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A Closer Look References Index Preface Optical engineers make use of a wide range of sensors and
controllers in optical systems. Photodetectors, cameras, and actuator systems all use electronics and electrical
control systems to operate. There are a wide range of manufacturers of electronics systems, but sometimes all
we need is a simple circuit to read a sensor or to condition a signal. Whether the needed electronics are to
support a photodiode or a strain gauge, or just to make a trigger to start several instruments simultaneously,
quite often the needed components are readily available on the bench. However, the how-to and confidence to
start assembling the needed device may be lacking. Once a circuit has been assembled, the question arises of
how to properly check its operation. Practical Electronics for Optical Design and Engineering has been
organized into three parts: The first part, Basic Electronics, focuses on a wide range of fundamental circuits
important in understanding and working with electronics including making electronic measurements and
techniques for moving the data from a sensor through to a computer. Optical Applications is composed of
seven chapters and builds on the previous material, introducing specific electronics of interest to optical
engineers. Projects and Finishing provides some ideas about how to complete projects and works through the
development of an example instrument. The book is designed so that you can get started on any chapter that
catches your attention and seek more specialized information from the earlier chapters as needed. Some
examples of these interesting circuits are transimpedance amplifiers and drivers for low-light photodiodes,
using solar cells as a power source or battery charger, low-resolution digital-to-analog converts, analog
controllers, quad-cell processing, and analog control circuits. Discussions on how practical electronics work,
their design, and translating this to circuit boards manufacturing, as well as the limitations of different
prototyping approaches are included. The aim of the MATLAB-based examples is to support an understanding
of the fundamentals and relationships behind the electronics and to provide a starting point for your own code.
I hope that Practical Electronics for Optical Design and Engineering provides the interested reader with a
functional overview of the topic of electronics and an appreciation for the way knowledge of electronics can
enhance optical projects. While this book is not meant to be a complete treatise on electronics, as there are
many excellent books on the topic, the aim here is to provide an introduction more closely tied to the needs of
those working in optical engineering and design. I greatly appreciate all of the colleagues and friends who
have both directly and indirectly helped me in preparing and writing this book, and I am grateful for their
unswerving and unselfish support. I also appreciate the feedback from the many students who over the years
have helped me refine my optics and electronics lectures and laboratories. I am particularly grateful to my
grandfather, Stephen Holmes Scott, who introduced me to electronics many years ago. While I have benefited
from the support of many individuals in preparing this work, any errors that remain in the text are mine to fix.
I would appreciate receiving any assistance in this in the form of comments and corrections. I am most
grateful for the support of SPIE Press for their interest in publishing this work as part of the Tutorial Text
Series, and particularly the efforts of Senior Editor, Dara Burrows, for putting this work into its final form.
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See Article History Electrical and electronics engineering, the branch of engineering concerned with the
practical applications of electricity in all its forms, including those of the field of electronics. Electronics
engineering is that branch of electrical engineering concerned with the uses of the electromagnetic spectrum
and with the application of such electronic devices as integrated circuits and transistors. In engineering
practice, the distinction between electrical engineering and electronics is usually based on the comparative
strength of the electric currents used. The distinction between the fields has become less sharp with technical
progress. For example, in the high-voltage transmission of electric power , large arrays of electronic devices
are used to convert transmission-line current at power levels in the tens of megawatts. Moreover, in the
regulation and control of interconnected power systems, electronic computers are used to compute
requirements much more rapidly and accurately than is possible by manual methods. Fink History Electrical
phenomena attracted the attention of European thinkers as early as the 17th century. Electrical engineering
may be said to have emerged as a discipline in when the Scottish physicist James Clerk Maxwell summarized
the basic laws of electricity in mathematical form and showed that radiation of electromagnetic energy travels
through space at the speed of light. Thus, light itself was shown to be an electromagnetic wave , and Maxwell
predicted that such waves could be artificially produced. The first practical application of electricity was the
telegraph, invented by Samuel F. The need for electrical engineers was not felt until some 40 years later, upon
the invention of the telephone by Alexander Graham Bell and of the incandescent lamp by Thomas A. Bell,
Alexander GrahamAlexander Graham Bell, inventor who patented the telephone in , lecturing at Salem,
Massachusetts top , while friends in his study at Boston listen to his lecture via telephone, February 12,
Hendrik Antoon Lorentz of the Netherlands postulated the electron theory of electrical charge in , and in J.
