at	their	market	
prices….Empirical	studies	by	economists	have	revealed	that	the	volatility	of	the	
investment	component	is	an	important	factor	in	explaining	business	cycles	in	the	
United	States…..	There	are	several	reasons	for	the	volatility	in	the	investment	
spending…..	One	generic	reason	is	the	pace	at	which	investment	accelerates	in	
response	to	changes	in	sales—this	linkage	is	termed	as	the	acceleration	principle	by	
economists,…	Another	reason	for	variations	in	investment	is	the	timing	of	
technological	innovation….	Variations	in	inventory….	Variations	in	government	
spending	are	yet	another	source	of	business	fluctuations…	Many	economists	have	
hypothesized	that	business	cycles	are	the	result	of	the	politically	motivated	use	of	
macroeconomic	policies	….	variations	in	exports	and	imports…	many	economists	
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consider	variations	in	the	nation's	money	supply,	independent	of	changes	induced	
by	political	pressures,	as	an	important	source	of	business	cycles.		Source:		
	http://www.referenceforbusiness.com/encyclopedia/Bre-Cap/Business-
Cycles.html	
	
d)		Equations	said	to	rep	economy	show	chaos	are	found	here:	
http://www.sciencedirect.com/science/article/pii/0960077991900174	
	
e)	“In	particular,	the	GDP	is	the	sum	of	consumption,	investment,	government	and	
net	trade,	…..	In	the	applying	chaos	theory	to	the	study	of	business	cycles	,	many	
economists	have	assumed	that	the	economy	has	an	equilibrium	state,	and	that	it	
would	settle	down	to	this	state,	without	disturbances	such	as	business	cycles,	if	only	
we	would	stop	interfering	with	the	system,	in	short,	if	it	were	not	subjected	to	
variable	forces.	What	some	chaos	analysts	are	now	proposing	is	that,	as	a	dynamical	
system,	the	economy	is	chaotic,	and	business	cycles,	at	irregular	intervals,	are	
inevitable.	Meddling	might	even	suppress…”		from:	
https://www.researchgate.net/publication/228305140_An_Alternative_Visualizatio
n_of_Business_Cycles_in_Chaos	
	
f)	“The	preliminary	results	presented	here	show	that	complex	behavior	in	the	
economic	system	may	be	due	entirely,	or	at	least	largely,	to	deterministic,	intrinsic	
factors,	even	if	the	economic	long-term	equilibrium	is	neo-classical	in	nature.	In	the	
chaotic	regime,	moreover,	slight	shocks	{	such	as	those	due	to	natural	or	man-made	
catastrophes	{	may	lead	to	significant	changes	in	the	economic	system….The	
economy	that	once	strays	from	equilibrium	growth[may]	not	automatically	find	its	
way	back	to	any	equilibrium	path"	
http://research.atmos.ucla.edu/tcd//PREPRINTS/StephH&co_EcoCycles-Final.pdf	
	
g)		This	quote	suggests	that	the	speed	of	decision	making	speeds	up	the	economic	
process	making	it	chaotic	in	the	same	way	that	increasing	the	driving	force	or	
energy	in	toy	systems	makes	them	chaotic?		If	so	“investment	flexibility”	is	
equivalent	to	energy	or	driving	force.		This	is	an	important	conceptual	relation.	It	
also	recognizes	inertia,	the	same	thing	that’s	important	in	causing	oscillation	in	toy	
systems.	
	

	“In	NEDyM	(the	name	of	their	model),	business	cycles	arise	from	inertial	
effects,	namely	from	delays	in	the	adjustment	of	price,	wages	and	investment	
decisions.”	
“The	key	parameter	in	NEDyM	is	investment	flexibility..	For	certain	values	of	
this	parameter,	the	model	reproduces	classical	business	cycles….	For	
somewhat	greater	investment	flexibility,	the	model	exhibits	chaotic	
behavior,..”	
http://research.atmos.ucla.edu/tcd//PREPRINTS/StephH&co_EcoCycles-
Final.pdf	

	



12-53	

h)		This	quote	suggests	a	similarity	between	energy	in	the	toy	system	models	and	
money	in	the	endogenous	theory	models	because	it	both	cases	it’s	the	thing	that’s	
conserved.	
	

“….	our	NEDyM	model	obeys	a	conservation	law	for	the	amount	of	money,…”  
http://research.atmos.ucla.edu/tcd//PREPRINTS/StephH&co_EcoCycles-
Final.pdf	

	
i)		Relates	to	the	idea	that	the	economic	sub-system	is	coupled	to	outside	sub-
systems.		“Goodwin	[41]	argues	that	the	apparent	unpredictability	of	economic	
systems	is	due	to	deterministic	chaos	as	much	as	to	exogenous	shocks.	In	this	sense,	
our	results	can	be	interpreted	as	the	transmission	of	unpredictability	from	one	
economic	system	to	another,	and	even	models	that	do	not	admit	irregularity	in	
isolation	can	eventually	be	contaminated	with	chaos.”	
https://arxiv.org/pdf/1509.01034.pdf	
	
and	more:		
	
