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We report the experimental control of chaos in an optically modulated CO2 laser. The CO2 laser was 
driven into chaos by injecting a feedback beam modulated by an electro-optical modulator. Control 
of chaos was achieved using a modified proportional feedback technique in which the control pulses 
were delayed by approximately one relaxation period. Using this technique, it was possible to 
control .unstable periodic orbits up to period 6. 

Recently, Ott, Grebogi, and Yorke (OGY)l showed that it 
was possible to control chaos in nonlinear systems by apply- 
ing small time-dependent perturbations to a system param- 
eter. There is currently considerable interest in applying this 
technique to experimental systems.“Z3 Using techniques 
based on the OGY method, experimental control of chaos in 
a Nd-doped yttrium aluminum garnet (YAG) laser4 and a 
Nd-doped optical fiber lasers have recently been reported. In 
these cases, the control pulses were applied to the pump of 
the laser. In this paper, we report, for the first time, experi- 
mental control of chaos in an optically modulated COZ laser. 
Control in this case is achieved by applying the control 
pulses to the Q of the laser instead of the pump. Using this 
technique, control of unstable orbits up to period 6 could 
easily be achieved. 

CO, lasers have been experimentally shown to become 
chaotic as a result of Q switching,6 delayed feedback,7 and 
coupling with other CO2 lasers.* Our experimental setup is 
shown in Fig. 1. The CO, laser is a two meter long, gas few, 
longitudinally excited laser with a dc excitation voltage of 20 
kV and current of 10 mA. The cavity is stabilized with Invar 
rods, and a diffraction grating is used to select a single mode 
at 10.6 pm. Brewster windows are used to linearly polarize 
the laser beam which allows intensity modulation of the 
beam using a CdTe electro-optical modulator (EOM). The 
EOM is located outside the laser cavity, as shown in Fig. 1. 
The EOM modulates the polarization of the output laser 
beam, and the beam is then reflected back to the laser cavity 
using a mirror mounted on a piezoelectric transducer. Using 
the piezoelectric transducer, the modes of the external cavity 
can be adjusted to be resonant with the modes of the laser 
cavity. 

The intensity of the laser beam is measured using liquid 
nitrogen cooled HgCdTe photodiode detector and amplifier 
with a bandwidth of 1 MHz. The detector was positioned to 
measure the intensity of the laser beam reflected from the 
diffraction grating, as shown in Fig. 1. Laser beam intensity 
vs time, 1(t), and the phase portraits of r(t) vs I(t+ 71, 
where r is a delay time, were obtained on an oscilloscope 
using a transmission delay line with a tied delay time of 
approximately 7.5 p. Frequency spectra of I(t) were ob- 
tained using a Hewlett Packard 3585A 20 Hz-40 MHz spec- 
trum analyzer. I(t) and I(t+ 7) were also digitized using a 
two channel, 8 bit, 10 MHz digitizer. 

The EOM was driven between 50-84 kHz near the re- 

laxation oscillations of the COZ laser. The driving voltage 
was approximately 3 kv peak to peak and had an offset volt- 
age of 1.5 kV. In this frequency region, chaos in I(t) was 
observed after several period doubling bifurcations,- as 
shown in Fig. 2(a). 

Control of chaos was obtained by applying the control 
pulses to the EOM. Previous studies of control of chaos in a 
YAG laser and Nd-doped optical fiber laser applied the con- 
trol pulses to the pump which was a laser diode.4S5 However, 
the CO2 laser is relatively insensitive to pump modulation. 
Attempts to experimentally control chaos in the CO2 laser by 
applying the control pulses to the pump were not successful. 
To control chaos in the CO, laser, we used a modification of 
the proportional feedback technique described in Ref. 2. In 
this technique, the system’s dynamics are analyzed by a win- 
dow comparator and a control pulse is fed back to the control 
parameter. In our case, the laser beam pulses are analyzed by 
a window comparator and the control pulses are fed back to 
the EOM. A control pulse is triggered only if the laser beam 
pulse peak falls in the window. The magnitude of the control 
pulse is determined by the position of the laser beam pulse 
peak in the window. The window width and offset height are 
variable parameters. In addition, we used a variable delay of 
approximately one drive period between the control pulse 
and laser beam pulse. Using this delay, the control pulse 
could be applied to the EOM during the subsequent laser 
beam pulse. This delay was necessary because the control 
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FIG. 1. CO, laser system. The electro-optical modulator (EOM) is located 
outside the laser cavity. An external cavity is formed by the output coupler 
and mirror. The mirror reflects the output laser beam back into the laser 
cavity. 
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Time 

FIG. 2. (a) Chaotic time series of the CO2 laser system. Horizontal axis is 
time, with 200 p full scale. Vertical axis is voltage in arbitrary units. (b) 
Top curve is the time series of the beam intensity of the controlled CO, laser 
system. Bottom curve is the time series of the control pulses. Axes units are 
as in (a). 

electronics were not fast enough to act on the laser beam 
pulse that triggered the control pulse. 