Thomson of England showed that thermionic emission was indeed caused by negatively charged particles
electrons. This led to the work of Guglielmo Marconi of Italy, Lee de Forest of the United States, and many
others, which laid the foundations of radio engineering. In the term electronics was introduced to embrace
radio and the industrial applications of electron tubes. Since , when the transistor was invented by John
Bardeen , Walter H. Brattain , and William B. Shockley , electronics engineering has been dominated by the
applications of such solid-state electronic devices as the transistor, the semiconductor diode , and the
integrated circuit. Electrical and electronics engineering functions Research The functions performed by
electrical and electronics engineers include 1 basic research in physics , other sciences, and applied
mathematics in order to extend knowledge applicable to the field of electronics , 2 applied research based on
the findings of basic research and directed at discovering new applications and principles of operation, 3
development of new materials, devices, assemblies, and systems suitable for existing or proposed product
lines, 4 design of devices, equipment, and systems for manufacture, 5 field-testing of equipment and systems,
6 establishment of quality control standards to be observed in manufacture, 7 supervision of manufacture and
production testing, 8 postproduction assessment of performance, maintenance, and repair, and 9 engineering
management, or the direction of research, development, engineering, manufacture, and marketing and sales.
Consulting The rapid proliferation of new discoveries, products, and markets in the electrical and electronics
industries has made it difficult for workers in the field to maintain the range of skills required to manage their
activities. Consulting engineers, specializing in new fields, are employed to study and recommend courses of
action. The educational background required for these functions tends to be highest in basic and applied
research. In most major laboratories a doctorate in science or engineering is required to fill leadership roles.
Branches of electrical and electronics engineering The largest of the specialized branches of electrical
engineering, the branch concerned with the electronic computer , was introduced during World War II. The
field of computer science and engineering has attracted members of several disciplines outside electronics,
notably logicians , linguists , and applied mathematicians. Another very large field is that concerned with

Page 2

PRACTICAL ELECTRONICS FOR ENGINEERS pdf
electric light and power and their applications. Specialities within the field include the design, manufacture,
and use of turbines , generators, transmission lines, transformers , motors , lighting systems, and appliances.
The communication of digital data among computers connected by wire, microwave , and satellite circuits is
now a major enterprise that has built a strong bond between computer and communications specialists. The
applications of electricity and electronics to other fields of science have expanded since World War II. Among
the sciences represented are medicine , biology , oceanography , geoscience , nuclear science, laser physics,
sonics and ultrasonics , and acoustics. Theoretical specialties within electronics include circuit theory,
information theory , radio-wave propagation , and microwave theory. Displayed by permission of The Regents
of the University of California. Another important speciality concerns improvements in materials and
components used in electrical and electronics engineering, such as conductive, magnetic, and insulating
materials and the semiconductors used in solid-state devices. One of the most active areas is the development
of new electronic devices, particularly the integrated circuits used in computers and other digital systems. The
development of electronic systemsâ€”equipment for consumers, such as radios , television sets, stereo
equipment, video games , and home computersâ€”occupies a large number of engineers. Another field is the
application of computers and radio systems to automobiles , ships , and other vehicles. The field of aerospace
electronic systems includes navigation aids for aircraft , automatic pilots, altimeters , and radar for traffic
control , blind landing, and collision prevention. Many of these devices are also widely used in shipping.
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Neither is interest in it. Although digital design techniques have become the primary focus of most magazines,
the need for linear applications remains strong. Designers continue to make significant advances in linear ICs.
