LAPLACE TRANSFORM FOR CIRCUIT ANALYSIS

LAPLACE TRANSFORM FOR CIRCUIT ANALYSIS: A COMPREHENSIVE GUIDE

INTRODUCTION:

ARE YOU STRUGGLING WITH COMPLEX CIRCUIT ANALYSIS PROBLEMS? DO TIME-DOMAIN EQUATIONS LEAVE YOU FEELING
OVERWHELMED? THEN YOU'VE COME TO THE RIGHT PLACE! THIS COMPREHENSIVE GUIDE WILL DEMYSTIFY THE LAPLACE
TRANSFORM AND SHOW YOU HOW THIS POWERFUL MATHEMATICAL TOOL SIMPLIFIES CIRCUIT ANALYSIS, MAKING EVEN THE MOST
INTRICATE PROBLEMS MANAGEABLE. WE'LL EXPLORE THE FUNDAMENT AL CONCEPTS, PRACTICAL APPLICATIONS, AND STEP-BY~
STEP EXAMPLES TO EMPOWER YOU TO TACKLE CIRCUIT ANALYSIS WITH CONFIDENCE. PREPARE TO UNLOCK A NEW LEVEL OF
UNDERSTANDING AND EFFICIENCY IN YOUR ELECTRICAL ENGINEERING STUDIES OR PROFESSIONAL WORK. THIS POST WILL COVER
EVERYTHING FROM THE BASICS OF THE L APLACE TRANSFORM TO ADVANCED APPLICATIONS IN CIRCUIT ANALYSIS, INCLUDING
DETAILED EXAMPLES AND PRACTICAL TIPS.

1. UNDERSTANDING THE LAPLACE TRANSFORM: FROM TIME DOMAIN TO S-DOMAIN

THE LAPLACE TRANSFORM IS A MATHEMATICAL OPERATION THAT CONVERTS A FUNCTION OF TIME (THE TIME DOMAIN) INTO A
FUNCTION OF A COMPLEX VARIABLE 'S’ (THE S‘DOMAIN). THIS TRANSFORMATION SIMPLIFIES THE ANALYSIS OF LINEAR TIME-
INVARIANT (LTD SYSTEMS, LIKE ELECTRICAL CIRCUITS. INSTEAD OF DEALING WITH COMPLEX DIFFERENTIAL EQUATIONS IN THE
TIME DOMAIN, WE WORK WITH ALGEBRAIC EQUATIONS IN THE S"DOMAIN, SIGNIFICANTLY EASING CALCULATIONS. THE CORE IDEA
IS TO REPRESENT THE CIRCUIT'S BEHAVIOR USING TRANSFER FUNCTIONS, WHICH DESCRIBE THE RELATIONSHIP BETWEEN THE INPUT
AND OUTPUT SIGNALS IN THE S"DOMAIN.

THE FUNDAMENTAL LAPLACE TRANSFORM EQUATION IS:
L{F(MI=F6) =0 "B r(T)e(-sT) 0T
WHERE:

'F(T)" IS THE TIME-DOMAIN FUNCTION.
'F(s)" 1s THE LAPLACE TRANSFORM OF 'F(T)".
's' IS A COMPLEX VARIABLE (£ + JN).

UNDERSTANDING THE MEANING OF ‘S’ IS CRUCIAL. THE REAL PART (Z) RELATES TO THE SYSTEM'S STABILITY, WHILE THE
IMAGINARY PART (Q) REPRESENTS THE FREQUENCY.

2. Key LAPLACE TRANSFORM PAIRS FOR CIRCUIT ANALYSIS

SEVERAL COMMON TIME-DOMAIN FUNCTIONS AND THEIR CORRESPONDING L APLACE TRANSFORMS ARE FREQUENTLY USED IN
CIRCUIT ANALYSIS. MEMORIZING OR HAVING READILY AVAILABLE THESE PAIRS SAVES SIGNIFICANT TIME AND EFFORT. HERE ARE
SOME ESSENTIAL ONES:

UNIT STEP FuNcTION: U(T) 1/s

UNIT IMPULSE FuncTion: a(T) 1

ExPoNENTIAL FUNCTION: EN(-AT) 1/(s+ )
SinusoibAL FuncTion: sN(AT) ] n/(s? + n?)
CosinusoIpaL FuncTion: cos(nT) ] s/(s? + n?)

THESE PAIRS, ALONG WITH THE PROPERTIES OF THE L APLACE TRANSFORM (LINEARITY, TIME SHIFTING, DIFFERENTIATION,
INTEGRATION), FORM THE BUILDING BLOCKS FOR ANALYZING CIRCUITS IN THE S"DOMAIN.



3. APPLYING THE LAPLACE TRANSFORM TO CIRCUIT ELEMENTS

EACH PASSIVE CIRCUIT ELEMENT (RESISTOR/ CAPACITOR, INDUCTOR) HAS A CORRESPONDING IMPEDANCE IN THE S-DOMAIN. THESE
IMPEDANCES ARE DERIVED BY APPLYING THE LAPLACE TRANSFORM TO THE VOLTAGE-CURRENT RELATIONSHIPS FOR EACH ELEMENT:

ResisTor (R): Z(s) = R (IMPEDANCE IS SIMPLY THE RESISTANCE)
Capacitor (C): Z(s) = 1/(sC) (IMPEDANCE IS INVERSELY PROPORTIONAL TO S)
InoucTor (L): Z(s) = sL (IMPEDANCE IS DIRECTLY PROPORTIONAL TO S)

THESE S-DOMAIN IMPEDANCES ALLOW US TO REPRESENT THE ENTIRE CIRCUIT AS A NETWORK OF IMPEDANCES, ENABLING THE USE
OF FAMILIAR CIRCUIT ANALYSIS TECHNIQUES LIKE OnMm's LAV, KIRCHHOFF'S LAWS, AND MESH/NODAL ANALYSIS.

4. SoLVING CIRcUIT PROBLEMS USING LAPLACE TRANSFORM

LET’S ILLUSTRATE WITH A SIMPLE EXAMPLE: CONSIDER AN RC CIRCUIT WITH A VOLTAGE SOURCE. BY APPLYING THE LAPLACE
TRANSFORM TO THE CIRCUIT'S EQUATIONS (KIECHHOFF/S VOLTAGE LA\X/), WE OBTAIN AN ALGEBRAIC EQUATION IN THE S~
DOMAIN. SOLVING THIS EQUATION FOR THE VOLTAGE ACROSS THE CAPACITOR (OR ANY OTHER VARIABLE OF INTEREST) IN THE
S-DOMAIN, WE THEN USE THE INVERSE LAPLACE TRANSFORM TO OBTAIN THE TIME-DOMAIN SOLUTION. THE INVERSE L APLACE
TRANSFORM CAN OFTEN BE FOUND USING TABLES OR SOFTWARE TOOLS.