In an experiment, the output of the photodetector was 
fed to the control electronics described above and the win- 
dow width, offset height, and delay varied to achieve control. 
The control pulses were approximately 1% of the EOM driv- 
ing voltage. Figure 2(a) shows the chaotic time series, I(t)? 
for no control for a drive frequency of 50.2 kHz and a laser 
current of 3.77 mA. In Fig. 2(a), the top trace is 1(t) and the 
bottom trace is the control pulse signal. Using the control 
technique described above, the chaotic time series shown in 
Fig. 2(a) could be controlled to a period 2 orbit, as shown in 
Fig. 2(b). In Fig. 2(b), the top trace is f(t) and the bottom 
trace is the control pulse signal. In the figure, the control 
pulse signal is greatly amplified for visibility. Figures 3(a) 
and 3(b) show 1(t) versus I(t+ 7) for the time series shown 
in Figs. 2(a) and 2(b), respectively. Figures 4(a) and 4(b) 
show the frequency spectrum of the time series shown in 
Figs. 2(a) and 2(b), respectively. By changing the window 
width, offset height, and delay of the control electronics, we 
were able to control a period 6 orbit for the same laser sys- 
tem parameters as in Fig. 2(a), as shown in Fig. 5. In Fig. 5, 
the top oscilloscope trace is 1(t) and the bottom trace is the 
control pulse signal. The period of the controlled orbit is 6 
counted in terms of the modulation period of the EOM. The 
tick marks above the figure denote the drive period. The 
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FIG. 3. (a) Phase portrait corresponding to the time series of Fig. 2(a). (b) 
Phaser portrait corresponding to the controlled time series of Fig. 2(b). Axes 
in (b) correspond to X2 magnification of (a). ~for both phase portraits is the 
delay time. 

control pulses are being applied at 213 the frequency of the 
modulation. Since the control pulses are only 1% of the drive 
amplitude, we believe these pulses are controlling unstable 
orbits instead of changing the underlying system dynamics. 
This is further substantiated by the fact that changing the 
amplitude of the EOM drive voltage uniformly by 1% did 
not result in any observable change in the chaotic attractor. 

A preliminary model for the laser system is given by the 
differential equations9 

dl 
z=-k(l+~ cosClt)I+aTN, 0) 

dN 
dt=-3/11(N-N,)-2cuIN, i2) 

where I is the laser intensity, k is the intensity decay con- 
stant, N is the population inversion, (Y is the coupling coef- 
ficient for I and N, 71 is the population inversion decay con- 
stant, and Ns is the pumping power.g The reinjected beam in 
our system is modeled by the term - k’l~ cos Clt, where k’ 
is the intensity decay constant of the external cavity, which 
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FIG. 6. Simulated chaotic time series of the laser beam intensity for our 
CO, laser system. 
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FIG. 4. (a) Frequency spectrum corresponding to the time series of Fig. 
2(a). Horizontal axis is frequency, with 200 kHz full scale. Vertical axis is 
power in arbitrary units. (b) Frequency spectrum corresponding to the time 
series of Fig. 2(b). Axes are as in (a). 
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FIG. 5. Tune series of the controlled period 6 orbit, The period of the orbit 
is counted in terms of the modulation period of the EOM. The tick marks 
above the figure denote the modulation period. Axes units are as in Fig. 2(a). 

we assume has a magnitude on the order of k, and IE cos fit 
represents the modulation of the EOM where E is the modu- 
lation depth and a is the driving frequency of the modula- 
tion. This model is preliminary and does not include the time 

delay of the light being fed back to the cavity nor the laser 
field phase, A more accurate model will be published later. 
We solved equations (1) and (2) numerically using a modu- 
lation frequency of 50.2 kHz near the experimental modula- 
tion frequency used in Fig. 2(a). Chaos was easily achieved 
for small modulation depths of l-5%, as shown in Fig. 6. 

In summary, we have controlled chaos in an optically 
modulated CO, laser using a modified proportional feedback 
technique. The control pulses were applied to the laser cavity 
losses. We are currently applying this technique to the stabi- 
lization of systems of coupled CO, lasers. 
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