mueller calculus

mueller calculus is an advanced mathematical framework that plays a crucial role in the field of
optics, particularly in the analysis of polarized light. This calculus is named after the physicist Hans
Mueller, who introduced a systematic method for representing the state of polarized light and its
interactions with various optical elements. In this article, we will explore the foundational concepts
of Mueller calculus, its mathematical representation, applications in optical systems, and its
significance in modern photonics. Through a detailed examination, readers will gain a
comprehensive understanding of how Mueller calculus operates and its relevance in practical
scenarios.
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Introduction to Mueller Calculus

Mueller calculus serves as a mathematical tool for describing the polarization state of light and the
effects of optical devices on this polarization. Unlike simpler models that may only consider linear
polarization, Mueller calculus accommodates all states of polarization, including linear, circular, and
elliptical forms. This versatility makes it indispensable in areas such as imaging,
telecommunications, and remote sensing.

The fundamental premise of Mueller calculus is the representation of light as a four-dimensional
Stokes vector, which provides a complete description of the polarization state. The interactions of
this light with optical elements can be described using Mueller matrices, which transform the Stokes
vector according to the properties of the optical system. By understanding these interactions,
scientists and engineers can design systems that manipulate light in specific ways, leading to
advancements in various technologies.

Fundamental Concepts of Polarization

To fully appreciate Mueller calculus, it is essential to understand the basic concepts of light



polarization. Polarization refers to the orientation of the electric field vector of light waves. Light
can be polarized in various ways, which can be classified into several categories:

Types of Polarization

The primary types of polarization include:

e Linear Polarization: Light is polarized in a single direction, typically described by the angle
of the electric field vector.

¢ Circular Polarization: The electric field vector rotates in a circular motion, which can be
either right-handed or left-handed.

« Elliptical Polarization: A general case of polarization where the electric field describes an
ellipse, encompassing both linear and circular polarization as special cases.

Understanding these types of polarization is crucial, as Mueller calculus utilizes these concepts to
analyze complex optical phenomena. Furthermore, the interaction of polarized light with materials
can lead to various effects, such as reflection, refraction, and absorption, all of which are vital in
optical engineering.

Mathematical Representation of Mueller Calculus

The foundation of Mueller calculus is built upon the Stokes vector and Mueller matrices. The Stokes
vector, typically represented as a four-component vector, encodes the polarization state of light. The
components of the Stokes vector are defined as follows:

e SO: The total intensity of the light.
e S1: The difference in intensity between horizontally and vertically polarized light.
e S2: The difference in intensity between light polarized at +45 degrees and -45 degrees.

e S3: The difference in intensity between right-handed and left-handed circularly polarized light.

The transformation of the Stokes vector when light interacts with an optical element is described by
a Mueller matrix, which is a 4x4 matrix. Each element of this matrix corresponds to specific optical
behaviors, such as absorption, reflection, and transmission. The general form of the Mueller matrix
is:



M =[Ml11 M12 M13 M14 ]
[ M21 M22 M23 M24 |
[ M31 M32 M33 M34 ]

[ M41 M42 M43 M44 |

Examples of Mueller Matrices

Different optical components have characteristic Mueller matrices. Some common examples include:

e Linear Polarizer: Transmits light polarized in a specific direction while absorbing the
orthogonal component.

e Optical Retarder: Introduces a phase shift between different polarization states, such as
quarter-wave or half-wave plates.

e Mirror: Reflects light, often with different behavior depending on the polarization state.

By applying these matrices to the Stokes vector, one can analyze how light changes as it interacts
with various optical elements, making Mueller calculus a powerful tool for understanding and
designing optical systems.

Applications of Mueller Calculus

Mueller calculus finds extensive applications across various fields in optics and photonics. Its ability
to model complex interactions of polarized light makes it invaluable in several scenarios:

Imaging Systems

In imaging, Mueller calculus is utilized to enhance the contrast and quality of images obtained from
polarized light sources. This is particularly beneficial in biological imaging, where the polarization
state can provide additional information about tissue structures and properties.

Remote Sensing

In remote sensing applications, Mueller calculus helps analyze the polarization of light reflected



from natural surfaces. This can provide insights into surface properties, such as texture and
composition, aiding in environmental monitoring and resource management.

