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Application Of Laplace Transform In Electrical Engineering The Indispensable Laplace
Transform in Electrical Engineering The Laplace transform is a powerful mathematical
tool that significantly simplifies the analysis and design of linear timeinvariant LTI
systems forming a cornerstone of electrical engineering Unlike timedomain analysis
which directly examines circuit behavior over time the Laplace transform converts
timedomain functions into the complex frequency domain offering significant
advantages in solving complex differential equations that govern circuit behavior This
article will explore its various applications in electrical engineering explaining its
benefits and underlying principles in a readerfriendly manner Understanding the
Laplace Transform The Laplace transform of a function ft denoted as Fs is defined as Fs
Lft ftest dt where s is a complex frequency variable s j where is the real part and is the
imaginary part This transformation effectively translates a functions timedependent
behavior into its frequency characteristics The inverse Laplace transform denoted as L
recovers the original timedomain function from its Laplace transform The beauty of the
Laplace transform lies in its ability to convert differential equations into algebraic
equations drastically simplifying their solution This simplification is crucial in analyzing
complex electrical circuits Key Applications in Electrical Engineering The Laplace
transform finds widespread application across various domains within electrical
engineering including 1 Circuit Analysis Solving Differential Equations Kirchhoffs laws
when applied to circuits containing resistors capacitors and inductors lead to complex
differential equations describing voltage and 2 current variations The Laplace transform
converts these into algebraic equations easily solvable using standard algebraic
techniques Once the solution in the sdomain is found the inverse Laplace transform
yields the timedomain solution Transfer Function Determination The transfer function of
a circuit which relates the output to the input in the frequency domain is readily
obtained using the Laplace transform This allows for the straightforward analysis of a
circuits frequency response stability and gain This is particularly useful for designing
filters and control systems Impedance Calculation The Laplace transform extends the
concept of impedance to the frequency domain allowing for easier calculations involving
complex impedances of capacitors and inductors which vary with frequency This
simplifies the analysis of AC circuits significantly 2 Control Systems Engineering System
Stability Analysis The Laplace transform allows engineers to determine the stability of
control systems by examining the poles and zeros of the systems transfer function The
location of these poles in the complex splane directly dictates the systems stability
characteristics The RouthHurwitz criterion a powerful stability test relies heavily on the
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Laplace transform representation of the system Controller Design Laplace transforms
are integral to designing controllers like PID controllers to achieve desired system
responses By manipulating the transfer function in the sdomain engineers can design
controllers that optimize system performance ensuring stability and desired transient
characteristics 3 Signal Processing Signal Filtering Design and analysis of filters
lowpass highpass bandpass etc are significantly facilitated by using Laplace transforms
The transfer function of a filter directly represents its frequency response allowing for
precise control over which frequency components are passed or attenuated Convolution
Theorem The convolution theorem which simplifies the calculation of the output of a
system given its impulse response and input signal is most efficiently implemented
using the Laplace transform This theorem states that the convolution in the time domain
corresponds to simple multiplication in the frequency domain 4 Power Systems
Transient Analysis Laplace transforms are crucial for analyzing transient phenomena in
3 power systems such as the response to faults or sudden changes in load These
transient events can generate complex waveforms that are more easily analyzed in the
frequency domain Stability Studies Power system stability analysis a critical aspect of
ensuring grid reliability benefits greatly from the use of Laplace transforms in analyzing
the response of the system to disturbances Advantages of Using Laplace Transforms
Simplicity Converts complex differential equations into simpler algebraic equations
Efficiency Provides a systematic and efficient method for solving complex circuit
problems Frequency Domain Analysis Provides insights into the frequency response of
systems crucial for design and optimization Convolution Simplification Transforms
convolution in the time domain to simple multiplication in the frequency domain
Stability Analysis Allows for straightforward stability analysis of linear systems Key
Takeaways The Laplace transform is a fundamental tool in electrical engineering
enabling the efficient analysis and design of linear timeinvariant systems Its ability to
simplify complex differential equations provide frequencydomain insights and facilitate
stability analysis makes it indispensable across numerous applications from circuit
analysis and control systems to signal processing and power systems Mastering the
Laplace transform is essential for any aspiring electrical engineer Frequently Asked
Questions FAQs 1 What are the limitations of the Laplace transform While powerful the
Laplace transform is primarily suited for linear timeinvariant systems Nonlinear
systems require alternative techniques Also the inverse Laplace transform can be
computationally intensive for some complex functions 2 Can the Laplace transform
handle nonlinear circuits No the Laplace transform is primarily applicable to linear
circuits For nonlinear circuits numerical methods or other specialized techniques are
often necessary 3 How is the inverse Laplace transform performed The inverse Laplace
transform can be performed using various methods including contour 4 integration
partial fraction decomposition and looking up inverse transforms in tables Software
packages often handle this computationally intensive task 4 What is the relationship
between the Laplace transform and the Fourier transform The Laplace transform is a
generalization of the Fourier transform The Fourier transform is essentially a special
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case of the Laplace transform where the real part of the complex frequency s is zero s j
5 Are there any software tools that assist with Laplace transform calculations Yes
numerous software packages including MATLAB Mathematica and specialized circuit
simulation tools like LTSpice have builtin functions for performing both forward and
inverse Laplace transforms greatly simplifying the analysis process
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rea s essentials provide quick and easy access to critical information in a variety of
different fields ranging from the most basic to the most advanced as its name implies
these concise comprehensive study guides summarize the essentials of the field covered
essentials are helpful when preparing for exams doing homework and will remain a
lasting reference source for students teachers and professionals laplace transforms
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includes the laplace transform the inverse laplace transform special functions and
properties applications to ordinary linear differential equations fourier transforms
applications to integral and difference equations applications to boundary value
problems and tables

