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Study of Thermal Deformations Induced Optical Aberrations for
Al,O; Mirror in an Optical System
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Abstract Based on the finite element method (FEM) and Zernike polynomial, the thermal deformation aberrations
of Al,O; mirror in an optical system are calculated. The phase shifts of reflected laser beam and transmitted beacon
beam are theoretically analyzed, respectively. The defocusing is the major aberration of reflected laser beam and the
defocusing and the primary spherical aberrations are the major aberrations of transmitted beacon beam. The primary
spherical aberration is induced by the uneven temperature distribution at the boundary of laser irradiation area. The
aberration ratio ¥, is defined to describe the influence of absorption power on aberration of reflected laser beam and
transmitted beacon beam. The defocusing ratio of reflected laser beam 7y, is 0. 0393, and the defocusing ratio of
transmitted beacon beam y,, is —0.0011 and the primary spherical ratio y,, is —0.0033.
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Table 1 Properties of Al, Qs mirror (293 K)

Property Value
Density p /(kg/m?) 3980
Thermal conductivity « /[ W/(m+K) ] 24
Specific heat C,/[Wes/(kg*K)] 761.5

Thermal expansion

.. 7.8
coefficient ¢ /(10 °/K)
Poisson's ratio v 0.27
Young's modulus /GPa 379
Refractive index n 1.433
Thermooptic coefficients er /(10 /K) L5 at

S e 632. 8 nm

Nondimensional spatial scale 0.5

max: 301.749
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Fig.1 (a) Thermal deformation distribution and (b) temperature distribution at =0 plane of Al,O; mirror

T O R R RE 23 AR I 1 D0 5 (9) =X
A0 R4 BIRAG T AL O, 43 648 P8 I T 1
FS I B S AR RS Lz S A RS IR 2 BRoR . R
Zernike Z2 350 3 43 57 X 5255 O AR B T3 I 0 AH 7%
P AT DU B E R 2 AR 22 R 5. | 2
S A BOG ) R ARAS L G 2 O B AR, B AR
FBUEN 3.02; B 2(b) MG HR 613 GRS . H F
%1%%%7@@%%%,m%ﬁﬁ‘ﬁ/\ﬁn‘mjz%mﬁg

-6
-7
-8
-9
-10
@ -

11

R A AN B S 5T R A R
Hph B ERRON—0. 23, EERZERECN —0.39. N
B2 AT LA s AL O; 43 64 19 #8880
FE R IGE ™= A T 7™ 50 A L B A8 L A SO 1 R
SHB ST R FER BN S, BB E
BRI Ry 013 B AL 5 T 37 S AH BS DU 2 B IE i BE
RN X WAIE B 4 D B b 3% T AR T 2 A A 15
PER TR,

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
()

2 23 AL Oy JpUBEJE (0 ASTHOL Y 4 FEF T (b) 54506 14 15 51 FH #%

Fig. 2 Phase shifts distributions of (a) reflected laser beam and (b) transmitted beacon beam
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Fig. 3 Zernike coefficients as function of absorption power P,. (a) Reflected laser beam; (b) transmitted beacon beam
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