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Table 1 The physical parameters of N, Nd:glass

index of refraction n 1. 564966

index of refraction with temperature coefficient f —4.9x107° 1/C

stress thermal optic coefficient r 0.8x107¢ 1/C

stress birefringence cocfficient Q 0. 7Xx107¢ 1/C
thermal optic coefficient i 1. 1453108 1/C
thermal conductivity K 5.6x107% W/em s C
specific heat ¢ 0.75 J/g + K
mass density p 3.4 g/cm?
surface heat transfer coefficient h 0. 6L W/em? » K
heat diffusivity a 0. 003 cm?/s
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Fig. 1 The distribution of pumping induced temperature rise in the rod amplifier
(a) The comparison between the caleulated temperature distribution
by Monte Carlo and the best fit curve as a function of normalized radius 7/ /5

(b) The temperature distribulion in the rod amplificrs of diameter 40 mm and 70 mm as a function of normalized radius r/R
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Table 2 The cigen time f, of rod amplificrs

f.l,: (9)

70 (mm) 10 20 35
t, (min) 1.0 4.0 11. 8
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Fig. 2 Temperature profile of a rod amplificr
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Fig. 3 The phase abberation of a rod amplifier of diameter 40 mm at different time during the thermal recovery

a) t =158, (b) ¢t =2 min
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Fig. 4 The thermal stress distribution in the rod amplilicr Fig. 5 The distribution of refractive-index change in the
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Table 3 The calculated depolarization of two rod amplificrs at diffcrent optical radil

optical radii 0. 8ry 0. 85r, 0. 9rp 0. 95r ™o
¢ 40 mm 1.6% 2.2% 3.1% 4.3% 5.8%
¢ 70 mm 2.5% 3.6% 5.1% 6.9% 9.3%
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Fig. 6 (a) The phase abberation as a function of normalized radius r/R in the rod amplificr of diameter 40 mm; (b)
The phase abberation of a rod amplificr of diameter 40 mm in the 60% diameter measured with Hartmann

wavelront senor
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The Thermal Distortion Theory of the Rod Amplifier
in the High-power Solid Lascr System

Zhang Hua Huang Guosong Xu Shixiang Gao Yianxia Fan Dianyuan
(Shanghai Institute of Optics and Fine Mechanics , Chinese Acadeny of Sciences , Shanghai 201800)

Abstract A model program is established to investigate the thermal distortion of the Nd:
glass rod amplifier from its deposited energy distribution. This program can be used to
calculate the temperature profile, stresses distribution, refractive index distribution,
depolarization and phase aberration during the pumping and the cooling down processes. The
influence of the pumping on laser wavefront has been measured with a Hartmann wavefront
sensor. Meanwhile, the transient temperature profile has also been measured by the
Hartman.n wavelront sensor. The experiment is in good agreement with the calculation.

Key words temperature profile, stresses distribution, refractive index distribution,

depolarization, phase aberration



