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    The monograph concerns liquid crystal devices for modulation and switching of light. It presents rather seldom approach to the problem of liquid crystals application. Mostly, in such publications, devices for information visualization are considered, perhaps because such devices create the main segment of liquid crystals market.




    The work of Professor Jaroszewicz and his coworkers concerns a more specific, sophisticated constructions, devoted to modification of various parameters of light beams. The work delivers detailed descriptions of devices dedicated to three kinds of light modification. First of them is the change of polarization state of the light beam, mostly used in pathfinders. The second one represents an electrically tuned optical filter that finds application in the detection and measurement of air pollution. The third kind of light modification device is, in principle, a quick light shutter, used first of all in welding helmets. Each of the mentioned devices modifies another parameter of the light beam: state of polarization, spectral range or transmitted light intensity. All these devices are precisely described in the review, starting with the operation principle, technical demands, design scheme and measuring methods of physical and technical parameters. A rich choice of relevant liquid crystalline materials is presented. The authors proposed many application mixtures that combined with different liquid crystal cells allowed them the construction of prototypes with unprecedented characteristics.




    The presented monograph is a very useful work addressed to the scientists dealing with both basic research and liquid crystal technology. It can be useful for technicians and students as well.
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    Scientific research and custom activities in applied optics and photonics are frequently connected with the application of high-end optical elements of tailored properties. Since the liquid crystalline structures gradually become ubiquitous in optical and photonic devices, the need for a systematic description of important aspects of the contemporary material, technology, and performance of liquid crystal containing modulators is self-evident. In this book, we provide extended reports respecting our experiences in the field of the liquid crystal material studies as well as the design and technology aspects of the manufacturing of advanced liquid crystal light modulators. Our inspirations for advanced studies in mentioned subjects come from projects aiming for preparation of such adapted elements like: highly transparent, laser damage resistant liquid crystal phase modulators for space-borne laser rangefinder; high contrast, fast operating, the outdoor light shutter for eye protection, a dynamic optical filter and others. Being aware of the peculiarities of the liquid crystalline matter, moreover complexity of the design and fabrication of active optical elements, we draw up the reports providing to the reader a detailed practical input. This book is addressed to the students of technical sciences, engineers, professionals, and all the audience interested in liquid crystalline light modulators. The content of chapters partially based on our results, previously published and comprises carefully edited selection of practical information. The reader finds here the comments on chemistry and material properties of liquid crystals, custom-developed techniques of materials studies, and the rich collection of unique practical engineering solutions. The book starts with Chapter 1, providing a scope of this monograph. In Chapter 2, a new complementary method of determination of Frank elastic constants in nematic LCs is described. Chapter 3 discusses theoretical and practical aspects of the determination of key liquid crystals material parameters on examples of nematic mixtures applied for liquid crystal light modulators. Chapter 4 presents a liquid crystal polarization switch designed for the rangefinder of the space landing module. In Chapter 5, a liquid crystal spectral filter designed for visualization of air pollution is introduced. Finally, Chapter 6 presents a liquid crystal shutter for automatic welding helmet (PIAP-PS automatic). The authors would like to express sincere gratitude to all coworkers contributing to the success of scientific projects providing results and experiences presented here. Our pay-back for editing this book will be a success of the next implementations supported by its content.
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      Abstract




      The way towards the liquid crystal modulators’ design and fabrication is drawn up. The theoretical and practical aspects of material studies and implementations of tailored liquid crystals in liquid crystal modulators are discussed. The way subsequent chapters drive the reader through liquid crystal modulators’ peculiarities is shown. In Chapter 2, a new complementary method of determination of Frank elastic constants in nematic LCs is described. Next, a custom method of determination of material parameters ε┴, Δε, Δn, γ, Kii of working liquid crystal nematic mixtures is discussed. Chapter 4 describes the liquid crystal polarization switch implemented in the rangefinder of the space lander module. In Chapter 5, the design and operation of a liquid crystal spectral filter for air pollution detection are discussed. Finally, Chapter 6 presents an efficient liquid crystal shutter for automatic welding helmet (PIAP-PS automatic).
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    More than 120 years after F. Reinitzer’s discoveries [1], due to their unique optical properties, Liquid Crystals (LCs) have found a wide range of applications, from alphanumeric displays through computer monitors to large size TV screens. The quality and reliability of displays available nowadays indicate the highest achieved level of the LC technology. Progress in LC technology has been achieved after more than 40 years of extensive studies on LC materials and electro-optical effects. The rush in LC science and technology started in 1971 – the year of M. Schadt and W. Helfrich’s discovery [2] of the Twisted Nematic (TN) effect, the first electro-optical effect with the potential to be rapidly commercialized. Technology success measured in terms of a quantity of produced