The text is intended for use in a second year Operational Amplifiers course at the Associate level, or for a
junior level course. Theory and Application by James M. Fiore - Mohawk Valley Community College , The
text will allow readers to become proficient in the analysis and design of circuits utilizing discrete
semiconductor devices. The text is intended for use in a first or second year course on semiconductors at the
Associate or Baccalaureate level. It assumes you know something about electronics, algebra and trigonometry.
Prospects and Challenges by Frank Schwierz ed. Part I comprises four chapters which review the current state
of the art in different areas of research on 2D materials and devices. Part II deals with specific important
aspects of 2D materials and devices. This just means that, by using a HDL, one can describe any hardware at
any level. Tinnell - Delmar Publishers , This book provides meaningful experience in electric circuit analysis
for students of modern technology. It explains the basic principles of current flow, simple DC circuits, an
introduction to AC circuits, resonance, and transformer coupling. Tinnell - Delmar Publishers , This material
is intended to provide meaningful experience in electronic amplifier analysis for students of modern
technology. The topics included provide exposure to basic principles of solid state devices, amplifier circuits
and applications. Yeager - Delmar Publishers , The book is intended to provide meaningful experience in
digital circuit analysis for students of modern technology. Kann - Gettysburg College , This text introduces the
most important digital circuits: The textbook puts the ability to understand these circuits into the hands of
hobbyists or Computer Science students. Students should have a solid understanding of algebra as well as a
rudimentary understanding of basic electricity. Each circuit was assembled and tested as the book was
developed. After the book was completed, the author reassembled each circuit to check for errors. By the end
of this book, you should be able to combine circuit elements to create more complex circuits, and have an
understanding of how it works. The automated system for a passive filter circuits design is presented with the
local searching engaging From Fundamentals to Applications by Ilgu Yun - InTech , This book represents
recent progress and development of the photodiodes including the fundamental reviews and the specific
applications developed by the authors themselves. The book is intended for graduate students, engineers, and
researchers. The text covers electronic circuit components, DC analysis, and AC analysis. It should be useful
to hobbyists as well as engineering students. It will rely heavily on the concepts of Discrete Math, but will not
require any previous knowledge of the subject because all necessary math concepts will be developed in the
text. Young - SRI , This book presents design techniques for a wide variety of low-pass, band-pass, high-pass,
and band-stop microwave filters, for multiplexers, and for certain kinds of directional couplers. The text can
be used by designers and engineers. The course has been built for first year undergraduate students and
targeted as general course for all branches of engineering. The chapters are grouped under the following
categories: Here, students may get their first knowledge of electronic concepts and basic components.
Emphasis is on the devices used in day-to-day consumer electronic products. Whitehouse - Horwood
Publishing Limited , Contents: It uses the interaction between circuit designer and computer. This practical
handbook not only teaches the basic fundamentals of op amps, it also covers various op amp application areas
in great detail. Techniques to analyze and solve electric circuits are explained in a simple manner and
examples are shown to demonstrate each strategy. Theory and Applications by O. Dahl - McGraw-Hill , The
purpose of this book is to present the engineering aspects of circuit theory. Although theoretical, the viewpoint
of the book is that of the engineer. It gives the methods and tools necessary for the analysis of modern
power-circuit problems. In this book you will learn how they work, how to connect a simple sensor, how to
program in ladder diagram, and more. Kuphaldt , This is a series of online textbooks covering electricity and
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electronics. The information provided is great for both students and hobbyists who are looking to expand their
knowledge in this field. The books are updated over time. Covered are basics op amp physics, idealized op
amp configuration, feedback theory, single and dual supply operation, op amp parameters, oscillators, active
filters, etc. All components and circuits are illustrated and explained in detail with lots of simple and complex
examples for the beginners. The text provides the link between the physics and the design of electronic
circuits. Kuphaldt , Questions and answers about electronics covering several topics: The book was written
without delving too heavy on the math, while still maintaining a lot of important information. It covers
detailed command descriptions, definitions of start-up option, and a list of supported devices in the digital and
analog device libraries.