Optical Communication

In optical communication, understanding and controlling the polarization of light is essential for
maximizing data transmission rates and minimizing losses. Mueller calculus aids in designing
systems that efficiently manipulate polarization states, enhancing the overall performance of
communication networks.

Significance in Optical Systems

The significance of Mueller calculus cannot be overstated in the design and analysis of optical
systems. By providing a robust mathematical framework for understanding polarization, it allows
engineers and scientists to:

e Develop advanced imaging techniques that leverage polarization for enhanced detail.
e Design optical components that effectively manipulate light for various applications.

¢ Analyze the performance of optical systems under different conditions and configurations.

As technology continues to evolve, the role of Mueller calculus in photonics and optics will likely
expand further, leading to new innovations and improvements in various applications.

Conclusion

Mueller calculus is a cornerstone of modern optics, providing critical insights into the behavior of
polarized light and its interactions with optical systems. By understanding the fundamental concepts
of polarization, the mathematical representation of the Stokes vector and Mueller matrices, and the
practical applications of this calculus, one can appreciate its vital role in advancing technologies in
imaging, remote sensing, and communication. As the field of optics progresses, the principles of
Mueller calculus will continue to be essential tools for researchers and engineers alike.

Q: What is Mueller calculus?

A: Mueller calculus is a mathematical framework used to describe the polarization states of light and
the effects of optical devices on these states, utilizing Stokes vectors and Mueller matrices.



Q: Why is polarization important in optics?

A: Polarization is crucial in optics because it influences how light interacts with materials, enabling
enhanced imaging, improved communication systems, and better understanding of environmental
phenomena.

Q: How does the Stokes vector represent polarization?

A: The Stokes vector is a four-component vector that represents the intensity and polarization state
of light, including total intensity and differences in intensity for various polarization orientations.

Q: What are some common applications of Mueller calculus?

A: Common applications of Mueller calculus include imaging systems, remote sensing, and optical
communication, where understanding and manipulating polarization enhances performance and
insights.

Q: Can Mueller calculus be applied in biological imaging?

A: Yes, Mueller calculus can be applied in biological imaging to enhance image contrast and provide
additional information about tissue structures based on their polarization properties.

Q: What types of optical elements can be analyzed using
Mueller calculus?

A: Optical elements such as linear polarizers, optical retarders, and mirrors can be analyzed using
Mueller calculus to understand their effects on polarized light.

Q: How does Mueller calculus improve optical communication
systems?

A: Mueller calculus improves optical communication systems by enabling the design of devices that
efficiently manipulate light's polarization, thus maximizing data transmission rates and reducing
losses.

Q: What is the significance of Mueller matrices in optical
design?

A: Mueller matrices are significant in optical design as they mathematically describe how optical
elements affect polarized light, allowing for precise analysis and optimization of optical systems.



Q: Is Mueller calculus limited to linear polarization analysis?

A: No, Mueller calculus is not limited to linear polarization; it can analyze all types of polarization,
including circular and elliptical, making it a comprehensive tool for polarization analysis.

Q: What future advancements might Mueller calculus
contribute to?

A: Future advancements may include enhanced imaging techniques, improved sensors for
environmental monitoring, and innovations in telecommunications, all leveraging the principles of
Mueller calculus.
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mueller calculus: Introduction to Matrix Methods in Optics Anthony Gerrard, James M. Burch,
1994-01-01 Clear, accessible guide requires little prior knowledge and considers just two topics:
paraxial imaging and polarization. Lucid discussions of paraxial imaging properties of a centered
optical system, optical resonators and laser beam propagation, matrices in polarization optics and
propagation of light through crystals, much more. 60 illustrations. Appendixes. Bibliography.

mueller calculus: Handbook of Optics, Third Edition Volume I: Geometrical and
Physical Optics, Polarized Light, Components and Instruments(set) Michael Bass, Casimer
DeCusatis, Jay M. Enoch, Vasudevan Lakshminarayanan, Guifang Li, Carolyn MacDonald, Virendra
N. Mahajan, Eric Van Stryland, 2009-10-06 The most comprehensive and up-to-date optics resource
available Prepared under the auspices of the Optical Society of America, the five carefully
architected and cross-referenced volumes of the Handbook of Optics, Third Edition, contain
everything a student, scientist, or engineer requires to actively work in the field. From the design of
complex optical systems to world-class research and development methods, this definitive
publication provides unparalleled access to the fundamentals of the discipline and its greatest
minds. Individual chapters are written by the world's most renowned experts who explain, illustrate,
and solve the entire field of optics. Each volume contains a complete chapter listing for the entire
Handbook, extensive chapter glossaries, and a wealth of references. This pioneering work offers
unprecedented coverage of optics data, techniques, and applications. Volume I covers geometrical
and physical optics, polarized light, components, and instruments.