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2606209		and	
http://eucenter.tamu.edu/sites/default/files/documents/EUCEConference/Stegma
ier%20%26%20Lewis-Beck.pdf		and		
http://www.academicjournals.org/journal/AJMM/article-full-text-
pdf/A1B68931883	
	and		http://yumishch.me/journal.pone.0087820.pdf	and	
http://www.cepal.org/en/publications/3538-microeconomic-behavior-high-
uncertainty-environments-case-argentina	
		and	
https://www.researchgate.net/publication/280239096_Economic_Oscillations_wit
h_Endogenous_Population_Human_Capital_and_Wealth	and	
https://www.researchgate.net/publication/282666557_Economic_Oscillations_in_a
_Multi-Country_Growth_Model_with_Free_Trade_and_Tourism	and		
https://www.aeaweb.org/articles?id=10.1257/aer.96.3.523	
		and		http://www.newschool.edu/nssr/het/profiles/moore.htm	
		and		this	is	probably	good	too:		https://www.ceeol.com/search/article-
detail?id=289501	
	
This	is	better	than	the	rest:	http://models.metasd.com/category/technical/chaos-
oscillations/	
	
This	actually	applies	chaos	theory	to	economics:	http://chaos-3d.e-
monsite.com/medias/files/nonlinear-analysis-bouali-et-al.pdf		and		
http://www.econ.wisc.edu/archive/wp2008.pdf	
			and	
http://www.economicissues.org.uk/Files/1997/197aNew%20Methods%20and%2
0Understanding%20in%20Economic%20Dynamics%20-
%20An%20Introductory%20Guide%20to%20Choas%20and%20Economics.pdf	
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And	http://www.scirp.org/journal/PaperInformation.aspx?PaperID=16802	
	
And	READ	this	one	
http://pendientedemigracion.ucm.es/centros/cont/descargas/documento32957.p
df	and	read	this	http://people.brandeis.edu/~blebaron/ge/chaos.html		and	this	
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.114.6606&rep=rep1&ty
pe=pdf		and	read	this	https://hbr.org/2010/12/economics-ready-for-new-model/	

This	book	“Complexity	in	Economics:	Cutting	Edge	Research”		summarizes	chaos	
applied	to	economics:	its	recent	but	$65	used 
http://link.springer.com/chapter/10.1007%2F978-3-319-05185-7_11 

Uses	Dow	Jones	data:	http://www.pitt.edu/~caginalp/Market57.pdf	
	
A	dynamic	economic	model	described	at:	
http://web.mit.edu/paltsev/www/docs/move04.html	this	is	useful	but	he	does	not	
show	waveforms	or	mention	chaos.	Also	dated	
Economic	model:	https://en.wikipedia.org/wiki/Macroeconomic_model	this	does	
not	mention	chaos	
	
This	is	about	business	cycle	and	does	talk	fluctuations:	
https://en.wikipedia.org/wiki/Real_business-cycle_theory	
It	has	this	chart:	This	economic	waveform	looks	like	one	from	the	double	pendulum.	
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and	the	text	says:	“That	is,	economic	activity	in	the	short	run	is	quite	predictable	but	
due	to	the	irregular	long-term	nature	of	fluctuations,	forecasting	in	the	long	run	is	
much	more	difficult	if	not	impossible.	“	And	Real	business-cycle	theory	(RBC	
theory)	are	a	class	of	New	classical	macroeconomics	models	in	which	business-
cycle	fluctuations	to	a	large	extent	can	be	accounted	for	by	real	(in	contrast	to	
nominal)	shocks.	Study	this	site	some	more.		It	has	one	theory	for	the	oscillation,	
shocks	like	tech	change…but	does	not	mention	chaos.	I	can	therefore	speculate	this	
might	be	internal	chaos	although	what	parts	are	oscillating	isn’t	clear.		External	
noise	is	very	likely	also	showing	up.		Maybe	there	is	one	shock	that	adds	energy	but	
then	the	oscillation	is	internal	chaos.	
				
Oscillation	would	seem	to	involve	inertia.		If	money	flows	instantly	oscillation	
between	a	company	and	its	supplier	should	be	high	frequency.		Maybe	totally	
masked	by	billing	cycle.			
	
To	explain	why	recessions	happen	from	a	systems	view	it	seem	we	would	need	to	
identify	the	parts	that	are	oscillating	chaotically.		Maybe	there	is	value	in	knowing	
this.		Given	the	random	effect	of	government	policy,	the	lag	caused	by	borrowing,	
the	stochastic	changes	in	technology,	demographic	shifts,	globalization,	etc.	it	it	
probably	near	impossible	to	identify	an	internal	oscillation	from	noise	unless	the	
internal	oscillation	is	much	stronger.			
	
So	far	I	see	no	easy	way	to	identify	the	behavior	of	some	economic	subsystem	by	
looking	at	its	waveform	because	of	noise	of	nearly	equal	magnitude.			
	
