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VI. EXTRINSIC INTERMITTENCY

In the absence of external noise, the lifetimes of
separate stable running modes of the driven damped pen-
dulum are infinite. In any real physical system, external
noise is always present, and will eventually cause transi-
tions between previously stable attractors. As the noise
level increases the lifetime of the attractors will decrease.
We study the influence of external noise on the driven,
damped pendulum by adding a random torque 8g(#) to
the right-hand side of the equation of motion in Eq. (1).
Because the amplitude distribution of physical noise
sources is usually Gaussian, we add at each integration
time step a torque 8g () that is a random number drawn
from a normal distribution with standard deviation o.
This noise torque may be regarded as the average of a
physical noise source over a time interval equal to the
time step At = /100 (300 time steps per drive cycle).

The noise-induced hopping rate and power spectrum
are determined both by the effect of noise on the attrac-
tors and by the 'geometry of the basins of attraction. The
influence of external noise on the attractor for the running
modes described previously is illustrated in Fig. 14, which
shows pairs of noise-free and noise-broadened Poincaré
sectionis of the attractor for three different drive ampli-
tudes. In all cases noise broadens the attractor asymme-
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dark segments at the bottom for (d6/dt) = —w,;. Hop-
ping between these modes takes place when the broadened
attractor intersects the boundary of the basin of attrac-
tion, along the thin filaments that connect the dark re-
gions.

The influence of external noise on chaotic attractors is
illustrated in Figs. 14(b) and 14(c), which show Poincaré
sections of the chaotic running modes for g =1.48 and
1.4954, respectively, which were discussed above. As
shown, external noise tends to spread the attractors along
the directions in which the flow is expanding, producing
an object which strongly resembles the unlocked intermit-
tent attractor. The basins of attraction for g =1.48 are
shown in Fig. 3(b); the basin boundaries are highly folded
with fractal dimension d =1.88. The noise-free chaotic
attractors for this drive amplitude shown in Fig. 14(e) ap-
proach the basin boundary more closely than the periodic
attractors in Fig. 14(d), and hopping between attractors is
more easily induced by external noise. In Fig. 14(f), for
g =1.4954, just below the crisis at g., the dimension of
the basin boundary is close to 2, and the separation be-
tween the attractors and the basin boundaries is extremely
small. In this case intermittency is induced by a very.
small noise level and produces the attractor shown in Fig.
14(c) for 0=0.01. This noise-broadened attractor is prac-
tically identical to the intrinsically intermittent attractor
shown in Fig. 9.

Far from the crisis, the attractors and the basin boun-
dary are separated by a finite distance, and the dimension
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