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Laplace Transform Solution
"An elegant and amusing account" of how gambling has been reshaped by the
application of science and revealed the truth behind a lucky bet (Wall Street Journal).
For the past 500 years, gamblers-led by mathematicians and scientists-have been
trying to figure out how to pull the rug out from under Lady Luck. In The Perfect Bet,
mathematician and award-winning writer Adam Kucharski tells the astonishing story of
how the experts have succeeded, revolutionizing mathematics and science in the
process. The house can seem unbeatable. Kucharski shows us just why it isn't. Even
better, he demonstrates how the search for the perfect bet has been crucial for the
scientific pursuit of a better world.
First-rate introduction for undergraduates examines first order equations, complexvalued solutions, linear differential operators, the Laplace transform, Picard's existence
theorem, and much more. Includes problems and solutions.
Version 6.0. An introductory course on differential equations aimed at engineers. The
book covers first order ODEs, higher order linear ODEs, systems of ODEs, Fourier
series and PDEs, eigenvalue problems, the Laplace transform, and power series
methods. It has a detailed appendix on linear algebra. The book was developed and
used to teach Math 286/285 at the University of Illinois at Urbana-Champaign, and in
the decade since, it has been used in many classrooms, ranging from small community
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colleges to large public research universities. See https: //www.jirka.org/diffyqs/ for
more information, updates, errata, and a list of classroom adoptions.
Offers unified treatment of conventional and modern continuous and discrete control
theory and demonstrates how to apply the theory to realistic control system design
problems. Along with linear and nonlinear, digital and optimal control systems, it
presents four case studies of actual designs. The majority of solutions contained in the
book and the problems at the ends of the chapters were generated using the
commercial software package, MATLAB, and is available free to the users of the book
by returning a postcard contained with the book to the MathWorks, Inc. This software
also contains the following features/utilities created to enhance MATLAB and several of
the MathWorks' toolboxes: Tutorial File which contains the essentials necessary to
understand the MATLAB interface (other books require additional books for full
comprehension), Demonstration m-file which gives the users a feel for the various
utilities included, OnLine HELP, Synopsis File which reviews and highlights the features
of each chapter.
Elementary Differential EquationsBrooks/Cole Publishing Company
Make sense of these difficult equations Improve your problem-solving skills Practice
with clear, concise examples Score higher on standardized tests and exams Get the
confidence and the skills you need to master differential equations! Need to know how
to solve differential equations? This easy-to-follow, hands-on workbook helps you
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master the basic concepts and work through the types of problems you'll encounter in
your coursework. You get valuable exercises, problem-solving shortcuts, plenty of
workspace, and step-by-step solutions to every equation. You'll also memorize the
most-common types of differential equations, see how to avoid common mistakes, get
tips and tricks for advanced problems, improve your exam scores, and much more!
More than 100 Problems! Detailed, fully worked-out solutions to problems The inside
scoop on first, second, and higher order differential equations A wealth of advanced
techniques, including power series THE DUMMIES WORKBOOK WAY Quick, refresher
explanations Step-by-step procedures Hands-on practice exercises Ample workspace
to work out problems Online Cheat Sheet A dash of humor and fun

Classic graduate-level exposition covers theory and applications to ordinary and
partial differential equations. Includes derivation of Laplace transforms of various
functions, Laplace transform for a finite interval, and more. 1948 edition.
The purpose of this book is to give an introduction to the Laplace transform on
the undergraduate level. The material is drawn from notes for a course taught by
the author at the Milwaukee School of Engineering. Based on classroom
experience, an attempt has been made to (1) keep the proofs short, (2) introduce
applications as soon as possible, (3) concentrate on problems that are difficult to
handle by the older classical methods, and (4) emphasize periodic phenomena.
