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Eagerly awaited, this second edition of a best-selling text comprehensively describes
from a modern perspective the basics of x-ray physics as well as the completely new
opportunities offered by synchrotron radiation. Written by internationally acclaimed
authors, the style of the book is to develop the basic physical principles without
obscuring them with excessive mathematics. The second edition differs substantially
from the first edition, with over 30% new material, including: A new chapter on noncrystalline diffraction - designed to appeal to the large community who study the
structure of liquids, glasses, and most importantly polymers and bio-molecules A new
chapter on x-ray imaging - developed in close cooperation with many of the leading
experts in the field Two new chapters covering non-crystalline diffraction and imaging
Many important changes to various sections in the book have been made with a view to
improving the exposition Four-colour representation throughout the text to clarify key
concepts Extensive problems after each chapter There is also supplementary book
material for this title available online (http://booksupport.wiley.com). Praise for the
previous edition: “The publication of Jens Als-Nielsen and Des McMorrow’s Elements
of Modern X-ray Physics is a defining moment in the field of synchrotron radiation… a
welcome addition to the bookshelves of synchrotron–radiation professionals and
students alike.... The text is now my personal choice for teaching x-ray physics…” –
Physics Today, 2002
Eagerly awaited, this second edition of a best-selling text comprehensively describes
from a modern perspective the basics of x-ray physics as well as the completely new
opportunities offered by synchrotron radiation. Written by internationally acclaimed
authors, the style of the book is to develop the basic physical principles without
obscuring them with excessive mathematics. The second edition differs substantially
from the first edition, with over 30% new material, including: A new chapter on noncrystalline diffraction - designed to appeal to the large community who study the
structure of liquids, glasses, and most importantly polymers and bio-molecules A new
chapter on x-ray imaging - developed in close cooperation with many of the leading
experts in the field Two new chapters covering non-crystalline diffraction and imaging
Many important changes to various sections in the book have been made with a view to
improving the exposition Four-colour representation throughout the text to clarify key
concepts Extensive problems after each chapter There is also supplementary book
material for this title available online (http://booksupport.wiley.com). Praise for the
previous edition: “The publication of Jens Als-Nielsen and Des McMorrow’s Elements
of Modern X-ray Physics is a defining moment in the field of synchrotron radiation... a
welcome addition to the bookshelves of synchrotron–radiation professionals and
students alike.... The text is now my personal choice for teaching x-ray physics...” –
Physics Today, 2002
An indispensable resource for researchers and students in materials science,
chemistry, physics, and pharmaceuticals Written by one of the pioneers of 2D X-Ray
Diffraction, this updated and expanded edition of the definitive text in the field provides
comprehensive coverage of the fundamentals of that analytical method, as well as stateof-the art experimental methods and applications. Geometry convention, x-ray source
and optics, two-dimensional detectors, diffraction data interpretation, and configurations
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for various applications, such as phase identification, texture, stress, microstructure
analysis, crystallinity, thin film analysis, and combinatorial screening are all covered in
detail. Numerous experimental examples in materials research, manufacture, and
pharmaceuticals are provided throughout. Two-dimensional x-ray diffraction is the ideal,
non-destructive analytical method for examining samples of all kinds including metals,
polymers, ceramics, semiconductors, thin films, coatings, paints, biomaterials,
composites, and more. Two-Dimensional X-Ray Diffraction, Second Edition is an up-todate resource for understanding how the latest 2D detectors are integrated into
diffractometers, how to get the best data using the 2D detector for diffraction, and how
to interpret this data. All those desirous of setting up a 2D diffraction in their own
laboratories will find the author’s coverage of the physical principles, projection
geometry, and mathematical derivations extremely helpful. Features new contents in all
chapters with most figures in full color to reveal more details in illustrations and
diffraction patterns Covers the recent advances in detector technology and 2D data
collection strategies that have led to dramatic increases in the use of two-dimensional
detectors for x-ray diffraction Provides in-depth coverage of new innovations in x-ray
sources, optics, system configurations, applications and data evaluation algorithms
Contains new methods and experimental examples in stress, texture, crystal size,
crystal orientation and thin film analysis Two-Dimensional X-Ray Diffraction, Second
Edition is an important working resource for industrial and academic researchers and
developers in materials science, chemistry, physics, pharmaceuticals, and all those
who use x-ray diffraction as a characterization method. Users of all levels, instrument
technicians and X-ray laboratory managers, as well as instrument developers, will want
to have it on hand.
