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1 Non-Linear Dynamics and Chaos Description (NLD)

Revised 2025-12-09

1. Note that there is NO eating or drinking in the 111-Lab anywhere, except in rooms 282
& 286 LeConte on the bench with the BLUE stripe around it. Thank You, the Staff.
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This experiment is an introduction to non-linear dynamics, data acquisition, chaos theory and fractals.
Limited as we are by our senses and relatively short powers of recall, much of the physical world seems
aperiodic and de�es quantitative description. While we have yet to discover closed form solutions to the
simplest of systems (e.g. the one-dimensional gravitational three-body problem), the �eld of chaos reveals
structure in their dynamics. The results of chaos theory have found practical applications in almost every
branch of science.

In this experiment you will study the response of at least two di�erent dynamical systems: a non-linear,
damped harmonic oscillator and a system of op amps that reproduces the Lorentz attractor. You will measure
their linear and non-linear behavior and write software to measure their information dimension.

You will learn the basics of digital sampling, Fourier transforms, geometric analysis of autonomous di�erential
equations, information entropy, correlation dimension and the basics of programming in LabView (a data-
acquisition and control language).

There are no prerequisites. But a strong background in di�erential equations and classical mechanics, coupled
with a willingness to do a lot of reading will serve you well in this lab.

1. Pre-requisites: None

2. Days Allotted for the Experiment: 7

Pages of this lab.

1. Non-Linear Dynamics and Chaos (here)

2. Experiment and Procedure

3. The custom VI's for this experiment & Appendix

This lab will be graded 40% on theory, 20% on technique, and 40% on analysis. For more information, see
the Advanced Lab Syllabus .

Last updated 11/24/25 by Auden Young. Comments: E-mail Dr Winthrop Williams

2 Before the 1st Day of Lab

Complete the NLD Pre Lab found in the Signature Sheet for this lab. Print the signature
sheet, discuss the experiment and pre-lab questions and answers with any faculty member or
GSI, and receive their signature. In the course of the lab there will be examination points
where you must STOP and get a GSI or professor to verify your understanding and/or verify
proper experimental setup. You cannot skip these checkpoints, and must receive signatures
demonstrating that you've consulted the sta�. Some experiments may have mid lab questions
that must be completed by speci�c days of the experiment. The completed Signature Sheet
MUST be submitted as the �rst page of your lab report. Quick links to the checkpoint
questions are found here: 1 2 3 4 5

1. Note: In order to view the private Youtube videos hosted by the university, you must be
signed into your berkeley.edu Google account.
View the Non-Linear Dynamics and Chaos Video .

2. Complete all of the mandatory prerequisite reading.

You should keep a laboratory notebook. The notebook should contain a detailed record of everything that
was done and how/why it was done, as well as all of the data and analysis, also with plenty of how/why
entries. This will aid you when you write your report.

ˆ Last day of the experiment please �ll out the Experiment Evaluation
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Figure 1: The NLD Chaos Experiment.
See larger imagehere

Figure 2: DAQ
box. See larger
image here

Figure 3: The NLD apparatus wired for bouncing
ball. See larger imagehere

3 Reading Materials

Suggested Initial Reading : Ref. [1]; Skim §1, §2.0-§2.2, §3.0-§3.4, §3.6, and then read §9.0, §9.2-9.4,
§10.1-§10.5 (§10.6, §10.7 optional), §11, §12.0-§12.3

[1] Strogatz, Steven H. Nonlinear Dynamics and Chaos . Addison-Wesley, New York. 1994.
#Q172.5.C45 S767
This is an introductory book presuming no prior familiarity with the subject.

[2] Ott, E. Chaos in Dynamical Systems . Cambridge University Press. 1993. #Q172.5.C45O87
An excellent, broad, introductory book for advanced students.

[3] Schuster, H. G. \Shannon's Measure of Information ." From Appendix F in Deterministic Chaos,
an Introduction: 2nd ed. VCH, New York. 1988. #QC174.84.S381
An introductory book appropriate for those with an advanced mathematical background.

[4] Press, W. T. et al. \Fourier Transform Spectral Methods ." From Chapter 12 of Numerical Recipes
in C. Oxford University Press, New York. 1988. #QA76.73C15 N865
A compendium of numerical algorithms for all branches of science. It is included here for its discussion of
the Fourier transform algorithm.

[5] Zimmerman R. L. et al. \ The electronic bouncing ball ," Am. J. Phys. 60, 370. April 1992.

[6] Kadano�, Leo P. \ Chaos: A View of Complexity in the Physical Sciences ." From The Great
Ideas Today. Encyclopedia Britannica, Inc. 1986.
Excellent brief introduction.

[7] Hao, Bai-Lin. Chaos : Chapter 1 - Chapter 6 . World Scienti�c Publishers. Singapore. 1985.
General introduction with reprints of papers in this �eld.

[8] Cvitanovic, P. \ Universality in Chaos ." Acta Physica Polonica, Vol. A65 . 1984.

[9] R. Van Buskirk and C. D. Je�ries, \ Observation of chaotic dynamics of coupled nonlinear oscil-
lators ." Phys. Rev. A 31, 3332. 1985.
A description of a driven on junction resonator, similar to that of the laboratory experiment.

[10] M. Henon, \A Two-Dimensional Mapping with a Strange Attractor ," Communications in Math-
ematical Physics, Vol. 50, 69-77 (1976).
Introduction of the Henon map; fractal strucure.

