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Abstract. This paper presents preliminary results of optical tests of Schmidt
lobster eye module based on a new technology. The module was tested using
visible light, which is possible because glass plates coated with gold are used
as mirrors. The results show good accordance with simulations. It means that
the technological concept offers precise assembly of optical mirrors, which is
the key aspect to obtain sharp focal image.
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1. Introduction

The Schmidt lobster eye (Schmidt, 1975) is composed of flat rectangular mirrors.
These mirrors form an uniform pattern around a virtual cylinder with the centre
C and radius r, see Fig. 1. This set of mirrors is called stack. In a real case,
grazing angles are much smaller and mirrors are closer one to each. The point
F represents the focus of the system. The lobster eye optics is intended mainly
for X-rays. Its main advantage is wide field of view, therefore the lobster eye
optics is suitable mainly for space X-ray monitors (Déniel et al., 2022; Hudec &
Feldman, 2022; Hudec et al., 2018, 2017b,a,c,e,d)
Schmidt lobster eye geometry is defined by these parameters:

— r radius of the system
— @ mirror spacing
— t mirrors thickness

— h mirrors depth
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Figure 1. Arrangement of mirrors of one-dimensional Schmidt lobster eye

— N number of mirrors
— [ represents angle position of a mirror

Operation of a single stack is similar to a cylindric lens.

Two orthogonally arranged stacks form a double-reflecting device, see Fig. 2.
Note that there exists another concept of lobster eye based on square pores
(Angel, 1979).

The main manufacturing problem of Schmidt lobster eye is to achieve ex-
act positioning of each mirror. Therefore a new technological concept has been
proposed and registered as utility model (Tichy, 2022b) and patent application
(Tichy, 2022a).

Figure 2. Arrangement of stacks of two-dimensional Schmidt lobster eye.
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2. Prototype one-dimensional Schmidt lobster eye optics
module LNA-215

To prove the technological concept, prototype one-dimensional Schmidt lobster
module LNA-215 was manufactured, see Fig. 3.
The module LNA-215 has following parameters:

— Focal length f = 215mm
— Input aperture 84x84mm

— Composed of N=66 glass mirrors of depth h=24mm and thickness t=0.28mm
coated with gold

— Mirror spacing a = 1.05mm

— Outer dimensions 95.8x95.8x26mm without external housing
— Intended for X-ray energy lkeV

— Calculated field of view 22°.

CubeSat satellites represent a common platform to test new space devices.
Therefore, the focal length and the input aperture of the optics were chosen
so that the optics together with a focussed detector would fit three units of a
CubeSat satellite.

Figure 3. Prototype of one-dimensional Schmidt lobster eye optics module LNA-215.
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3. Experimental setup

As the mirrors are made of glass coated with gold, they reflect visible light,
too. It allows to use visible light to perform the preliminary experiment, which
proves the technological concept. This experiment was performed in laboratories
of the University of Chemistry and Technology in Prague.

The experimental setup is shown in Fig. 3. A white high-power light emitting
diode was used as the light source. The source was equipped by aperture of
diameter ca. 0.1lmm made of aluminium foil. A plano-convex lens of focal length
130mm was used as collimator. Distance between the planar side of collimator
and the center of the optics was 850mm. The image was taken by a camera
Canon EOS 50D. This camera has a sensor of size 22.3 x 14.9mm and resolution
of 4752 x 3168 pixels.

CAMERA TESTED LIGHT
OPTICS COLLIMATOR sQuURCE

Figure 4. Experimental setup

4. Results

The image acquired by camera is shown in Fig. 5(a). Red color channel was
used. The image is in negative colors and with enhanced contrast. The focal
line does not have an observable skew error contrary to results with previous
prototype presented in (Tichy et al., 2018).

Simulations were done using LOPSIMUL software (Tichy, 2023) by the sim-
plified ray-tracing algorithm (Tichy et al., 2016; Tichy, 2013; Tichy et al., 2011).
Perfectly flat mirrors of 100% reflectivity were considered for the simulations.
Resulting image of the simulation for aligned optics is seen in Fig. 5(b).

It is seen that the central focal line in images Fig. 5(a) and Fig. 5(b) has
different position relative to positions of shadows of mirrors. This is because the
entire lobster optics module was tilted a little relative to direction of incoming
rays. However, the setup did not allow perfect alignment.

Therefore, the tilt angle was included in next simulations and the tilt value
was manually found by comparison of the experimental image to the result of
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(a) Experiment (b) Simulation, aligned optics

(c) Simulation, optics tilted by 0.1°

Figure 5. Focal images

the simulations. It was found that tilt value of 0.1° gives the good accordance
between experimental image (Fig. 5(a)) and result of the simulation including
the tilt angle (Fig. 5(c)). The experimental image with visible light is affected
by diffraction effects.

Graphs of intensity along vertical axis are shown in Fig. 6. FWHM of the
peak of the experimental image (Fig. 6(a)) is 0.96mm while FWHM of the peaks
of both simulated images (Fig. 6(b), Fig. 6(c)) reaches 0.71mm. The experimen-
tal value is slightly worse compared to the result of simulation due to diffraction
effects and due the fact that the diameter of aperture was not small enough.

5. Conclusions

The experiment with visible light proves that the prototype optics is functioning
and the technological concept is promising. FWHM of the experimental image
is slightly worse than the result of the simulation, which is due to diffraction
effects and due to the small divergence of rays. The focal line does not have the
skew error.
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Figure 6. Intensity along vertical axis. Vertical scales of experimental and simulated
images are not comparable.

The authors expect that experiment in X-ray tunnel at designed energy
around 1keV will give result that will be in perfect accordance with the simula-
tion.
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