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As is known, the form of the time dependence of the stimulated emission of a
ruby laser is determined to a considerable extent by the design of the optical
resonator. In the case of a ruby laser with plane mirrors in the optical resonator,
this dependence is, as a rule, an irregular oscillation (!). By contrast, in a laser
with a ruby crystal in the form of a rectangular torus (?), and also in a ring laser
(3), regular oscillations of the intensity of the stimulated emission are observed.

Fig. 1. Dependence of the intensity of stimulated emission on time for mirror
spacings L = 710 mm (a), 800 mm (b), and 940 mm (c¢). C' = 600 uF, U =5
kV, generator frequency 100 kHz

Fig. 2. Dependence of the intensity of stimulated emission on time at voltages
U =5kV (a) and 6 kV (b). L =800 mm, C = 300 uF, generator frequency 50
kHz

The authors investigated the time dependence of the intensity of stimulated
emission of a ruby laser in whose optical resonator opaque spherical mirrors
with an aluminum coating were installed. The radius of curvature of the mirrors
was 400 mm. The ruby crystal (diameter 12 mm, length 120 mm; chromium-ion
concentration 0.05%) was placed on the middle part of the axis of the optical
resonator, with the geometrical axis of the crystal coinciding with the axis of
the resonator. As the pump lamp, a helical pulsed xenon lamp was used, with
a maximum electrical flash energy of ~ 7.5 kJ at a flash duration of ~ 1 msec.
The lamp was powered by a bank of capacitors of capacitance C' equal to 300-
1200 pF. The initial voltage U on the capacitors was varied within the range
2.5-6 kV. To measure the intensity of the stimulated emission of the laser, a
vacuum photocell was used. The radiation was coupled out of the resonator by
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means of a quartz plane-parallel plate set at an angle of ~ 45° to the resonator
axis. The study was carried out at room temperature.

The form of the time dependence of the intensity of stimulated emission was
determined for various values of the spacing between the mirrors L (Fig. 1).
For L < 2R (R is the radius of curvature of the mirrors), regular oscillations
are, as a rule, observed in the time dependence of the intensity of stimulated
emission. Increasing L to values L > 2R gradually leads to the appearance of
disruptions in the regular oscillations. With further

As L is increased, the change in the intensity of the stimulated emission with
time becomes irregular.

In the absence of breakdowns in the regular oscillations (L < 2R), we investi-
gated how the form of the dependence of the intensity of the stimulated emission
on time changes when the pump-lamp power is varied (by changing the voltage
on the capacitors).

Fig. 3. Dependence of the intensity of stimulated emission on time at voltages
U =25kV (a), 3.5 kV (b), and 4 kV (¢). L =800 mm, C = 1200 uF, generator
frequency 50 kHz.

The characteristic form of this dependence at a sufficiently high initial pump-
lamp power is shown in Fig. 2. At the beginning of generation there is a
transient period, characterized by regular damped oscillations of the stimulated-
emission intensity about a certain intensity value corresponding to equilibrium
at the given pump power (*). The duration of the transient period decreases as
the initial pump-lamp power is increased. After the transient period, a quasi-
stationary generation regime is established.

In this regime the intensity of the stimulated emission has a constant (more pre-
cisely, smoothly varying) component, which is modulated by regular undamped
oscillations with a modulation depth of < 10 + 20%. The magnitude of the
constant component decreases during the flash because of the gradual decrease
in the intensity of the luminous flux of the pump lamp. The quasi-stationary
regime is characterized by a monotonic decrease in the oscillation frequency and
an increase in the modulation depth as the pump-lamp power decreases.

Fig. 4. Dependence of the intensity of stimulated emission on time at voltage
U =5kV, L =800 mm, C =600 uF, generator frequency 50 kHz.

A different picture arises when the pump-lamp power is comparatively low (Fig.
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3). In this case the stimulated emission is generated in the form of light pulses
that follow regularly in time (undamped oscillations), while the constant com-
ponent in its intensity is practically absent. The frequency of the undamped
oscillations, as in the quasi-stationary regime, decreases as the pump power is
reduced.

With a sufficiently long flash duration it is possible to observe, within a single
generation event, the transition from the quasi-stationary generation regime to
the regime of undamped oscillations with large amplitude, in the course of the
decrease in the luminous flux of the pump lamp (Fig. 4).
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