mueller calculus: Matrix Theory of Photoelasticity Pericles S. Theocaris, E.E. Gdoutos,
2013-06-29 Photoelasticity as an experimental method for analyzing stress fields in mechanics was
developed in the early thirties by the pioneering works of Mesnager in France and Coker and Filon
in England. Almost concurrently, Foppl, Mesmer, and Oppel in Germany contributed significantly to
what turned out to be an amazing development. Indeed, in the fifties and sixties a tremendous
number of scientific papers and monographs appeared, all over the world, dealing with various
aspects of the method and its applications in experimental stress analysis. All of these contributions
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were based on the so-called Neumann-Maxwell stress-opticallaw; they were developed by means of
the classical methods of vector analysis and analytic geometry, using the conventionallight-vector
concept. This way of treating problems of mechanics by photoelasticity indicated many shortcomings
and drawbacks of this classical method, especially when three-dimensional problems of elasticity
had to be treated and when complicated load and geometry situations existed. Meanwhile, the idea
of using the Poincare sphere for representing any polarization profile in photoelastic applications
was introduced by Robert in France and Aben in the USSR, in order to deal with problems of
polarization oflight passing through aseries of optical elements (retarders andjor rotators). Although
the Poincare-sphere presentation of any polarization profile con stitutes a powerful and elegant
method, it exhibits the difficulty of requiring manipulations in three-dimensional space, on the
surface of the unit sphere. However, other graphical methods have been developed to bypass this
difficulty.

mueller calculus: Birefringent Thin Films And Polarizing Elements (2nd Edition) Martin W
Mccall, Ian J Hodgkinson, Qihong Wu, 2014-12-04 Birefringent Thin Films and Polarizing Elements
(2nd Edition) includes the significant advances that have been made since the first book on
tilted-columnar films was published. The major discovery of serial bideposition has led to a
normal-columnar nanostructure with enhanced birefringence and in turn to nanoengineered handed
films with properties matching the left-circular reflectors of scarab beetles. A second version of the
Matlab software that accompanies the book includes algorithms for computing material,
electromagnetic and optical properties of isotropic, birefringent and chiral films. A set of numerical
and experimental examples chosen to illustrate and generate interest in these new fields will be of
interest to graduate students and to researchers in optics.

mueller calculus: Astrophysical Spectropolarimetry ]. Trujillo-Bueno, F. Moreno-Insertis, F.
Sanchez, Francisco Sanchez, 2002 The polarization of light is the key to obtaining a wealth of
essential information that lies encoded in the electromagnetic radiation from cosmic objects.
Spectropolarimetry and imaging polarimetry provide powerful diagnostics of the physical conditions
in astrophysical plasmas, which cannot be obtained via conventional spectroscopy. Whilst its
application to other fields of astrophysics is still at an early stage of development,
spectropolarimetry is being used with great success in solar physics. The book contains the lectures
delivered at the XII Canary Islands Winter School of Astrophysics. Written by eight prestigious
astrophysics researchers, it covers the physics of polarization, polarized radiation diagnostics of
solar magnetic fields, stellar magnetic fields, polarization insights for active galactic nuclei, compact
objects and accretion disks, astronomical masers and their polarization, infrared-submillimeter
spectropolarimetry, and instrumentation for astrophysical spectropolarimetry. This timely volume
will provide graduate students and researchers with an unprecedented introduction to the field of
Astrophysical Spectropolarimetry.

mueller calculus: Introduction to Information Optics Francis T.S. Yu, Suganda Jutamulia,
Shizuhuo Yin, 2001-09-12 While there are books treating individual topics contained in this book,
this will be the first single volume providing a cohesive treatment on this subject as a whole. This
goes beyond optical communications in that it includes related topics such as sensing, displays,
computing, and data storage.