THIS PROCESS SIMPLIFIES THE SOLUTION SIGNIFICANTLY COMPARED TO DIRECTLY SOLVING THE DIFFERENTIAL EQUATIONS IN THE
TIME DOMAIN. MORE COMPLEX CIRCUITS WITH MULTIPLE ELEMENTS AND SOURCES CAN BE ANALYZED SIMILARLY, MAKING THE
L APLACE TRANSFORM AN INVALUABLE TOOL FOR TACKLING OTHERWISE INTRICATE PROBLEMS.

5. ADVANTAGES AND LIMITATIONS OF THE LAPLACE TRANSFORM IN CIRCUIT ANALYSIS

ADVANTAGES:

SIMPLIFICATION OF DIFFERENTIAL EQUATIONS: TRANSFORMS DIFFERENTIAL EQUATIONS INTO ALGEBRAIC EQUATIONS, SIMPLIFYING
CALCULATIONS.

HANDLES INITIAL CONDITIONS EASILY: INITIAL CONDITIONS ARE INCORPORATED DIRECTLY INTO THE S-DOMAIN EQUATIONS.
SYSTEMATIC APPROACH: PROVIDES A SYSTEMATIC AND ORGANIZED APPROACH TO CIRCUIT ANALYSIS.

FREQUENCY DOMAIN ANALYSIS: ALLOWS FOR FREQUENCY-DOMAIN ANALYSIS, WHICH IS ESSENTIAL FOR UNDERSTANDING THE
CIRCUIT'S RESPONSE TO DIFFERENT FREQUENCIES.

LIMITATIONS:

REQUIRES UNDERSTANDING OF COMPLEX V ARIABLES: A BASIC UNDERSTANDING OF COMPLEX NUMBERS AND FUNCTIONS IS
NECESSARY.

INVERSE TRANSFORM CAN BE CHALLENGING: FINDING THE INVERSE L APLACE TRANSFORM CAN SOMETIMES BE COMPUTATIONALLY
INTENSIVE.

LiMITED TO LINEAR TIME-INVARIANT SYSTEMS: THE METHOD IS PRIMARILY APPLICABLE TO LINEAR TIME-INVARIANT CIRCUITS.
NON-LINEAR CIRCUITS REQUIRE DIFFERENT TECHNIQUES.

6. ADVANCED APPLICATIONS: TRANSFER FUNCTIONS AND BoDE PLoTS

THE LAPLACE TRANSFORM IS FUNDAMENTAL TO DETERMINING TRANSFER FUNCTIONS, WHICH DESCRIBE THE RELATIONSHIP BETWEEN
THE INPUT AND OUTPUT OF A SYSTEM IN THE S-DOMAIN. TRANSFER FUNCTIONS ARE CRUCIAL FOR ANALYZING SYSTEM
STABILITY, FREQUENCY RESPONSE, AND DESIGNING CONTROLLERS. FURTHERMORE/ THEY ARE READILY USED TO CREATE BODE
PLOTS, WHICH VISUALLY REPRESENT THE MAGNITUDE AND PHASE RESPONSE OF A SYSTEM ACROSS DIFFERENT FREQUENCIES. THiS
ALLOWS ENGINEERS TO ASSESS A CIRCUIT'S PERFORMANCE AND STABILITY UNDER VARIOUS CONDITIONS.

7. SOFTWARE TooLs FOr LAPLACE TRANSFORM AND CIRCUIT ANALYSIS



SEVERAL SOFTWARE PACKAGES SIMPLIFY THE APPLICATION OF THE LAPLACE TRANSFORM AND CIRCUIT ANALYSIS. MATLAB,
MATHEMATICA/ AND SPECIALIZED CIRCUIT SIMULATION SOFTW ARE (E.G., LTSPICE, MULTISIM) HAVE BUILT-IN FUNCTIONS FOR
PERFORMING L APLACE TRANSFORMS, INVERSE LAPLACE TRANSFORMS, AND CIRCUIT SIMULATIONS. THESE TOOLS SIGNIFICANTLY
REDUCE MANUAL CALCULATIONS AND ALLOW FOR EFFICIENT ANALYSIS OF COMPLEX CIRCUITS.

ARTICLE OUTLINE:

TiTLE: LAPLACE TRANSFORM FOR CIRCUIT ANALYSIS: A COMPREHENSIVE GUIDE

INTRODUCTION: HOOK THE READER AND PROVIDE AN OVERVIEW OF THE BLOG POST.

CHAPTER 1: UNDERSTANDING THE LAPLACE TRANSFORM: EXPLAIN THE CONCEPT OF THE LAPLACE TRANSFORM AND ITS
SIGNIFICANCE IN CIRCUIT ANALYSIS.

CHAPTER 2: KEY LAPLACE TRANSFORM PAIRS: LIST AND EXPLAIN IMPORTANT LAPLACE TRANSFORM PAIRS COMMONLY USED IN
CIRCUIT ANALYSIS.

CHAPTER 3: APPLYING LAPLACE TRANSFORM TO CIRCUIT ELEMENTS: EXPLAIN HOW TO APPLY THE LAPLACE TRANSFORM TO
RESISTORS, CAPACITORS, AND INDUCTORS.

CHAPTER 4: SoLVING CIRcUIT PROBLEMS USING LAPLACE TRANSFORM: SHOW STEP-BY-STEP EXAMPLES OF SOLVING CIRCUIT
PROBLEMS USING THE L APLACE TRANSFORM.

CHAPTER 5: ADVANTAGES AND LIMITATIONS: DISCUSS THE ADVANTAGES AND LIMITATIONS OF USING THE L APLACE TRANSFORM
IN CIRCUIT ANALYSIS.

CHAPTER 6: ADVANCED APPLICATIONS: INTRODUCE ADVANCED APPLICATIONS LIKE TRANSFER FUNCTIONS AND BODE PLOTS.
CHAPTER 7: SOFTWARE TOOLS: MENTION HELPFUL SOFTWARE TOOLS FOR CIRCUIT ANALYSIS USING THE LAPLACE TRANSFORM.
CONCLUSION: SUMMARIZE THE KEY TAKEAWAYS AND ENCOURAGE FURTHER LEARNING.

