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'ABSTRACT -

Many effects, such as turbulence effects, nonlinear thermal blooming, will degrade the
7. quality of laser beam as it propagate in/through the atmosphere. In this dissertation, several
. problems of laser beam propagation in the atmosphere as well as adaptive optics phase
" compensation for the turbulence effects, thermal blooming, turbulence and thermal bilooming
interaction have been studied experimentaily and theoretically.
In chapter 1, we give a simple introduction to the basic knowdge of optical properties of
" the atmosphere and equations of laser beam propagation in the atmosphere. The principle and

- system stiucture of adaptive optics are also introduced

~ The adaptive optics phase compensation fox turbulence effects of laser beam propagation
through the turbulence is studied experimentaily and theoretically in chapter 2 The random
. characteristics of the turbulence coherent length and laser beam Strehl ratio is analyzed and
‘. their probability density functions are obtained by random function theory The statistical
" method for experiment data analyses has also been proposed The phase reconstruction ertor
of the adaptive optics system and the nonlinear response error of the deformable mirror ate
also studied. ' ' B
In the first part of chapter 3, the property of phase compensation for thermal blooming is
analyzed by the thin lens approximation. The differences of thermal blooming effect between
the focused and the collimated beam are discussed. The formulas of amplitude and phase
fluctuation as well as the Strehl ratio for high enmergy laser beam propagating in the
nonuniform atmosphere including random wind shear ate given by using linearized theory in
the second part of chapter 3 The results show that phase compensation for the small scale
thermal blooming is effective only at the actuator numbers chosen properly, which is different
“from the case of the phase compensation applied to correct beam distortion due to pure
tutbulence effect Results also indicate the fact that random wind shear will partly depress the
* instability, making the critical energy density higher for laser beam transmitting possibly
through the atmosphere However, in the real atmosphere, this critical intensity is still, in
apptoximately one order, lower than that of phase compensation instabilities happening with
whole beam thermal blooming The small scale thermal blooming instability is studied
expetimentally in the third part The results aze in agreement with that obtained by numerically
simulation. ' ' .
A 4D numerical code has been set for simulating the turbulence effects, thermal blooming
turbulence and thermal blooming interaction as well as adaptive optics compensation for phase
distortion of laser beam propagation in the atmosphete In this program, the traditional
nonadaptive cooxdinate transform for the focused Gassian beam propagation is modified for
caloulating different transmitting beams. A folding FFT treatment is put forward, in which high
spatial fiequency terms of turbulence are sampled and low spatial frequency terms aze revised
Results show that the calculation speed and accuracy are both enhanced and the required
computer memory is reduced Hartmann-Shack wavefront sensor and the tikt-direct wavefiont
reconstructiion of adaptive optics system is numerically simulated The details are introduced
in chapter 4. By using the program and the atmospheric parameters, propagation of the
focused high energy laser beam is calculated, the results are also discussed in chapter 4

KEY WORDS: propagation, turbulence, thermal blooming, adaptive optics
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