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Abstract

Nonlinear frequency chirping of a Q-switched ruby laser was investigated theoreti-
cally and experimentally. Differential equations governing population inversion, photon
density and frequency chirping in a laser are solved for the giant pulse operation. The
nonlinearity in frequency chirping arises from the time variation of the population inver-
sion in the laser. The rate and time intervals of frequency chirping are estimated by
using a method of holography of a rotating object. The holography of rotating object
which we have developed will provide a powerful tool for studying frequency chirping
in any pulse laser.
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Fig. 1. Time dependence of photon density 20/Wy,,
(upper), population inversion of atoms W/
Win (upper) and instantaneous {requency
w+do/di—2 (lower) in the region of the
giant-pulse.

In Figs. 1(a), (b) and (c¢), the normalized initial
population inversion W3/ Wy, is given by 1.65,
272 and 448, respectively.
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Fig. 2. Transmittance versus wavelength for

solutions of cryptocyanine in propyl
alcohol.
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Fig. 3. Fabry-Pérot rings obtained by He-Ne
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Fig. 4. Arrangement and photograph of the optical system for recording
the time variation of the spectrum of Q-switched ruby laser light:
L; Q-switched ruby laser, O;; concave lens, FPI; Fabry-Pérot
interferometer, Oy; convex lens, S; entrance slit of high speed
camera, B; beam splitter, N; plane mirror, P; rotating prism,
M concave mirror, F; photographic film and HSC; high speed
camera.
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Fig. 5. Arrangement of optical system for

2Ty, A AR ORBHMBEE a0 & measuring the nonlinear frequency
T5 &, EERERE chirping of the Q-switched ruby
d / laser.
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the holography of rotating object. L; Q-
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OENCIEEIZE t, %o C Tk 2 The P,; prisms, S,;, Sz; .concave lense.s, Cy,
C,; convex lenses, My, My; plane mirrors,
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Fig. 6. (a) Time-integrated Fabry-Pérot rings
obtained by the Q-switched ruby laser
and (b) time variation of Fabry-Pérot
rings showing the frequency chirping.
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Table 1. Characteristics of a giant pulse as a function Wi/ Wi

W % 20 MEH s
A T kil iz 2 3
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]
a 165 { 0.15 0.3 88 33
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b 2.72 j 0.72 17 32 15
c 448 j 1.98 71 13 95
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