(THE CONTENT ABOVE FULFILLS THE OUTLINE PROVIDED.)

FAQs:

1. \WHAT IS THE DIFFERENCE BETWEEN THE TIME DOMAIN AND THE S-DOMAIN? THE TIME DOMAIN REPRESENTS THE CIRCUIT'S
BEHAVIOR AS A FUNCTION OF TIME, WHILE THE STDOMAIN REPRESENTS IT AS A FUNCTION OF A COMPLEX VARIABLE IS//
SIMPLIFYING ANALYSIS.

1. WHY IS THE LAPLACE TRANSFORM USEFUL IN CIRCUIT ANALYSIS? |T TRANSFORMS COMPLEX DIFFERENTIAL EQUATIONS
INTO SIMPLER ALGEBRAIC EQUATIONS, MAKING CALCULATIONS EASIER.

1. How Do | FIND THE INVERSE L APLACE TRANSFORM? Y OU CAN USE TABLES OF LAPLACE TRANSFORM PAIRS, SOFTW ARE
TOOLS, OR PARTIAL FRACTION DECOMPOSITION.

1. WHAT ARE THE LIMITATIONS OF USING THE LAPLACE TRANSFORM? |T'S MAINLY APPLICABLE TO LINEAR TIME-INVARIANT
SYSTEMS, AND FINDING THE INVERSE TRANSFORM CAN SOMETIMES BE CHALLENGING.

1. WHAT ARE TRANSFER FUNCTIONS? TRANSFER FUNCTIONS DESCRIBE THE RELATIONSHIP BETWEEN THE INPUT AND OUTPUT
OF A SYSTEM IN THE S"DOMAIN.



1. How ARE BODE PLOTS RELATED TO THE LAPLACE TRANSFORM? BODE PLOTS ARE CREATED USING THE TRANSFER
FUNCTION OBTAINED THROUGH THE LAPLACE TRANSFORM, PROVIDING VISUAL REPRESENTATION OF FREQUENCY RESPONSE.

1. WHAT SOFTWARE CAN | USE TO PERFORM LAPLACE TRANSFORMS? MATLAB, MATHEMATICA, L TSPICE, AND MULTISIM
ARE EXAMPLES OF USEFUL SOFT\WARE.

1. CaN | USE THE LAPLACE TRANSFORM FOR NON-LINEAR CIRCUITS? NO, THE L APLACE TRANSFORM IS PRIMARILY FOR LINEAR
TIME-INVARIANT SYSTEMS.

1. W/HERE CAN | FIND MORE RESOURCES TO LEARN ABOUT L APLACE TRANSFORMS? NUMEROUS TEXTBOOKS, ONLINE
COURSES, AND TUTORIALS ARE AVAILABLE.

RELATED ARTICLES:

1. CIRCUIT ANALYSIS FUNDAMENTALS: A BASIC INTRODUCTION TO CIRCUIT THEORY AND FUNDAMENTAL LAWS.

2. KIRcHHOFE's LAWS AND CIRCUIT ANALYSIS: A DETAILED EXPLANATION OF KIRCHHOFF'S LAWS AND THEIR
APPLICATIONS.

3. AC CIRcuUIT ANALYSIS TECHNIQUES: TECHNIQUES FOR ANALYZING CIRCUITS WITH ALTERNATING CURRENT SOURCES.

4. IMPEDANCE AND ADMITTANCE IN AC CIRCUITS: A DEEP DIVE INTO IMPEDANCE AND ADMITTANCE CONCEPTS IN AC CIRCUIT
ANALYSIS.

5. TRrRANSIENT RespoNnse oF RC aND RL CIRCUITS: ANALYSIS OF THE TRANSIENT BEHAVIOR OF SIMPLE RC anD RL
CIRCUITS.

6. BobDE PLOTS AND FREQUENCY RESPONSE: DETAILED EXPLANATION OF BODE PLOTS AND THEIR SIGNIFICANCE.
7. INTRODUCTION TO CONTROL SYSTEMS: AN INTRODUCTION TO CONTROL SYSTEMS AND THEIR APPLICATIONS.

8. Z-TRANSFORM AND ITS APPLICATIONS: AN EXPLANATION OF THE Z-TRANSFORM AND ITS APPLICATIONS IN DISCRETE-
TIME SYSTEMS.

Q. FOURIER TRANSFORM IN SIGNAL PROCESSING: AN OVERVIEW OF THE FOURIER TRANSFORM AND ITS USES IN SIGNAL
PROCESSING.

FRaplace transform for circuit analysis: Transform Circuit Analysis for Engineering and
Technology William D. Stanley, 1968 This book presents the fundamentals of transient circuit and
system analysis with an emphasis on the LaPlace transform and pole-zero approach for analyzing
and interpreting problems. Chapter topics cover introductory considerations, waveform analysis,
circuit parameters, the basic time-domain circuit, LaPlace transform, circuit analysis by LaPlace



transforms, system considerations, the sinusoidal steady state, Fourier analysis, and an introduction
to discrete-time systems. For those individuals in engineering technology or applied engineering
programs.

laplace transform for circuit analysis: Transform Circuit Analysis for Engineering and
Technology William D. Stanley, 2003 This book presents the fundamentals of transient circuit and
system analysis with an emphasis on the LaPlace transform and pole-zero approach for analyzing
and interpreting problems. Chapter topics cover introductory considerations, waveform analysis,
circuit parameters, the basic time-domain circuit, LaPlace transform, circuit analysis by LaPlace
transforms, system considerations, the sinusoidal steady state, Fourier analysis, and an introduction
to discrete-time systems. For those individuals in engineering technology or applied engineering
programs.

laplace transform for circuit analysis: Circuit Analysis For Dummies John Santiago,
2013-04-01 Circuits overloaded from electric circuit analysis? Many universities require that
students pursuing a degree in electrical or computer engineering take an Electric Circuit Analysis
course to determine who will make the cut and continue in the degree program. Circuit Analysis For
Dummies will help these students to better understand electric circuit analysis by presenting the
information in an effective and straightforward manner. Circuit Analysis For Dummies gives you
clear-cut information about the topics covered in an electric circuit analysis courses to help further
your understanding of the subject. By covering topics such as resistive circuits, Kirchhoff's laws,
equivalent sub-circuits, and energy storage, this book distinguishes itself as the perfect aid for any
student taking a circuit analysis course. Tracks to a typical electric circuit analysis course Serves as
an excellent supplement to your circuit analysis text Helps you score high on exam day Whether
you're pursuing a degree in electrical or computer engineering or are simply interested in circuit
analysis, you can enhance you knowledge of the subject with Circuit Analysis For Dummies.

