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Effect of Atmospheric Turbulence on Optical Tip Measurement of
Active Control of Ring Segmented Telescope
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Abstract Theoretical investigations of the spatio-temporal statistical properties of arrival angle of a spherical
wavefront perturbed by atmospheric turbulence are presented. The motivation is to evaluate the practicality of a high
accuracy and high bandwidth active alignment for a ring segmented telescope used an optical tip measurement. The
effect of finite wavefront outer scale is considered for exploring the spatial coherence of arrival angle. The temporal

cross-spectrum of arrival angle is also calculated for studying the temporal coherence. The mean square of

measurement error for a single short-exposure is calculated numerically. While, the magnitude of suppressing the

error by time integration is discussed. The control bandwidth is calculated for an accuracy requirement of 0. 01" in

some different cases of turbulence environment.
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Fig. 1 Concept design of Chinese giant solar telescope
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Fig. 2 Tip error of the ring segmented mirror rotating

along the radial axis

Pl 3 ¥ A2 o e A ) AR U0 D' o 45
Fig. 3 Optical layout of tip measurement of the mirror

rotating along the radial axis
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Fig. 4 Normalized variance function of the turbulence

outer scale
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Fig. 5 Temporal cross-spectra of arrival angle

of the wave front in different baselines
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Fig. 6 Time integral factors of tip measurement for

nearest sub-apertures with different wind speeds
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Table 1 RMS of tip measurement of the mirror rotating along the radial axis with short exposure,

when L=8 m, R=2.5 cm

" S=1m S=6 m
RMS /() = T — ——— T — — -
Ci=1X10"" m *C;=1X10"" m** C2=1X10"" m ** C;=1X10"" m *"C;=1X10"" m **C;=1x10"" m **
Ly=1m 0. 308 0.097 0.031 0. 307 0.097 0.031
Ly=6m 0. 385 0.122 0.039 0. 380 0.120 0.038
L,=30 m 0. 408 0.129 0.041 0.411 0.130 0.041

%2 ML, =6m, L=8m., R=2.5cm, f

=100 Hz,0. 01" 545 J3 X W7 A9 42 41 35 56

Table 2 Control bandwidth for achieving the accuracy requirement of 0. 01", when L, =6 m, L=8 m,

R=2.5cm, f.=100 Hz

£/ Hz S=1m S=6 m
Ci=1X10"" m 2 C:=1X10 " m *C:=1X10 " m ¥* C{=1X10"" m ?*C:=1X10 " m *C:=1X10"" m **
v=2 m/s 1. 155 1. 155 1. 587 <0. 100 0.176 0.676
v="5m/s 2.941 2.941 4.037 0.129 0.432 1. 687
v=10 m/s 5. 882 5. 882 8. 117 0.173 0.758 3. 165
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