Thermodynamics in Materials Science, Second Edition is a clear presentation of how
thermodynamic data is used to predict the behavior of a wide range of materials, a
crucial component in the decision-making process for many materials science and
engineering applications. This primary textbook accentuates the integration of
principles, strategies, a
Three-dimensional x-ray diffraction (3DXRD) microscopy is a novel experimental
method for structural characterisation of polycrystalline materials. The position,
morphology, phase, strain and crystallographic orientation of hundreds of grains or subgrain embedded within mm-cm thick specimens can be determined simultaneously.
Furthermore, the dynamics of the individual structural elements can be monitored
during typical processes such as deformation or annealing. The book gives a
comprehensive account of the methodology followed by a summary of selected
applications. The method is presented from a mathematical/crystallographic point-ofview but with sufficient hands-on details to enable the reader to plan his or her own
experiments. The scope of applications includes work in materials science and
engineering, geophysics, geology, chemistry and pharmaceutical science.
In this, the only book available to combine both theoretical and practical aspects of xray diffraction, the authors emphasize a "hands on" approach through experiments and
examples based on actual laboratory data. Part I presents the basics of x-ray diffraction
and explains its use in obtaining structural and chemical information. In Part II, eight
experimental modules enable the students to gain an appreciation for what information
can be obtained by x-ray diffraction and how to interpret it. Examples from all classes of
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materials -- metals, ceramics, semiconductors, and polymers -- are included. Diffraction
patterns and Bragg angles are provided for students without diffractometers. 192
illustrations.
This book presents a physical approach to the diffraction phenomenon and its applications in
materials science. An historical background to the discovery of X-ray diffraction is first outlined.
Next, Part 1 gives a description of the physical phenomenon of X-ray diffraction on perfect and
imperfect crystals. Part 2 then provides a detailed analysis of the instruments used for the
characterization of powdered materials or thin films. The description of the processing of
measured signals and their results is also covered, as are recent developments relating to
quantitative microstructural analysis of powders or epitaxial thin films on the basis of X-ray
diffraction. Given the comprehensive coverage offered by this title, anyone involved in the field
of X-ray diffraction and its applications will find this of great use.
The role of diffraction methods for the solid-state sciences has been pivotal to determining the
(micro)structure of a material. Particularly, the expanding activities in materials science have
led to the development of new methods for analysis by diffraction. This book offers an
authoritative overview of the new developments in the field of analysis of matter by (in
particular X-ray, electron and neutron) diffraction. It is composed of chapters written by leading
experts on 'modern diffraction methods'. The focus in the various chapters of this book is on
the current forefront of research on and applications for diffraction methods. This unique book
provides descriptions of the 'state of the art' and, at the same time, identifies avenues for future
research. The book assumes only a basic knowledge of solid-state physics and allows the
application of the described methods by the readers of the book (either graduate students or
mature scientists).
Intended to acquaint the reader with the theory of x-ray diffraction, the experimental methods
involved, and the main applications. The book is a collection of principles and methods
stressing X-ray diffraction rather than metallurgy. The book is written entirely in terms of the
Bragg law and can be read without any knowledge of the reciprocal lattice. It is divided into
three main parts— Fundamentals; experimental methods; and applications. Designed for
beginners, not as a reference tool for the advanced reader.
This text is intended to acquaint the reader, who has no prior knowledge of the subject, with
the theory of x-ray diffraction, the experimental methods involved, and the main applications.
No metallurgical data are given beyond that necessary to illustrate the diffraction methods
involved.
Elementary crystallography. The production and properties of X-rays. Fundamental principles
of X-ray diffraction. Photographic powder techniques. Diffractometric powder technique. The
interpretation of powder diffraction data. Qualitative and quantitative analysis of crystalline
powders. The precision determination of lattice constants. Crystallite size and lattice strains
from line broadening. Investigation of preferred orientation and texture. Stress measurements
in metals. Radial-distribution studies of noncrystalline materials. Layout for a diffraction
laboratory. The handling and processing of X-ray film. Miscellaneous constants and numerical
data. International atomic weights. Mass absorption coefficients u/p of the elements (Z=1 to
83) for a selection of wavelenghts. Quadratic forms for the cubic system. Atomic and ionic
scattering factors. Lorentz and polarization factors. Temperature factor table. Warren's powder
pattern power theorem.