laplace transform for circuit analysis: Circuit Systems with MATLAB and PSpice Won Y.
Yang, 2012-03-02 1. Instead of the conventional method using the general/particular solutions to
solve differential equations for the circuits containing inductors/capacitors, this book lays emphasis
on the Laplace transform method for solving differential equations. We recommend taking the
Laplace transform of electric circuits (containing inductors/capacitors) and setting up the
transformed circuit equations directly in the unified framework (as if they were just made of
resistors and sources) rather than setting up the circuit equations in the form of differential
equations and then taking their Laplace transforms to solve them. The Laplace transform and the
inverse Laplace transform are introduced in the Appendix. 2. This book presents several MATLAB
programs that can be used to get the Laplace transformed solutions, take their inverse Laplace
transforms, and plot the solutions along the time or frequency axis. The MATLAB programs can save
a lot of time and effort for obtaining the solutions in the time domain or frequency domain so that
readers can concentrate on establishing circuit equations, gaining insights to the problems, and
making observations/interpretations of the solutions. 3. This book also introduces step by step how
to use OrCAD/PSpice for circuit simulations. For circuit problems taking much time to solve by hand,
the readers are recommended to use MATLAB and PSpice. This approach gives the readers not only
information about the state of the art, but also self-confidence on the condition that the graphical
solutions obtained by using the two software tools agree with each other. The OrCAD/PSpice is
introduced in the Appendix. However, the portion of MATLAB and PSpice is kept not large lest the
readers should be addicted to just using the software and tempted to neglect the importance of the
basic circuit theory. 4. We make each example show something different from other examples so
that readers can efficiently acquire the essential circuit analysis techniques and gain insights into
the various types of circuits. On the other hand, instead of repeating similar exercise problems, we
make most exercise problems arouse readers’ interest in practical application or help form a view
for circuit application and design. 5. For representative examples, the analytical solutions are
presented together with the results of MATLAB analysis (close to the theory) and PSpice simulation
(close to the experiment) in the form of trinity. We are sure that this style of presentation will




interest many students, attracting their attention to the topics on circuits efficiently. 6. Unlike most
circuit books with a similar title, our book deals with positive-feedback op-amp circuits as well as
negative-feedback op-amp circuits.

laplace transform for circuit analysis: Electric Circuits Gengsheng Lawrence Zeng, Megan
Zeng, 2021-03-21 This textbook serves as a tutorial for engineering students. Fundamental circuit
analysis methods are presented at a level accessible to students with minimal background in
engineering. The emphasis of the book is on basic concepts, using mathematical equations only as
needed. Analogies to everyday life are used throughout the book in order to make the material
easier to understand. Even though this book focuses on the fundamentals, it reveals the authors'
deep insight into the relationship between the phasor, Fourier transform, and Laplace transform,
and explains to students why these transforms are employed in circuit analysis.

laplace transform for circuit analysis: Transients for Electrical Engineers Paul J. Nahin,
2018-07-05 This book offers a concise introduction to the analysis of electrical transients aimed at
students who have completed introductory circuits and freshman calculus courses. While it is
written under the assumption that these students are encountering transient electrical circuits for
the first time, the mathematical and physical theory is not ‘watered-down.’ That is, the analysis of
both lumped and continuous (transmission line) parameter circuits is performed with the use of
differential equations (both ordinary and partial) in the time domain, and the Laplace transform. The
transform is fully developed in the book for readers who are not assumed to have seen it before. The
use of singular time functions (unit step and impulse) is addressed and illustrated through detailed
examples. The appearance of paradoxical circuit situations, often ignored in many textbooks
(because they are, perhaps, considered ‘difficult’ to explain) is fully embraced as an opportunity to
challenge students. In addition, historical commentary is included throughout the book, to combat
the misconception that the material in engineering textbooks was found engraved on Biblical stones,
rather than painstakingly discovered by people of genius who often went down many wrong paths
before finding the right one. MATLAB® is used throughout the book, with simple codes to quickly
and easily generate transient response curves.

laplace transform for circuit analysis: Advanced Electrical Circuit Analysis Mehdi
Rahmani-Andebili, 2021-07-21 This study guide is designed for students taking advanced courses in
electrical circuit analysis. The book includes examples, questions, and exercises that will help
electrical engineering students to review and sharpen their knowledge of the subject and enhance
their performance in the classroom. Offering detailed solutions, multiple methods for solving
problems, and clear explanations of concepts, this hands-on guide will improve student’s
problem-solving skills and basic understanding of the topics covered in electric circuit analysis
courses.

laplace transform for circuit analysis: Introduction to Circuit Analysis and Design Tildon H.
Glisson, 2011-02-18 Introduction to Circuit Analysis and Design takes the view that circuits have
inputs and outputs, and that relations between inputs and outputs and the terminal characteristics
of circuits at input and output ports are all-important in analysis and design. Two-port models, input
resistance, output impedance, gain, loading effects, and frequency response are treated in more
depth than is traditional. Due attention to these topics is essential preparation for design, provides
useful preparation for subsequent courses in electronic devices and circuits, and eases the transition
from circuits to systems.

laplace transform for circuit analysis: Electrical Circuit Analysis Uday A. Bakshi, Late Ajay V.
Bakshi, The importance of Electrical Circuit Analysis is well known in the various engineering fields.
The book provides comprehensive coverage of mesh and node analysis, various network theorems,
analysis of first and second order networks using time and Laplace domain, steady state analysis of
a.c. circuits, coupled circuits and dot conventions, network functions, resonance and two port
network parameters. The book starts with explaining the network simplification techniques
including mesh analysis, node analysis and source shifting. Then the book explains the various
network theorems and concept of duality. The book also covers the solution of first and second order




networks in time domain. The sinusoidal steady state analysis of electrical circuits is also explained
in the book. The book incorporates the discussion of coupled circuits and dot conventions. The
Laplace transform plays an important role in the network analysis. The chapter on Laplace
transform includes properties of Laplace transform and its application in the network analysis. The
book includes the discussion of network functions of one and two port networks. The book
incorporates the detailed discussion of resonant circuits. The book covers the various aspects of two
port network parameters along with the conditions of symmetry and reciprocity. It also derives the
interrelationships between the two port network parameters. The book uses plain and lucid
language to explain each topic. Each chapter gives the conceptual knowledge about the topic
dividing it in various sections and subsections. The book provides the logical method of explaining
the various complicated topics and stepwise methods to make the understanding easy. The variety of
solved examples is the feature of this book. The book explains the philosophy of the subject which
makes the understanding of the subject very clear and makes the subject more interesting.