Maybe	we	could	identify	an	economic	subsystem	by	looking	at	the	money	flows	
between	corporations	and	customers	or	savings	or	debt.			Maybe	one	could	id	a	
system	that	was	relatively	unaffected	by	outside	noise.				
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12.6		Societal	systems	
	
I	haven’t	had	time	so	far	to	get	into	analyzing	societal	systems,	which	include	
political	parties,	government,	religious	organizations,	and	other	systems	in	which	

Fig	28		Regular	versus	
chao2c	waveforms	
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humans	play	a	large	role.		However	its	clear	that	individuals	do	influence	each	
others	behavior	and	that	implies	some	type	of	force	that	one	person	exerts	upon	
another.		Its	clear	that	interest	groups	influence	each	other	in	the	formation	of	
political	groups,	and	both	the	structure	and	policies	of	governments.		Humans	early	
on	formed	tribes	partly	to	save	energy	by	specialization	of	labor.		So	family	groups	
and	tribes	had	parts	which	influenced	each	other.	
	
As	mentioned	before	a	prime	reason	for	getting	engaged	in	this	entire	line	of	
research	was	to	see	whether	a	better	understanding	of	simple	physical	systems	
would	help	us	better	understand	and	manage	societal	systems.		Obviously	I	suspect	
the	same	basic	“physics”	applies	to	all	systems,	so	I	hope	for	positive	results.			This	
book	tried	to	infer	some	things	about	the	relation	of	toy	systems	to	societal	systems,	
but	the	bulk	of	that	research	still	awaits.					
	
The	rest	of	this	section	is	simply	a	repository	for	items	that	looked	relevant.		I’ve	not	
analyzed	any	of	it.	
	
Social	networks:		Sociologists	have	long	recognized	and	studied	social	networks.	
The	image	below	shows	a	network	of	Facebook	users.		It	come	from	a	paper	by	
Adam	Peter	found	at:	http://perer.org/papers/adamPerer-BV_ch10.pdf		Because	
the	individuals	in	this	network	interact	and	presumably	influence	or	affect	each	
other	this	network	constitutes	a	system	per	my	definition	of	system.		It’s	analogous	
to	a	spring/mass	network	and	could	probably	be	modeled	in	that	fashion.		I	haven’t	
had	time	to	see	if	these	social	networks	have	ever	been	so	modeled	with	the	intent	
of	studying	their	dynamic	behavior.		I	suspect	waves	of	opinion	radiate	out	from	
certain	individuals	and	essentially	cause	them	to	act	differently	than	they	might	
otherwise.		In	that	sense	the	network	should	be	dynamic.			
	
The	paper	also	includes	diagrams	of	terrorist	networks	and	some	interesting	charts	
about	how	membership	in	various	groups	changed	over	time.	
		



12-58	

	
	
	
LeBaron	quote:	Here	is	an	extended	quote	apparently	written	by	Prof.	Blake	
LeBaron	at	Brandeis.	It	summarizes	this	topic	better	than	I	could.		Its	found	at	
http://people.brandeis.edu/~blebaron/ge/chaos.html		and	reads	as	follows:	
	

“Has	chaos	theory	found	any	useful	application	in	the	social	sciences?		
Allison	Brown	
Chicago,	Illinois		
	
Blake	LeBaron	of	Brandeis	University,	is	one	of	the	leading	researchers	investigating	
the	role	of	chaos	theory	in	economic	systems.	He	wrote	in	to	expand	on	the	brief	reply	
to	this	question	that	we	previously	posted.		

Overview: It has been more than 10 years since ideas from deterministic chaos began 
appearing in the social science literature. This interdisciplinary spread of ideas was 
accompanied by expectations that many major problems in the social sciences could be 
easily 'solved' using chaos-inspired techniques. It is probably true that many early 
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expectations for chaos were not fulfilled. Its role has not faded completely away, 
however. Important ideas and methods have been adapted from the dynamical systems 
literature. I believe that chaos has had an impact, though in different ways from those 
predicted at the onset.  

One of several key ideas in chaos is that simple models can generate very rich (and 
random-looking) dynamics. Implicit in some early work in the social sciences was a hope 
that simple chaotic models of social phenomena could be matched up with many of the 
near-random and difficult-to-explain empirical patterns that are observed. This early goal 
has proved elusive.  

One problem is that determining if a time series was generated by deterministic chaos is 
not easy. (A time series is a data set showing the state of a system over a period of time--
a sequence of voting results, for instance, or the fluctuating price of gold.) There is no 
single statistic capable of being estimated that indicates what is going on in a social 
system. Also, many common time-series problems (such as seasonality and trends) can 
confuse most of the diagnostic tools that people use. These complications have led to 
many conflicting results. Building an easy-to-use test that can handle the intricacies of a 
real-world time series is a tough problem, one which will probably not be solved anytime 
soon.  

A second difficulty is that most of the theoretical structure in chaos is based on purely 
deterministic models that have no noise, or at most just a very small amount of noise, 
affecting the dynamics of the system. This approach works well in many physical 
situations, but it does not offer a very good picture of most social situations. It is hard to 
look at social systems isolated from the environment in the way that one can analyze 
fluid in a laboratory beaker. Once noise plays a major role in the dynamics, the problems 
involved in analyzing nonlinear systems become much more difficult.  

