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Abstract

We present the results of an experimental study of one-dimensional traveling finger patterns dominated by source and sink
defects. The system studied is a driven fluid—air interface, and the traveling-wave state arises via a subcritical bifurcation. We
analyze space—time images of the patterns to obtain the amplitude and local wave number of the left- and right-going traveling
waves near the defects. We determine the width of the defects, and find that the width of the sinks does not vary significantly with
distance above the bifurcation over the range of our experiments, while the source width increases as the bifurcation is approached
from above. We also observe both localized depressions or enhancements in wave amplitude and periodic modulations of the
pattern amplitude and wave number.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction absorb them. They are the fundamental defects of one-
dimensional traveling-wave patterns, and an under-
Source and sink defects have been observed in astanding of their behavior is key to understanding the
variety of one-dimensional pattern-forming systems dynamics of more complex spatio-temporal systems.
with traveling-wave stated—10]. These defects sep- Sources and sinks have been studied theoretically
arate regions of oppositely moving traveling waves: in the context of coupled complex Ginzburg—Landau
sources emit left- and right-going waves, while sinks equations (CCGLH)L1]. The properties of sources and
sinks in travelling-wave patterns which develop above
~* Corresponding author. a supercritical Hopf bifurcation have been analyzed by
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detailed study of defects in solutions to CCG[IE]. mic variation in source width which was consistent
Their simulations indicated that sources control the dy- with predictions for the behavior of defects near the
namics of the pattern. Sources were found to be stable convective-absolute instability transitigh9]. Pastur
and symmetric with respect to the wave number of the et al.[3] found that below a critical value of the control
pattern emitted on either side of the source above a cer-parameteg, sources started to fluctuate strongly and
tain critical value of the control parameteBelow this their width diverged as~*. Sinks moved according to
value of the control parameter sources become unstablethe above phase-matching rule, and their width did not
and non-stationarfl2] and start to “breathe”, that is, diverge ag was decreased. They observed homoclinic
theirwidth varies with time. This transitionindefectbe- holes in the pattern which were emitted from sources
havior is associated with the transition from convective and propagated through the pattern, and observed holes
to absolute instability of the travelling-wave stfi8— connecting regions of different wave number in tran-
21]. Sinks, on the other hand, are essentially passive. sient patterns when the driving force was changed.
The wave number of the pattern on the two sides of a Additional experimental evidence for both ho[@8—
sink can be different, and their behavior did not change 30] and modulated amplitude wavf&l—34]in other
as a function of. The widths of both sources and sinks traveling-wave systems has recently been reviewed by
were found to diverge as ! close to the supercritical ~ van Heckd17].
Hopf bifurcation ate = 0 [16]. Coherent structures in The printer’s instability (also called directional vis-
the wave pattern have also been studied theoretically. cous fingering}10] is a system well suited to the study
So-called holes in the travelling-wave pattern — that of the dynamics of one-dimensional patterns in ex-
is, localized depressions in the amplitude of the wave, tended systemE35]. The system consists of a fluid—
coupled with a change in the wave number — have beenair interface confined in the gap between two acen-
observed in solutions to CCGLE7,22—24] Nozaki— trically mounted horizontal cylinders. When the sys-
Bekki holes[22] connect regions of traveling waves tem is driven away from equilibrium by rotating the
with different wave number, while homoclinic holes or cylinders, a variety of fingering patterns can develop
homoclong17,23,24]connect regions with the same on the interface. Among the phenomena which have
wave number. Modulated amplitude waves, which are been studiedin this system are stationary finger patterns
coherent traveling modulations in both amplitude and [10,36], traveling finger patternf8,10,37—39]which
wave number, have been studied recefitly,25-27] arise from a parity-breaking instabilif$7,38,40,41]
Although both holes and modulated amplitude waves spatio-temporally chaotic patter{10,42] and sink
tend to be linearly unstable, they nonetheless play an and source defecf8—10] which separate regions of
important role in the development of spatio-temporal oppositely traveling fingers. Habdas et [&l] studied
chaos and complex dynamics in solutions of the CC- the behavior of sink and source defects in this sys-
GLE. tem. They found that sinks separate regions of differ-
Experimentally, sources and sinks have been studieding wave number and move with the phase-matching
extensively in traveling-wave convection driven by a behavior described above. Sinks were observed to be
heated wirg1—-3,21] as well as in other systeri-9]. transient objects which eventually annihilated by col-
Traveling waves in heated-wire convection appear via lision with a source or the boundaries of the system.
a supercritical Hopf bifurcation, as in the CCGLE. Al- Isolated sources, on the other hand, persisted for the
varez et al[2] found sources to be stationary and sym- duration of the experiment. They were symmetric and
metric —that is, the wave number emitted was the same stationary on average, although individual sources un-
on each side of the defect—but different sources emitted derwent small-scale random motion apparently driven
waves of different wave number. They also found that by noise.
sinks sandwiched between two patches with different  In this paper we describe the results of a study of
wave numbers moved such that the phase differencethe amplitude and local wave number near source and
across the source remained fixed. This phase-matchingsink defects in the printer’s instability. Using Fourier
behavior does not appear in solutions to the CCGLE, decomposition, we analyze the amplitudes of the coun-
which do not treat the short length scales involved. The terpropagating waves on each side of the defects. From
experiments of Garnier et gR1] showed a logarith-  this analysis we determine the width of the defects as
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