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Linear oscillator

ass and Spring

Pendulum
Anharmonic oscillators
Limit cycles

Biological oscillators
(neurons, heart cells)

Predator-Prey cycles

Nonlinear electronics
(van der Pol,Josephson)

-

y T tures  Coupled harmonic oscillators
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~ Solid-state physics

The frontier

Chaos
Strange Attractors
3-body problem

Chemical Kinetics
(Feigenbaum)

Fractals (Mandrelbrot)

Forced nonlinear oscillators

Practical uses of chaos

Quantum chaos?

Coupled nonlinear oscillators
Lasers, nonlinear optics

Nonequilibrium statistical
mechanics

Nonlinear solid-state physics
(semiconductors)

Josephson arrays

Heart cell synchronization
Neural networks
Immune system
Ecosystems

Economics

- Wave equations

Elasticity

Heat and diffusion
Acoustics
Viscous fluids

Spatio-temporal complexity
Nonlinear Waves (Shocks, Solitons)
HENNES

Earthquakes

General relativity (Einstein)
Quantum field theory

Reaction-diffusion, biological and
chemical waves

Fibrillation

Epilepsy

Turbulent fluids (Navier-Stokes)
Life
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Attracto rs.
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~  Attrs for Loose definition ;A set to which all
""Tn'éfghborlng trajectories converge.

= Strahge attractor; an attractor that exhibits sensitive
dependence on initial conditions.



DC/DC Boost converter
(Vc>Vin) —
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uter generated bifurcation diagrams from a current-mode
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tput capacitance size.
loubling bifurcation from a current-mode boost converter
latively small output capacitance ,output current level

the bifurcation parameter.
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oling route to chaos in DC/DC converters - —



pical attractors from current programmed DC/DC
. Upper left: period -1, upper right period- 2__...

wer left perlod 4: lower right : chaos
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ortraits, fixed points, existence , uniqueness
0 ences

‘of a vector fi

m— =

=
se plane

_— .

long the vector field,a phase point
olution x(t), corresponding to
y W |nd|ng through the phase plane

ed pa mts f(x*)=0 correspond to steady states or
.,,:_::1"""‘ im-

-~ -closed ot X(t+T)=x(t)

— Nymerlcal computation of phase portraits (Runge Kutta)
= -Poincare-Bendixson theorem : If a trajectory is confined
- to a closed, bounded region and there are no fixed points
in the region, then the trajectory must eventually approach a

closed orbit.
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Suc)lityAdnaiviilircation p

SINVEbeWS applicable to discre ImE
frogr corltigtlotis=tigfe SV |i
sepE(Poincare Section).

NORE: T here"%_l' general methods to

COfIS! JCale map.

2 NoglifleEles stems and Stability of Periodic Solutions

. OJzam e perlodlc solution (Newton-Raphson)

=z o orac te't he Jacobian matrix of the Poincaré

__;-5 ap at the periodic solution .

— -'Evaluate the eigenvalues of the Jacobian.
=" Nodnlmear Systems and Bifurcation of Periodic Solutions

- Kawakami method to calculate the bifurcation values.

Example : Calculate values of a Class E amplifier




Investigation in Power Systems
nonlinear switching systems give
ome distinctive proﬂ%!ﬁh —
al integration of ODE’s at

tion x (t) is smooth and

Or required accuracy.
Se assumptions are routinely violated in power
circuits.

arising from varying topology. This requires “a
nledge of circuit operation or use of non-ideal

les in simulation (PSPICE).

3. Problems arising from Incompatible Boundary Conditions

= In certain circuits x (t) is itself discontinuous. This can happen

—_—— e
—— ~ = at the closing of a switch across a capacitor. If the cap has an
— e initial voltage v#£0, then an infinite current flows at the
m— SW|tch|ng instant, dissipating energy 2Cv2. To reduce such loss,
~ = amajor Class of power converters (S,DE,F,E/F) has been
proposed such that when the switch closes there is no voltage
across it.(ZVS switching).
Microtrend Systems has developed a software package to
determine circuit values such that ZVS switching is achieved even

in the startup and transient conditions.
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a dynamic circuit (Class E ampllfler ) descrlbed by
ation

VVDD
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dimensional state

,_.—:.- Elimensional system parameter
= ,w._ n5|der
—_f'-

—— f RRXRTSRI(EX ) — f(E X, A)

.