Empirical Successes and Failures: Chaos pushed empirical researchers in many fields to 
analyze their well-worn data from a new perspective. In the social sciences, economics 
and finance--fields in which researchers have relatively long, clean data sets to work 
with--have probably led the group, but there has been some work in other areas.  

The early excitement about chaos theory centered on the fact that many of the diagnostics 
used in physics could be applied to any time series, independent of the theories of what 
causes it to change. But again, most of these tests were designed for the low-noise worlds 
of experimental physics. (They also worked best with what is called 'low-dimensional 
chaos,' meaning they were designed for chaotic systems that themselves were not too 
complicated.) Analysis of time series in the social sciences often gave indications of 
previously unanticipated structure, but few or no strong statements could be made about 
the sort of low-dimensional chaos studied in physics.  

Much interest focused on the role of chaos in finance, because of the abundance of data 
and the obvious interest in detecting unknown, predictable patterns. Once again, the tests 
have indicated the presence of enough nonlinear structure to fuel debates about the 
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predictability of stock prices and foreign exchange rates, but definitive statements about 
chaos lie well beyond what the data are able to tell us. Much of this failure stems from 
the fact that chaos tests depend on predictability to some extent. Many tests monitor 
short-range forecasts and the speed at which they degrade. If the degradation happens 
sufficiently quickly, this behavior can be listed as one of several necessary conditions for 
chaos. But in financial markets, any observable structure is weak at best, and measuring 
the precise speed at which a forecast degrades is probably a hopeless task.  

Although fitting chaotic processes to social-science data series has proved problematic, 
certain nonlinear time series tools and techniques inspired by chaos have thrived. Chaos 
served an important role for empirical researchers, reminding them how much structure 
in a time series could be invisible to the standard linear diagnostics that were in use 15 
years ago. In many fields, both physical and social, time series that were thought to be 
random, or derived from linear dynamics, have been reanalyzed using new, more 
powerful diagnostics. In many cases, researchers have found previously unknown, 
deterministic structures. These structures call into question some existing theories about 
the analysis of variable systems.  

Modeling Potential: On the theoretical side, there is a fairly large common thread that 
runs through most of the social sciences. In many cases, simple, well-understood models 
have been shown to exhibit chaotic dynamics. Models for business cycles, democratic 
voting and arms races, have all been demonstrated to possess the possibility for chaos. 
These findings have instigated a long process of debate and empirical testing. Typical 
arguments have centered on whether the models make any sense and whether the 
parameter values used in the models lie within a reasonable range.  

In some instances, researchers have attempted to make empirical estimates, but the basic 
properties that make chaotic models interesting also make them hard to estimate. Fitting 
past data is possible, but somewhat dangerous for evaluating and testing models. Few 
models, if any, have been put to the definitive test of out-of-sample prediction. A 
powerful test would be an experimental one in which a parameter is slowly adjusted and 
the resulting dynamics of the system observed. Such experiments have been crucial in 
fluid dynamics and have even been attempted in population-dynamics studies of beetles, 
but performing such a test will always be difficult in the social sciences. Therefore, 
theory has left us with many possible roles for chaos in social systems, but none of these 
has been rigorously demonstrated to offer a good picture of how the systems really work. 
(Many of these theories about unusual dynamics actually predate the 'chaos era.' 
Researchers working on voting theory and business cycles have known that the stability 
and dynamics of their systems could be badly behaved, or chaotic, for quite some time.)  

One recent development in the theory of social systems has been the move away from 
aggregate, large-scale models. New models inspired by complex systems build social 
systems from the bottom up; behavior is simulated for individual agents, then taken to the 
aggregate level either through analytic methods or through explicit computer simulations. 
This revised approach gives a picture that is far less mechanical than that proposed by the 
first wave of theory, and uses simpler, better-defined assumptions about small-scale 
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behavior (rather than hoping for some kind of convergence of the macro dynamics to a 
relatively simple chaotic mapping). This promising area of investigation is only in its 
early stages, but it will probably become more important in the future.  

Policy Questions: Finally, there are important policy reasons for continuing the push to 
understand the impact of nonlinearities and chaos in social systems. The control of 
nonlinear systems can actually be easier than the control of linear ones, because it might 
take only a small push to engender a big change in the system. In other words, small, 
low-cost policy changes could have a large impact on overall social welfare. On the 
minus side, it may be very difficult to determine reliably when and where to apply these 
policies, and how to evaluate their impact.  

There are areas where social and physical dynamical systems interact in complex ways. 
One example of this is the spread of infectious diseases such as AIDS. Understanding the 
linkages between the nonlinear dynamics of the biological components and the 
sociological components of such diseases will be crucial to understanding and, hopefully, 
controlling their spread.  

