calculus polynomials

calculus polynomials play a crucial role in the fields of mathematics and
engineering, serving as fundamental building blocks in various applications.
Understanding calculus polynomials is essential for students and
professionals alike, as they facilitate the analysis of rates of change,
motion, and optimization problems. This article delves into the intricate
relationship between calculus and polynomials, exploring their definitions,
properties, and applications in calculus. Additionally, we will discuss
methods for differentiation and integration of polynomials, along with
practical examples that highlight their significance in real-world scenarios.
By the end of this article, readers will have a comprehensive understanding
of calculus polynomials and their utility.
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Introduction to Calculus Polynomials

Calculus polynomials are expressions that combine polynomial functions with
the principles of calculus. A polynomial is a mathematical expression
consisting of variables raised to whole number exponents and coefficients. In
calculus, polynomials are commonly used due to their simplicity and ease of
manipulation. They serve as the foundation for more complex functions and are
essential in various calculations involving limits, derivatives, and
integrals.

The study of calculus polynomials encompasses several key concepts, including
the definition of polynomials, the process of differentiation, and the
techniques for integration. Each of these topics is vital for understanding
how polynomials behave in a calculus context. Furthermore, their applications
span numerous fields, from physics to economics, illustrating their
versatility and importance.



Understanding Polynomials

Polynomials are algebraic expressions that can be classified based on their
degree and the number of terms they contain. A polynomial can generally be
expressed in the form:

P(x) =anx™ +a (n-1) x*n-1) + ... +alx+ a0
where:

e P(x) is the polynomial function.

ean, a(n-1), ..., al, a0 are coefficients, with a n # 0.

X represents the variable.

en is a non-negative integer indicating the degree of the polynomial.

Types of Polynomials

Polynomials can be categorized into several types based on their
characteristics:

e Monomial: A polynomial with a single term, such as 3x"2.
e Binomial: A polynomial with two terms, such as x"2 + 5.

e Trinomial: A polynomial with three terms, such as x"2 + 2x + 1.

e Quadratic: A polynomial of degree 2, typically in the form ax™2 + bx +
C.

e Cubic: A polynomial of degree 3, represented as ax™3 + bx"2 + cx + d.

Understanding these different types of polynomials is essential when applying
calculus to analyze their behavior.

Calculus and Its Relation to Polynomials

Calculus, a branch of mathematics, focuses on change and motion. It provides
tools for analyzing functions and their rates of change. When it comes to
polynomials, calculus offers two main operations: differentiation and
integration. Both operations allow for the exploration of polynomial
behavior, helping to solve various mathematical problems.



Limits and Continuity

In calculus, limits are foundational concepts that describe the behavior of
functions as they approach a particular point. Polynomials, being continuous
functions, are particularly straightforward to analyze in this context. The
limit of a polynomial function as x approaches a specific value can often be
found by direct substitution.

Functions and Graphing

The graphical representation of polynomials is another important aspect of
calculus. Understanding how polynomials behave graphically helps in
visualizing their properties, such as roots and turning points. Calculus
provides the tools to analyze these features, including finding local maxima
and minima through differentiation.

Differentiation of Polynomials

Differentiation is a fundamental operation in calculus that measures how a
function changes as its input changes. For polynomials, the differentiation
process is straightforward and follows specific rules.

Power Rule

The power rule is a key principle used when differentiating polynomials. It
states that if f(x) = x”n, then the derivative f'(x) is given by:

f'(x) = n x~(n-1)

Using this rule, we can differentiate a polynomial term by term. For example,
if we have the polynomial P(x) = 3x™3 + 2x™2 + x + 5, its derivative is
calculated as follows:

P'(x) = 3(3)x™(3-1) + 2(2)x™(2-1) + 1(1)x~(1-1) + 0 = 9x"2 + 4x + 1

Higher-Order Derivatives

In addition to the first derivative, higher-order derivatives can also be
calculated. The second derivative, for example, provides information about
the concavity of the polynomial function.

Integration of Polynomials

Integration is the reverse process of differentiation and is used to find the
area under curves represented by functions. For polynomials, integration can



also be performed using straightforward rules.