laplace transform for circuit analysis: Laplace Transforms Mohamed F. El-Hewie,
2013-04-15 This is a revised edition of the chapter on Laplace Transforms, which was published few
years ago in Part II of My Personal Study Notes in advanced mathematics. In this edition, I typed the
cursive scripts of the personal notes, edited the typographic errors, but most of all reproduced all
the calculations and graphics in a modern style of representation. The book is organized into six
chapters equally distributed to address: (1) The theory of Laplace transformations and inverse
transformations of elementary functions, supported by solved examples and exercises with given
answers; (2) Transformation of more complex functions from elementary transformation; (3)
Practical applications of Laplace transformation to equations of motion of material bodies and
deflection, stress, and strain of elastic beams; (4) Solving equations of state of motion of bodies
under inertial and gravitational forces. (5) Solving heat flow equations through various geometrical
bodies; and (6) Solving partial differential equations by the operational algebraic properties of
transforming and inverse transforming of partial differential equations. During the editing process, I
added plenty of comments of the underlying meaning of the arcane equations such that the reader
could discern the practical weight of each mathematical formula. In a way, I attempted to convey a
personal sense and feeling on the significance and philosophy of devising a mathematical equation
that transcends into real-life emulation. The reader will find this edition dense with graphic
illustrations that should spare the reader the trouble of searching other references in order to infer
any missing steps. In my view, detailed graphic illustrations could soothe the harshness of arcane
mathematical jargon, as well as expose the merits of the assumption contemplated in the
formulation. In lieu of offering a dense textbook on Laplace Transforms, I opted to stick to my
personal notes that give the memorable zest of a subject that could easily remembered when not
frequently used. Brief Outline of Contents: CHAPTER 1. THE LAPLACE TRANSFORMATION AND
INVERSE TRANSFORMATION 1.1. Integral transforms 1.2. Some elementary Laplace transforms
1.3. The Laplace transformation of the sum of two functions 1.4. Sectionally or piecewise continuous
functions 1.5. Functions of exponential order 1.7. Null functions 1.8. Inverse Laplace transforms
1.10. Laplace transforms of derivatives 1.11. Laplace transforms of integrals 1.12. The first shift
theorem of multiplying the object function by eat 1.15. Determination of the inverse Laplace
transforms by the aid of partial fractions 1.16. Laplace's solution of linear differential equations with
constant coefficients CHAPTER 2. GENERAL THEOREMS ON THE LAPLACE TRANSFORMATION
2.1. The unit step function 2.2. The second translation or shifting property 2.4. The unit impulse
function 2.5. The unit doublet 2.7. Initial value theorem 2.8. Final value theorem 2.9. Differentiation
of transform 2.11. Integration of transforms 2.12. Transforms of periodic functions 2.13. The product
theorem-Convolution 2.15. Power series method for the determination of transforms and inverse
transforms 2.16. The error function or probability integral 2.22. The inversion integral CHAPTER 3.
ELECTRICAL APPLICATIONS OF THE LAPLACE TRANSFORMATION CHAPTER 4. DYNAMICAL
APPLICATIONS OF LAPLACE TRANSFORMS CHAPTER 5. STRUCTURAL APPLICATIONS 5.1.
Deflection of beams CHAPTER 6. USING LAPLACE TRANSFORMATION IN SOLVING LINEAR



PARTIAL DIFFERENTIAL EQUATIONS 6.1. Transverse vibrations of a stretched string under gravity
6.2. Longitudinal vibrations of bars 6.3. Partial differential equations of transmission lines 6.4.
Conduction of heat 6.5. Exercise on using Laplace Transformation in solving Linear Partial
Differential Equations

laplace transform for circuit analysis: Electronics and Circuit Analysis Using MATLAB John
Okyere Attia, 2018-10-08 The use of MATLAB is ubiquitous in the scientific and engineering
communities today, and justifiably so. Simple programming, rich graphic facilities, built-in functions,
and extensive toolboxes offer users the power and flexibility they need to solve the complex
analytical problems inherent in modern technologies. The ability to use MATLAB effectively has
become practically a prerequisite to success for engineering professionals. Like its best-selling
predecessor, Electronics and Circuit Analysis Using MATLAB, Second Edition helps build that
proficiency. It provides an easy, practical introduction to MATLAB and clearly demonstrates its use
in solving a wide range of electronics and circuit analysis problems. This edition reflects recent
MATLAB enhancements, includes new material, and provides even more examples and exercises.
New in the Second Edition: Thorough revisions to the first three chapters that incorporate additional
MATLAB functions and bring the material up to date with recent changes to MATLAB A new chapter
on electronic data analysis Many more exercises and solved examples New sections added to the
chapters on two-port networks, Fourier analysis, and semiconductor physics MATLAB m-files
available for download Whether you are a student or professional engineer or technician, Electronics
and Circuit Analysis Using MATLAB, Second Edition will serve you well. It offers not only an
outstanding introduction to MATLAB, but also forms a guide to using MATLAB for your specific
purposes: to explore the characteristics of semiconductor devices and to design and analyze
electrical and electronic circuits and systems.

laplace transform for circuit analysis: Circuit Analysis with PSpice Nassir H. Sabah,
2017-04-21 Electric circuits, and their electronic circuit extensions, are found in all electrical and
electronic equipment; including: household equipment, lighting, heating, air conditioning, control
systems in both homes and commercial buildings, computers, consumer electronics, and means of
transportation, such as cars, buses, trains, ships, and airplanes. Electric circuit analysis is essential
for designing all these systems. Electric circuit analysis is a foundation for all hardware courses
taken by students in electrical engineering and allied fields, such as electronics, computer hardware,
communications and control systems, and electric power. This book is intended to help students
master basic electric circuit analysis, as an essential component of their professional education.
Furthermore, the objective of this book is to approach circuit analysis by developing a sound
understanding of fundamentals and a problem-solving methodology that encourages critical
thinking.

