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delves into the fascinating realm of the very small exploring the intricate workings of atoms

and molecules the building blocks of all matter This textbook designed for undergraduate

students  serves  as  a  comprehensive  guide  to  understanding  the  fundamental  principles

governing the behavior of these microscopic entities Structure and Organization The book is

meticulously structured presenting a logical  progression of concepts that  facilitate a deep

understanding of atomic and molecular physics It is organized into 16 chapters each dedicated

to a specific topic ensuring a clear and concise flow of information Chapter Highlights 1 to

Atomic and Molecular Physics This chapter sets the stage by introducing fundamental concepts

like atomic structure basic definitions and historical milestones It provides a solid foundation

for the subsequent chapters 2 Atomic Structure and Spectra This chapter delves into the

structure of atoms focusing on the Bohr model quantum mechanical model and the origin of

spectral lines The discussion on atomic spectroscopy provides a practical application of the

theoretical concepts 3 Quantum Mechanics This chapter introduces the fundamental principles

of quantum mechanics laying the groundwork for understanding the behavior of microscopic

systems It covers concepts like waveparticle duality the Schrdinger equation and the postulates

of quantum mechanics 4 Hydrogen Atom and the Schrdinger Equation This chapter explores

the hydrogen atom the simplest atomic system and its properties The detailed analysis of the

Schrdinger equation for the hydrogen atom highlights the power of quantum mechanics in



Atomic And Molecular Physics By Rajkumar

2 Atomic And Molecular Physics By Rajkumar

explaining atomic structure and behavior 5 MultiElectron Atoms This chapter expands the

discussion to include atoms with multiple electrons highlighting the complexities introduced by

electronelectron interactions It explains the concept of electron configuration and the periodic

table 6 Molecular Structure and Bonding This chapter focuses on the formation of molecules

from 2 atoms through chemical bonds It explores different types of bonds including ionic

covalent and metallic bonds and discusses molecular geometry and hybridization 7 Molecular

Spectroscopy  This  chapter  delves  into  the  study  of  the  interaction  of  molecules  with

electromagnetic radiation covering techniques like infrared spectroscopy Raman spectroscopy

and nuclear magnetic resonance NMR 8 Statistical Mechanics This chapter introduces the

concepts of statistical mechanics which provides a framework for understanding the behavior

of large ensembles of molecules It covers topics like Boltzmann distribution and the partition

function 9 Thermodynamics and Kinetics This chapter bridges the gap between atomic and

molecular physics and macroscopic phenomena applying the principles of thermodynamics and

chemical kinetics to explain physical and chemical processes 10 Lasers and Their Applications

This chapter explores the fascinating world of lasers discussing their principles of operation

and diverse applications in various fields 11 Nanotechnology This chapter delves into the

rapidly developing field of nanotechnology highlighting the role of atomic and molecular

physics in manipulating matter at the nanoscale 12 Atomic and Molecular Collisions This

chapter  focuses  on  the  interaction  of  atoms  and  molecules  through  collisions  discussing

concepts like collision crosssection and scattering processes 13 Plasma Physics This chapter

introduces the properties and applications of plasma a highly ionized gas which is essential for

understanding various astrophysical phenomena 14 Nuclear Physics This chapter provides a

brief introduction to the structure and properties of atomic nuclei laying the foundation for the

study of nuclear physics 15 Solid State Physics This chapter  introduces the fundamental
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concepts  of  solidstate  physics  highlighting  the  interplay  between  atomic  and  molecular

structure  and the  macroscopic  properties  of  solids  16 Modern Physics  and Beyond This

concluding  chapter  delves  into  contemporary  research  in  atomic  and  molecular  physics

touching upon topics like quantum computing BoseEinstein condensate and the search for new

particles Strengths and Weaknesses Strengths Clear and Concise Language The book uses

clear and concise language making complex concepts accessible to undergraduate students