Power Rule for Integration

Similar to differentiation, integration follows a power rule. If f(x) = x"n,
then the integral of f(x) is given by:

[f(x) dx = (1/(n+1)) x~(n+l) + C

where C is the constant of integration. For example, integrating the
polynomial P(x) = 3x™3 + 2x"2 + X + 5 yields:

JP(x) dx = (3/4)x™4 + (2/3)x™3 + (1/2)x™2 + 5x + C

Definite Integrals

Definite integrals allow us to calculate the exact area under a polynomial
curve between two specified points. This is particularly useful in
applications such as physics and economics, where one needs to evaluate
guantities like displacement or total cost over an interval.

Applications of Calculus Polynomials

Calculus polynomials are widely used in various fields, including physics,
engineering, economics, and biology. Their applications are crucial for
modeling real-world scenarios and solving complex problems.

Physics

In physics, polynomials are often used to describe motion. For example, the
position of an object can be expressed as a polynomial function of time,
allowing for the calculation of velocity and acceleration through
differentiation.

Economics

In economics, polynomials can model cost and revenue functions. By
differentiating these functions, one can determine marginal costs and
revenues, helping businesses make informed decisions.

Engineering

Engineers utilize polynomials in various design equations and optimization
problems. Calculating structural loads and optimizing materials often
involves polynomial functions, making calculus an essential tool in



engineering design.

Conclusion

In summary, calculus polynomials are a fundamental aspect of both calculus
and algebra, providing essential tools for analysis and problem-solving
across various disciplines. Their significance lies in their simplicity and
versatility, making them applicable in numerous real-world scenarios. By
understanding the properties and applications of calculus polynomials,
individuals can enhance their mathematical skills and apply these concepts
effectively in their respective fields.

FAQ Section

Q: What are calculus polynomials?

A: Calculus polynomials are mathematical expressions that combine polynomial
functions with calculus principles, particularly differentiation and
integration. They are used to analyze rates of change and optimize functions.

Q: How do you differentiate a polynomial?

A: To differentiate a polynomial, you apply the power rule, which states that
if f(x) = x”n, then the derivative f'(x) = n x~(n-1). You can differentiate
each term of the polynomial separately.

Q: What is the significance of the degree of a
polynomial?

A: The degree of a polynomial indicates the highest power of the variable in
the expression. It provides important information about the polynomial's
behavior, such as the number of roots and the end behavior of its graph.

Q: How do you integrate a polynomial?

A: To integrate a polynomial, you apply the power rule for integration, which
states that [x*n dx = (1/(n+1)) x~(n+l) + C, where C is the constant of
integration. Each term is integrated individually.

Q: What are some real-world applications of calculus



polynomials?

A: Calculus polynomials are used in physics to model motion, in economics to
analyze cost and revenue functions, and in engineering for optimizing designs
and calculating loads.

Q: Can all polynomials be differentiated and
integrated using the same rules?

A: Yes, all polynomials can be differentiated and integrated using the power
rule, making these processes relatively straightforward for any polynomial
expression.

Q: What is the relationship between polynomials and
limits in calculus?

A: Polynomials are continuous functions, which means their limits can often
be evaluated by direct substitution. This property simplifies many
calculations involving limits in calculus.

Q: How do higher-order derivatives of polynomials
help in analysis?

A: Higher-order derivatives provide insights into the behavior of polynomial
functions, such as concavity and points of inflection. They are useful for
identifying local minima and maxima in optimization problems.

Q: What is the importance of continuity in
polynomial functions?

A: Continuity in polynomial functions ensures that there are no breaks,
jumps, or holes in their graphs. This property is vital for applying calculus
concepts like limits and integrals effectively.
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Brandén, Mikael Passare, Mihai Putinar, 2011-09-01 The book consists of solicited articles from a
select group of mathematicians and physicists working at the interface between positivity and the
geometry, combinatorics or analysis of polynomials of one or several variables. It is dedicated to the
memory of Julius Borcea (1968-2009), a distinguished mathematician, Professor at the University of
Stockholm. With his extremely original contributions and broad vision, his impact on the topics of
the planned volume cannot be underestimated. All contributors knew or have exchanged ideas with
Dr. Borcea, and their articles reflect, at least partially, his heritage.