laplace transform for circuit analysis: Circuit Analysis with Computer Application to Problem
Solving Someshwar Chander Gupta, Jon W. Bayliss, Behrouz Peikari, 1977

laplace transform for circuit analysis: Linear Circuits Raymond A. DeCarlo, Pen-Min Lin,
2009

laplace transform for circuit analysis: Circuit Analysis II Steven T. Karris, 2003 Designed
for use in a second course in circuit analysis, this text engages a full spectrum of circuit analysis
related subjects ranging from the most abstract to the most practical. Featured are methods of
expressing signals in terms of the elementary functions, an introduction to second order circuits,
and several examples of analysing electric circuits using Laplace transformation methods. Though
not written explicitly to be used with MATLAB, this text provides many useful tips and strategies for
MATLAB, allowing students to get the most out of the popular program. All of the information
provided is designed to be covered in one semester or two quarters.

laplace transform for circuit analysis: Circuit Systems with MATLAB and PSpice Won Y.
Yang, Seung C. Lee, 2008-04-15 Software tools applied to circuit analysis and design are rapidly
evolving, enabling students to move beyond the time-consuming, math-intensive methods of
traditional circuit instruction. By incorporating MATLAB 7.0 and PSpice 10.0, alongside systematic




use of the Laplace transform, Yang and Lee help readers rapidly gain an intuitive understanding of
circuit concepts. Unified scheme using the Laplace transform accelerates comprehension Focuses on
interpreting solutions and evaluating design results, not laborious computation Most examples
illustrated with MATLAB analyses and PSpice simulations Downloadable programs available for
hands-on practice Over 130 problems to reinforce and extend conceptual understanding Includes
expanded coverage of key areas such as: Positive feedback OP Amp circuits Nonlinear resistor
circuit analysis Real world 555 timer circuit examples Power factor correction programs
Three-phase AC power system analysis Two-port parameter conversion Based on decades of
teaching electrical engineering students, Yang and Lee have written this text for a full course in
circuit theory or circuit analysis. Researchers and engineers without extensive electrical engineering
backgrounds will also find this book a helpful introduction to circuit systems.

laplace transform for circuit analysis: Linear Circuit Analysis, Volume I Raymond A.
DeCarlo, Pen-Min Lin, 1995-01 The combined three volumes of these texts cover traditional linear
circuit analysis topics - both concepts and computation - including the use of available software for
problem solution where necessary. This volume discusses topics such as network theorems, and
node and loop analysis.

laplace transform for circuit analysis: Circuit Analysis Demystified David McMahon,
2007-05-22 Here's the sure cure for CIRCUIT PARALYSIS! Need to learn circuit analysis but
experiencing some resistance in your brain waves? No stress! Circuit Analysis Demystified will give
you the jolt you need to understand this complex subject--without getting your circuits crossed. In
the first part of the book, you'll learn the fundamentals such as voltage and current theorems,
Thevenin and Norton's theorems, op amp circuits, capacitance and inductance, and phasor analysis
of circuits. Then you'll move on to more advanced topics including Laplace transforms, three-phase
circuits, filters, Bode plots, and characterization of circuit stability. Featuring end-of-chapter quizzes
and a final exam, this book will have you in a steady state when it comes to circuit analysis in no
time at all. This fast and easy guide offers: Numerous figures to illustrate key concepts Sample
equations with worked solutions Coverage of Kirchhoff's laws, the superposition theorem, Millman's
theorem, and delta-wye transformations Quizzes at the end of each chapter to reinforce learning A
time-saving approach to performing better on an exam or at work Simple enough for a beginner, but
challenging enough for an advanced student, Circuit Analysis Demystified will transform you into a
master of this essential engineering subject.

laplace transform for circuit analysis: Linear Network Theory G. I. Atabekov, 2014-05-09
Linear Network Theory presents the problems of linear network analysis and synthesis. This book
discusses the theory of linear electrical circuits, which is important for developing the scientific
outlook of specialists in radio and electrical engineering. Organized into 13 chapters, this book
begins with an overview of circuit theory that operates with electrical quantities, including voltage,
charge, and current. This text then examines sinusoidal function as the predominant form of a
periodic process in electrical circuits. Other chapters consider the reduction of a series-parallel
network to single equivalent impedance, which is one of the main forms of converting circuit
diagrams often used in practice. The final chapter deals with the Laplace transformation or
operational calculus, which is a combination of methods of mathematical analysis. This book is
intended to be suitable for students in the specialized branches of electrical and radio engineering,
post-graduates, and engineers extending their theoretical knowledge.

laplace transform for circuit analysis: The Laplace Transform Richard Bellman, Robert S.
Roth, 1984 The classical theory of the Laplace Transform can open many new avenues when viewed
from a modern, semi-classical point of view. In this book, the author re-examines the Laplace
Transform and presents a study of many of the applications to differential equations,
differential-difference equations and the renewal equation.

laplace transform for circuit analysis: Schaum’s Qutline of Signals and Systems 3ed.
Hwei P. Hsu, 2013-11-08 Tough Test Questions? Missed Lectures? Not Enough Time? Fortunately,
there's Schaum's. This all-in-one-package includes more than 550 fully solved problems, examples,



and practice exercises to sharpen your problem-solving skills. Plus, you will have access to 20
detailed videos featuring instructors who explain the most commonly tested problems--it's just like
having your own virtual tutor! You'll find everything you need to build confidence, skills, and
knowledge for the highest score possible. More than 40 million students have trusted Schaum's to
help them succeed in the classroom and on exams. Schaum's is the key to faster learning and higher
grades in every subject. Each Outline presents all the essential course information in an
easy-to-follow, topic-by-topic format. You also get hundreds of examples, solved problems, and
practice exercises to test your skills. This Schaum's Outline gives you 571 fully solved problems
Bonus material on matrix theory and complex numbers Support for all the major textbooks for
signals and systems courses Fully compatible with your classroom text, Schaum's highlights all the
important facts you need to know. Use Schaum'’s to shorten your study time--and get your best test
scores! Schaum's Outlines--Problem Solved.

