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Abstract - In a transmission line oscillator a linear wave trav-

els along a piece of cable, and interacts with terminating electri-

cal components. We present a simple model of a two-conductor

transmission lines, connected to a transistor. Loss of signal in-

tegrity may manifest itself as chaotic behavior. In a real cir-

cuit, such chaotic signals, could be transmitted into the primary

circuitry and disrupt or possibly damage the device. A chaos

control method is presented that achieves chaos suppression by

small perturbations of the resistance at one of the boundaries of

the transmission line.

Index Terms— Chaos, transmission line, Telegrapher’s equa-

tion, chaos control.

1. INTRODUCTION

The effect of the transmission line on the signal integrity is a critical

aspect of high-speed digital system performance. Interconnections

between electronic devices may behave as transmission lines and one

would like to reduce signal losses and distortions in order to ensure

the correct operation of electronic circuits.

In what follows we give an exampled of signal distortion due to

chaotic behavior, which occurs when the transmission line is cou-

pled with a transistor. We show how this chaotic behavior can be

controlled.

2. THE NONLINEAR DYNAMICAL SYSTEM

It is known [1] that the voltage v = v(x, t) and the current i =
i(x, t) along a two-conductor transmission line are modelled by the

Telegrapher’s equations:

∂v/∂x = −L∂i/∂t, ∂i/∂x = −C∂v/∂t , 0 < x < 1, t ≥ 0 (1)

where L and C are the inductance and the capacitance per unit line

length, respectively. For our system we impose intial conditions and

the following boundary conditions [2]:

v(0, t) = 0, v(1, t) = αi(1, t)− βi3(1, t) t ≥ 0 (2)

where α and β are parameters. These boundary conditions cor-

respond to having a transistor attached to the far end of the trans-

mission line. A source is attached at the near end. We vary α and

keep β = 1. As α varies periodic patterns of the solution change
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into complex patterns which become chaotic. In Fig.1a) we show

the chaotic solution of Eq. (1), at a fixed spatial point, and note that

chaos is pervasive for 0 < x < 1.

This spatial chaotic solution can be controlled using a boundary

control method [4]. Boundary control of chaos is done by apply-

ing perturbations in the parameter α at x = 1. Using a Poincare

map approach, the parameter perturbations are applied when the so-

lution at the boundary reaches a maximum. These perturbations are

calculated proportional to the distance to the desired state which is

multiplied by a gain factor derived by a local linearization of the so-

lution about the orbit to be stabilized [3]. As a result of applying

the boundary control, a high-period orbit is obtained. The periodic

solution at a fixed spatial point is shown in Fig.1b). The stabilization

performed at the boundary achieves control over the entire spatial

domain since for hyperbolic equations the solution remains constant

along characteristic curves emerging from the boundary.
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Fig. 1 a) Chaotic voltage as a

function of time sampled at

x = 0.8
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Fig.1 b) Controlled voltage as a

function of time sampled at

x = 0.8
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