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Strehl Ratios and Sharpness of Collimated Laser Beam in
a Turbulent Atmosphere
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Abstract Some parameters for describing optical qualities of a short-term beam pattern of a collimated laser beam
propagating through a turbulent atmosphere are evaluated for a series of numerically-generated patterns. These
parameters include the on-axis, peak, and energy Strehl ratios and the sharpness. Their statistical characteristics are
analyzed and the validity of these parameters for describing optical qualities of the beam pattern is discussed. Main
results could be summarized as follows. The energy Strehl ratio could reflect the energy concentration of the whole
beam; the sharpness well reflects the energy concentration in a local area, and could be used for describing the

optical quality of laser beam in the turbulence. Generally the turbulence is benefit for promoting the pattern sharpness.
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Table 1 Parameters used for numerical simulation of

light propagation in turbulence

Wave type Gaussian beam
Wavelength /pm 0.6328
Beam waist /mm 30
Propagation path /m 1000
Grid point number 256 X256
Phase screen number 20
Grid interval /mm 0.5
Turbulence spectrum von Karman
Inner scale /mm 1
Quter scale /m 10
Ct 107,107,107 %

Scintillation index 0. 056,0. 56,5, 62
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Table 2 Maen and standard deviation of the on-axis, peak, and energy Strehl ratio and the sharpness

under different fluctuation conditions

g Strehl 0 Strehl M Strehl E Sharpness
Mean Deviation Mean Deviation Mean Deviation Mean Deviation
0. 056 0.9740 0. 1585 1.1262 0.1418 0.9954 0.0140 1.0199 0. 0696
0. 560 0.9118 0. 4589 1.7434 0.5235 0.9638 0. 0457 1.1951 0.2738
5. 620 0. 4904 0. 6254 3.4825 1. 6070 0.7096 0.1368 1.4828 0. 6478
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Fig.1 Normalized distribution of frequency counts for the on-axis, peak, and energy Strehl ratio

and sharpness of laser beam patterns in a turbulent atmosphere
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Fig. 2 Relationships between the on-axis, the peak Strehl ratio and the energy Strehl ratio of

laser beam patterns under g § =5. 62
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Fig. 3 Relationship between the sharpness and the peak, the energy Strehl ratios of laser beam patterns under 8§ =5. 62
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Table 3 Characteristic parameters of laser beam patterns in the turbulence under g ; =5. 62: on-axis, peak,

and energy Strehl ratios and the sharpness. Percent means the percentage of the energy contained in the laser beam radius

No. Strehl 0 Strehl M Percent /% Strehl E Sharpness
0 1 1 86. 0089 1
1 0.1427 1. 8520 39. 5778 0. 4602 0.7348
2 0.0637 2.4262 61.0684 0.7100 1.1298
3 0.3136 2.5817 62. 8533 0.7308 1.2071
4 1. 3457 2.6510 49, 9469 0. 5807 1.2721
5 1.5952 4,1493 53.1629 0.6181 1.3979
6 0.0501 2.8968 68. 6984 0. 7987 1.3475
7 2. 4900 2. 8415 68. 9955 0.8022 1.5114
8 0.9427 2.7522 66. 6344 0.7747 1.4219
9 0.0036 2.4903 51.9058 0.6035 0.9981
10 1.1133 3. 2697 61.9858 0.7207 1.3471
11 1. 2380 2.1968 63. 4448 0.7377 1.1670
12 0.9637 3.7043 69. 7334 0. 8108 2.0011
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Fig.4 Laser beam patterns in the vacuum, No. 0, and in a turbulent atmosphere under 8§ =5.62: No.1, 5, and 12
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