A comprehensive handbook outlining state-of-the-art analytical techniques used in
geomicrobiology, for advanced students, researchers and professional scientists.

Answer booklet for problems found in the textbook.
X-ray multiple-wave diffraction, sometimes called multiple diffraction or N-beam
diffraction, results from the scattering of X-rays from periodic two or higher-dimensional
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structures, like 2-d and 3-d crystals and even quasi crystals. The interaction of the Xrays with the periodic arrangement of atoms usually provides structural information
about the scatterer. Unlike the usual Bragg reflection, the so-called two-wave
diffraction, the multiply diffracted intensities are sensitive to the phases of the structure
factors in volved. This gives X-ray multiple-wave diffraction the chance to solve the Xray phase problem. On the other hand, the condition for generating an X ray multiplewave diffraction is much more strict than in two-wave cases. This makes X-ray multiplewave diffraction a useful technique for precise measure ments of crystal lattice
constants and the wavelength of radiation sources. Recent progress in the application
of this particular diffraction technique to surfaces, thin films, and less ordered systems
has demonstrated the diver sity and practicability of the technique for structural
research in condensed matter physics, materials sciences, crystallography, and X-ray
optics. The first book on this subject, Multiple Diffraction of X-Rays in Crystals, was
published in 1984, and intended to give a contemporary review on the fundamental and
application aspects of this diffraction.
Exploration of fundamentals of x-ray diffraction theory using Fourier transforms applies
general results to various atomic structures, amorphous bodies, crystals, and imperfect
crystals. 154 illustrations. 1963 edition.
For many years, evidence suggested that all solid materials either possessed a periodic
crystal structure as proposed by the Braggs or they were amorphous glasses with no
long-range order. In the 1970s, Roger Penrose hypothesized structures (Penrose
tilings) with long-range order which were not periodic. The existence of a solid phase,
known as a quasicrystal, that possessed the structure of a three dimensional Penrose
tiling, was demonstrated experimentally in 1984 by Dan Shechtman and colleagues.
Shechtman received the 2011 Nobel Prize in Chemistry for his discovery. The
discovery and description of quasicrystalline materials provided the first concrete
evidence that traditional crystals could be viewed as a subset of a more general
category of ordered materials. This book introduces the diversity of structures that are
now known to exist in solids through a consideration of quasicrystals (Part I) and the
various structures of elemental carbon (Part II) and through an analysis of their
relationship to conventional crystal structures. Both quasicrystals and the various
allotropes of carbon are excellent examples of how our understanding of the
microstructure of solids has progressed over the years beyond the concepts of
traditional crystallography.
Rigorous graduate-level text stresses modern applications to nonstructural problems
such as temperature vibration effects, order-disorder phenomena, crystal imperfections,
more. Problems. Six Appendixes include tables of values. Bibliographies.
This work has been selected by scholars as being culturally important and is part of the
knowledge base of civilization as we know it. This work is in the public domain in the
United States of America, and possibly other nations. Within the United States, you
may freely copy and distribute this work, as no entity (individual or corporate) has a
copyright on the body of the work. Scholars believe, and we concur, that this work is
important enough to be preserved, reproduced, and made generally available to the
public. To ensure a quality reading experience, this work has been proofread and
republished using a format that seamlessly blends the original graphical elements with
text in an easy-to-read typeface. We appreciate your support of the preservation
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process, and thank you for being an important part of keeping this knowledge alive and
relevant.
Designed for Junior/Senior undergraduate courses. This revision of a classical text is intended
to acquaint the reader, who has no prior knowledge of the subject, with the theory of x-ray
diffraction, the experimental methods involved, and the main applications. The text is a
collection of principles and methods designed directly for the student and not a reference tool
for the advanced reader
With contributions by Paul F. Fewster and Christoph Genzel While X-ray diffraction
investigation of powders and polycrystalline matter was at the forefront of materials science in
the 1960s and 70s, high-tech applications at the beginning of the 21st century are driven by
the materials science of thin films. Very much an interdisciplinary field, chemists, biochemists,
materials scientists, physicists and engineers all have a common interest in thin films and their
manifold uses and applications. Grain size, porosity, density, preferred orientation and other
properties are important to know: whether thin films fulfill their intended function depends
crucially on their structure and morphology once a chemical composition has been chosen.
