
linear algebra area of parallelogram
linear algebra area of parallelogram is a fundamental concept that merges
geometric intuition with algebraic rigor. Understanding how to calculate the
area of a parallelogram using linear algebra not only enhances problem-
solving skills but also deepens comprehension of vector spaces and
transformations. This article will explore the definition of a parallelogram,
the mathematical derivation of its area using vectors, and various
applications in real-world problems. We will also delve into the relationship
between linear combinations and the properties of areas in vector spaces.
This comprehensive guide aims to equip readers with the knowledge needed to
effectively compute the area of a parallelogram using linear algebra
techniques.
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Introduction to Parallelograms
A parallelogram is a four-sided polygon, or quadrilateral, where opposite
sides are parallel and equal in length. The properties of parallelograms make
them a significant subject in both geometry and linear algebra. The most
common types of parallelograms include rectangles, rhombuses, and squares.
Each of these shapes adheres to the parallelogram's defining characteristics,
but they also possess unique properties that influence their area
calculations.

The significance of parallelograms extends beyond theoretical geometry; they
appear in various fields, such as physics, engineering, and computer
graphics. In linear algebra, parallelograms can be represented through
vectors, providing a systematic method to determine their area.

Mathematical Representation of Parallelograms
In linear algebra, a parallelogram can be represented using vectors in a two-
dimensional space. Suppose we have two vectors, u and v, originating from the
same point. These vectors can be expressed as:



u = (u1, u2)

v = (v1, v2)

These vectors define two adjacent sides of a parallelogram. The geometric
representation of the parallelogram formed by these vectors involves
translating the endpoint of vector u to the endpoint of vector v. This allows
us to visualize the shape and its area as a function of the vectors.

Properties of Vectors in Parallelograms
Vectors have several properties that are essential for understanding
parallelograms:

Magnitude: The length of a vector, calculated as the square root of the
sum of the squares of its components.

Direction: The angle formed with respect to the coordinate axes, which
influences the orientation of the parallelogram.

Linear Combination: Any point within the parallelogram can be expressed
as a linear combination of the vectors u and v.

These properties not only help in defining the shape but also play a crucial
role in calculating the area using vector operations.

Calculating the Area of a Parallelogram
The area of a parallelogram can be calculated using the cross product of the
two vectors that define its sides. The formula for the area (A) of a
parallelogram formed by vectors u and v is given by:

A = ||u × v||

Where ||u × v|| denotes the magnitude of the cross product of vectors u and
v. The cross product results in a vector that is perpendicular to the plane
formed by u and v, and its magnitude corresponds to the area of the
parallelogram.

Steps to Calculate the Area
To calculate the area of a parallelogram defined by vectors u and v, follow
these steps:

Identify the vectors u and v.1.



Compute the cross product u × v.2.

Calculate the magnitude of the resulting vector.3.

The magnitude represents the area of the parallelogram.4.

This method not only provides an efficient way to find the area but also
reinforces understanding of vector operations in linear algebra.

Applications of the Area Calculation
The calculation of the area of a parallelogram has a wide range of
applications across various fields:

Physics: Understanding the work done by a force as it moves an object,
where the area under a force versus displacement graph represents work.

Engineering: Analyzing forces in structures that can be modeled as
parallelograms, such as trusses.

Computer Graphics: Rendering shapes and transformations, where areas are
recalculated during scaling and rotation.

Geometric Modeling: Creating models for simulations that require precise
area calculations for physical interactions.

Each of these applications demonstrates the practical relevance of
understanding the area of a parallelogram through linear algebra,
contributing to advancements in technology, design, and engineering.

Conclusion
The linear algebra area of parallelogram is a pivotal concept that bridges
geometry and algebra. By representing parallelograms with vectors and
utilizing the cross product, we can efficiently calculate their area. This
knowledge is crucial for various applications across multiple disciplines,
highlighting the importance of mastering these mathematical principles. As we
continue to explore the world of linear algebra, understanding the area of
shapes like parallelograms will enhance our ability to solve complex problems
and apply mathematical reasoning in real-world scenarios.

Q: What is the formula for calculating the area of a



parallelogram using linear algebra?
A: The area of a parallelogram can be calculated using the formula A = ||u ×
v||, where u and v are the vectors representing two adjacent sides of the
parallelogram, and ||u × v|| is the magnitude of their cross product.