mueller calculus: Optical Polarization in Biomedical Applications Valery V. Tuchin, Lihong
Wang, Dmitry A. Zimnyakov, 2006-10-12 Optical Polarization in Biomedical Applications introduces
key developments in optical polarization methods for quantitative studies of tissues, while
presenting the theory of polarization transfer in a random medium as a basis for the quantitative
description of polarized light interaction with tissues. This theory uses the modified transfer
equation for Stokes parameters and predicts the polarization structure of multiple scattered optical
fields. The backscattering polarization matrices (Jones matrix and Mueller matrix) important for
noninvasive medical diagnostic are introduced. The text also describes a number of diagnostic
techniques such as CW polarization imaging and spectroscopy, polarization microscopy and
cytometry. As a new tool for medical diagnosis, optical coherent polarization tomography is



analyzed. The monograph also covers a range of biomedical applications, among them cataract and
glaucoma diagnostics, glucose sensing, and the detection of bacteria.

mueller calculus: Optical Polarimetric Modalities for Biomedical Research Nirmal
Mazumder, Yury V. Kistenev, Ekaterina Borisova, Shama Prasada K., 2023-07-25 This book focuses
on polarization microscopy, a powerful optical tool used to study anisotropic properties in
biomolecules, and its enormous potential to improve diagnostic tools for various biomedical
research. The interaction of polarized light with normal and abnormal regions of tissue reveals
structural information associated with its pathological condition. Diagnosis using conventional
microscopy can be time-consuming, as pathologists require an hour to freeze and stain tissue slices
from suspected patients. In comparison, polarization microscopy more quickly distinguishes
abnormal tissue and provides better microstructural information of samples, even in the absence of
staining. This book provides a basic understanding of the properties of polarized light, a description
of the polarization microscope, and a mathematical formalism of Mueller matrix polarimetry. The
authors discuss various advanced linear and nonlinear optical techniques such as optical coherence
tomography (OCT), reflectance and transmission spectroscopy, fluorescence, multiphoton excitation,
second harmonic generation, Raman microscopy, and more. They explore the exciting potential of
integrating polarimetry with these techniques for possible applications in different areas of
biomedical research, as well as the associated challenges. Including the most recent developments
on the topic, this book serves as a modern guide to polarization microscopy and advancements in its
use in biomedical research.

mueller calculus: Polarization Measurement and Control in Optical Fiber
Communication and Sensor Systems X. Steve Yao, Xiaojun (James) Chen, 2022-11-04 Polarization
Measurement and Control in Optical Fiber Communication and Sensor Systems A practical
handbook covering polarization measurement and control in optical communication and sensor
systems In Polarization Measurement and Control in Optical Fiber Communication and Sensor
Systems, the authors deliver a comprehensive exploration of polarization related phenomena, as well
as the methodologies, techniques, and devices used to eliminate, mitigate, or compensate for
polarization related problems and impairments. The book also discusses polarization-related
parameter measurement and characterization technologies in optical fibers and fiber optic devices
and the utilization of polarization to solve problems or enable new capabilities in communications,
sensing, and measurement systems. The authors provide a practical and hands-on treatment of the
information that engineers, scientists, and graduate students must grasp to be successful in their
everyday work. In addition to coverage of topics ranging from the use of polarization analysis to
obtain instantaneous spectral information on light sources to the design of novel fiber optic
gyroscopes for rotation sensing, Polarization Measurement and Control in Optical Fiber
Communication and Sensor Systems offers: A thorough introduction to polarization in optical fiber
studies, including a history of polarization in optical fiber communication and sensor systems
Comprehensive discussions of the fundamentals of polarization, including the effects unique to
optical fiber systems, as well as extensive coverage Jones and Mueller matrix calculus for
polarization analysis In-depth treatments of active polarization controlling devices for optical fiber
systems, including polarization controllers, scramblers, emulators, switches, and binary polarization
state generators Fulsome explorations of passive polarization management devices, including
polarizers, polarization beam splitters/displacers, wave-plates, Faraday rotators, and depolarizers
Extensive review of polarization measurement techniques and devices, including time-division,
amplitude-division, and wave-front division Stokes polarimeters, as well as various Mueller matrix
polarimeters for PMD, PDL, and birefringence measurements Premiere of binary polarization state
analyzers and binary Mueller matrix polarimeters pioneered by the authors, including their
applications for highly sensitive PMD, PDL, and birefringence measurements Comprehensive
discussion on distributed polarization analysis techniques developed by the authors, including their
applications in solving real world problems Detailed descriptions of high accuracy polarimetric fiber
optic electric current and magnetic field sensors Perfect for professional engineers, scientists, and



graduate students studying fiber optics, Polarization Measurement and Control in Optical Fiber
Communication and Sensor Systems enables one to quickly grasp extensive knowledge and latest
development of polarization in optical fibers and will earn a place in the libraries of professors and
teachers of photonics and related disciplines.