calculus polynomials: Polynomials Akos Pintér, 2021-09-03 Polynomials play a crucial role in
many areas of mathematics including algebra, analysis, number theory, and probability theory. They
also appear in physics, chemistry, and economics. Especially extensively studied are certain infinite
families of polynomials. Here, we only mention some examples: Bernoulli, Euler, Gegenbauer,
trigonometric, and orthogonal polynomials and their generalizations. There are several approaches
to these classical mathematical objects. This Special Issue presents nine high quality research
papers by leading researchers in this field. I hope the reading of this work will be useful for the new
generation of mathematicians and for experienced researchers as well.

calculus polynomials: Polynomials E.]J. Barbeau, 2003-10-09 The book extends the high school
curriculum and provides a backdrop for later study in calculus, modern algebra, numerical analysis,
and complex variable theory. Exercises introduce many techniques and topics in the theory of
equations, such as evolution and factorization of polynomials, solution of equations, interpolation,
approximation, and congruences. The theory is not treated formally, but rather illustrated through
examples. Over 300 problems drawn from journals, contests, and examinations test understanding,
ingenuity, and skill. Each chapter ends with a list of hints; there are answers to many of the
exercises and solutions to all of the problems. In addition, 69 explorations invite the reader to
investigate research problems and related topics.

calculus polynomials: Polynomial Sequences Francesco Aldo Costabile, Maria Italia
Gualtieri, Anna Napoli, 2023-12-18 Polynomials are useful mathematical tools. They are simply
defined and can be calculated quickly on computer systems. They can be differentiated and
integrated easily and can be pieced together to form spline curves. After Weierstrass approximation
Theorem, polynomial sequences have acquired considerable importance not only in the various
branches of Mathematics, but also in Physics, Chemistry and Engineering disciplines. There is a
wide literature on specific polynomial sequences. But there is no literature that attempts a
systematic exposition of the main basic methods for the study of a generic polynomial sequence and,
at the same time, gives an overview of the main polynomial classes and related applications, at least
in numerical analysis. In this book, through an elementary matrix calculus-based approach, an
attempt is made to fill this gap by exposing dated and very recent results, both theoretical and
applied.

calculus polynomials: Mathematical Analysis and Numerical Methods Aliaa Burgan, Rania
Saadeh, Ahmad Qazza, Osama Yusuf Ababneh, Juan C. Cortés, Kai Diethelm, Dia Zeidan, 2024-10-05
This book presents a thoughtful compilation of chapters derived from the proceedings of the 8th
International Arab Conference on Mathematics and Computations (IACMC 2023), held at Zarqga
University in Zarqa, Jordan, from 10-12 May 2023. Encompassing a broad spectrum of themes
crucial to contemporary research and development, the book delved into subjects ranging from
partial and differential equations to fractional calculus, from probability and statistics to graph
theory, and from approximation theory to nonlinear dynamics. Moreover, it explores pivotal areas
such as numerical analysis and methods, as well as fostering interdisciplinary mathematical
research initiatives. Building upon the legacy of its predecessors, IACMC 2023 served as a premier
platform for scholars, researchers and industry professionals to converge and exchange insights on a
myriad of cutting-edge advancements and practical applications within the realm of mathematical
sciences. This volume encapsulates the essence of IACMC 2023, offering readers a comprehensive
overview of the latest breakthroughs and trends in mathematical sciences while serving as a
testament to the collaborative spirit and intellectual vigor that define this esteemed conference



series.

calculus polynomials: Integers, Polynomials, and Rings Ronald S. Irving, 2004-01-08 This
book began life as a set of notes that I developed for a course at the University of Washington
entitled Introduction to Modern Algebra for Tea- ers. Originally conceived as a text for future
secondary-school mathematics teachers, it has developed into a book that could serve well as a text
in an - dergraduatecourseinabstractalgebraoracoursedesignedasanintroduction to higher
mathematics. This book di?ers from many undergraduate algebra texts in fundamental ways; the
reasons lie in the book’s origin and the goals I set for the course. The course is a two-quarter
sequence required of students intending to f- ?1l the requirements of the teacher preparation option
for our B.A. degree in mathematics, or of the teacher preparation minor. It is required as well of
those intending to matriculate in our university’s Master’s in Teaching p- gram for secondary
mathematics teachers. This is the principal course they take involving abstraction and proof, and
they come to it with perhaps as little background as a year of calculus and a quarter of linear
algebra. The mathematical ability of the students varies widely, as does their level of ma- ematical
interest.