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Component Testing When you have completed study of this chapter, you should be able to: In other words, the
diode exhibits a very low resistance when it is forward-biased and an extremely high resistance, when it is
reverse-biased. Similarly in Chapter 7 we learned that an ohmmeter applies a known voltage from an internal
source batteries to the measured resistor. Theoretically, this voltage can reach 1. The diode requires a voltage
of 0. Therefore, if the positive test lead of the ohmmeter is connected to the anode and the negative test lead of
the ohmmeter is connected to the cathode, the diode becomes forward-biased. In this case, the ohmmeter reads
a very low resistance. If the test leads are reversed with respect to the anode and the cathode, the diode
becomes reverse-biased. Then, the ohmmeter reads a very high resistance. Thus an ordinary ohmmeter can be
used to test a diode. Most digital multimeters DMMs have a diode test function. It is marked on the select
switch with a small diode symbol. When the DMM is set to diode test mode, it provides a sufficient internal
voltage to test the diode in both directions. The positive test lead of the DMM in red color is connected to the
anode, and the negative test lead of the DMM in black color is connected to the cathode. If the diode is in
good working order, the multimeter should display a value in the range between 0. Then the test leads of the
DMM are reversed with respect to the anode and Practical Industrial Electronics the cathode. As the diode in
this case appears as an open circuit to the multimeter, practically all of the internal DMM voltage will appear
across the diode. The first case is more common and it is mainly caused by internal damage of the pn-junction
due to overheating. Such a diode exhibits a very high resistance when it is both forward-biased and
reverse-biased. On the other hand, the multimeter reads 0 V in both directions if the diode is shorted.
Sometimes a failed diode may not exhibit a complete short circuit 0 V but may appear as a resistive diode, in
which case the meter reads the same resistance in both directions for example 1. This is illustrated in Figure 8.
The selector switch is set to OHMs. When the diode is forwardbiased, the meter reads from a few hundred to a
few thousands ohms. For this reason, the displayed value is higher. The actual values of the measured
resistances are unimportant. What is important, though, is to make sure that there is a great difference in the
readings, when the diode is forward-biased and when it is reverse-biased. In fact, that is all you need to know.
This indicates that the diode is working properly. The SCR can be brought into conduction only if it is
forward-biased and if it is triggered from a pulse applied to the gate. Thus, the SCR can be checked in a
similar manner to the conventional diode, employing a DMM with a diode-check function or with an ordinary
ohmmeter. The positive red test lead of the meter is connected to the anode of the SCR and the negative black
test lead is applied to the cathode. The instrument should show an infinite high resistance. A jumper can be
used to trigger the SCR. Without disconnecting the meter, use the jumper to short-circuit the gate terminal of
the SCR with the positive lead of the meter. The SCR should exhibit a great decrease of resistance. This
depends on the properties of both the SCR and the meter. If the holding current of the SCR is small, the
ohmmeter could be capable of supplying enough current to keep it turned on. However, if the holding current
of the SCR is high, the device will turn off upon disconnection of the jumper. Some high-power SCRs may
have an internal resistor connected between the cathode and the gate. This resistor prevents the SCR from
triggering due to small interference surges. A maintenance technician, who is not aware of the existence of this
resistor, may mistakenly diagnose such SCR as being leaky between the cathode and the gate. The positive
test lead of the meter is connected to MT2 and the negative test lead is applied to MT1. When the gate is open,
the ohmmeter should indicate an infinite resistance. Then, similarly to the SCR testing procedure, a jumper is
used to touch the gate terminal to MT2 a positive triggering pulse is applied to the gate. This indicates that one
of the SCRs in the pair functions properly. Then the test leads of the ohmmeter are reversed with respect to the
anode and the cathode. Again, if the gate is open, the ohmmeter should exhibit an out-of-range resistance.