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 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 1 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 book has been primarily written for the student of mathematics who is in the
second year or the early part of the third year of an undergraduate course it will also be
very useful for students of engineering and the physical sciences for whom laplace
transforms continue to be an extremely useful tool the book demands no more than an
elementary knowledge of calculus and linear algebra of the type found in many first
year mathematics modules for applied subjects for mathematics majors and specialists
it is not the mathematics that will be challenging but the applications to the real world
the author is in the privileged position of having spent ten or so years outside
mathematics in an engineering environment where the laplace transform is used in
anger to solve real problems as well as spending rather more years within mathematics
where accuracy and logic are of primary importance this book is written unashamedly
from the point of view of the applied mathematician the laplace transform has a rather
strange place in mathematics there is no doubt that it is a topic worthy of study by
applied mathematicians who have one eye on the wealth of applications indeed it is
often called operational calculus

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
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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

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
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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 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

laplace transforms numerical methods complex variables

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

this introduction to modern operational calculus offers a classic exposition of laplace
transform theory and its application to the solution of ordinary and partial differential
equations the treatment is addressed to graduate students in engineering physics and
applied mathematics and may be used as a primary text or supplementary reading chief
topics include the theorems or rules of the operational calculus evaluation of integrals
and establishment of mathematical relationships derivation of laplace transforms of
various functions the laplace transform for a finite interval and other subjects many
problems and illustrative examples appear throughout the book which is further
augmented by helpful appendixes dover 2014 republication of the 1962 dover revised
edition of modern operational calculus with applications in technical mathematics
macmillan london 1948 see every dover book in print at doverpublications com

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
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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

operational methods have been used for over a century to solve problems such as
ordinary and partial differential equations when solving such problems in many cases it
is fairly easy to obtain the laplace transform while it is very demanding to determine the
inverse laplace transform that is the solution of a given problem sometimes after some
difficult contour integration we may find that a series solution results but this may be
quite difficult to evaluate in order to get an answer at a particular time value the advent
of computers has given an impetus to developing numerical methods for the
determination of the inverse laplace transform 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

in this book there is a strong emphasis on application with the necessary mathematical
grounding there are plenty of worked examples with all solutions provided this enlarged
new edition includes generalised fourier series and a completely new chapter on
wavelets only knowledge of elementary trigonometry and calculus are required as
prerequisites an introduction to laplace transforms and fourier series will be useful for
second and third year undergraduate students in engineering physics or mathematics as
well as for graduates in any discipline such as financial mathematics econometrics and
biological modelling requiring techniques for solving initial value problems