Q: How does the cross product relate to the area of
a parallelogram?
A: The cross product of two vectors produces a third vector that is
perpendicular to the plane containing the original vectors. The magnitude of
this cross product vector represents the area of the parallelogram formed by
the two original vectors.

Q: Can the area of a parallelogram be negative?
A: No, the area of a parallelogram is always a non-negative quantity. While
the cross product can yield a directional vector, the magnitude, which
represents area, is always positive.

Q: What are some real-world applications of the area
of a parallelogram?
A: Some real-world applications include calculating work done in physics,
analyzing forces in engineering structures, and rendering shapes in computer
graphics.

Q: How do you determine if four points form a
parallelogram?
A: To determine if four points form a parallelogram, check if the midpoints
of the diagonals formed by connecting opposite points are the same.
Alternatively, verify that the vectors of opposite sides are equal in length
and direction.

Q: What distinguishes a rectangle from a general
parallelogram?
A: A rectangle is a specific type of parallelogram where all angles are right
angles (90 degrees). In contrast, a general parallelogram may have angles
that are not right angles but still maintains the property of opposite sides
being equal and parallel.



Q: How can you visualize the area of a parallelogram
in a coordinate system?
A: The area of a parallelogram can be visualized on a coordinate plane by
plotting the endpoints of the vectors defining the sides. The shape can be
formed by drawing lines between these points, and the area can be calculated
using the vectors that represent the sides.

Q: Is it possible to calculate the area of a
parallelogram in three dimensions?
A: Yes, while the formula for area using the cross product applies primarily
to two dimensions, in three dimensions, the concept remains the same. The
cross product of two vectors in 3D space will still yield a vector whose
magnitude represents the area of the parallelogram defined by those vectors
in the three-dimensional space.

Q: What is the relationship between the area of
parallelograms and linear combinations of vectors?
A: The area of a parallelogram formed by two vectors is equivalent to the
absolute value of the determinant of the matrix formed by placing the vectors
as rows or columns. This determinant can be interpreted as the volume scaling
factor when discussing linear combinations of vectors, showing how area
relates to transformations in vector spaces.
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them focus on understanding and learning not only vector spaces, matrices, and linear
transformations, but uses of software tools available for use in applied linear algebra. Using a
flexible design, it is an ideal textbook for instructors who wish to make their own choice regarding
what material to emphasis, and to accentuate those choices with homework assignments from a
large variety of exercises, both in the text and online.
  linear algebra area of parallelogram: Elementary Linear Algebra Kenneth Kuttler,
2012-01-10 This is an introduction to linear algebra. The main part of the book features row
operations and everything is done in terms of the row reduced echelon form and specific algorithms.
At the end, the more abstract notions of vector spaces and linear transformations on vector spaces
are presented. However, this is intended to be a first course in linear algebra for students who are
sophomores or juniors who have had a course in one variable calculus and a reasonable background
in college algebra. I have given complete proofs of all the fundamental ideas, but some topics such
as Markov matrices are not complete in this book but receive a plausible introduction. The book
contains a complete treatment of determinants and a simple proof of the Cayley Hamilton theorem
although these are optional topics. The Jordan form is presented as an appendix. I see this theorem
as the beginning of more advanced topics in linear algebra and not really part of a beginning linear
algebra course. There are extensions of many of the topics of this book in my on line book. I have
also not emphasized that linear algebra can be carried out with any field although there is an
optional section on this topic, most of the book being devoted to either the real numbers or the
complex numbers. It seems to me this is a reasonable specialization for a first course in linear
algebra.
  linear algebra area of parallelogram: Essential Linear Algebra Jared M. Maruskin, 2012-12
This text introduces linear algebra--boiled to its essence--presented in a clear and concise fashion.
Designed around a single-semester undergraduate course, Essential Linear Algebra introduces key
concepts, various real-world applications, and provides detailed yet understandable proofs of key
results that are aimed towards students with no advanced preparation in proof writing. The level of
sophistication gradually increases from beginning to end in order to prepare students for
subsequent studies.We begin with a detailed introduction to systems of linear equations and
elementary row operations. We then advance to a discussion of linear transformations, which
provide a second, more geometric, interpretation of the operation of matrix-vector product. We go
on to introduce vector spaces and their subspaces, the image and kernel of a transformation, and
change of coordinates. Following, we discuss matrices of orthogonal projections and orthogonal
matrices. Our penultimate chapter is devoted to the theory of determinants, which are presented,
first, in terms of area and volume expansion factors of 2x2 and 3x3 matrices, respectively. We use a
geometric understanding of volume in n-dimensions to introduce general determinants axiomatically
as multilinear, antisymmetric mappings, and prove existence and uniqueness. Our final chapter is
devoted to the theory of eigenvalues and eigenvectors. We conclude with a number of discussions on
various types of diagonalization: real, complex, and orthogonal.
  linear algebra area of parallelogram: Linear Algebra and Geometry Al Cuoco, Kevin
Waterman, Bowen Kerins, Elena Kaczorowski, Michelle Manes, 2019-04-10 Linear Algebra and
Geometry is organized around carefully sequenced problems that help students build both the tools
and the habits that provide a solid basis for further study in mathematics. Requiring only high school
algebra, it uses elementary geometry to build the beautiful edifice of results and methods that make
linear algebra such an important field. The materials in Linear Algebra and Geometry have been
used, field tested, and refined for over two decades. It is aimed at preservice and practicing high
school mathematics teachers and advanced high school students looking for an addition to or
replacement for calculus. Secondary teachers will find the emphasis on developing effective habits
of mind especially helpful. The book is written in a friendly, approachable voice and contains nearly
a thousand problems. An instructor's manual for this title is available electronically to those
instructors who have adopted the textbook for classroom use. Please send email to
textbooks@ams.org for more information.



