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Nonlinearity is common propertyof naturalphenomena.

The bestknownexampleis the 1/r gravitationaland Coulomb
potentials

Energy gradients, or forces, areevenmorenonlinear.

Perioddoubling is a universalpropertyof nonlineardynamical
systems1.

Evena simplependulummayshow perioddoubling.
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1P. Cvitanoviĺ and M. Hßgh Jensen, edôs, ñChaos and Universalityò, Nordita preprint selection, November 1981



What is it? 

If the periodof the fundamentaloscillationis to, then period
doublinggeneratesa sequenceof periods:

whereN is a positiveinteger.

Perioddoublingis the sameas frequencyhalving, because

and frequencyspectrum fo,  fo /2,  fo /4,  fo /8  etc. is borne.

NPA Conference, May 25-29, 2009
3

t

1
=f

o

N

N tt 2=



Althoughperioddoubling is a common propertyof nonlinear
dynamicalsystemsits possibleoccurrenceat the Planckscale
hasbeenseldomstudied.

The Planckscaleis determinedby naturalconstants, and its
connectionto the observableworld is not well known.

The Planckscaleis determinedby

Åthe Planckconstanth

Åthe gravitationalconstantG

Åthe speedof light c

Åthe permittivity of free spaceeo
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The Planckunits:
ƁMass moҒ5.46·10-08 kg (mo

2=hc/G)

ƁEnergy    EoҒ3.06·1022 MeV (Eo=moc
2)

ƁTime (period) toҒ м.35·10-43 s (to=h/Eo) 

ƁFrequency foҒ 7.41·1042 s (fo=1/to) 

ƁCharge qoҒ 4.70·10-18 As (qo
2=hc·4peo)

ƁLength loҒ 4.05·10-35 m (lo=cto) 

Thisis (partƻŦύ ǘƘŜ έPlanckscaleέΦ 
1 Note: unitsaredefinedby h  (not hïbar)

Max Planck 
1858 - 1947
These [the Planck 

units] necessarily 

retain their 

meaning for all 

times and for all 

civilizations, even 

extraterrestrial and 

non-human 

ones, and can 

therefore be 

designated as 

"natural units"...
1899
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To find out whether period doubling at the 

Planck scale might be responsible for the 

invariant properties and structures of matter.



1. A nonlinear dynamical system at the Planck scale  generates 
sub-harmonic frequencies by multidimensionalperiod 
doubling

2. The periods, or sub-harmonic frequencies, can be related to 
other physical quantities by known relations

Å Planck relation   E=hf=h/t  (t = period)

Å length or distance l=ct

Å magnetic moment  m=iA (i=e/t, A=l2)

Definition of a system:  A naturally occurring group of objects or phenomena

Åe.g. the internal structures of elementary particles or planets in the 
Solar system
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Letus start with energy

Accordingto the PlanckrelationE=hf .

Perioddoublinggeneratesa sequenceof energylevels

whereEo is the unit (=Planck) energy.

The subharmonicfrequenciescreatea discretespectrumof 
decreasingenergiesin a naturalwaycontraryto harmonic
frequencies, whichgeneratehigherenergies(than the Planck
energy).
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In principlethe total numberof doublingscanbe anyinteger, but
onlya few structuresof matter arestable(or long lived). 

Ɓelectron

Ɓproton

Ɓplanetarysystem

It is knownin chaostheory that for stableperiodsthe numberof 
doublingsis N=2m

wherem is a positiveinteger. 

For stable(or long lived) periods N=1, 2, 4, 8, 16, 32, 64, 128 Χ
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Real structures of matter are three 
dimensional. We therefore generalize period 
doubling into multiple dimensions.

We define a systemby mutuallyindependent
internal degrees of freedom, which can be 
described by periods of rotation. 

Such a system is shown in fig. 1, where the 
άǎǇƘŜǊŜέ ƛǎ ǘƘŜ ǎȅǎǘŜƳ ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴΦ

(xô,yô,zô) are the axes of internal rotation and 
the system itself is free to move in the (x,y,z)-
space.
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motion in (x,y,z) space

Fig. 1. System (the 
έǎǇƘŜǊŜέύ ǿƛǘƘ ƛƴǘŜǊƴŀƭ 
degrees of freedom. 
(xô,yô,zô) are  the axes of 
internal rotation. The 
system can freely move 
in space.

Something like three 
άǎǇƛƴǎέ