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To make it possible to offer the course early in the curriculum (after differential
equations), no knowledge of complex variable theory is assumed. However,
since a thorough study of Laplace. transforms requires at least the rudiments of
this theory, Chapter 3 includes a brief sketch of complex variables, with many of
the details presented in Appendix A. This plan permits an introduction of the
complex inversion formula, followed by additional applications. The author has
found that a course taught three hours a week for a quarter can be based on the
material in Chapters 1, 2, and 5 and the first three sections of Chapter 7. If
additional time is available (e.g., four quarter-hours or three semester-hours), the
whole book can be covered easily. The author is indebted to the students at the
Milwaukee School of Engineering for their many helpful comments and criticisms.
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.
The Laplace transform is a wonderful tool for solving ordinary and partial
differential equations and has enjoyed much success in this realm. With its
success, however, a certain casualness has been bred concerning its
application, without much regard for hypotheses and when they are valid. Even
proofs of theorems often lack rigor, and dubious mathematical practices are not
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uncommon in the literature for students. In the present text, I have tried to bring
to the subject a certain amount of mathematical correctness and make it
accessible to un dergraduates. Th this end, this text addresses a number of
issues that are rarely considered. For instance, when we apply the Laplace trans
form method to a linear ordinary differential equation with constant coefficients,
any(n) + an-lY(n-l) + · · · + aoy = f(t), why is it justified to take the Laplace
transform of both sides of the equation (Theorem A. 6)? Or, in many proofs it is
required to take the limit inside an integral. This is always fraught with danger,
especially with an improper integral, and not always justified. I have given
complete details (sometimes in the Appendix) whenever this procedure is
required. IX X Preface Furthermore, it is sometimes desirable to take the Laplace
trans form of an infinite series term by term. Again it is shown that this cannot
always be done, and specific sufficient conditions are established to justify this
operation.
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
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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
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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
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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 Transforms and Partial Differential Equations is an undergraduate and
graduate handy booklet with content which covers some given differential
equations each of which is provided with clear easy- to- understand solution.
This book gives background material on the theory of Laplace transforms,
together with a fairly comprehensive list of methods that are available at the
current time. Computer programs are included for those methods that perform
consistently well on a wide range of Laplace transforms. Operational methods
have been used for over a century to solve problems such as ordinary and partial
differential equations.
The application of the Laplace transformation to the solution of the lateral and
longitudinal stability equations is presented. The expressions for the time history
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of the motion in response to a sinusoidal control motion are derived for the
general case in which the initial conditions, initial displacements and initial
velocities, are assumed different from zero. Some illustrative examples of the
application of the Laplace transform to ordinary linear differential equations with
constant coefficients and a number example of a specific problem are presented
in appendixes.
This monograph presents teaching material in the field of differential equations
while addressing applications and topics in electrical and biomedical engineering
primarily. The book contains problems with varying levels of difficulty, including
Matlab simulations. The target audience comprises advanced undergraduate and
graduate students as well as lecturers, but the book may also be beneficial for
practicing engineers alike.
This introduction to Laplace transforms and Fourier series is aimed at second
year students in applied mathematics. It is unusual in treating Laplace transforms
at a relatively simple level with many examples. Mathematics students do not
usually meet this material until later in their degree course but applied
mathematicians and engineers need an early introduction. Suitable as a course
text, it will also be of interest to physicists and engineers as supplementary
material.
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Homework help! Worked-out solutions to select problems in the text.
The book introduces the fundamentals (principle, structure, characteristics,
classification etc.) of control systems. The dynamic behavior are also illustrated
in detail. The authors also present the time/ frequency/stability/error response
analyses of control system. This book is an essential reference for graduate
students, scientists and practitioner in the research fields of mechanical and
electrical engineering.