Abundant Examples and Illustrations Numerous examples and illustrations are used throughout

the text effectively clarifying abstract concepts 3 Emphasis on Practical Applications The book

emphasizes the practical applications of atomic and molecular physics in various fields making

the subject relevant and engaging UptoDate Coverage The book includes contemporary topics

like  nanotechnology  and  lasers  providing  a  comprehensive  overview  of  the  field

Comprehensive  Problem  Sets  Each  chapter  includes  a  comprehensive  set  of  problems

providing ample practice opportunities for students Weaknesses Level of Complexity Some

chapters particularly those dealing with quantum mechanics can be challenging for students

without  a  strong  background  in  physics  Lack  of  Interactive  Elements  The  book  lacks

interactive  elements  such  as  simulations  or  animations  which  could  enhance  student

engagement Limited Historical Perspective The book could benefit from incorporating more

historical perspectives on the development of atomic and molecular physics Target Audience

Atomic and Molecular Physics by Rajkumar is primarily intended for undergraduate students

majoring in physics chemistry or related fields It can also serve as a valuable reference for

students pursuing advanced studies in these areas Conclusion Atomic and Molecular Physics

by  Rajkumar  is  a  comprehensive  and  wellwritten  textbook  that  provides  a  thorough

understanding of the fundamental principles governing the behavior of atoms and molecules Its

clear  explanations  abundant  examples  and emphasis  on practical  applications  make it  an
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excellent  resource for undergraduate students seeking to explore the fascinating world of

quantum mechanics
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Velo David Robert Bates C.J. Foot Shriram Sharma COLOMBO

this book combines in one concise volume the diverse work of several similar books in the

market  each chapter  is  self  contained and designed to serve the needs of  graduates and

undergraduates in physics biochemistry and chemistry numerous illustrations accompany the

material and more than 60 problems in molecular physics are worked out tedious mathematics

that obscures the essence of physics is avoided though mainly theoretical many important

experimental aspects are included and discussed it aims at teaching and not commenting on

scientific  knowledge an essential  compendium it  can be  used both  as  a  textbook and a

reference  the  main  features  covered  include  quantum mechanical  treatment  of  molecular

physics theoretical treatment of molecular spectra and experimental techniques in spectroscopy

interatomic  interactions  potentials  molecular  stability  energy  levels  bonds  rotational  and

vibrational  states  anharmonicity  polarization  theoretical  consideration  of  real  molecules

resonance methods nmr nqr epr and endor theory experimental apparatus techniques numerical

results applications and utility thereof

since the publication of the first edition of this book there have been many im portant new

developments in the field of molecular physics the new methods and results which are most

significant  for students are treated extensively in this  second edition among these are in

particular single molecule spectroscopy and the field of molecular electronics which is in a

stage  of  rapid  development  including the  areas  of  electroluminescence  and organic  light

emitting diodes in addition we have ex tended and corrected the earlier material in a number of

places we have also included exercises in this new edition they will allow students to deepen

their understanding and offer a basis for further individual study the complete solutions to the

exercises can be found on the internet under springeronline com 3 540 40792 s we are grateful
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to mr c d bachem and dr th schneider of the springer verlag for their continuous and very

agreeable cooperation during the preparation of the book we thank our colleague prof w d

brewer for his competent translation stuttgart february 2004 h haken h c wolf preface to the

first edition this textbook is intended for use by students of physics physical chemistry and

theoretical chemistry the reader is presumed to have a basic knowledge of atomic and quantum

physics at the level provided for example by the first few chapters in our book the physics of

atoms and quanta

the book has been revised to include the postgraduate physics sylabi of indian universities in

addition to the undergraduate honours syllabi covered in the previous edition apart from the

new addition made in the existing chapters have been added in this edition to deal with the

quantum mechanical theories of atomic and molecular structure

the detailed understanding of matter its phase transitions and its interaction with radiation

could be only reached after its microscopic structure determined by the kind of atoms or

molecules as basic constituents of matter had been investigated this knowledge allowed the