laplace transform for circuit analysis: Engineering Applications of the Laplace
Transform Y.H. Gangadharaiah, N. Sandeep, 2021-08-25 This book is devoted to one of the most
critical areas of applied mathematics, namely the Laplace transform technique for linear time
invariance systems arising from the fields of electrical and mechanical engineering. It focuses on
introducing Laplace transformation and its operating properties, finding inverse Laplace
transformation through different methods, and describing transfer function applications for
mechanical and electrical networks to develop input and output relationships. It also discusses
solutions of initial value problems, the state-variables approach, and the solution of boundary value
problems connected with partial differential equations.

laplace transform for circuit analysis: Electrical Circuits K. C. A. Smith, R. E. Alley,
1992-01-16 Relevant applications to electronics, telecommunications and power systems are
included in a comprehensive introduction to the theory of electronic circuits for physical science
students.

laplace transform for circuit analysis: Fast Analytical Techniques for Electrical and
Electronic Circuits Vatché Vorpérian, 2002-05-23 The only method of circuit analysis known to
most engineers and students is nodal or loop analysis. Although this works well for obtaining
numerical solutions, it is almost useless for obtaining analytical solutions in all but the simplest
cases. In this unusual 2002 book, Vorpérian describes remarkable alternative techniques to solve,
almost by inspection, complicated linear circuits in symbolic form and obtain meaningful analytical
answers for any transfer function or impedance. Although not intended to replace traditional
computer-based methods, these techniques provide engineers with a powerful set of tools for
tackling circuit design problems. They also have great value in enhancing students' understanding of
circuit operation, making this an ideal course book, and numerous problems and worked examples
are included. Originally developed by Professor David Middlebrook and others at Caltech (California
Institute of Technology), the techniques described here are now widely taught at institutions and
companies around the world.

laplace transform for circuit analysis: Analog and Digital Electronic Circuits R. Prasad, 2021
This book introduces the foundations and fundamentals of electronic circuits. It broadly covers the
subjects of circuit analysis, as well as analog and digital electronics. It features discussion of
essential theorems required for simplifying complex circuits and illustrates their applications under
different conditions. Also, in view of the emerging potential of Laplace transform method for solving
electrical networks, a full chapter is devoted to the topic in the book. In addition, it covers the
physics and technical aspects of semiconductor diodes and transistors, as well as discrete-time
digital signals, logic gates, and combinational logic circuits. Each chapter is presented as complete
as possible, without the reader having to refer to any other book or supplementary material.
Featuring short self-assessment questions distributed throughout, along with a large number of
solved examples, supporting illustrations, and chapter-end problems and solutions, this book is ideal
for any physics undergraduate lecture course on electronic circuits. Its use of clear language and
many real-world examples make it an especially accessible book for students unfamiliar or unsure



about the subject matter.

laplace transform for circuit analysis: Advanced Circuit Analysis and Design H Michael
Thomas, 2014-04-08 This book is intended to be a follow on to a basic circuit analysis text that can
be offered in an upper level term. It could also be used by students as supplementary material for
self study and as an additional source of information. Problem solutions are provided for all the
problems in the book in order to provide the student with an extensive source of worked examples.
The book covers advanced circuit analysis using the Laplace transform, system analysis in the
frequency domain using Bode plots, and the design of passive and active filter circuits. Visit author
Facebook Page at: facebook.com/HMichaelThomas.Books

laplace transform for circuit analysis: Circuits, Matrices and Linear Vector Spaces Lawrence
P. Huelsman, 2013-08-16 This high-level text explains the mathematics behind basic circuit theory. It
covers matrix algebra, the basic theory of n-dimensional spaces, and applications to linear systems.
Numerous problems. 1963 edition.

laplace transform for circuit analysis: Mathematics for Electronic Technology D. P. Howson,
2013-10-22 Mathematics for Electronic Technology is a nine-chapter book that begins with the
elucidation of the introductory concepts related to use of mathematics in electronic engineering,
including differentiation, integration, partial differentiation, infinite series, vectors, vector algebra,
and surface, volume and line integrals. Subsequent chapters explore the determinants, differential
equations, matrix analysis, complex variable, topography, graph theory, and numerical analysis used
in this field. The use of Fourier method for harmonic analysis and the Laplace transform is also
described. The material in this book will be very helpful to undergraduates taking an electronic
engineering course.

laplace transform for circuit analysis: The Analysis and Design of Linear Circuits Roland
E. Thomas, Albert J. Rosa, Gregory J. Toussaint, 2023-04-06 THE ANALYSIS AND DESIGN OF
LINEAR CIRCUITS Textbook covering the fundamentals of circuit analysis and design, now with
additional examples, exercises, and problems The Analysis and Design of Linear Circuits, 10th
Edition, taps into engineering students desire to explore, create, and put their learning into practice
by presenting linear circuit theory, with an emphasis on circuit analysis and how to evaluate
competing designs. The text integrates active and passive linear circuits, allowing students to
understand and design a wide range of circuits, solve analytical problems, and devise solutions to
problems. The authors use both phasors and Laplace techniques for AC circuits, enabling better
understanding of frequency response, filters, AC power, and transformers. The authors have
increased the integration of MATLAB® and Multisim in the text and revised content to be up-to-date
with technology when appropriate. The text uses a structured pedagogy where objectives are stated
in each chapter opener and examples and exercises are developed so that the students achieve
mastery of each objective. The available problems revisit each objective and a suite of problems of
increasing complexity task the students to check their understanding. Topics covered in The
Analysis and Design of Linear Circuits, 10th Edition, include: Basic circuit analysis, including
element, connection, combined, and equivalent circuits, voltage and current division, and circuit
reduction Circuit analysis techniques, including node-voltage and mesh-current analysis, linearity
properties, maximum signal transfer, and interface circuit design Signal waveforms, including the
step, exponential, and sinusoidal waveforms, composite waveforms, and waveform partial
descriptors Laplace transforms, including signal waveforms and transforms, basic properties and
pairs, and pole-zero and Bode diagrams Network functions, including network functions of one- and
two-port circuits, impulse response, step response, and sinusoidal response An appendix that lists
typical RLC component values and tolerances along with a number of reference tables and OP AMP
building blocks that are foundational for analysis and design. With an overarching goal of instilling
smart judgment surrounding design problems and innovative solutions, The Analysis and Design of
Linear Circuits, 10th Edition, provides inspiration and motivation alongside an essential knowledge
base. The text is designed for two semesters and is complemented with robust supplementary
material to enhance various pedagogical approaches, including an Instructors Manual which



features an update on how to use the book to complement the 2022-23 ABET accreditation criteria,
73 lesson outlines using the new edition, additional Instructor Problems, and a Solutions Manual.
These resources can be found on the companion website:
https://bcs.wiley.com/he-bcs/Books?action=index&besld=12533&itemId=1119913020.