One of the first applications of the modern Laplace transform was by Bateman in
1910 who used it to transform Rutherfords equations in his work on radioactive
decay. The modeling of complex engineering and physical problems by linear
differential equations has made the Laplace transform an indispensable
mathematical tool for engineers and scientists. The method of Laplace transform
for solving linear differential equations is very popular in the disciplines of
electrical engineering, environmental engineering, hydrology, and petroleum
engineering. This book presents some applications of Laplace transforms in
these disciplines. Algorithms for the numerical inversion of Laplace transform are
given, and a computer program in R for the Stehfest algorithm is included.
The fun and easy way to understand and solve complex equations Many of the
fundamental laws of physics, chemistry, biology, and economics can be
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formulated as differential equations. This plain-English guide explores the many
applications of this mathematical tool and shows how differential equations can
help us understand the world around us. Differential Equations For Dummies is
the perfect companion for a college differential equations course and is an ideal
supplemental resource for other calculus classes as well as science and
engineering courses. It offers step-by-step techniques, practical tips, numerous
exercises, and clear, concise examples to help readers improve their differential
equation-solving skills and boost their test scores.
This is the eBook of the printed book and may not include any media, website
access codes, or print supplements that may come packaged with the bound
book. For sophomore/junior-level signals and systems courses in Electrical and
Computer Engineering departments. Signals, Systems, and Transforms, Fourth
Edition is ideal for electrical and computer engineers. The text provides a clear,
comprehensive presentation of both the theory and applications in signals,
systems, and transforms. It presents the mathematical background of signals and
systems, including the Fourier transform, the Fourier series, the Laplace
transform, the discrete-time and the discrete Fourier transforms, and the ztransform. The text integrates MATLAB examples into the presentation of signal
and system theory and applications.
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Book 6 in the Princeton Mathematical Series. Originally published in 1941. The
Princeton Legacy Library uses the latest print-on-demand technology to again
make available previously out-of-print books from the distinguished backlist of
Princeton University Press. These editions preserve the original texts of these
important books while presenting them in durable paperback and hardcover
editions. The goal of the Princeton Legacy Library is to vastly increase access to
the rich scholarly heritage found in the thousands of books published by
Princeton University Press since its founding in 1905.
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.
Each Problem Solver is an insightful and essential study and solution guide
chock-full of clear, concise problem-solving gems. All your questions can be
found in one convenient source from one of the most trusted names in reference
solution guides. More useful, more practical, and more informative, these study
aids are the best review books and textbook companions available. Nothing
remotely as comprehensive or as helpful exists in their subject anywhere. Perfect
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for undergraduate and graduate studies. Here in this highly useful reference is
the finest overview of differential equations currently available, with hundreds of
differential equations problems that cover everything from integrating factors and
Bernoulli's equation to variation of parameters and undetermined coefficients.
Each problem is clearly solved with step-by-step detailed solutions. DETAILS The PROBLEM SOLVERS are unique - the ultimate in study guides. - They are
ideal for helping students cope with the toughest subjects. - They greatly simplify
study and learning tasks. - They enable students to come to grips with difficult
problems by showing them the way, step-by-step, toward solving problems. As a
result, they save hours of frustration and time spent on groping for answers and
understanding. - They cover material ranging from the elementary to the
advanced in each subject. - They work exceptionally well with any text in its field.
