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Presentations

Institute of Design of Precise and Optical Instruments,
Warsaw Technical University

The activity of the group working in optics and optical instruments design dates from 1953.
At that time, when the war-destroyed industry, including the optical industry and optical res-
earch institutes, was under fast reconstruction, the necessity of teaching engineers in precision
mechanics was clearly seen. The demand for unique measuring devices and control equip-
ment was increasing. To this end the Chair of Optical Instruments was organized by its Chair-
man Professor Jan Matysiak, who was a person of great industrial experience and education-
al achievements. The Chair of Optical Instruments has been since 1970 one of the four
scientific-educational groups constituting the Institute of Design of Precise and Optical
Instruments. After Prof. Jan Matysik retired in 1975 the Group of Optical Instruments
Design has been guided by Professor Romuald Jozwicki.

The main aim of this Group is to educate the engineering staff for the work in optical
industry. Since the group of this kind is unique in Poland, the education given to the students
must enable them an easy adaptation to their future work in design and technological offices
as well as in scientific laboratories. The basic education comprises mechanics and electronics.
The students follow special programmes in mathematics and physics, and study geometrical
optics, diffraction theory of optical imaging, physical optics, instrumental optics, holography,
principles of the laser technique and its applications, optical materials technology, assem-
bly technology, design of optical instruments and mechanical design of optical instruments.
During the 5-year study comprising altogether 4000 hours, 660 hours are devoted to special-
ized studies, 50% of which is of basic general character, 20% — of design profile, and 20 %
concerns the technology. Each student has four, one-month lasting, industrial training.
The last year is devoted to the graduate work, its purpose is to prove that the student is ready
to start the work as an engineer in the industry. Every year about 15 persons are graduated.
Since 5 years one-year courses have been organized for engineers in order to make them ac-
quainted with the achievements in optics and optical metrology.

During the thirty years history of the Group the research topics have been changing
because of the changing demands of industry and research institutes, growing capabilities
of the research staff, and of progress in world optics (especially because of the develop-
ment of lasers). During the first 15 years the main activity, except for teaching, was the design
and construction of various instruments ordered from outside. Next, with the development
of computer techniques in this country, our Group was engaged in the aberration correction
of optical systems. For about the recent 10 years we have been designing unique optical equip-
ment and studying various optical phenomena, especially the diffraction problem related
to optical system quality, performing also the technological research for the industry.

In the last 3 years (being the subject of this presentation) the following main research
topics deserve a special emphasis.

1. The imaging theory

The theory of optical imaging has been rigorously presented in geometrical optics. In analysis
of the diffraction phenomena the geometrical nomenclature is used, but its meaning changes
in wave optics. For example, the term geometrical focus has no meaning in apodized systems,
its equivalent for the non-truncated Gaussian beam being the beam-waist. Since more and
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more problems in instrumental optic3 require the wave-optics approach, the future goal
is to present the unifield, diffraction theory of optical imaging. For that purpose the imaging
has been analysed by an aberration-free and non-limited optical system (paper 3) and the
analogy with geometrical optics approach established. The general principles of reference sphe-
re transformation for the object and Fourier spaces have been formulated in paper 3. The
imaging process has been divided into two independent parts:

1. ldeal imaging by the system composed of square phase correctors, which corresponds
to aberration-free imaging in geomtrical optics.

2. Imaging by the system of distorters describing the influence of diaphragms, apodi-
zers and aberrations (paper 7).

The advantage of the distorter approach is a generalization of the analysis; it con-
cerns all the systems that can be represented by a distorter. The theory of Gaussian beam
transformation through the composed optical system has been presented in paper I, and the
synthesis of field changes of a truncated beam has been proposed in paper 5. The analyses of
vignetting (paper 6) and parallactic phenomenon (paper 4) are conducted. The book on the
theory of optical imaging is under preparation.

The leading person — Professor Romuald Jbzwicki.