laplace transform for circuit analysis: Basic Engineering Circuit Analysis ]. David Irwin,
R. Mark Nelms, 2005 Irwin's Basic Engineering Circuit Analysis has built a solid reputation for its
highly accessible presentation, clear explanations, and extensive array of helpful learning aids. Now
in a new eighth edition, this highly accessible book has been fine-tuned and revised, making it more
effective and even easier to use. It covers such topics as resistive circuits, nodal and loop analysis
techniques, capacitance and inductance, AC steady-state analysis, polyphase circuits, the Laplace
transform, two-port networks, and much more.

laplace transform for circuit analysis: DC Electrical Circuit Analysis Mehdi
Rahmani-Andebili, 2020-10-09 This study guide is designed for students taking courses in electrical
circuit analysis. The book includes examples, questions, and exercises that will help electrical
engineering students to review and sharpen their knowledge of the subject and enhance their
performance in the classroom. Offering detailed solutions, multiple methods for solving problems,
and clear explanations of concepts, this hands-on guide will improve student’s problem-solving skills
and basic understanding of the topics covered in electric circuit analysis courses.

laplace transform for circuit analysis: Foundations of Analog and Digital Electronic Circuits
Anant Agarwal, Jeffrey Lang, 2005-07-01 Unlike books currently on the market, this book attempts
to satisfy two goals: combine circuits and electronics into a single, unified treatment, and establish a
strong connection with the contemporary world of digital systems. It will introduce a new way of
looking not only at the treatment of circuits, but also at the treatment of introductory coursework in
engineering in general. Using the concept of "abstraction," the book attempts to form a bridge
between the world of physics and the world of large computer systems. In particular, it attempts to
unify electrical engineering and computer science as the art of creating and exploiting successive
abstractions to manage the complexity of building useful electrical systems. Computer systems are
simply one type of electrical systems.+Balances circuits theory with practical digital electronics
applications.+Illustrates concepts with real devices.+Supports the popular circuits and electronics
course on the MIT OpenCourse Ware from which professionals worldwide study this new
approach.+Written by two educators well known for their innovative teaching and research and
their collaboration with industry.+Focuses on contemporary MOS technology.

laplace transform for circuit analysis: Introduction to Linear Circuit Analysis and Modelling
Luis Moura, Izzat Darwazeh, 2005-03-05 Luis Moura and Izzat Darwazeh introduce linear circuit
modelling and analysis applied to both electrical and electronic circuits, starting with DC and
progressing up to RF, considering noise analysis along the way. Avoiding the tendency of current
textbooks to focus either on the basic electrical circuit analysis theory (DC and low frequency AC
frequency range), on RF circuit analysis theory, or on noise analysis, the authors combine these
subjects into the one volume to provide a comprehensive set of the main techniques for the analysis
of electric circuits in these areas. Taking the subject from a modelling angle, this text brings
together the most common and traditional circuit analysis techniques (e.g. phasor analysis) with
system and signal theory (e.g. the concept of system and transfer function), so students can apply
the theory for analysis, as well as modelling of noise, in a broad range of electronic circuits. A highly
student-focused text, each chapter contains exercises, worked examples and end of chapter
problems, with an additional glossary and bibliography for reference. A balance between concepts
and applications is maintained throughout. Luis Moura is a Lecturer in Electronics at the University
of Algarve. Izzat Darwazeh is Senior Lecturer in Telecommunications at University College, London,
previously at UMIST. - An innovative approach fully integrates the topics of electrical and RF
circuits, and noise analysis, with circuit modelling - Highly student-focused, the text includes
exercises and worked examples throughout, along with end of chapter problems to put theory into
practice



laplace transform for circuit analysis: Signals and Systems Baolong Guo, Juanjuan Zhu,
2018-09-24 A compact overview on signals and systems, with emphasis on analysis of continuous
and discrete systems in time domain. Frequency-domain analysis, transform analysis and state-space
analysis are also discussed in detail. With abundant examples and exercises to facilitate learning, it
is an ideal texts for graduate students and lecturers in signal processing, and communication
engineering.

laplace transform for circuit analysis: Fundamentals of Electric Circuit Theory D
Chattopadhyay | PC Rakshit, 2000-11 This book presents the subject matter in a clear and concise
manner with numerous diagrams and examples

laplace transform for circuit analysis: Complex Variables and the Laplace Transform for
Engineers Wilbur R. LePage, 2012-04-26 Acclaimed text on engineering math for graduate students
covers theory of complex variables, Cauchy-Riemann equations, Fourier and Laplace transform
theory, Z-transform, and much more. Many excellent problems.

laplace transform for circuit analysis: Schaum's Outline of Theory and Problems of
Electric Circuits Joseph A. Edminister, 1995 Textbook for a first course in circuit analysis

laplace transform for circuit analysis: Electric Circuits and Networks K. S. Suresh Kumar,
K. S.. Suresh Kumar, 2009 Electric Circuits and Networks is designed to serve as a textbook for a
two-semester undergraduate course on basic electric circuits and networks. The book builds on the
subject from its basic principles. Spread over seventeen chapters, the book can be taught with
varying degree of emphasis on its six subsections based on the course requirement. Written in a
student-friendly manner, its narrative style places adequate stress on the principles that govern the
behaviour of electric circuits and networks.

laplace transform for circuit analysis: Signals and Systems Using MATLAB Luis F.
Chaparro, Aydin Akan, 2018-10-29 Signals and Systems Using MATLAB, Third Edition, features a
pedagogically rich and accessible approach to what can commonly be a mathematically dry subject.
Historical notes and common mistakes combined with applications in controls, communications and
signal processing help students understand and appreciate the usefulness of the techniques
described in the text. This new edition features more end-of-chapter problems, new content on
two-dimensional signal processing, and discussions on the state-of-the-art in signal processing. -
Introduces both continuous and discrete systems early, then studies each (separately) in-depth -
Contains an extensive set of worked examples and homework assignments, with applications for
controls, communications, and signal processing - Begins with a review on all the background math
necessary to study the subject - Includes MATLAB® applications in every chapter

laplace transform for circuit analysis: Circuits Fawwaz Tayssir Ulaby, Michel M. Maharbiz,
2010
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