- PROBLEM SOLVERS are available in 41 subjects. - Each PROBLEM SOLVER
is prepared by supremely knowledgeable experts. - Most are over 1000 pages. PROBLEM SOLVERS are not meant to be read cover to cover. They offer
whatever may be needed at a given time. An excellent index helps to locate
specific problems rapidly. TABLE OF CONTENTS Introduction Units Conversion
Factors Chapter 1: Classification of Differential Equations Chapter 2: Separable
Differential Equations Variable Transformation u = ax + by Variable
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Transformation y = vx Chapter 3: Exact Differential Equations Definitions and
Examples Solving Exact Differential Equations Making a Non-exact Differential
Equation Exact Chapter 4: Homogenous Differential Equations Identifying
Homogenous Differential Equations Solving Homogenous Differential Equations
by Substitution and Separation Chapter 5: Integrating Factors General Theory of
Integrating Factors Equations of Form dy/dx + p(x)y = q(x) Grouping to Simplify
Solutions Solution Directly From M(x, y)dx + N(x, y)dy = 0 Chapter 6: Method of
Grouping Chapter 7: Linear Differential Equations Integrating Factors Bernoulli's
Equation Chapter 8: Riccati's Equation Chapter 9: Clairaut's Equation
Geometrical Construction Problems Chapter 10: Orthogonal Trajectories
Elimination of Constants Orthogonal Trajectories Differential Equations Derived
from Considerations of Analytical Geometry Chapter 11: First Order Differential
Equations: Applications I Gravity and Projectile Hooke's Law, Springs Angular
Motion Over-hanging Chain Chapter 12: First Order Differential Equations:
Applications II Absorption of Radiation Population Dynamics Radioactive Decay
Temperature Flow from an Orifice Mixing Solutions Chemical Reactions
Economics One-Dimensional Neutron Transport Suspended Cable Chapter 13:
The Wronskian and Linear Independence Determining Linear Independence of a
Set of Functions Using the Wronskian in Solving Differential Equations Chapter
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14: Second Order Homogenous Differential Equations with Constant Coefficients
Roots of Auxiliary Equations: Real Roots of Auxiliary: Complex Initial Value
Higher Order Differential Equations Chapter 15: Method of Undetermined
Coefficients First Order Differential Equations Second Order Differential
Equations Higher Order Differential Equations Chapter 16: Variation of
Parameters Solution of Second Order Constant Coefficient Differential Equations
Solution of Higher Order Constant Coefficient Differential Equations Solution of
Variable Coefficient Differential Equations Chapter 17: Reduction of Order
Chapter 18: Differential Operators Algebra of Differential Operators Properties of
Differential Operators Simple Solutions Solutions Using Exponential Shift
Solutions by Inverse Method Solution of a System of Differential Equations
Chapter 19: Change of Variables Equation of Type (ax + by + c)dx + (dx + ey +
f)dy = 0 Substitutions for Euler Type Differential Equations Trigonometric
Substitutions Other Useful Substitutions Chapter 20: Adjoint of a Differential
Equation Chapter 21: Applications of Second Order Differential Equations
Harmonic Oscillator Simple Pendulum Coupled Oscillator and Pendulum Motion
Beam and Cantilever Hanging Cable Rotational Motion Chemistry Population
Dynamics Curve of Pursuit Chapter 22: Electrical Circuits Simple Circuits RL
Circuits RC Circuits LC Circuits Complex Networks Chapter 23: Power Series
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Some Simple Power Series Solutions May Be Expanded Finding Power Series
Solutions Power Series Solutions for Initial Value Problems Chapter 24: Power
Series about an Ordinary Point Initial Value Problems Special Equations Taylor
Series Solution to Initial Value Problem Chapter 25: Power Series about a
Singular Point Singular Points and Indicial Equations Frobenius Method Modified
Frobenius Method Indicial Roots: Equal Special Equations Chapter 26: Laplace
Transforms Exponential Order Simple Functions Combination of Simple
Functions Definite Integral Step Functions Periodic Functions Chapter 27:
Inverse Laplace Transforms Partial Fractions Completing the Square Infinite
Series Convolution Chapter 28: Solving Initial Value Problems by Laplace
Transforms Solutions of First Order Initial Value Problems Solutions of Second
Order Initial Value Problems Solutions of Initial Value Problems Involving Step
Functions Solutions of Third Order Initial Value Problems Solutions of Systems of
Simultaneous Equations Chapter 29: Second Order Boundary Value Problems
Eigenfunctions and Eigenvalues of Boundary Value Problem Chapter 30: SturmLiouville Problems Definitions Some Simple Solutions Properties of SturmLiouville Equations Orthonormal Sets of Functions Properties of the Eigenvalues
Properties of the Eigenfunctions Eigenfunction Expansion of Functions Chapter