[11] M. Feigenbaum, \Universal Behavior in Nonlinear Systems ," Los Alamos Science, Vol. 1. 1980
Introduction to universality; the quadratic map.
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[12] R. N. Bracewell, \The Discrete Fourier Transform ," ch.18-The Fourier Transform and its Applica-
tions, 2nd edition, McGraw Hill (1978).Brief Introduction to the fast Fourier Transform.

[13] J. Testa, J. Perez, C. Je�ries, \Evidence for Universal Chaotic Behavior of a Driven Nonlin-
ear Oscillator ", Phys. Rev. Lett. 48, 714-717 (1982).Experimental results on the driven pn junction;
essentially the experimental system used in the Physics 111-Lab Experiment.

[14] J. Theiler, \ Estimating fractal dimension ," J. Opt. Soc. Am. A 7, 1055 (1990).Another review article
with an excellent bibliography. This one focuses on fractals.

[15] B. K. Clark et al., \ Fractal dimension of the strange attractor of the bouncing ball circuit ,"
Am. J. Phys. 63, 157 (1995).

[16] C. E. Shannon,A Mathematical Theory of Communication , (University of Illinois Press, Urbana,
1964). #TK5101 .S45

[17] R. May, \ Simple Mathematical Models with Very Complicated Dynamics ," Nature 261, 459-
467 (1976).Important early review of nonlinear maps.

[18] J. Perez, and C. Je�ries, \E�ects of additive noise on a nonlinear oscillator exhibiting period
doubling and chaotic behavior ," Phys. Rev. B 26, 3460-3462 (1982).Experiment results on adding
noise to the driven on junction.

[19] R. W. Hamming, \ Maximum Entropy ," The Art of Probability for Scientists and Engineers: Chapter
7, pp. 253-265 + 7 pages of diagrams

[20] J. P. Eckmann, and D. Ruelle. \Ergodic Theory of Chaos and Strange Attractors ," Rev. Mod.
Phys. 57, 617-656 (1985).

[21] L. Wells and J. Travis LabVIEW for Everyone, Prentice Hall PTR (Available from Dr Winthrop
Williams).

[22] Additional References and Resources

4 Objectives

ˆ Learn what real experimental physics is about

ˆ Learn the synergy between experimental and theoretical work

ˆ Learn to use pieces of equipment that are commonly used in research

ˆ Learn how measurements are performed, analyzed, and interpreted.

ˆ Learn how to present your work and results

ˆ Learn problem solving strategies

ˆ Learn how to manage and organize your time

NOTE: You should be using LabVIEW 2025 to run all programs.
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5 Introduction

This experiment is an introduction to non-linear dynamics, data acquisition, chaos theory and fractals.
Limited as we are by our senses and relatively short powers of recall, much of the physical world seems
aperiodic and de�es quantitative description. While we have yet to discover closed form solutions to the
simplest of systems (e.g. the one-dimensional gravitational three-body problem), the �eld of chaos reveals
structure in their dynamics. The results of chaos theory have found practical applications in almost every
branch of science.

The term chaotic has come to mean something very speci�c in this �eld. It does not mean random or
unorganized as the ordinary English word does. It refers instead to a particular type of dynamical behavior.
One which at �rst sight appears random, but underlying it are ordered deterministic laws. Chaotic systems
exhibit these key features: They are aperiodic, they exhibit sensitive dependence on initial conditions, and
they are in some sense bounded.

6 Equipment used in this experiment

1. Function Signal Generator SRS DS 345

2. Computer interface Box

3. DAQ card in computer

4. Main Control Chassis NLD-86-35Rev2002

5. Bouncing Ball and Lorenz Attractor inside control chassis

6. Scope

7. Power Supply providing +15/ � 15/+5 V

8. Rack for equipment

7 Theory

7.1 The PN Junction: An Introductory Dynamical System

A dynamical system is essentially anything that varies with time. The pertinent variables necessary to
describe its motion are called thedynamical variables and the evolution of the system describes a path, or
trajectory in the state-space(also called phase space) of the dynamical variables. Dynamical systems may
be either conservative: a volume element in state space remains invariant (recall Liouville's theorem; see
Marion, J. B. Classical dynamics of particles & systems); or the system may bedissipative: for which regions
of state space become compressed as the systems evolves.

One of the dynamical systems we study is a driven damped oscillator with a non-linear response. Because
it is damped this is a dissipative system. It consists of a pn-junction (a diode) connected in series with an
inductor L, a resistor R, and a driving sine wave oscillator of voltageV0(t) = Vos cos(! 0t), see the left side
of Figure 4.
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Figure 4: Driven damped oscillator circuit with a closeup of the diode.

Figure 5: Capacitance of a typical diode as a function of diode voltage. From Ref. [7].

The diode is the non-linear circuit element: not only does it have an exponentialI -V characteristic,

I d(Vd) = I 0[exp(eVd=kT) � 1] (1)

but due to the properties of the junction (see Ref. [8]), it has a non-linear capacitance as well. The
capacitance may be written as a function of the voltage across the diode,Vd:

C(Vd) =

(
C0eeVd =kT : Vd > 0

C0p
1� eeV d =kT

: Vd � 0 (2)

Thus the diode may be modeled as a voltage-dependent capacitor connected in parallel with an ideal diode
(a voltage-dependent current-source), giving the equivalent circuit on the right of Figure 4.

We use a computer to measure the voltage across the resistorR and the observed signal,Vs(t), is proportional
to the current I (t).
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