- Wthh is assumed a C~ mapping and periodic with t;.
f(t+t;, X, A) = f(t, x, A)



1) has a solution
defined on
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A€ R™: X(0) = 00, X, N) = %
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I from space R" into itself (Poincaré mapping)

a _—z T, A) = (&, Xg, A).
--rs (’c) = @(t, po, A) is periodic

—-=.:_.; f"_... oint pﬁ € R is a fixed point of T

_--.ll-—(_"“;, )\..) 2 pO (2)

= Po = Xo, (2) correspond to a transient condition
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Switch voltage Vs
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Class E amplifier and typical waveforms
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of Period doubling.

= Z‘%;() 2 <0
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- F' (x) Schwarzian (Sf)(x)

(x)<0 - a necessary condition for period doubling to occur
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Vn + Cdn?Vin2 boost converter

SR \/n- Vin
SRy dn= H(D+K(Vn-Vref))
e .: = 2C2R?2 -0 x<0
= _* — Hx)= 1 x>1
_T::_'_" — :_ T2 | x Otherwise
= e |
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igation of nonlinear
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ing time domain waveforms
traits
1cy spectra
aré section
urcation diagram
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Experimental circuit of free running autonomous
Cuk converter



'._é“hrghhghted in (b), (c) and (d). The output voltage
~  across the 20Q load is used as input to the Poincaré
- section detector circuit



f1ec1) 12,2000 24,4k

ntal waveform, phase portrait and frequency
n for Cuk converter operating under current-mode control
— wmg ‘chaotic operation. (a) Inductor current,(b)phase portrait
~ of inductor current against a capacitor voltage,
(c) FFT of inductor current
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Pulse to
Z-input
of scope

___________

= ~ Circuit for detecting intersection of attractor and
~ Poincaré section.
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= Experimental waveform, phase portrait and frequency spectrum
~—for Cuk converter operating under current-mode control showing
~ Period-2 operation.(a) Inductor current, (b) phase portrait of
inductor current against a capacitor voltage

(c) FFT of inductor current [2] .
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;JDC converter, ex.
4 Linear Tech LTC34+**

Class A,B,C,D,E,F

MRI coil,
Power Amp. S PZT, PVDF, CHUT
IDCE




SOIMENGUESHONS:" -

~Do'~5 € 'Iafs EF DC/AC inverter haveia chaotic region; 2
lgetrical/zlcatisiice)] Slojell orofile dUrsle erElie e pevie);
0)1) 5|_ogical efifects, If any, of the

J]\/erecJ" uring| chaotic behavior.

trigre e rorr_ru describing the general conditions of operation and

pENBIteNItoe chiaoctic behavior ?

=Calg) Jtie) vsystem-be brought back into a stable state?

- J“_;geeﬁ: e”? In ' nen HIFU applications ,

amely therapy and imaging,the effect of chaotic

epératrdn IS lower efficiency of energy transfer .
- -Based on the design values of a DC/AC Class E inverter
IS a chaotic behavior predictable [6]




boJJc AREIYSISTOIRSWItCHINERSYEMSPABPIICAt OO
guenPARalYSIS off DC/DC SW|tch|ng Converters *
D, Jrn Ehi K. Tise , IEEE Tran. on CAS vol.52.no 8. ,August 2005
(2] N lonlinear Phenomena in Power Electronics
SRBANErEe, G. Varghese Eds. New York: IEEE Press,2000
B Complex behawor of switching power converters”
. __g-- .1ise,M.di Bernardo in  Proc.IEEE,vol.90,n05.May,2002
r ctlcal Numerical Algorithms for Chaotic Systems
5:— - -T S. Parker,and L.O. Chua New York ,
= " Springer Verlag 1989
_[5] “New:-attempt in tissue characterization: decreased chaos
In myocardial echo in patients with dilated cardiomyopathy
T.Masuyama,K.Yamamoto et.al. Ultrasound in Med. Biology
Jan.2002
[6] " Prediction of chaotic behavior “T.Oguchi, H.Nijmeijer
IEEE Trans. on CAS. Vol.52 no.11 2005.

\\



USETNINIRNKS:

sk

il 4

[ [yyyvy=crizlos. e Leﬂ index. html__
AT IS O e eI mrjr Juwaterloerca/~pmat370/Javalinks. html
L1 ERIEERS, sr ainsac.uk/research/postarad/industrial.html#9

to:
to:
9
03/ /WYLl OnsIE)E] .u,wo.'ca/rvbfraser/nlI/version1/bifurcation.htm|
B)e
9%

Nt
Nt
Nt
E

AV pIEtRS. UWo.ca/~biiraser/nll/versioni/links.html
//wvvw c:tv}a niEbremen.de/fractals/nsfpe/Chaos Lab/biffamily.html

.m/soc/icss/advancesincircuitsandsystems november 2005.htm

£
£
£t
L]