this textbook presents in a unified manner the fundamentals of both continuous and
discrete versions of the fourier and laplace transforms these transforms play an
important role in the analysis of all kinds of physical phenomena as a link between the
various applications of these transforms the authors use the theory of signals and
systems as well as the theory of ordinary and partial differential equations the book is
divided into four major parts periodic functions and fourier series non periodic functions
and the fourier integral switched on signals and the laplace transform and finally the
discrete versions of these transforms in particular the discrete fourier transform
together with its fast implementation and the z transform this textbook is designed for
self study it includes many worked examples together with more than 120 exercises and
will be of great value to undergraduates and graduate students in applied mathematics
electrical engineering physics and computer science

this material represents a collection of integrals of the laplace and inverse laplace
transform type the usef ness of this kind of information as a tool in various branches of
mathematics is firmly established previous publications include the contributions by a
erdelyi and roberts and kaufmann see references special consideration is given to
results involving higher functions as integrand and it is believed that a substantial
amount of them is presented here for the first time greek letters denote complex
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parameters within the given range of validity latin letters denote unless otherwise
stated real positive parameters and a possible extension to complex values by analytic
continuation will often pose no serious problem the authors are indebted to mrs jolan
eross for her tireless effort and patience while typing this manu script oregon state
university corvallis oregon eastern michigan university ypsilanti michigan the authors
contents part i laplace transforms in troduction 1 1 1 general formulas 3 1 2 algebraic
functions 12 1 3 powers of arbitrary order 21 1 4 sectionally rational and rows of delta
functions 28 1 5 exponential functions 37 1 6 logarithmic functions 48 1 7 trigonometric
functions 54 1 8 inverse trigonometric functions 81 1 9 hyperbolic functions 84 1 10
inverse hyperbolic functions 99 1 11 orthogonal polynomials 103 1 12 legendre
functions 113 1 13 bessel functions of order zero and unity 119 1 14 bessel functions
134 1 15 modified bessel functions

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 theory of laplace transformation is an important part of the mathematical
background required for engineers physicists and mathematicians laplace
transformation methods provide easy and effective techniques for solving many
problems arising in various fields of science and engineering especially for solving
differential equations what the laplace transformation does in the field of differential
equations the z transformation achieves for difference equations the two theories are
parallel and have many analogies laplace and z transformations are also referred to as
operational calculus but this notion is also used in a more restricted sense to denote the
operational calculus of mikusinski this book does not use the operational calculus of
mikusinski whose approach is based on abstract algebra and is not readily accessible to
engineers and scientists the symbolic computation capability of mathematica can now
be used in favor of the laplace and z transformations the firstversion of the mathematica
package laplaceandztransforrns developed by the author appeared ten years ago the
package computes not only laplace and z transforms but also includes many routines
from various domains of applications upon loading the package about one hundred and
fifty new commands are added to the built in commands of mathematica the code is
placed in front of the already built in code of laplace and z transformations of
mathematica so that built in functions not covered by the package remain available the
package substantially enhances the laplace and z transformation facilities of
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mathematica the book is mainly designed for readers working in the field of applications

in anglo american literature there exist numerous books devoted to the application of
the laplace transformation in technical domains such as electrotechnics mechanics etc
chiefly they treat problems which in mathematical language are governed by ordi nary
and partial differential equations in various physically dressed forms the theoretical
foundations of the laplace transformation are presented usually only in a simplified
manner presuming special properties with respect to the transformed func tions which
allow easy proofs by contrast the present book intends principally to develop those parts
of the theory of the laplace transformation which are needed by mathematicians
physicists a nd engineers in their daily routine work but in complete generality and with
detailed exact proofs the applications to other mathematical domains and to technical
prob lems are inserted when the theory is adequately developed to present the tools
necessary for their treatment since the book proceeds not in a rigorously systematic
manner but rather from easier to more difficult topics it is suited to be read from the
beginning as a textbook when one wishes to familiarize oneself for the first time with
the laplace transforma tion for those who are interested only in particular details all
results are specified in theorems with explicitly formulated assumptions and assertions
chapters 1 14 treat the question of convergence and the mapping properties of the
laplace transformation the interpretation of the transformation as the mapping of one
function space to another original and image functions constitutes the dom inating idea
of all subsequent considerations
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