mueller calculus: Polarized Light, Revised and Expanded Dennis Goldstein, Dennis H.
Goldstein, 2003-06-13 Polarized Light, Second Edition explores polarized light, its production, and
its use, facilitating self-study without prior knowledge of Maxwell's equations. This comprehensive
second edition includes more than 2500 thoroughly updated figures and equations for easier
understanding and application across various industries. It features new chapters on polarization by
refraction and reflection, polarization elements, anisotropic materials, Stokes polarimetry, Mueller
matrix polarimetry, the mathematics of the Mueller matrix. This edition also offers updated and
expanded material on the derivation of the Fresnel equations with plots of the magnitude and phase
of the reflection coefficients.

mueller calculus: Polarimetric Detection, Characterization and Remote Sensing Michael I.
Mishchenko, Yaroslav S. Yatskiv, Vera K. Rosenbush, Gorden Videen, 2011-05-29 As the need for
accurate and non-invasive optical characterization and diagnostic techniques is rapidly increasing, it
is imperative to find improved ways of extracting the additional information contained within the
measured parameters of the scattered light. This is the first specialized monograph on
photopolarimetry, a rapidly developing, multidisciplinary topic with numerous military, ecological
remote-sensing, astrophysical, biomedical, and technological applications. The main objective is to
describe and discuss techniques developed in various disciplines to acquire useful information from
the polarization signal of scattered electromagnetic waves. It focuses on the state-of-the-art in
polarimetric detection, characterization, and remote sensing, including military and environmental
monitoring as well as terrestrial, atmospheric, and biomedical characterization. The book identifies
polarimetric techniques that have been especially successful for various applications as well as the
future needs of the various research communities. The monograph is intended to facilitate
cross-pollination of ideas and thereby improve research efficiency and help advance the field of
polarimetry into the future. The book is thoroughly interdisciplinary and contains only invited review
chapters written by leading experts in the respective fields. It will be useful to science professionals,
engineers, and graduate students working in a broad range of disciplines: optics, electromagnetics,
atmospheric radiation and remote sensing, radar meteorology, oceanography, climate research,
astrophysics, optical engineering and technology, particle characterization, and biomedical optics.

mueller calculus: Theoretical Statistical Optics Olga Korotkova, 2021-08-10 This
monograph overviews classic and recent developments in theoretical statistical optics in connection
with stationary and non-stationary (pulsed) optical source characterization and modeling, discusses
various phenomena occurring with random light propagating in free space, on its interaction with
optical systems, extended media and particulate collections. The text includes scalar, beam-like and
general electromagnetic treatment of light. A brief statistical description of four fundamental
experiments relating to random light: spatial and temporal field interference, intensity
interferometry and phase conjugation, is also included in order to relate the analytical descriptions
with practical observations.Rigorous mathematical methods for statistical manipulation of light
sources useful for remote shaping of its various average properties, enhanced image resolution,
optimized transmission in random media and for other applications are introduced. For illustration
of efficient ways for manipulation of light polarization the generalized Stokes-Mueller calculus is
applied for description of interaction of beam-like fields with classic and currently popular devices of
polarization optics, including a spatial light modulator.Random light plays a special role in the image
formation process. Three imaging modalities including the classic intensity-based system with
structured source correlations, the polarization-based imaging system and the ghost interference
approach are discussed in detail.Theoretical aspects of potential scattering of light from weakly
scattering media are considered under a very broad range of assumptions: scalar/electromagnetic
incident light, deterministic/random light/media, single/particulate media. Then, problems and



methods in light characterization on interaction with extended, turbulent-like natural media, such as
the Earth's atmosphere, oceans and soft bio-tissues that are currently widely used for
communication, remote sensing and imaging purposes in these media, are provided.