Conclusion: In summary, chaos theory has not yet had as dramatic an impact in the 
social sciences as it has in the physical sciences. Chaos-based ideas have been very 
influential, however, both for empirical and for theoretical wings of research. They have 
forced us to push our data sets harder in searching for time-series structure. They have 
reminded us of the possibility that some ostensibly well-understood theoretical models 
may contain a hidden wealth of rich, dynamic structure. Finally, they remind us how 
humble we should be in our exploits to predict and make policy decisions for large-scale 
social systems.”  end of quote 

This is a good short overview about applying chaos theory to societal systems : 
http://people.brandeis.edu/~blebaron/ge/chaos.html 

	
	
12.7	Eco	systems		

I’ve	done	even	less	research	into	the	dynamics	of	eco-systems.		Here	is	a	quote	I	
found.	 

“A	number	of	general	overviews	have	provided	a	general	description	of	the	
mathematical	phenomena	of	chaos	and	complex	dynamics	and	their	applications	in	
biological	systems.	Perhaps	the	most	well-known	overview	and	popular	history	of	
chaos	is	Gleick	2008;	however,	Strogatz	2000	provides	an	accessible	mathematical	
introduction	to	chaos	and	complex	dynamics	that	is	often	motivated	with	examples	
from	the	biological	sciences.	Turchin	2003	provides	the	most	comprehensive	
overview	of	chaos	and	complex	dynamics	in	ecology,	combining	a	mix	of	models	and	
empirical	evidence.	Cushing,	et	al.	2003	demonstrates	that	the	complex	dynamics	of	
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real	populations	can	be	derived	by	integrating	the	important	biological	mechanisms	
into	simple	mathematical	models.	The	body	of	work	discussed	therein	is	arguably	
the	best	understood	of	any	ecological	examples	of	chaos.	Many	notable	review	
papers	emerged	during	the	1990s,	when	the	search	for	chaos	and	complex	dynamics	
was	at	the	forefront	in	ecology.	Of	these,	Hastings,	et	al.	1993	provides	a	
comprehensive	review	of	work	describing	approaches	to	detect	chaos	and	complex	
dynamics	in	real	data.	Logan	and	Allen	1992	and	Stone	and	Ezrati	1996	review	
mounting	evidence	for	chaos	and	provide	important	perspectives	on	the	role	of	
chaos	and	complex	dynamics	in	ecology.	Ferrière	and	Fox	1995	reviews	the	role	of	
nonlinearity	in	models	of	evolutionary	change	with	specific	reference	to	complex	
dynamics	and	chaos.”		Source	?		

Misc:			

“A number of general overviews have provided a general description of the mathematical 
phenomena of chaos and complex dynamics and their applications in biological systems. 
Perhaps the most well-known overview and popular history of chaos is Gleick 2008; 
however, Strogatz 2000 provides an accessible mathematical introduction to chaos and 
complex dynamics that is often motivated with examples from the biological sciences. 
Turchin 2003 provides the most comprehensive overview of chaos and complex 
dynamics in ecology, combining a mix of models and empirical evidence. Cushing, et al. 
2003 demonstrates that the complex dynamics of real populations can be derived by 
integrating the important biological mechanisms into simple mathematical models. The 
body of work discussed therein is arguably the best understood of any ecological 
examples of chaos. Many notable review papers emerged during the 1990s, when the 
search for chaos and complex dynamics was at the forefront in ecology. Of these, 
Hastings, et al. 1993 provides a comprehensive review of work describing approaches to 
detect chaos and complex dynamics in real data. Logan and Allen 1992 and Stone and 
Ezrati 1996 review mounting evidence for chaos and provide important perspectives on 
the role of chaos and complex dynamics in ecology. Ferrière and Fox 1995 reviews the 
role of nonlinearity in models of evolutionary change with specific reference to complex 
dynamics and chaos.”  Source of quote lost.  

This	article	relates	chaos	and	ecological	models:	
http://www.jstor.org/stable/2459579?seq=1#page_scan_tab_contents	
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And:	http://www.oxfordbibliographies.com/view/document/obo-
9780199830060/obo-9780199830060-0024.xml	

This	is	good	about	chaos	in	ecology:	
http://www.academia.edu/3488731/Chaos_in_Ecology	

There	are	countless	plots	of	how	some	ecological	or	climatic	variable	has	changed	
over	time.		This	plot	of	bald	eagles	is	from:	
https://search.yahoo.com/yhs/search?p=population+trends+of+bald+eagles
&ei=UTF-8&hspart=mozilla&hsimp=yhs-001	

	

	

and	this	one	about	salmon	count:	
https://search.yahoo.com/yhs/search?p=annual+salmon+count&ei=UTF-
8&hspart=mozilla&hsimp=yhs-001	
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	12.8			Climate	and	weather	
	
I	have	not	had	time	to	research	this	topic	beyond	finding	the	following	quote	and	
some	interesting	charts.	