calculus polynomials: Space in Weak Propositional Proof Systems Ilario Bonacina,
2018-01-11 This book considers logical proof systems from the point of view of their space
complexity. After an introduction to propositional proof complexity the author structures the book
into three main parts. Part I contains two chapters on resolution, one containing results already
known in the literature before this work and one focused on space in resolution, and the author then
moves on to polynomial calculus and its space complexity with a focus on the combinatorial
technique to prove monomial space lower bounds. The first chapter in Part II addresses the proof
complexity and space complexity of the pigeon principles. Then there is an interlude on a new type
of game, defined on bipartite graphs, essentially independent from the rest of the book, collecting
some results on graph theory. Finally Part III analyzes the size of resolution proofs in connection
with the Strong Exponential Time Hypothesis (SETH) in complexity theory. The book is appropriate
for researchers in theoretical computer science, in particular computational complexity.

calculus polynomials: Handbook of Satisfiability A. Biere, H. van Maaren, 2021-05-05
Propositional logic has been recognized throughout the centuries as one of the cornerstones of
reasoning in philosophy and mathematics. Over time, its formalization into Boolean algebra was
accompanied by the recognition that a wide range of combinatorial problems can be expressed as
propositional satisfiability (SAT) problems. Because of this dual role, SAT developed into a mature,
multi-faceted scientific discipline, and from the earliest days of computing a search was underway to
discover how to solve SAT problems in an automated fashion. This book, the Handbook of
Satisfiability, is the second, updated and revised edition of the book first published in 2009 under
the same name. The handbook aims to capture the full breadth and depth of SAT and to bring
together significant progress and advances in automated solving. Topics covered span practical and
theoretical research on SAT and its applications and include search algorithms, heuristics, analysis
of algorithms, hard instances, randomized formulae, problem encodings, industrial applications,
solvers, simplifiers, tools, case studies and empirical results. SAT is interpreted in a broad sense, so
as well as propositional satisfiability, there are chapters covering the domain of quantified Boolean
formulae (QBF), constraints programming techniques (CSP) for word-level problems and their
propositional encoding, and satisfiability modulo theories (SMT). An extensive bibliography
completes each chapter. This second edition of the handbook will be of interest to researchers,
graduate students, final-year undergraduates, and practitioners using or contributing to SAT, and
will provide both an inspiration and a rich resource for their work. Edmund Clarke, 2007 ACM
Turing Award Recipient: SAT solving is a key technology for 21st century computer science. Donald
Knuth, 1974 ACM Turing Award Recipient: SAT is evidently a killer app, because it is key to the
solution of so many other problems. Stephen Cook, 1982 ACM Turing Award Recipient: The SAT
problem is at the core of arguably the most fundamental question in computer science: What makes
a problem hard?



calculus polynomials: Nonselfadjoint Operators and Related Topics A. Feintuch, I.
Gohberg, 2012-12-06 Our goal is to find Grabner bases for polynomials in four different sets of
expressions: 1 x-, (1 -x)-1 (RESOL) X, 1 x- (1 - xy)-1 (EB) X, , y-1, (1-yx)-1y, (1 y)-1 (1-x)-1 (preNF)
(EB) plus and (1 - xy)1/2 (1 - yx )1/2 (NF) (preNF) plus and Most formulas in the theory of the
Nagy-Foias operator model [NF] are polynomials in these expressions where x = T and y = T*.
Complicated polynomials can often be simplified by applying replacement rules. For example, the
polynomial (1 - xy)-2 - 2xy(1-xy)-2 + xy2 (1 - xy)-2 -1 simplifies to O. This can be seen by three
applications of the replacement rule (1-xy) -1 xy -t (1 - xy)-1 -1 which is true because of the definition
of (1-xy)-1. A replacement rule consists of a left hand side (LHS) and a right hand side (RHS). The
LHS will always be a monomial. The RHS will be a polynomial whose terms are simpler (in a sense to
be made precise) than the LHS. An expression is reduced by repeatedly replacing any occurrence of
a LHS by the corresponding RHS. The monomials will be well-ordered, so the reduction procedure
will terminate after finitely many steps. Our aim is to provide a list of substitution rules for the
classes of expressions above. These rules, when implemented on a computer, provide an efficient
automatic simplification process. We discuss and define the ordering on monomials later.