c o n t r o l l e d  o p t i m i z a t i o n  o f  c h a r a c t e r i s t i c  p r o p e r t i e s  o f  m a t t e r

atomicphysicsthereforerepresentsnotonlyanareaofimportantfundamental  research  but  has

furthermore many applications which have essentially formed our present technical world the

understanding of materials and their use in daily life has major impact of our culture and our

attitude towards nature and our environment this textbook is aimed as an introduction to the

microscopic  world  of  atoms  lecules  and  photons  itillustrates  howourknowledge  about

themicroscopic structure of matter and radiation came about and which crucial experiments

forced an ext sion and re nement of existing classical theories culminating in the development

of quantum theory which is now accepted as the basic theory of atomic and molecular physics
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the  book therefore  starts  with  a  short  historical  review about  the  role  of  periments  for

correcting  erroneous  ideas  and  proving  the  existence  of  atoms  and  molecules  the  close

interaction between experiments and theory has been one of the th th reasons for the rapid

development of atomic physics in the 19 and 20 centuries

presents a unified account of the physics of atoms and molecules at  a level suitable for

undergraduate courses of physics and physical chemistry

the richly illustrated book comprehensively explains the important principles of diatomic and

polyatomic molecules and their spectra in two separate distinct parts the first part concentrates

on the theoretical aspects of molecular physics such as the vibration rotation electronic states

potential  curves and spectra of molecules the different methods of approximation for the

calculation of electronic wave functions and their energy are also covered the introduction of

basics terms used in group theory and their meaning in molecular physics enables an elegant

description of polyatomic molecules and their symmetries molecular spectra and the dynamic

processes involved in their excited states are given its own chapter the theoretical part then

concludes with a discussion of the field of van der waals molecules and clusters the second

part  is  devoted  entirely  to  experimental  techniques  such  as  laser  fourier  nmr  and  esr

spectroscopies used in the fields of  physics chemistry biology and material  science time

resolved measurements and the influence of chemical reactions by coherent controls are also

treated a list of general textbooks and specialized literature is provided for further reading with

specific examples definitions and notes integrated within the text to aid understanding this is

suitable for undergraduates and graduates in physics and chemistry with a knowledge of

atomic physics and familiar with the basics of quantum mechanics
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the fundamentals of atomic and molecular physics is intended as an introduction to the field

for advanced undergraduates who have taken quantum mechanics each chapter builds upon the

previous using the same tools and methods throughout as the students progress through the

book their ability to use these tools will steadily increase along with their confidence in their

efficacy the book treats the two electron atom as the simplest example of the many electron

atom as opposed to using techniques that are not applicable to many electron atoms so that it is

unnecessary to develop additional equations when turning to multielectron atoms such as

carbon external fields are treated using both perturbation theory and direct diagonalization and

spontaneous  emission  is  developed  from  first  principles  only  diatomic  molecules  are

considered with the hydrogen molecular ion and neutral molecule treated in some detail this

comprehensive coverage of the quantum mechanics of complex atoms and simple diatomic

molecules  developed  from  the  very  basic  components  is  extremely  useful  for  students

considering graduate studies in any area of physics

methods of experimental physics volume 3 part b molecular physics second edition presents

the basic principles of electron spin resonance spectrometers and the electron spin resonance

spectroscopy this four chapter text addresses the concept of thermal equilibrium and relaxation

some of the topics covered in the book are the features of nuclear quadrupole resonance

spectrometers basic principles of radio frequency spectrometers computer methods in magnetic

resonance components of electron spin resonance spectrometer systems and the resonance

condition other chapters deal with the ionization potential of free radicals the electron affinities

by mass spectrometric methods and the experimental methods for determining appearance

potentials the discussion then shifts to the theory of the incoherent neutron scattering and its

application to molecular dynamics the final chapter is devoted to the spectrometer operation
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and design  the  book can provide  useful  information  to  chemists  physicists  students  and

researchers

the book presents the following counterintuitive theoretical results breaking several paradigms

