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Study on the Laser Wavefront Deformation Induced by the Free-vortex
Aerodynamic Window for High Energy Lasers
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Abstract This paper analyzes the principle of wavefront disturbed by the free-vortex aerodynamic window (FADW)
designed for the high power laser measurement using the Hartmann-Shack (H-S) sensing, and measures the
wavefront when the FADW is running steadily using the H-S sensor with 37-sub-apertures experimentally. The
wavefront attained by CCD detectors is sent to the high speed DSP wavefront processing units. And then it
reconstructs the disturbed wavefront using the method of Zernike mode, and calculates the relative optical
parameters such as the peak value (PV) of wavefront error, RMS and STREHL raton (R,) and so on. The results
shows that the effects on the output laser wavefront of the FADW are mainly the beam deflexion and the beam
divergence, otherwise the else high-level wavefront errors are very low.
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Fig. 1 Principle sketch of the FADW

2 SE¥e I E R

2.1 BEHS-ERKEERERE

MR - B T G AL AR R — R — LA
JR T IR TE 455 HE 51 B BB B R 5 1 B /Y
LR/ FEREAR R, & 2 B, Hd D R E
LA, d IWCEGER, f B 1, ¢ O I ey
ARPERT HA N MBS R H-S 28R4 K f U ey 22
BRI H R N AT KR, BT X3 A B AT 23 70
BES T MER N AT E L, R 58 = 2 m
CCD 2 {1 B fth e FL R 00 2% [ 57 ) & &%~ 1 9L
BREVHE AR E O, NTTRB A LHEE O/
X E G GEH SR B ATA 2 . RIE Lk
S0 HF R — R AT R B IE AT DSR4 0 v

AR o Eh T B G W A 3B R T L R A 9 A
B SEA ERE S B, IR Z I E PR E N TT
RABFEF IR LS .

I W — =
B 2 mede2-E AR AR AR R

Fig. 2 Principle of the Hartmann-Shack wavefront sensor
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Table 1 The order of Zernike polynomial

Radial degree Azimuthal frequency m
n 0 1 2 3 4 5 6 7
1 1,2
2 3 4,5
3 6,7 8,9
4 10 11,12 13,14
5 15,16 17,18 19,20
6 21 22,23 24,25 26,27
7 28,29 30,31 32,33 34,35
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Fig. 3 Principle schematic of the experiment using Hartmann-Shack sensor
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Table 2 Coefficients of Zernike polynomial of 35 terms for reconstructed wavefront

k ax k a k a k ax k a

1 0.1202 0. 0057 15 —0.0030 22 0. 0001 29 —0. 0001
2 —0.0116 0. 0050 16 0. 0006 23 —0.0001 30 0. 0000
3 —0.1002 10 —0.0063 17 0. 0002 24 0. 0000 31 0. 0000
4 0.0400 11 —0.0074 18 —0.0001 25 —0. 0001 32 —0.0004
5 0.0210 12 0. 0060 19 0. 0000 26 —0.0012 33 —0.0001
6 0.0032 13 0.0011 20 0. 0000 27 0.0001 34 0. 0001
7 0. 0087 14 0. 0030 21 0.0002 28 0.0002 35 0. 0000
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