Start of extended quote:  This	long	quote	came	from	John	McQuaid.		He		is	a	
Washington-based	journalist	and	the	co-author,	with	Mark	Schleifstein,	of	Path	of	
Destruction:	The	Devastation	of	Hurricane	Katrina	and	the	Coming	Age	of	
Superstorms 

“Hurricanes and Climate Change 

• By John McQuaid 
• Posted 11.15.12 
• NOVA 

When it engulfed swaths of coastal New York and New Jersey, Hurricane Sandy became an instant symbol 
of a new age of extreme weather fueled by climate change. New York Mayor Michael Bloomberg endorsed 
President Obama to nudge him to address climate. Bloomberg Businessweek summed up this sentiment 
with its Sandy cover story, "It's Global Warming, Stupid." But is it, really? As one of the most extreme 
kinds of extreme weather, hurricanes already pose a mortal threat to anyone living along the Atlantic and 
Gulf Coasts and other tropical cyclone trouble spots. If we face the prospect of routine superstorms amped 
up by the extra heat and moisture from global warming—or, in the case of Sandy, merging with other 
systems into freakish weather hybrids—that's a truly apocalyptic threat. 

But like many questions in science, this isn't a case of straightforward cause and effect. Many scientists 
accept the broad premise that a hotter climate likely contributes to some increase in hurricane strength, that 
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this process is already underway, and that it will intensify. There's also unambiguous evidence that sea 
level rise, another product of climate change, will contribute to higher, more dangerous hurricane storm 
surges. 

Beyond that, though, the science gets more speculative, as it's based on computer models tracking the 
complex dynamics of climate and weather and an at-times spotty record of hurricane data. There's a lot of 
uncertainty built in. Here's a look at what we know, and don't know, about global warming and hurricanes. 

 

A view of Hurricane Igor's eye from the International Space Station. Enlarge Photo credit: Courtesy NASA  

Hurricanes are, in effect, giant heat engines. They transfer latent heat energy from the ocean to the 
atmosphere, transforming some of it into mechanical energy in the process: the maelstrom of hurricane-
force winds and giant waves. If you pump more heat into such a system, warming up the atmosphere and 
the ocean, it stands to reason that the venting will grow stronger. "High sea surface temperatures lead to the 
evaporation of moisture, which provides fuel for the storm. Then it gives up the latent heat: that is what 
powers the storm. Together they provide for stronger storms. The evidence is abundantly clear," says Kevin 
Trenberth, a senior scientist at the NOAA's National Center for Atmospheric Research in Boulder, 
Colorado. 

Trenberth's advice? Just look at Sandy. Sea surface temperatures off the East Coast were about 3 degrees 
Celsius above average at the time Sandy approached. Perhaps 0.6 degrees of that, Trenberth says, is 
attributable to global warming. With each degree rise in sea surface temperature, the atmosphere holds 4% 
more moisture, which may have boosted rainfall by as much as 5% to 10% over what it would have been 
40 years ago. 

A Vexing Question 

Scientists have wrestled with this question for decades, trying to understand the systematic relationships 
between climate, oceans, and hurricanes. MIT climatologist Kerry Emanuel first suggested a link between 
climate and hurricanes in a 1987 paper, which proposed a new method for measuring overall hurricane 
force. Normal measurements such as barometric pressure, maximum strength (based on wind speed), or 
size, are constantly changing, and thus don't tell you much about the storm's overall performance. Instead, 
he came up with an absolute baseline called the "power dissipation," roughly equivalent to the total amount 
of energy a storm expends over its lifetime, which can last weeks. (In physics, "power" is a measurement of 
energy expended over time.) 
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Emanuel's analysis of past storm data shows this has fueled the cumulative violence of cyclones, far beyond 
what his initial theories predicted. 

Global temperatures have risen about 0.5 degrees C since the 1970s, sea surface temperatures in hurricane 
zones by about the same amount. Emanuel's analysis of past storm data shows this has fueled the 
cumulative violence of cyclones, far beyond what his initial theories predicted. The overall power 
dissipation of Atlantic storms rose by about 60%, according to a 2007 paper. The potential intensity, a 
measure of the upper limit of a storm's strength, had gone up by 10%. Both the average duration and the top 
speed of storms had also increased, the latter by 25%. 

Some, but not all, of this extra heat is the result of growing amounts of carbon dioxide and other 
greenhouse gases, Emanuel says. Some is due to natural causes such as volcanic eruptions. And ironically, 
better environmental regulations also seem to be contributing to the problem. The Clean Air Act limited the 
emissions of sulfate aerosols, microscopic particles produced in the burning of fossil fuels. But these 
particulates had a hidden, beneficial effect: the haze they create reflects some sunlight back into space. 
Without them, the atmosphere traps more heat. 

If Emanuel is correct, then can we see the footprint of global warming when a huge storm hits? Not 
necessarily. Landfalling storms may be the only ones that matter to most people, but they are only a 
fraction of the total, a transient snapshot. 