Although their backgrounds differ greatly, all the involved specialists a profound understanding
of how structural properties may be determined in order to perform their respective tasks in
search of new and modern materials, coatings and functions. The author undertakes this indepth introduction to the field of thin film X-ray characterization in a clear and precise manner.
Symmetry exists in realms from crystals to patterns, in external shapes of living or non-living
objects, as well as in the fundamental particles and the physical laws that govern them. In fact,
the search for this symmetry is the driving force for the discovery of many fundamental
particles and the formulation of many physical laws. While one can not imagine a world which
is absolutely symmetrical nor can one a world which is absolutely asymmetrical. These two
aspects of nature are intermingled with each other inseparably. This is the basis of the
existence of aperiodicity manifested in the liquid crystals and also quasi-crystals also
discussed in “Crystallography and the World of Symmetry”.
This book teaches the users on how to construct a library of routines to simulate scattering and
diffraction by almost any kind of samples. The main goal of this book is to break down the huge
barrier of difficulties faced by beginners from many fields (Engineering, Physics, Chemistry,
Biology, Medicine, Material Science, etc.) in using X-rays as an analytical tool in their research.
Besides fundamental concepts, MatLab routines are provided, showing how to test and
implement the concepts. The major difficult in analysing materials by X-ray techniques is that it
strongly depends on simulation software. This book teaches the users on how to construct a
library of routines to simulate scattering and diffraction by almost any kind of samples. It
provides to a young student the knowledge that would take more than 20 years to acquire by
working on X-rays and relying on the available textbooks. The scientific productivity worldwide
is growing at a breakneck pace, demanding ever more dynamic approaches and synergies
between different fields of knowledge. To master the fundamentals of X-ray physics means the
opportunity of working at an infiniteness of fields, studying systems where the organizational
understanding of matter at the atomic scale is necessary. Since the discovery of X radiation, its
usage as investigative tool has always been under fast expansion afforded by instrumental
advances and computational resources. Developments in medical and technological fields
have, as one of the master girders, the feasibility of structural analysis offered by X-rays. One
of the major difficulties faced by beginners in using this fantastic tool lies in the analysis of
experimental data. There are only few cases where it is possible to extract structural
information directly from experiments. In most cases, structure models and simulation of
radiation-matter interaction processes are essential. The advent of intense radiation sources
and rapid development of nanotechnology constantly creates challenges that seek solutions
beyond those offered by standard X-ray techniques. Preparing new researchers for this
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scenario of rapid and drastic changes requires more than just teaching theories of physical
phenomena. It also requires teaching of how to implement them in a simple and efficient
manner. In this book, fundamental concepts in applied X-ray physics are demonstrated through
available computer simulation tools. Using MatLab, more than eighty routines are developed
for solving the proposed exercises, most of which can be directly used in experimental data
analysis. Therefore, besides X-ray physics, this book offers a practical programming course in
modern high-level language, with plenty of graphic and mathematical tools.
University Physics is designed for the two- or three-semester calculus-based physics course.
The text has been developed to meet the scope and sequence of most university physics
courses and provides a foundation for a career in mathematics, science, or engineering. The
book provides an important opportunity for students to learn the core concepts of physics and
understand how those concepts apply to their lives and to the world around them. Due to the
comprehensive nature of the material, we are offering the book in three volumes for flexibility
and efficiency. Coverage and Scope Our University Physics textbook adheres to the scope and
sequence of most two- and three-semester physics courses nationwide. We have worked to
make physics interesting and accessible to students while maintaining the mathematical rigor
inherent in the subject. With this objective in mind, the content of this textbook has been
developed and arranged to provide a logical progression from fundamental to more advanced
concepts, building upon what students have already learned and emphasizing connections
between topics and between theory and applications. The goal of each section is to enable
students not just to recognize concepts, but to work with them in ways that will be useful in
later courses and future careers. The organization and pedagogical features were developed
and vetted with feedback from science educators dedicated to the project. VOLUME III Unit 1:
Optics Chapter 1: The Nature of Light Chapter 2: Geometric Optics and Image Formation
Chapter 3: Interference Chapter 4: Diffraction Unit 2: Modern Physics Chapter 5: Relativity
Chapter 6: Photons and Matter Waves Chapter 7: Quantum Mechanics Chapter 8: Atomic
Structure Chapter 9: Condensed Matter Physics Chapter 10: Nuclear Physics Chapter 11:
Particle Physics and Cosmology
X-ray diffraction crystallography for powder samples is a well-established and widely used
method. It is applied to materials characterization to reveal the atomic scale structure of
various substances in a variety of states. The book deals with fundamental properties of Xrays, geometry analysis of crystals, X-ray scattering and diffraction in polycrystalline samples
and its application to the determination of the crystal structure. The reciprocal lattice and
integrated diffraction intensity from crystals and symmetry analysis of crystals are explained.