2. Periodic elements in optics and acousto-optics

The main research interests concern the theory and applications of periodic structures
under coherent and incoherent illumination. The general theory of Fresnel field of the com-
plex amplitude transmittance diffraction grating has been formulated in papers 9, 10, and 12.
The intensity distribution has been used, as giving the information on phase modulation
introduced by photographic emulsions (papers 9, 10, 13). The new interpretation of the Tal-
bot effect using the Fourier spectrum properties of periodic objects has been given in paper 19.
A universal model for analysis of optical and acousto-optical systems using two diffraction
gratings separated in space has been proposed in papers 14, 22, 41, 45-47, 49. The analysis
concerns the Fraunhofer as well as Fresnel diffraction field. Few interferometric configura-
tions using diffraction gratings under coherent and incoherent illumination and employed
for the same operations in optical information processing have been described in papers 10,
11, 25, aberrations in optical systems and phase objects are studied in papers 16, 28, 30 and
optical differentiation of displacement patterns — in papers 24-26. The method of multi-
exposure computer generated holograms of many phase objects has been worked out; the
product and sum-type holograms have been analysed in paper 18. The analysis models for
studying the intensity distribution in the Fourier plane given in paper 24 are used for optimum
design of multi-exposure holograms. The last research activities concern the coherent and in-
coherent superposition of self-imaging phenomenon (papers 20, 31) and the analyses of se-
lected topics of light diffraction on acoustical waves and tilted optical gratings (papers 32,
47-50).
The leading person — Professor Krzysztof Patorski.

3. Image quality analysis

Research work conducted in this area includes the following topics: generalizations of Mare-
chal intensity formula that take into account apodization as well as the focal shift phenome-
non (papers 51, 54), aberration-balancing techniques, both for apodized systems (papers
53, 55), and for the systems suffering from parallactic errors (paper 56), as well as sampling
theorems for rotationally- symmetric problems (paper 52). Special attention has been paid
to the optical systems for the use with Gaussian laser beams (papers 53-55).

The recent, unpublished contributions, deal with rapid methods of computing aberra-
tional diffraction patterns (papers 57, 58), Dini sampling theorems for nonrotationally-symmet-
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ric systems (paper 60), colour correction in visual optical systems based on colorimetric ap-
proach (paper 59), aberration-balancing methods in the case of partially-coherent illumina-
tion, and — finally — efficient mathematical methods for decoding wavefronts from inter-
ferograms. Some results of the above investigations are being implemented in domestic
optical industry.

The leading person — Dr. Stanislaw Szapiel

4. Unique equipment and instrumentation design

The instrumentation is designed and produced on the demand of industry and scientific
institutes.

The modular laser acousto-optic laboratory system (papers 33-40)

The system has been designed to provide a precise instrumentation for advanced academic
teaching, selected industrial measurements and scientific research. The main areas of the
system applications are coherent optics, nondestructive testing, acoustic imaging and laser
metrology. Prom the educational point of view the laboratory system consists of 12 labora-
tory stands that represent 3 basic topics: visualization of acoustic fields, acousto-optical
phenomena (principles and applications), and laser acousto-optic accessories.

Optical flat testing interferometer

The interferometer (see the Figure), based on Pizeau scheme, is equipped with a reference
pattern plate made of high-quality glass or fused quartz with flatness inaccuracy < A/20
over # 180 working surface. Two standard light sources can be employed alternatively:
mercury spectral lamp (A= 546 nm) and He-Ne laser (A= 633 nm). Interferogram may be
observed with an optical eye piece or on the TV monitor. TV camera transmits the interfero-
gram onto the monitor with a special electronic equipment for contouring interference frin-
ges with equal density curves.

The instrumentation for the satellite orientation in space

The principles of the equipment performance are based on the electronic read-out of the
information about angular localization and magnitude of the star. The measurement is per-
formed by comparison with internal reference image generated by the instrument. The work
done in cooperation with the Institute of Electronics Fundamentals of the Warsaw Techni-
cal University has been performed for the Space Research Center. The instrumentation is
presently under operational tests.

5. Technological studies

The main research effort in this field is devoted to the technological studies concerning
the production of optical elements made of crystals and used in infrared, especially in high
power, CO02 lasers. The technology-oriented works on acousto-optical transducers and mod-
ulators are conducted, as well. The processes of adhesive and thermocompressive contact
are investigated.

Staff members

The group consists of 8 persons responsible for the scientific and educational activity (their
names and fields of research are listed below), as well as of 8 persons of technical staff (desig-
ners, technicians):

Professor Romuald Jozwicki: instrumental optics, imaging theory, design of optical
instruments,
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General view of the Interferometer with
the special electronic equipment to dis-
play interferometrio fringes

Professor Krzysztof Patorski: diffraction, interference, acousto-optics,

Dr. Malgorzata Kujawiniska: holography, optical information processing,

Dr. Marcin Le$niewski: instrumental optics, design and assembly of optical in-
struments,

Dr. Maciej Rafalowski: instrumental optics, design and assembly of optical in-
struments,

Dr. Stanistaw Szapiel: diffraction, image quality analysis, numerical methods
in diffraction,

M. Sc. Eng. Andrzej Szwedowski: technology of optical elements,

M. Sc. Eng. Andrzej Wojtaszewski: design of optical instruments.
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