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Polarization aberrations of transmitting

rotationally symmetric optical systems
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Instrumentation Science & Opto-electronic Engineering » Beihang University s Beijing 100191, China)

Abstract: The polarization aberrations of an optical system were analyzed to control the polarization
effects and to improve the optical performance of the transmitting rotationally symmetric optical sys-
tems. The expressions of the polarization aberrations were deduced by a method of polarization ray
tracing based on a polarization aberration theory. Then, the factors affecting the polarization aberra-
tions were analyzed and the affecting factor of a transmitting rotationally symmetric optical interface
was defined. Finally, the polarization aberrations in a telescope objective were analyzed. Obtained re-
sults show that the polarization aberrations at an incident angle of 18. 77° are 5. 5 times as large as
those at an incident angle of 7. 86°, the polarization aberrations of the interfaces coated with Layers 2
are decreased by 30% as compared with those coated with MgF, and the polarization aberrations at A=
1.1 pm are 10 times as large as those at A=0. 55 pm. The results indicate that polarization aberrations
must be controlled to improve the optical performance of the transmitting rotationally symmetric opti-

cal systems with large fields of view, large incident angles or worked in wide wavelengths. This paper
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presents two kinds of methods for control the polarization aberrations of this type of optical systems
effectively,and they are to keep the angles of incidence as small as possible and to minimize the polari-
zation separation by optimizing the coating design.

Key words: optical design; polarization aberration; polarization ray tracing; rotationally symmetric

optical system; anti-reflective thin film
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Tab.1 Optical parameters of telescope objective

TERESHL

Focal length 50 mm
F-number 0.2
Field of view 40°
Wavelength 0.5~1.1 pm
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Tab. 2 Results of polarization ray tracing when

transmitting film is MgF, and A=0. 55 um

Surface Linear Linear Ray intensity
diattenuation retardance out
Surf. 1 0.000 975 862  —160. 65° 0.990 4
Surf. 2 0.000 493 929 138.63° 0.979 1
Surf. 3  0.001 946 671 —164.99° 0.971 3
Surf. 4 0.001 390 805 —42.42° 0.962 3
Surf.5  0.000 354 809  —15.62° 0.952 1
Surf. 6  0.002 063 415 135.53° 0.943 8
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Tab. 3 Results of polarization ray tracing when

transmitting film is Layers2 and A=0.55 pum

Linear Linear Ray intensity
Surface
diattenuation retardancy out

Surf. 1 0.000 645 529 ~ —28.48° 0.995 1
Surf. 2 0.000 318 934 38.64° 0.988 8
Surf. 3 0.001 355 887  —123.19° 0.984 6
Surf. 4 0. 000 946 255 135.52° 0.979 6
Surf.5  0.000 227 432 —71.03° 0.974 4
Surf. 6 0.001 430 661  —136.94° 0.969 5
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Tab. 4 Results of polarization ray tracing when

transmitting film is Layers2 and A=1.1 pm

Linear Linear Ray intensity
Surface
diattenuation retardancy out

Surf. 1 0.006 173 991 —99.55° 0.877 8
Surf.2  0.002 899 434  —91.59° 0.768 6
Surf.3  0.012 789 643 —118.63° 0.677 5
Surf. 4 0.008 863 419  —107.74° 0.595 6
Surf.5  0.002 063 925 12.04° 0.5217
Surf. 6 0.013 830 639 —167.07° 0.459 6
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