Using the jumper, the gate terminal is briefly touched to MT2 a negative triggering pulse is applied to the gate.
This procedure is illustrated in Figure 8. Therefore, each transistor can be represented as a combination of two
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diodes, connected together as shown in Figure 8. The equivalent base of pnp type transistors appears as
connected to the cathodes of both diodes. If transistors are npn type, the equivalent base appears as connected
to the anodes of both diodes. The two remaining terminals of the diodes represent the emitter and the collector.
Both pn-junctions of the transistor are tested separately as two independent diodes. If both of them show no
defects, the transistor is working properly. Let us assume that a pnp type transistor has to be tested. The
negative test lead black of the multimeter is applied to the base of the transistor. The positive test lead red is
applied first to the emitter and then to the collector. In this arrangement, both junctions will be forward-biased
when tested. The DMM should read low resistance in both cases. Then the red test lead is applied to the base
of the transistor instead of the black one. The procedure is repeated. Both pn-junctions are now reverse-biased,
when tested. The multimeter reads high resistance in both cases. The procedure for testing npn transistors is
identical. The difference is that the DMM will now read a high resistance, when the black lead is applied to
the base and a low resistance, when the red lead is connected to it. If a multimeter without a diode-test mode is
used, the transistor can be tested with the OHMs function. The test operations are similar to the OHMs
function diode checking, described in the previous section. It is important to emphasize again, that the reading
of a few hundred to a few thousand ohms for forward the bias condition does not necessarily indicate a faulty
transistor. It is rather a sign that the internal power supply of the meter is not sufficient to forward bias
completely the pnjunction. The out-of-range indication for reverse-biasing the same transistor clearly shows
that the device is functioning properly. The important consideration here is the difference between the two
readings and not their actual value. In a similar way to diodes, the pn-junctions of the defective transistors
exhibit either a very high resistance in both directions an internal opencircuit , or a zero resistance in both
directions an internal short-circuit. Sometimes the faulty pn-junction exhibits a small resistance, which is
equal in both directions. For example, the meter readings in both directions are 1. In this case, the transistor is
defective and should be discarded. The three transistor terminals are placed in special slots, marked E, B and C
respectively. Then a known value of IB is applied to the transistor and the respective IC is measured. The
specifications of the DMM have to be checked, before relying on the measured value of the current gain. Here
there is no need to disconnect the suspected transistor from the rest of the circuit and it can be tested directly
on the PCB. For example, a cold junction on the transistor base terminal effectively isolates the base from the
rest of the circuit. Therefore, the bias voltage on the transistor is 0 V, which will drive it into cutoff. When
checking such transistor from the component side of the PCB, it will appear to be functioning correctly. And
yet, the signal is not present at the output. To better understand how to troubleshoot a biased BJT, let us
consider a simple amplifier stage as shown in Figure 8. It is built on the transistor 2N Performing some simple
calculations, we can determine that: All measured voltages are with respect to the ground. If the circuit
operates correctly, the following voltages should be measured: If the transistor is not defective, the PCB has to
be inspected visually for mechanical defects, burned components and badly soldered joints. Finally, the
voltages on the transistor terminals have to be measured. Three typical abnormal conditions may occur, due to
faults in the external circuitry. They are illustrated in Figure 8. Measuring the voltages on the transistor
terminals can help to more effectively detect these faults. The soldered joints at the base of the transistor and
at RB have to be checked. The value of the RB has to be measured. Any external circuitry, leading to the base
of the transistor has to be inspected for bad soldered joints and for components that are out of tolerance. At the
same time, the voltage on the base terminal should be around 0.
5: Practical Electronics for Inventors by Paul Scherz
This book provides a functional overview of electronics and an appreciation for how knowledge of electronics can
enhance optical engineering projects. The first six chapters focus on a wide range of circuits that are fundamental to
understanding and working with electronics. This presentation is.
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