"When we look at storms over their whole lifetimes, that's a whole lot more information than you get with 
high intensity storms at the point they are affecting land," Emanuel says. Hurricanes that hit land make up a 
small dataset with a lot of statistical noise, in which warmer temperatures are just one factor. So far, it 
doesn't show any climate signals. "One thing that makes it very complicated from the viewpoint of climate 
scientists: in the case of global mean temperatures, we have records going back to the 1800s showing 
warming as a significant trend. But if you look back at landfalling hurricanes, there's no trend we can 
identify," says Tom Knutson, a research meteorologist at NOAA's Geophysical Fluid Dynamics Lab in 
Princeton, N.J.  It will take decades, Emanuel says, before scientists have enough data to establish the 
connection between climate and landfalling storms. 

Evidence of a trend, or just a cycle? 

Emanuel has his detractors, including Christopher Landsea, a meteorologist at the National Hurricane 
Center, who say that he and other modelers overestimate the likely boost in hurricane effects, in part 
because their data is incomplete. In papers and public talks, Landsea has suggested the global warming 
effect on hurricanes is virtually insignificant—an increase of about 1 to 2 mph in top windspeed, he says. 
Landsea believes that the flux in hurricane frequency and strength, including the past decade's more active 
hurricane trend, can be better explained by cyclic ups and downs called the Atlantic Multidecadal 
Oscillation. Emanuel doubts the AMO's existence: he believes it's the result of reading too much into 
ambiguous data. Their debate is as old as climate science itself, having roots in an ongoing split in 
perspective between climate modelers and meteorologists. 

If coastal cities are still there in 2100, what kind of hurricane threats will they face? Climate modelers 
trying to answer those questions have wrestled for years with a difficult problem—climate models operate 
on a global scale, while the weather models used to predict hurricane strength and tracks are much more 
fine-grained. Putting them together to predict how climate will affect storms decades in the future risks 
compounding uncertainties in both models. 

One of the biggest of those? The current understanding of hurricanes, as well as most of the hard data 
scientists input into their models, comes from satellite observation. But reliable weather satellite data goes 
back only about 40 years, a short time span on which to base your prediction of future trends. Yet as 
computing power has grown, the models have improved. 
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Last year, Knutson and other modelers at the NOAA Geophysical Fluid Dynamics Lab took established 
climate models and embedded an established hurricane forecasting model within them. This way they could 
successfully model past hurricane seasons and then extend those trends ahead to 2100, as sea levels rose 
and the atmosphere grew hotter. Different climate models spit out different pictures of the future, so they 
ended up with an assortment of scenarios. But a couple of trends were clear. Overall, the number of tropical 
cyclones fell, while the frequency of strong storms—Category 4 and 5 on the Saffir-Simpson scale—nearly 
doubled. 

If coastal cities are still there in 2100, what kind of hurricane threats will they face? 

There are a couple of reasons for this mixed result. Hurricane formation depends on a low level of 
windshear in the upper atmosphere—that is, the difference in windspeeds at adjacent levels. Pronounced 
windshear lops off the top of a forming storm and makes it dissipate. Warmer sea temperatures tend to 
increase windshear, leading to fewer storms overall. When big storms do form, meanwhile, they churn up 
cooler  water from beneath the surface, which also tends to tamp down nascent storms that might otherwise 
form. 

A dangerous future 

These results are bad news because stronger storms are far more dangerous than weaker ones. A 2005 study 
that examined hurricane impacts from 1900 to 2005 found that Category 4 and 5 storms accounted for only 
6% of U.S. landfalls, but caused 48% of all hurricane damage. Using this study as a starting point, and 
accounting for the projected mix of more bigger storms and fewer smaller ones, Knutson's team estimated 
that by 2100, the overall destructive potential of hurricanes may increase by 30%. 

Hurricanes do most of their damage with high winds and storm surges. The global warming effect on the 
former is debated, but the latter isn't. Global sea levels have risen approximately 1.7 mm per year between 
1950 and 2009, and at an accelerated pace of 3.3 mm from 1993 on. This is due to climatic changes. 
Warmer water expands, melting ice puts more water in the ocean, and rainfall patterns have shifted. Sea 
level rise is worse in some places than others. As fate would have it, the Northeast Atlantic coast is one of 
those unfortunate locations. One recent study showed that sea levels from North Carolina to Canada have 
been rising at three to four times the global average since 1950. By definition, higher seas mean higher 
storm surges. This means that storms that might once not have caused a problem are getting more 
dangerous. And huge storms, whether amplified by global warming or not, can go from destructive to 
catastrophic. The danger is compounded by the fact that most coastal fortifications were built when sea 
levels were lower, on the assumption that conditions wouldn't change. 

So whatever uncertainties exist about the role of global warming in hurricanes, the dangers storms pose are 
worsening. Meanwhile, improving observations and modeling will produce new insights into the 
relationship between climate and extreme weather. Sometimes, for instance, warming in one part of the 
world has unexpected effects in others. 

