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We have successfully operated a Q-switch high power unstable resonator Nd: YAG
oscillator in a Fourier Transform limited bandwidth single axial mode. The measured
optical bandwidth was 50 MHz at 1.064 um for a 150 mJ, 9 nsec pulse at 10 pps. The
key to successful stable single axial mode operation was the use of injection locking in
place of the more usual application of spectral selective elements within the resonator.

Our studies have shown that two effects are present in the high gain unstable resonator
Nd: YAG source which inhibit stable single axial mode operation by usual techniques.
The first is the diverging wavefront of the unstable resonator cavity results in loss due to
the spectral selecting element and also limits the spectral resolution. The second is that
under high gain operation Nd: YAG 1.064 pm transition is not homogeneously saturated.
Thus a greater degree of spectral selection is required if the laser is to maintain a stable
single axial mode.

Injection locking with a low power single frequency 1.064 um input provides adequate
spectral selectivity to insure stable single mode operation. Figure 1 shows the pulse power
of 200 consecuetive Q-switched pulses, its Fourier transform, and the measured optical
spectrum using a scanning confocal interferometer. The Fourier transform limited line-
width was further verified by measurements at other Q-switched pulses lengths.

Our studies of the injection locking theory led to an understanding of transient injec-
tion locking of a high gain laser source. The theory predicts that the slave oscillator
(unstable resonator oscillator) will not oscillate at the master oscillator frequency as in
steady state injection locking, but will oscillate at a frequency determined by the slave
oscillator cavity length. Experimental measurements confirmed the theory.

We are applying the single mode unstable resonator laser to spectroscopic studies of
Stimulated Raman Scattering and to Molecular Beam Coherent Anti-Stokes Raman
Scattering (CARS). The single axial mode unstable resonator Nd: YAG source is useful
for a wide variety of high resolution spectroscopy studies due to its peak power stability,
frequency stability and ease of frequency conversion via nonlinear optical methods.
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