  linear algebra area of parallelogram: Linear Algebra Przemyslaw Bogacki, 2019-01-24 Linear
Algebra: Concepts and Applications is designed to be used in a first linear algebra course taken by
mathematics and science majors. It provides a complete coverage of core linear algebra topics,
including vectors and matrices, systems of linear equations, general vector spaces, linear
transformations, eigenvalues, and eigenvectors. All results are carefully, clearly, and rigorously
proven. The exposition is very accessible. The applications of linear algebra are extensive and
substantial—several of those recur throughout the text in different contexts, including many that
elucidate concepts from multivariable calculus. Unusual features of the text include a pervasive
emphasis on the geometric interpretation and viewpoint as well as a very complete treatment of the
singular value decomposition. The book includes over 800 exercises and numerous references to the
author's custom software Linear Algebra Toolkit.
  linear algebra area of parallelogram: Comprehensive Linear Algebra Kartikeya Dutta,
2025-02-20 Comprehensive Linear Algebra is an accessible resource for undergraduate students in
the United States, providing an in-depth exploration of linear algebra principles and applications.
Written with clarity, this book focuses on conceptual understanding and practical problem-solving
skills. Starting with foundational concepts like vector spaces and linear transformations, it
progresses to advanced topics such as eigenvalues and singular value decomposition. Clear
explanations, examples, and exercises guide readers through the intricacies of linear algebra,
empowering them to tackle complex problems confidently. The book emphasizes intuition and
geometric interpretation, helping students visualize abstract concepts. Real-world applications from
fields like computer science, physics, and economics demonstrate the relevance and versatility of
linear algebra. Whether you're a mathematics major, aspiring engineer, or social sciences student,
Comprehensive Linear Algebra is an invaluable companion, offering tools to excel in linear algebra
and beyond.
  linear algebra area of parallelogram: Applied Linear Algebra and Matrix Methods
Timothy G. Feeman, 2023-11-24 This textbook is designed for a first course in linear algebra for
undergraduate students from a wide range of quantitative and data driven fields. By focusing on
applications and implementation, students will be prepared to go on to apply the power of linear
algebra in their own discipline. With an ever-increasing need to understand and solve real problems,
this text aims to provide a growing and diverse group of students with an applied linear algebra
toolkit they can use to successfully grapple with the complex world and the challenging problems
that lie ahead. Applications such as least squares problems, information retrieval, linear regression,
Markov processes, finding connections in networks, and more, are introduced on a small scale as
early as possible and then explored in more generality as projects. Additionally, the book draws on
the geometry of vectors and matrices as the basis for the mathematics, with the concept of
orthogonality taking center stage. Important matrixfactorizations as well as the concepts of
eigenvalues and eigenvectors emerge organically from the interplay between matrix computations
and geometry. The R files are extra and freely available. They include basic code and templates for
many of the in-text examples, most of the projects, and solutions to selected exercises. As much as
possible, data sets and matrix entries are included in the files, thus reducing the amount of manual
data entry required.
  linear algebra area of parallelogram: Linear Algebra Richard C. Penney, 2015-10-21 Praise
for the Third Edition “This volume is ground-breaking in terms of mathematical texts in that it does
not teach from a detached perspective, but instead, looks to show students that competent
mathematicians bring an intuitive understanding to the subject rather than just a master of
applications.” – Electric Review A comprehensive introduction, Linear Algebra: Ideas and
Applications, Fourth Edition provides a discussion of the theory and applications of linear algebra
that blends abstract and computational concepts. With a focus on the development of mathematical
intuition, the book emphasizes the need to understand both the applications of a particular
technique and the mathematical ideas underlying the technique. The book introduces each new
concept in the context of an explicit numerical example, which allows the abstract concepts to grow