of quantum mechanics and providing alternative interpretations of some important phenomena

in atomic and molecular physics 1 singular solutions of the schrödinger and dirac equations

should not have been always rejected they can explain the experimental high energy tail of the

linear momentum distribution in the ground state of hydrogenic atoms application a unique

way to test intimate details of the nuclear structure by performing atomic rather than nuclear

experiments  and  calculations  2  charge  exchange  is  not  really  an  inherently  quantal

phenomenon but rather has classical roots application continuum lowering in plasmas 3 the

most  challenging  problem of  classical  physics  that  led  to  the  development  of  quantum

mechanics  the  failure  to  explain  the  stability  of  atoms can be  solved within  a  classical

formalism that has its roots in dirac s works the underlying physics can be interpreted as a non

einsteinian time dilation 4 in two electron atoms ions the spin spin interaction singular in its

nature usually considered unimportant makes a significant contribution to the binding energy 5

in magnetized plasmas the standard inglis teller concept concerning the number of observed

lines in spectral series of hydrogen breaks down application new plasma diagnostic 6 extrema

in transition energies of molecules quasimiolecules can result  in dips rather than usually

considered satellites within spectral lines application the experimental determination of rates of

charge exchange between multicharged ions important for magnetic fusion in tokamaks for

population  inversion  in  the  soft  x  ray  and  vuv  ranges  for  ion  storage  devices  and  for

astrophysics

one of the goals of mathematical physics is to provide a rigorous derivation of the properties
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of macroscopic matter starting from schrodinger s equation although at the present time this

objective is far from being realized there has been striking recent progress and the fourth ettore

majorana international school of mathematical physics held at erice 1 15 june 1980 with the

title rigorous atomic and mqlecular physics focussed on some of the recent advances the first

of these is the geometric method in the theory of scattering quantum mechanical scattering

theory is an old and highly cultivated subject but until recently many of its fundamental

developments were technically very complicated and conceptually rather obscure for example

one  of  the  basic  properties  of  a  system of  n  particles  moving  under  the  influence  of

appropriately restricted short range plus coulomb forces is asymptotic completeness the space

of states is spanned by the bound states and scattering states however the proof of asymp totic

completeness for n bodies was achieved only with physically unsatisfactory restrictions on the

nature of the interaction and even for n 2 required an involved argument rather more subtle

than the physical circumstances seemed to warrant the reader will find in the present volume a

very simple and physical proof of asymptotic completeness for n 2 as well as an outline of the

geometrical ideas which are currently being used to attack the problem for n 2 see the lectures

of enss

this  text  will  thoroughly  update  the  existing  literature  on  atomic  physics  intended  to

accompany an  advanced undergraduate  course  in  atomic  physics  the  book will  lead  the

students up to the latest advances and the applications to bose einstein condensation of atoms

matter wave inter ferometry and quantum computing with trapped ions the elementary atomic

physics covered in the early chapters should be accessible to undergraduates when they are

first  introduced to the subject to complement the usual quantum mechanical treatment of

atomic structure the book strongly emphasizes the experimental basis of the subject especially
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in  the  later  chapters  it  includes  ample  tutorial  material  examples  illustrations  chapter

summaries graded problem sets

this book introduces the fundamental quantum physics of atoms and molecules divided into

three parts the first provides a historical perspective which leads to the contemporary view of

atomic and molecular physics outlining the principles of non relativistic quantum mechanics

the second part covers the physical description of atoms and their interaction with radiation

whilst the third part deals with molecular physics this is the first volume of a series of three

focusing on a selected set of topics whilst also providing substantial in depth coverage of

atomic  molecular  solid  state  and  statistical  physics  emphasis  is  given  to  the  underlying

physical basis or principle for each topic and pedogogical features include conceptual layout

sections that define the goals of each chapter a simplified but rigorous mathematical apparatus

and a thorough discussion of approximations are used to develop the adopted physical models
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