calculus polynomials: Abstract Algebra Gary L. Mullen, James A. Sellers, 2016-12-19 Abstract
Algebra: A Gentle Introduction advantages a trend in mathematics textbook publishing towards
smaller, less expensive and brief introductions to primary courses. The authors move away from the
‘everything for everyone’ approach so common in textbooks. Instead, they provide the reader with
coverage of numerous algebraic topics to cover the most important areas of abstract algebra.
Through a careful selection of topics, supported by interesting applications, the authors Intend the
book to be used for a one-semester course in abstract algebra. It is suitable for an introductory
course in for mathematics majors. The text is also very suitable for education majors who need to
have an introduction to the topic. As textbooks go through various editions and authors employ the
suggestions of numerous well-intentioned reviewers, these book become larger and larger and
subsequently more expensive. This book is meant to counter that process. Here students are given a
gentle introduction, meant to provide enough for a course, yet also enough to encourage them
toward future study of the topic. Features Groups before rings approach Interesting modern
applications Appendix includes mathematical induction, the well-ordering principle, sets, functions,
permutations, matrices, and complex nubers. Numerous exercises at the end of each section Chapter
Hint and Partial Solutions offers built in solutions manual

calculus polynomials: A Concrete Approach to Abstract Algebra Jeffrey Bergen,
2009-12-28 A Concrete Approach to Abstract Algebra presents a solid and highly accessible
introduction to abstract algebra by providing details on the building blocks of abstract algebra.lt
begins with a concrete and thorough examination of familiar objects such as integers, rational
numbers, real numbers, complex numbers, complex conjugation, and polynomials. The author then
builds upon these familiar objects and uses them to introduce and motivate advanced concepts in
algebra in a manner that is easier to understand for most students. Exercises provide a balanced
blend of difficulty levels, while the quantity allows the instructor a latitude of choices. The final four
chapters present the more theoretical material needed for graduate study.This text will be of
particular interest to teachers and future teachers as it links abstract algebra to many topics which
arise in courses in algebra, geometry, trigonometry, precalculus, and calculus. - Presents a more
natural 'rings first' approach to effectively leading the student into the the abstract material of the
course by the use of motivating concepts from previous math courses to guide the discussion of
abstract algebra - Bridges the gap for students by showing how most of the concepts within an
abstract algebra course are actually tools used to solve difficult, but well-known problems - Builds on
relatively familiar material (Integers, polynomials) and moves onto more abstract topics, while
providing a historical approach of introducing groups first as automorphisms - Exercises provide a
balanced blend of difficulty levels, while the quantity allows the instructor a latitude of choices

calculus polynomials: Sailing Routes in the World of Computation Florin Manea, Russell
G. Miller, Dirk Nowotka, 2018-07-23 This book constitutes the refereed proceedings of the 14th



Conference on Computability in Europe, CiE 2018, held in Kiel, Germany, in July/ August 2017. The
26 revised full papers were carefully reviewed and selected from 55 submissions. In addition, this
volume includes 15 invited papers. The conference CiE 2018 has six special sessions, namely:
Approximation and optimization, Bioinformatics and bio-inspired computing, computing with
imperfect information, continuous computation, history and philosophy of computing (celebrating
the 80th birthday of Martin Davis), and SAT-solving.

calculus polynomials: Real Analysis and Foundations, Second Edition Steven G. Krantz,
2004-11-15 Students preparing for courses in real analysis often encounter either very exacting
theoretical treatments or books without enough rigor to stimulate an in-depth understanding of the
subject. Further complicating this, the field has not changed much over the past 150 years,
prompting few authors to address the lackluster or overly complex dichotomy existing among the
available texts. The enormously popular first edition of Real Analysis and Foundations gave students
the appropriate combination of authority, rigor, and readability that made the topic accessible while
retaining the strict discourse necessary to advance their understanding. The second edition
maintains this feature while further integrating new concepts built on Fourier analysis and ideas
about wavelets to indicate their application to the theory of signal processing. The author also
introduces relevance to the material and surpasses a purely theoretical treatment by emphasizing
the applications of real analysis to concrete engineering problems in higher dimensions. Expanded
and updated, this text continues to build upon the foundations of real analysis to present novel
applications to ordinary and partial differential equations, elliptic boundary value problems on the
disc, and multivariable analysis. These qualities, along with more figures, streamlined proofs, and
revamped exercises make this an even more lively and vital text than the popular first edition.