To learn the method of X-ray diffraction crystallography well and to be able to cope with the
given subject, a certain number of exercises is presented in the book to calculate specific
values for typical examples. This is particularly important for beginners in X-ray diffraction
crystallography. One aim of this book is to offer guidance to solving the problems of 90 typical
substances. For further convenience, 100 supplementary exercises are also provided with
solutions. Some essential points with basic equations are summarized in each chapter,
together with some relevant physical constants and the atomic scattering factors of the
elements.

Elements of X-ray DiffractionPearson
This book covers state-of-the-art techniques commonly used in modern materials
characterization. Two important aspects of characterization, materials structures and
chemical analysis, are included. Widely used techniques, such as metallography (light
microscopy), X-ray diffraction, transmission and scanning electron microscopy, are
described. In addition, the book introduces advanced techniques, including scanning
probe microscopy. The second half of the book accordingly presents techniques such
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as X-ray energy dispersive spectroscopy (commonly equipped in the scanning electron
microscope), fluorescence X-ray spectroscopy, and popular surface analysis
techniques (XPS and SIMS). Finally, vibrational spectroscopy (FTIR and Raman) and
thermal analysis are also covered.
X-ray optics is undergoing a renaissance, which may be paralleled to that experienced
by visible-light optics following the invention of the laser. The associated surge of
activity in "coherent" x-ray optics has been documented in this monograph, the first of
its type in the field.
Volume 20 of Reviews in Mineralogy attempted to: (1) provide examples illustrating the
state-of-the-art in powder diffraction, with emphasis on applications to geological
materials; (2) describe how to obtain high-quality powder diffraction data; and (3) show
how to extract maximum information from available data. In particular, the nonambient
experiments are examples of some of the new and exciting areas of study using
powder diffraction, and the interested reader is directed to the rapidly growing number
of published papers on these subjects. Powder diffraction has evolved to a point where
considerable information can be obtained from ug-sized samples, where detection limits
are in the hundreds of ppm range, and where useful data can be obtained in
milliseconds to microseconds. We hope that the information in this volume will increase
the reader's access to the considerable amount of information contained in typical
diffraction data.
Carbon nanotubes belong to new nanomaterials and have been known for almost 20
years, but their history is somewhat lengthier. They have been identified as promising
candidates for various applications.High-temperature preparation techniques are
conventional techniques for the synthesis of carbon nanotubes using arc discharge or
laser ablation, but today these methods are being replaced by low-temperature vapor
deposition techniques, since orientation, alignment, nanotube length, diameter, purity,
and density of carbon nanotubes can be precisely controlled. The synthesis of carbon
nanotubes by chemical vapor deposition on catalyst arrays leads to nanotube models
grown from specific sites on surfaces. The controlled synthesis of nanotubes opens up
interesting possibilities in nanoscience and nanotechnologies, including electrical,
mechanical and electromechanical properties and devices, chemical functionalization,
surface chemistry and photochemistry, molecular sensors, and interfacing with
moderate biological systems.Carbon nanotubes are used in many applications due to
their unique electrical, mechanical, optical, thermal, and other properties. Conductive
and high-strength composite materials, energy saving and energy conversion devices,
sensors, visualization of field emissions and sources of radiation, means for storing
hydrogen, and nanoscale semiconductor devices, probes, and interconnections are
some of the many applications of carbon nanotubes.
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