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Preface

The rapid development of optoelectronic devices and applications of these devices in the field of fiber-
optic communication, sensors, instruments and industrial process control systems influence our daily life.
Sophisticated technology of laser diode, light emitting diode, photo-detector, optical fiber and optical
computation causes tremendous thrust in the advancement of human life. For this reason, optoelectronics
has been included in the curriculum of Universities in under graduate and post graduate level of different
stream of science and technology.

The main objective of this book is to meet the requirement of an up-to-date book in optical and
optoelectronic instrumentation. This book has been planned to approach the subject, providing a
clear impression of the subject. This book is written to cover the syllabus of the subject “Optical and
optoelectronic instrumentation” of universities of science and technology. This book will serve as text
book of the subject, library reference book and reference book for R&D personngl, technical training
center, instrument industries and students of B. Tech., M. Tech., students of diploma Engineering and
staff training institutes.

First chapter of this book describes concept of particles and wave. Classical physics treats particles
and waves as separate components in physical reality. Traditionally, the particle mechanics and optics of
waves are independent subjects. But, in the microscopic world electrons and nuclei are neither particles
nor waves in our sense of these terms. The electrons have mass and charge and in some cases they obey
the laws of particle mechanics. For this reason we regard electron as particle. On the other hand, under
suitable circumstances moving electrons show the electromagnetic wave nature although it consists of
stream of particles. Thus wave particle duality exists in the nature of moving electron.

The propagation of light in geometrical optics employs the concept of rays. In the second chapter, the
propagation of light is described using ray theory. The formation of images by geometrical optics is also
realized by using Fermat’s principle. It is also described in second chapter.

Many optical instruments contain spherical surfaces of transparent media with a wide range of
curvature. Such spherical surfaces are capable of forming images. The spherical surfaces may be convex
or concave. The transparent medium bounded by two such spherical surfaces is called lens. These lenses
are made of transparent medium as free as possible from inhomogeneities. In chapter-3, we described the
refraction at spherical surfaces separating two media of different refractive indices.

The propagation of light in geometrical optics is described in chapter-2. Geometrical optics is used to
design efficient optical instruments. Many optical instruments contain spherical surfaces of transparent
media with a wide range of curvature. The formation of images by single lens or combination of lenses
and mirrors has been described in chapter-3. This combination of lenses mirrors or prisms are used to
make optical instruments. In chapter-4, few standard optical instruments are described.
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Dispersion is related to the speed of light in transparent medium and its variation with wavelength. We
know that change in refractive index in any medium causes change in speed of light. The dispersion of
colour of light occurs on refraction at a boundary between two transparent medium. Actually, dispersion
is caused by change in deviation of light with the wavelength. In chapter-5 measurement of refractive
index of a medium is described by measuring the deviation of the light due to dispersion.

The conversion of electricity to light and vice versa have been possible only a few decades back when
the technology of optoelectronic devices has been developed. The optoelectronic devices now play an
important role in our daily lives. Light emitting diode is an important optoelectronic source of light.
The LED lamp typically consists of an encapsulated light emitting diode chip in a plastic package with
a suitable lens. In recent years, light emitting diode is replacing the incandescent, fluorescent and neon
lamps for a wide variety of applications. In chapter-6, the working principle of optoelectronic device is
discussed elaborately.

Laser is an acronym for Light Amplification by Stimulated Emission of Radiation. The operating
principle of laser is based on stimulated emission process in which the electrons undergo transition by
emission of photons. The construction, working principle and characteristics of different types of laser
are described in chapter-7.

The process of conversion of optical power into electrical power is called photo-detection. The device
which converts light power incident on it into electrical power is called photo-detector. Optical detectors
may be classified as either thermal photo-detection or photon photo-detection process. In thermal photo-
detection process the device absorbs light energy and hence temperature of the device increases which
in turn changes the conductivity of device. Thus the output is proportional to amount of light energy
absorbed per unit time. On the other hand, in photo-detection process, minimum photon energy is
required to initiate the photo-detection process. Since energy of photons depends on wavelength of light
photon detection process has a long wavelength cut off i.e. the maximum wavelength beyond which
the device can not operate. The construction, working principle and characteristics of different types of
photo-detector are described in chapter-8.

An optical fiber is made of transparent medium with incredibly small diameter. In other words, the
dielectric waveguide which transmits light by total internal reflection is known as optical fiber. It is
cylindrical in shape and typically fabricated from glass which is a dielectric medium. It consists of core
region of higher refractive index surrounded by cladding of lower refractive index. It confines light
energy within the core and guides light in the direction of its axis by total internal reflection. The guided
light within the fiber may be used as information. The information may be digital or analog depending
on communication system. It can carry thousands of telephone signals and large number of television
signals. The light power in an optical fiber can be described as a set of guided electromagnetic waves
called the modes of the waveguides. The guided modes may also be called as bound modes. The bound
modes repeat the pattern of electric and magnetic field distributions after regular interval of time. So
optical fiber can be used as waveguide to transmit the information from one place to other. The fiber
material is a dielectric. Therefore, fiber optic systems are immune to electromagnetic interference. The
construction, working principle and characteristics of different types of photo-detector are described in
chapter-9.

Now-a-days optoelectronic devices are widely used in optical isolator and measuring instruments.
These devices are used in sensor systems, optical isolators, and optical data processing, voice and data
communication systems. Fiber optics technology is also applied in many industries. The optoelectronic
systems technology is applied in aircraft manufacturing and maintenance industry, carpet industry, food
and drink industry and pharmaceutical industry. Optical fibers play a vital role in medical field also.
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Several medical instruments are developed using optoelectronic devices. The endoscopes or fiberscope
are developed using large diameter and short length silica fibers. The broncho-fiberscope, gastrointestinal
fiberscope, cardio scope, cyst scope, ophthalmoscope and laparoscopes are the important endoscopes
used in diagnosis, treatment and surgery. In the chapter-10, the optocoupler, optoelectronic sensors and
a few medical instruments are discussed.

Many years ago, the relation between light and electricity was known. But this knowledge was applied
only a few decades back when the technology of optoelectronic devices has been developed. Now many
optoelectronic displays, sensors and transducers have been developed. These devices are widely used

in measuring systems. In chapter 11, we have described display devices and optoelectronic measuring
systems.

In a photograph, a three dimensional scene is represented by two dimensional recording. The
recorded scene is the intensity distribution on the plane of the photograph. The photographic film is
sensitive on intensity variation only. The phase distribution of the scene is not found on the photograph.
For this reason, the three dimensional property of the object can not be presented by two dimensional
photography. As a result the image can not be viewed from different angle.

A perfect three dimensional image can be recorded by holography. Holography is a Greek word, which
means whole writing. It employs interferometric technique for recording both amplitude and phase of

the light wave emitted from an object. We have described holographic technique and its application in
chapter-12.

Amar K. Ganguly
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