calculus polynomials: Mathematical Analysis and Applications Hari Mohan Srivastava,
2019-01-14 This book is a printed edition of the Special Issue Mathematical Analysis and
Applications that was published in Axioms

calculus polynomials: Mathematical Essays in honor of Gian-Carlo Rota Bruce Sagan, Richard
Stanley, 2012-12-06 In April of 1996 an array of mathematicians converged on Cambridge,
Massachusetts, for the Rotafest and Umbral Calculus Workshop, two con ferences celebrating
Gian-Carlo Rota's 64th birthday. It seemed appropriate when feting one of the world's great
combinatorialists to have the anniversary be a power of 2 rather than the more mundane 65. The
over seventy-five par ticipants included Rota's doctoral students, coauthors, and other colleagues
from more than a dozen countries. As a further testament to the breadth and depth of his influence,
the lectures ranged over a wide variety of topics from invariant theory to algebraic topology. This
volume is a collection of articles written in Rota's honor. Some of them were presented at the
Rotafest and Umbral Workshop while others were written especially for this Festschrift. We will say
a little about each paper and point out how they are connected with the mathematical contributions
of Rota himself.

calculus polynomials: Algebra Paolo Aluffi, 2021-06-03 A conversational introduction to
abstract algebra from a modern, rings-first perspective, including a treatment of modules.

calculus polynomials: Cambridge 3 Unit Mathematics Year 12 Enhanced Version William
Pender, David Saddler, Julia Shea, Derek Ward, 2011-04 Contains features including a large number
of fully worked examples which demonstrate mathematical processes and encourage independent
learning

calculus polynomials: Elementary Linear Algebra Howard Anton, Chris Rorres, 2010-04-12
Elementary Linear Algebra 10th edition gives an elementary treatment of linear algebra that is
suitable for a first course for undergraduate students. The aim is to present the fundamentals of
linear algebra in the clearest possible way; pedagogy is the main consideration. Calculus is not a
prerequisite, but there are clearly labeled exercises and examples (which can be omitted without
loss of continuity) for students who have studied calculus. Technology also is not required, but for
those who would like to use MATLAB, Maple, or Mathematica, or calculators with linear algebra
capabilities, exercises are included at the ends of chapters that allow for further exploration using



those tools.

calculus polynomials: Numerical Mathematics Matheus Grasselli, Dmitry Pelinovsky, 2008
Numerical Mathematics presents the innovative approach of using numerical methods as a practical
laboratory for all undergraduate mathematics courses in science and engineering streams. The
authors bridge the gap between numerical methods and undergraduate mathematics and emphasize
the graphical visualization of mathematical properties, numerical verification of formal statements,
and illustrations of the mathematical ideas. Students using Numerical Mathematics as a
supplementary reference for basic mathematical courses will be encouraged to deveolp their
mathematical intuition with an effective component of technology, while students using it as the
primary text for numerical courses will have a broader, reinforced understanding of the subject.

calculus polynomials: Boolean Functions and Computation Models Peter Clote, Evangelos
Kranakis, 2013-03-09 The foundations of computational complexity theory go back to Alan Thring in
the 1930s who was concerned with the existence of automatic procedures deciding the validity of
mathematical statements. The first example of such a problem was the undecidability of the Halting
Problem which is essentially the question of debugging a computer program: Will a given program
eventu ally halt? Computational complexity today addresses the quantitative aspects of the solutions
obtained: Is the problem to be solved tractable? But how does one measure the intractability of
computation? Several ideas were proposed: A. Cobham [Cob65] raised the question of what is the
right model in order to measure a computation step , M. Rabin [Rab60] proposed the introduction of
axioms that a complexity measure should satisfy, and C. Shannon [Sha49] suggested the boolean
circuit that computes a boolean function. However, an important question remains: What is the
nature of computa tion? In 1957, John von Neumann [vN58] wrote in his notes for the Silliman
Lectures concerning the nature of computation and the human brain that . . . logics and statistics
should be primarily, although not exclusively, viewed as the basic tools of 'information theory'. Also,
that body of experience which has grown up around the planning, evaluating, and coding of
complicated logical and mathematical automata will be the focus of much of this information theory.
The most typical, but not the only, such automata are, of course, the large electronic computing
machines.
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