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Abstract: In solar-pumped laser with Fresnel lens and Cr/Nd: YAG ceramic, the laser output power depend
highly on coupling factor of pumping light and laser rod in the axial direction. In this paper, the method of
tracking angle error attributed to the incident solar ray unparallel with surface normal of Fresnel lens result,
was used to calculate the dependence of laser output power on angles experimentally. By using ceramics cavi-
ty, the effect of secondary or more reflection beam condenser on the output power was reduced. The experi-
ment result shows that the laser output powers are reduced by 1/6 of the original ones from 0°to 0. 5° for re-
fractivity of 97% and 99%, respectively. The physical model was set up to analyze the effect in different
tracking angle errors, where the calculation value is in agreement with the experiment result. Results indicate
that the beam and laser rod coupled in axial direction perfectly, thereby the removal of the end mask and the

adoption of the second condenser will obtain highly axially coupling end pumping beam by which the laser out-
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put power is improved greatly.

Key words: solar pumped laser; Fresnel lens; Cr/Nd : YAG ceramic; output laser power; axial cou-

pling factor
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Fig. 1 Calculation model of solar pumped laser
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Tab.1 Basic parameters of convex Fresnel lens

(mm)

thickness Material

PMMA

600 0.5 600 3
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Tab. 2 Optical parameters of acrylic lens and sunlight™'"

Average
Increment Weight Refractive Transmission
absorb «
center/mm factor indice factor
em™!

0.348 0.698476 0.026 7 1.5250 0.68
0.415 1.07982 0.027 5 1.5155 0.95~0.97
0. 440 1.394928 0.0244 1.5018 0.95~0.97
0. 460 1.186293 0.0291 1.4999 0.95~0.97
0. 480 0.810864 0.032 1.498 2 0.95~0.97
0. 500 0.502365 0.0327 1.496 8 0.95~0.97
0.515 0.850502 0.0323 1.4954 0.95~0.97
0. 540 0.947756 0.032 2 1.494 2 0.95~0.97
0. 560 0.569005 0.0319 1.493  0.95~0.97
0. 585 1.714885 0.047 3 1.4918 0.95~0.97
0.615 0.849671 0.047 3 1.4906 0.95~0.97
0. 645 0.48814 0.047 5 1.4895 0.95~0.97
0.675 0.434031 0.0456 1.4886 0.95~0.97
0.710 0.296949 0.0537 1.487 6 0.95~0.97
0. 755 1.44526 0.059 1 1.4865 0.95~0.97
0. 805 1.631703 0.056 2 1.4854 0.95~0.97
0. 860 0.472644 0.062 3 1.4845 0.95~0.97
0. 940 0.23672 0.0606 1.4832 0.95~0.97
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Tab. 3

Parameters used in calculation of solar pumping

rate and output power of Cr/Nd : YAG ceramic

laser
Parameter Value Reference
D(rod diameter) /mm 5
[ (rod length) /mm 70
Effective pumped length/mm 60
7, (fluorescence lifetime) /ms 1.1 Ref[ 9]
N, (total number density)/em * 1.52X10%
o (loss coefficient) /em ™! 2X107°  Ref. [11]
€ 0.77 Ref. [12]
R(mirror) /% 95,97,99
I, (on the earth surface) 0.076 W/cm®
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Fig. 2 Photo of solar pumped laser setup
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Fig. 3 Power distribution of focused sunlight
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