mueller calculus: Random Light Beams Olga Korotkova, 2017-12-19 Random Light Beams:
Theory and Applications contemplates the potential in harnessing random light. This book discusses
light matter interactions, and concentrates on the various phenomena associated with beam-like
fields. It explores natural and man-made light fields and gives an overview of recently introduced
families of random light beams. It outlines mathematical tools for analysis, suggests schemes for
realization, and discusses possible applications. The book introduces the essential concepts needed
for a deeper understanding of the subject, discusses various classes of deterministic paraxial beams
and examines random scalar beams. It highlights electromagnetic random beams and matters
relating to generation, propagation in free space and various media, and discusses transmission
through optical systems. It includes applications that benefit from the use of random beams, as well
as the interaction of beams with deterministic optical systems. ¢ Includes detailed mathematical
description of different model sources and beams ¢ Explores a wide range of man-made and natural
media for beam interaction ¢ Contains more than 100 illustrations on beam behavior ¢ Offers
information that is based on the scientific results of the last several years ¢ Points to general
methods for dealing with random beams, on the basis of which the readers can do independent
research It gives examples of light propagation through the human eye, laser resonators, and
negative phase materials. It discusses in detail propagation of random beams in random media, the
scattering of random beams from collections of scatterers and thin random layers as well as the
possible uses for these beams in imaging, tomography, and smart illumination.

mueller calculus: Polarized Light and Optical Systems Russell Chipman, Wai Sze Tiffany Lam,
Garam Young, 2018-07-16 Polarized Light and Optical Systems presents polarization optics for
undergraduate and graduate students in a way which makes classroom teaching relevant to current
issues in optical engineering. This curriculum has been developed and refined for a decade and a
half at the University of Arizona’s College of Optical Sciences. Polarized Light and Optical Systems
provides a reference for the optical engineer and optical designer in issues related to building
polarimeters, designing displays, and polarization critical optical systems. The central theme of
Polarized Light and Optical Systems is a unifying treatment of polarization elements as optical
elements and optical elements as polarization elements. Key Features Comprehensive presentation
of Jones calculus and Mueller calculus with tables and derivations of the Jones and Mueller matrices
for polarization elements and polarization effects Classroom-appropriate presentations of
polarization of birefringent materials, thin films, stress birefringence, crystal polarizers, liquid
crystals, and gratings Discussion of the many forms of polarimeters, their trade-offs, data reduction
methods, and polarization artifacts Exposition of the polarization ray tracing calculus to integrate
polarization with ray tracing Explanation of the sources of polarization aberrations in optical
systems and the functional forms of these polarization aberrations Problem sets to build students’
problem-solving capabilities.

mueller calculus: Polarized Light in Optics and Spectroscopy David S. Kliger, James W.
Lewis, 2012-12-02 This comprehensive introduction to polarized light provides students and
researchers with the background and the specialized knowledge needed to fully utilize polarized
light. It provides a basic introduction to the interaction of light with matter for those unfamiliar with
photochemistry and photophysics. An in-depth discussion of polarizing optics is also given. Different
analytical techniques are introduced and compared and introductions to the use of polarized light in
various forms of spectroscopy are provided. - Starts at a basic level and develops tools for research
problems - Discusses practical devices for controlling polarized light - Compares the Jones, Mueller,
and Poincaré sphere methods of analysis

mueller calculus: Magnetic Fields Near and Far Timothy Robishaw, 2008 According to
astrophysical theory, magnetic fields should play an important role in the structure and dynamics of
the interstellar medium. While astronomical observations confirm this directly, the observational



record is sparse. This is because magnetic fields can only be measured via polarimetric methods,
and most of these methods can only provide an indirect inference of the magnetic field strength. The
Zeeman effect, however, is the only method by which in situ measurements of astrophysical
magnetic fields can be made. The spectral signature of Zeeman splitting is imprinted in the circular
polarization spectrum of radiation received from an astronomical source. In order to make a reliable
detection at radio frequencies, one must employ careful calibrations and account for instrumental
effects. We begin this dissertation by covering the fundamentals of radio spectropolarimetry. We
then offer historical details regarding the Zeeman effect and its use in single-dish radio
observations. We present an outline of how one accurately measures the Zeeman effect using large
single-dish radio telescopes. We follow this with results from an assessment of the polarization
properties of the 100 m Green Bank Telescope (GBT). We then present magnetic field detections
made via the Zeeman effect from the Galactic scale to cosmological distances. We begin with GBT
observations of 21 cm emission toward the Taurus Molecular Cloud (TMC) complex. Recent
observations have suggested that fields stronger than 20 microgauss are located at the distance of
the TMC. Our Zeeman observations rule out fields of this strength, but do show a clear +5
microgauss detection from HI emission at the velocity of the TMC. More surprisingly, we have
discovered multiple detections of a line-of-sight magnetic field of strength roughly +40 microgauss
in a filament near -50 km/s. We then present a windfall of detections of milligauss-strength magnetic
fields in starburst galaxies. Detected by means of Zeeman splitting of 1667 MHz hydroxyl
megamaser emission, these Arecibo and GBT results represent the first extragalactic Zeeman
measurements to probe the field inside an external galaxy. Finally, we climb the cosmological
distance ladder, and present a dramatic GBT detection of a magnetic field in a damped Lyman-alpha
absorber at a redshift of 0.692. We discuss possible scenarios for the creation of an 84 microgauss
field at a look-back time of 6.4 Gyr.