Hurricane Sandy, for instance, might have headed out to sea were it not for a blocking ridge of high 
pressure to the north that guided it into a low pressure system moving eastward, creating a giant hybrid 
storm. One recent study suggests that such blocking highs may be related to melting ice in polar regions, 
which contributes to a “wavier” jet stream, the air current flowing from west to east across the Atlantic. 
“When the jet stream is in wavy configurations those waves tend to move eastward more slowly,” says 
Jennifer Francis, a Rutgers climatologist and one of the authors. “All meteorologists know that the reason 
that’s important is, those waves are what create our weather so it increase the chances of having a stuck 
weather pattern.” Once “stuck,” this pattern might lead to drought, more rainfall—or create a hurricane 
highway. We won’t know the outcome for certain until it happens, but when it does, we had better be 
prepared.”  End of extended quote. 
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Some charts: 

 

 

Ice age temp plot: 
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the	images	below	were	from	search	on	“co2	in	atmosphere”	



12-72	

	

This	NASA	plot	of	co2	is	from:	http://climate.nasa.gov/climate_resources/24/	
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“Ancient	air	bubbles	trapped	in	ice	enable	us	to	step	back	in	time	and	see	what	Earth's	
atmosphere,	and	climate,	were	like	in	the	distant	past.	They	tell	us	that	levels	of	carbon	
dioxide	(CO2)	in	the	atmosphere	are	higher	than	they	have	been	at	any	time	in	the	past	
400,000	years.	During	ice	ages,	CO2	levels	were	around	200	parts	per	million	(ppm),	and	
during	the	warmer	interglacial	periods,	they	hovered	around	280	ppm	(see	fluctuations	
in	the	graph).	In	2013,	CO2	levels	surpassed	400	ppm	for	the	first	time	in	recorded	
history.	This	recent	relentless	rise	in	CO2	shows	a	remarkably	constant	relationship	with	
fossil-fuel	burning,	and	can	be	well	accounted	for	based	on	the	simple	premise	that	
about	60	percent	of	fossil-fuel	emissions	stay	in	the	air.”	
From:	http://climate.nasa.gov/climate_resources/24/	

Good	short	summary	of	climate	change:	
http://www.earthobservatory.nasa.gov/Features/CarbonCycle/page5.php	

	
	
	
12.9		Cosmos	
	
So	cut	me	a	little	slack	here	as	I	insert	a	link	to	a	very	nice	N-body	supercomputer	
simulation	that	may	be	out	of	place	in	this	chapter.		This	simulation	shows	how	
many,	many	masses	interact	gravitationally	after	they	have	been	“disturbed”	by	an	
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explosion	that	blasts	them	far	apart.		The	video	is	at:	
https://www.youtube.com/watch?v=DoLe1c-eokI	
This	is	actually	one	of	the	best	I’ve	found	that	seems	to	model	(albeit	without	gas	or	
other	complexities)	the	evolution	of	the	cosmos	starting	with	the	big	bang,	although	
its	author	does	not	say	that’s	what	its	for.		The	individual	dots	could	be	stars	or	even	
entire	galaxies.	The	process	would	probably	look	much	the	same.		One	can	see	how	
the	individual	stars	begin	to	self-assemble	into	galaxies,	or	galaxies	begin	to	merge	
together.			
	
One	can	also	see	that	when	two	clumps	merge	a	small	percentage	of	the	individual	
stars	or	galaxies	shoot	out	rather	than	falling	into	the	center	of	mass.	This	is	an	
example	of	how	energy	can	concentrate	in	one	place	or	on	one	part	in	a	dynamic	
system.	I	can	rationalize	including	this	example	here	because	it’s	a	chaotic	system	
where	the	parts	move	randomly	and	the	speed	of	some	parts	occasionally	spikes.			
	
Its	also	an	example	of	what	I	call	the	“splash	effect”.		By	that	I	mean	that	when	a	
system	self-assembles	into	a	more	tightly	bound	system	some	of	the	energy	being	
lost	by	the	plurality	of	parts	is	concentrated	in	just	a	few	parts	raising	their	kinetic	
energy	so	much	they	are	ejected	from	the	system.		The	splash	effect	occurs	when	
you	drop	a	pebble	in	a	tub	and	some	water	flies	back	up	higher	than	it	was	before.		It	
happens	when	forming	galaxies	and	solar	systems	eject	mass	in	bi-polar	jets	at	the	
same	time	the	bulk	of	mass	concentrates.		
	
Here	is	a	large	scientifically	accurate	simulation	of	the	evolution	of	the	cosmos	
that	I	highly	recommend.		It	inspires	awe.		
https://www.youtube.com/watch?v=74IsySs3RGU		This	is	another	of	similar	
quality:	https://www.youtube.com/watch?v=32qqEzBG9OI	
	
Here	are	some	others:	
https://www.youtube.com/watch?v=E-hxaGrTBrY	
https://www.youtube.com/watch?v=uAQzRgOLEEg	
https://www.youtube.com/watch?v=KkgyKQantbg	
https://www.youtube.com/watch?v=I_VawbQk1N0	
https://www.youtube.com/watch?v=fit1uX1HIlc	
https://www.youtube.com/watch?v=MncUDWhPB_E	
https://www.youtube.com/watch?v=PrIk6dKcdoU	galaxy	merger,	excellent	
	
	

****end	of	Chapter	12	*****	
	
	