31: Fourier Series Properties of the Fourier Series Fourier Series Exppansions
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Sine and Cosine Expansions Chapter 32: Bessel and Gamma Functions
Properties of the Gamma Function Solutions to Bessel's Equation Chapter 33:
Systems of Ordinary Differential Equations Converting Systems of Ordinary
Differential Equations Solutions of Ordinary Differential Equation Systems Matrix
Mathematics Finding Eigenvalues of a Matrix Converting Systems of Ordinary
Differential Equations into Matrix Form Calculating the Exponential of a Matrix
Solving Systems by Matrix Methods Chapter 34: Simultaneous Linear Differential
Equations Definitions Solutions of 2 x 2 Systems Checking Solution and Linear
Independence in Matrix Form Solution of 3 x 3 Homogenous System Solution of
Non-homogenous System Chapter 35: Method of Perturbation Chapter 36: NonLinear Differential Equations Reduction of Order Dependent Variable Missing
Independent Variable Missing Dependent and Independent Variable Missing
Factorization Critical Points Linear Systems Non-Linear Systems Liapunov
Function Analysis Second Order Equation Perturbation Series Chapter 37:
Approximation Techniques Graphical Methods Successive Approximation Euler's
Method Modified Euler's Method Chapter 38: Partial Differential Equations
Solutions of General Partial Differential Equations Heat Equation Laplace's
Equation One-Dimensional Wave Equation Chapter 39: Calculus of Variations
Index WHAT THIS BOOK IS FOR Students have generally found differential
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equations a difficult subject to understand and learn. Despite the pub.
Applied Engineering Analysis Tai-Ran Hsu, San Jose State University, USA A resource
book applying mathematics to solve engineering problems Applied Engineering
Analysis is a concise textbookwhich demonstrates how toapply mathematics to solve
engineering problems. It begins with an overview of engineering analysis and an
introduction to mathematical modeling, followed by vector calculus, matrices and linear
algebra, and applications of first and second order differential equations. Fourier series
and Laplace transform are also covered, along with partial differential equations,
numerical solutions to nonlinear and differential equations and an introduction to finite
element analysis. The book also covers statistics with applications to design and
statistical process controls. Drawing on the author’s extensive industry and teaching
experience, spanning 40 years, the book takes a pedagogical approach and includes
examples, case studies and end of chapter problems. It is also accompanied by a
website hosting a solutions manual and PowerPoint slides for instructors. Key features:
Strong emphasis on deriving equations, not just solving given equations, for the
solution of engineering problems. Examples and problems of a practical nature with
illustrations to enhance student’s self-learning. Numerical methods and techniques,
including finite element analysis. Includes coverage of statistical methods for
probabilistic design analysis of structures and statistical process control (SPC). Applied
Engineering Analysis is a resource book for engineering students and professionals to
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learn how to apply the mathematics experience and skills that they have already
acquired to their engineering profession for innovation, problem solving, and decision
making.
New edition of a text intended primarily for the undergraduate courses on the subject
which are frequently found in electrical engineering curricula--but the concepts and
techniques it covers are also of fundamental importance in other engineering
disciplines. The book is structured to develop in parallel the methods of analysis for
continuous-time and discrete-time signals and systems, thus allowing exploration of
their similarities and differences. Discussion of applications is emphasized, and
numerous worked examples are included. Annotation copyrighted by Book News, Inc.,
Portland, OR
Acclaimed text on essential engineering mathematics covers theory of complex
variables, Cauchy-Riemann equations, conformal mapping, and multivalued functions,
plus Fourier and Laplace transform theory, with applications to engineering, including
integrals, linear integrodifferential equations, Z-transform, more. Ideal for home study
as well as graduate engineering courses, this volume includes many problems.
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
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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.
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
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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 selfconfidence 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.
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