mueller calculus: Polarized Light Dennis H. Goldstein, 2017-12-19 Polarized light is a
pervasive influence in our world—and scientists and engineers in a variety of fields require the tools
to understand, measure, and apply it to their advantage. Offering an in-depth examination of the
subject and a description of its applications, Polarized Light, Third Edition serves as a
comprehensive self-study tool complete with an extensive mathematical analysis of the Mueller
matrix and coverage of Maxwell’s equations. Links Historical Developments to Current Applications
and Future Innovations This book starts with a general description of light and continues with a
complete exploration of polarized light, including how it is produced and its practical applications.
The author incorporates basic topics, such as polarization by refraction and reflection, polarization
elements, anisotropic materials, polarization formalisms (Mueller-Stokes and Jones) and associated
mathematics, and polarimetry, or the science of polarization measurement. New to the Third
Edition: A new introductory chapter Chapters on: polarized light in nature, and form birefringence A
review of the history of polarized light, and a chapter on the interference laws of Fresnel and
Arago—both completely re-written A new appendix on conventions used in polarized light New
graphics, and black-and-white photos and color plates Divided into four parts, this book covers the
fundamental concepts and theoretical framework of polarized light. Next, it thoroughly explores the
science of polarimetry, followed by discussion of polarized light applications. The author concludes
by discussing how our polarized light framework is applied to physics concepts, such as accelerating
charges and quantum systems. Building on the solid foundation of the first two editions, this book
reorganizes and updates existing material on fundamentals, theory, polarimetry, and applications. It
adds new chapters, graphics, and color photos, as well as a new appendix on conventions used in
polarized light. As a result, the author has re-established this book’s lofty status in the pantheon of
literature on this important field.

mueller calculus: Polarized Light in Fiber Optics Edward Collett, 2003 This book is both a
coherent exposition and an in-depth mathematical analysis of polarized light in fiber optics. It also is
an essential reference for scientists, optical and electrical engineers, optical physicists, and
researchers working in the field of fiber optics and in related optical fields. Upper-level



undergraduate, graduate, and continuing-education students will refer to it again and again.

mueller calculus: Progress in Optics Taco Visser, 2022-04-06 Progress in Optics, Volume 67,
highlights new advances, with this updated volume presenting interesting chapters on a variety of
timely topics in the field. Each chapter is written by an international board of authors. The book
contains five reviews of the latest developments in optics. - Covers medical imaging, physical optics,
integrated optics, and quantum optics - Includes contributions from leading authorities in the field of
optics - Presents timely, state-of-the-art reviews on advances in optics

mueller calculus: Polarization Correlometry of Scattering Biological Tissues and Fluids
V. T. Bachinskyi, O. Ya. Wanchulyak, A. G. Ushenko, Yu. A. Ushenko, A. V. Dubolazov, Igor
Meglinski, 2020-04-08 This book presents a new diagnostic approach that utilizes complex
statistical, correlation, fractal, and singular analysis of spatial distribution of the Stokes vector of
scattered polarized light in different diffraction zones. The technique is able to identify changes in
the distribution of optical axes and the birefringent indices of multi-layered fibrillar networks of
biological tissues. The book also presents various scenarios for the formation of polarization
singularities in laser speckle images of phase-inhomogeneous, multi-layered biological tissues in
terms of the characteristic values of Mueller-matrix images. Moreover, in the context of potential
diagnostic applications, it discusses the states of polarization singularities and their changes
associated with the pathological abnormalities of the extracellular matrix of human tissues, its
spatial peculiarities and structural orientation.
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