    LC containing devices is strictly associated with the specific physical properties of LCs, which enable solving various technical problems in display and photonic technologies. The use of LCs in display technologies is associated with parallel, rapid development of electronic integrated circuits that enabled miniaturization of control systems and resulted in the limitation of energy consumption by consumer electronics, comprising ubiquitous Liquid Crystal Displays (LCD). Another area of importance of LC technology is the development of specialized elements of active optics, which have increasingly replaced classical ones. Such elements of adaptive optics are used for the modulation of light beam parameters like spectrum, polarization state, or propagation direction [3]. Opportunities offered by LC technology are particularly useful in the design of complex optical systems while using liquid crystal adaptive optical elements; however, there is no need to use moving mechanical parts. This allows for their easy control and reduces the implementation costs. Moreover, a flat 2D form of liquid crystal elements allows the design of systems applicable in image analysis [4, 5] and optical correlators, where simultaneous control of electric field and optical signal are applied. In recent years, photonic fibers filled with liquid crystal material, so-called Photonic Liquid Crystal Fibers (PLCFs), have been of great interest [6-8]. PLCs become sensitive to electric control of fiber propagation properties and the increasing transmission rate. The new area of liquid crystals’ exploration is the research in the terahertz range of electromagnetic radiation [9], as well as in electrically controlled structures of metamaterials [10].




    This monograph is based on the knowledge and experiences gained while selected works are done on design, fabrication, and studies of liquid crystal light modulators (LCM) [11-30], studies of structural and physical properties of liquid crystals [31-41], as well as from works concerning alignment techniques of liquid crystal layers [42-49]. Due to the broad area of the subject on which the authors of this monograph have been working, they focused on three following tasks done at the Military University of Technology, Warsaw, Poland (MUT):





    

      	Liquid Crystal Cell (LCC) [11], for the space-borne rangefinder implemented at the International Space Mission “Phobos-Grunt” by Russian Federation Space Agency. The project aim was to precisely place a return module on a rugged surface of Mars’ moon – Phobos. The probe with 2 LCC elements designed, manufactured, and tested at the MUT was launched on November 8th, 2011, from the Kazakhstan spaceport.




      	Electrically tunable, first-order Liquid Crystal Filter (LCF) [12] destined for stations of detection and determination of air pollution in Warsaw, Poland. This filter, as well as three other liquid crystal indicators, were used in the system of monitoring and visualization of air pollution in Warsaw downtown - installed on the arcade of the “Smyk” department store in 1996.




      	Liquid Crystal Shutter (LCS) [29], for Automatic Welding Helmet (PS-automatic), was mass-produced in 1998-2005 by the Institute of Industrial Automation and Measurement in Warsaw, Poland (Safety certificate No. 244/98, 245/98 CIOP) in the amount of 100 pcs/month.


    




    Due to the inflated technical specifications regarding aperture Φ, on- and off-switching times (τon and τoff ), transmittance (T) as well as wavelength range λ of modulated light for:





    

      	LCC (T > 95%, @ λ = 1.062µm, τon < 1.5 ms, τoff < 10.0 ms),




      	LCF (T > 15%, @ λ є [0.5µm,0.7µm], τon < 1.0 ms, Φ = 160 mm),




      	LCS (T < 0,0007%, @ λ є [0.3µm,0.9µm], τon < 0.2 ms);


    




    An appropriate electro-optical effect and a modulator structure should have been chosen for each modulator separately, along with its liquid crystal working mixture of optimized properties.




    Applicability of a given liquid crystal material for all-purpose applications is determined by its parameters. Among them the most important are: the dielectric anisotropy Δε, components of permittivity tensor ε┴ and ε||, specifying of the type of used director field deformation and the level of the voltage U required for this purpose, optical anisotropy Δn, optimum thickness d of LC slab, rotational viscosity γ and Frank elastic constants: K11 for S-type deformation (splay), K22 for T-type deformation (twist) and K33 for B-type deformation (bend). Elastic constants and the dielectric anisotropy Δε determine the dynamic properties of the optical element indirectly.




    To obtain the liquid crystal mixture with required material parameters (ε┴, Δε, Δn, γ, Kii) within the predefined range of working temperatures of the optical element, those parameters have to be repeatedly, and relatively quickly, determined. This is vital in a long process of composing and optimization of each working liquid crystal mixture of tailored properties and components [34]. Dielectric (ε┴, Δε), optical (Δn), as well as viscosimetric parameters (γ) can be assessed by using special measuring cells under rather simple and (sometimes) automated measuring procedures. The procedures of Frank elastic constants, Kii, measuring are more difficult. These constants (in particular twist constants K22 and bend constants K33) mainly determine the switching-off times (τoff) of modulators with the liquid crystal of a positive sign of the dielectric anisotropy Δε > 0 (denoted here as PLC). The difficulty of determination of elastic constants, K22 and K33, for PLC is associated mainly with the need to use a strong magnetic field to induce twist- and bend-type deformations in the inhomogeneously (HG) aligning layers of PLC.




    It is important to know the value of the susceptibility anisotropy Δχ of the tested material. The use of newly developed special measuring cells with the hybrid alignment of the tested liquid crystal material [33] significantly simplifies the process of elastic constants assessment. Frank constants are now determined by using a single measuring cell of In-Plane Switching (IPS) type in which the electric field parallel to the cell walls is produced by inter-digital electrodes.
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