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Abstract
We have proposed an optical duplicate system for the reduction of atmospheric turbulence in satelli te-ground laser
communications and confirmed the validity by the numerical calculations. Now we are preparing verification experiments to
transmit multiple beams generate by the optical duplicate system at medium range. In this paper, we report on the newly
designed optical duplicate system for this experiment by suggesting design conditions and points of interest in design and
proposing the two use of constituent elements. We also confirmed that the designed optical duplicate system satisfies the
conditions for the medium-range propagation experiment by simulations.
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Fig. 1 Concept of satellite-ground laser communication
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Fig. 2 Candidate site for propagation verification experiment
(Shonan campus, Tokai University)
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Fig.3 Optical duplicate system
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Table 1 Design condition of optical duplicate system

Item Value Remarks

For ease of experiment.

Wavelength of incident beam 785 nm

Taking into consideration of the size of the entire optical

350 mm x 170 mm or less . | | )
setup, it can be made portable by installation on a tripod

Size of optical system

For convenience in optical alignment.

Distance between optical elements I = 30 mm

Number of output beams 2 or more

Considering the diameter of the mirror used for the

Dmax = 10 mm A -
optical communication system

Diameter of output beam

Considering the atmospheric fluctuations in urban areas
and by using a telescope with a 5 X magnification.

Pitch of output beam Po = 4 mm

Optical Duplicate System

f,=38.7mm fs f;=455mm  f, f; =38.7mm
AL2 - A ML2
P, = 9.0jmm mask Ay = 25mm
¢ = N
p 2 n
% d,41.0mm = d,=9mm d, =3mm
—{k- 3mm —{ k- 2.5mm — k-3 mm —{ k-3 mm
- 4.5mm
D=15 mnf 'I
%8s —"_ =20 '%m|=25mm
optical fiber L % mm ML1
fy =60.7 mm
350 mm
(a) Usage method of AL (b) Designed optical system
(1) Proposed usage method 1
Rectangular array lenses are used as array lenses with different pitch.
Optical Duplicate System
f,=38.7mm fs f;7=404mm  f, f,=30.3mm f;=38.7 mm
Modification of design _
_AL2 725mm 65 mm AL1 ML2
o o
AL1 p,=40dmm mm L2 8i=zcammijq mask dpy = 25mm
=t =1
YA ks
P =¥ 423 mm ¢ ld4=4mm =15mm d, = 12mm l d, =3 mm
te " Sk 3mm S k-3mm -3 mm Sk 3mm
degrees
- & 4.5mm
AL2 D=15mm
= __/— 'I ' dy =25 mm
T A =785 nm - ) d. =20 mm
Pa l, optical fiber L ol = ML1
fy = 60.7 mm
350 mm

(b) Designed optical system
(2) Proposed usage method 2
AL1 rotated by 90° in the vertical plane against the optical axis is used as AL2.
Fig. 4 Design of optical duplicate system for medium range propagation verification experiment

(a) Usage method of AL
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Fig. 5 Spot diagram

(b) After 500m propagation
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