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v

PREFACE

In the past century, there has been tremendous progress in the techniques 
for the preparation of materials, their characterization, and the methods 
of measurement of various physical properties of these materials. At the 
same time, advances in vacuum techniques, low-temperature techniques, 
and high-pressure techniques have led to extensive studies on the changes 
in the properties of materials when subjected to such environmental con-
ditions. Research in materials science has produced novel materials which 
have changed the lifestyle of humans drastically. It is no surprise that 
master’s degree courses in materials science have been started in many 
universities globally.

The curriculum for the MSc Physics course in all universities in India 
is dominated by theoretical courses, such as mathematical techniques in 
physics, classical and quantum mechanics, statistical physics, and con-
densed matter physics. Although it is an accepted fact that experiments 
form the bedrock of science, it is ironic that new advances in experimental 
physics do not find a place in the curriculum. True, the students do some 
experiments in the laboratory, but the instructions given to them to do the 
experiments are rather cursory. The principle behind an experiment is not 
explained in sufficient detail. It is necessary to explain why a particular 
method of measurement is adapted, why the analysis of the data should 
be carried out in the specified way, and why a certain formula should be 
used in calculating the results. Most often, the student does the experi-
ment mechanically and records the data following the instructions with-
out any understanding of the aim of the experiment, the theory behind 
the experiment, or the limitations of the technique he or she is using.

In the past 20 years, two of the authors of this book, along with their 
colleagues from Goa University, have developed low-cost experiments at 
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E x p e r i m e n t a l  Te c h n i q u e s  i n  P h y s i c s  a n d  M a t e r i a l s  S c i e n c e s

the BSc, MSc, and post-MSc levels in physics and materials science. All 
four authors, along with other resource persons, have conducted more 
than a hundred two-week refresher courses to train more than 2,500 
teachers and student participants from across India in conducting these 
experiments. These courses have been sponsored by the Indian Academy 
of Sciences, the Indian National Science Academy, and the National 
Academy of Sciences, Allahabad. A detailed laboratory manual, covering 
62 such experiments, has been published as an e-book by the Indian 
Academy of Sciences, Bengaluru. These experiments can be performed 
using the low-cost equipment manufactured by Ajay Sensors and 
Instruments, Bengaluru, under license from the Indian Academy of 
Sciences.

The COVID-19 pandemic in 2020–2022 resulted in a temporary sus-
pension of the refresher courses in experimental physics. During this 
period of inactivity, the authors of this book decided to write brief chap-
ters on the techniques for preparing solid-state materials in bulk and thin-
film forms and on the characterization techniques, such as powder X-ray 
and neutron diffraction, ESCA, ellipsometry for thin films, electron 
microscopy and surface probe techniques, and positron annihilation as a 
tool to study defects in materials. The methods for measuring the elastic, 
thermal, electrical transport, dielectric, and magnetic properties are dis-
cussed. Spectroscopic techniques, such as NMR, EPR, IR, visible, UV, and 
Mossbauer spectroscopies, are discussed. A fairly detailed chapter on the 
study of phase transitions is included.

Each chapter is about 20–30 printed pages in length and is self-con-
tained. Naturally, in such short chapters, one can only present the basic 
principles of each technique with some typical examples. Different chap-
ters have been written by different authors. So, some differences in the 
style of presentation could not be avoided. There could be some overlap, 
but this has been reduced to a minimum.

The scope of the book is limited to meeting the requirements of stu-
dents at the level of a master’s degree in physics or materials science. At 
the master’s level, the curriculum can be made more balanced by intro-
ducing at least a one-semester course in experimental techniques, choos-
ing appropriate chapters from the book. The book should also be useful 
for students engaged in research in the domain of materials science and 
for teachers teaching courses in experimental physics.

R. Srinivasan  T. G. Ramesh  G. Umesh  C. S. Sundar
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