organically out of the necessity to solve specific problems. The intuitive discussions are consistently
followed by rigorous statements of results and proofs. Linear Algebra: Ideas and Applications,
Fourth Edition also features: Two new and independent sections on the rapidly developing subject of
wavelets A thoroughly updated section on electrical circuit theory Illuminating applications of linear
algebra with self-study questions for additional study End-of-chapter summaries and sections with
true-false questions to aid readers with further comprehension of the presented material Numerous
computer exercises throughout using MATLAB® code Linear Algebra: Ideas and Applications,
Fourth Edition is an excellent undergraduate-level textbook for one or two semester courses for
students majoring in mathematics, science, computer science, and engineering. With an emphasis on
intuition development, the book is also an ideal self-study reference.
  linear algebra area of parallelogram: Practical Linear Algebra Gerald Farin, Dianne
Hansford, 2021-10-12 Linear algebra is growing in importance. 3D entertainment, animations in
movies and video games are developed using linear algebra. Animated characters are generated
using equations straight out of this book. Linear algebra is used to extract knowledge from the
massive amounts of data generated from modern technology. The Fourth Edition of this popular text
introduces linear algebra in a comprehensive, geometric, and algorithmic way. The authors start
with the fundamentals in 2D and 3D, then move on to higher dimensions, expanding on the
fundamentals and introducing new topics, which are necessary for many real-life applications and
the development of abstract thought. Applications are introduced to motivate topics. The subtitle, A
Geometry Toolbox, hints at the book’s geometric approach, which is supported by many sketches
and figures. Furthermore, the book covers applications of triangles, polygons, conics, and curves.
Examples demonstrate each topic in action. This practical approach to a linear algebra course,
whether through classroom instruction or self-study, is unique to this book. New to the Fourth
Edition: Ten new application sections. A new section on change of basis. This concept now appears
in several places. Chapters 14-16 on higher dimensions are notably revised. A deeper look at
polynomials in the gallery of spaces. Introduces the QR decomposition and its relevance to least
squares. Similarity and diagonalization are given more attention, as are eigenfunctions. A longer
thread on least squares, running from orthogonal projections to a solution via SVD and the
pseudoinverse. More applications for PCA have been added. More examples, exercises, and more on
the kernel and general linear spaces. A list of applications has been added in Appendix A. The book
gives instructors the option of tailoring the course for the primary interests of their students:
mathematics, engineering, science, computer graphics, and geometric modeling.
  linear algebra area of parallelogram: LINEAR ALGEBRA KUMARESAN, S., 2000-01-01 This
clear, concise and highly readable text is designed for a first course in linear algebra and is intended
for undergraduate courses in mathematics. It focusses throughout on geometric explanations to
make the student perceive that linear algebra is nothing but analytic geometry of n dimensions.
From the very start, linear algebra is presented as an extension of the theory of simultaneous linear
equations and their geometric interpretation is shown to be a recurring theme of the subject. The
integration of abstract algebraic concepts with the underlying geometric notions is one of the most
distinguishing features of this book — designed to help students in the pursuit of multivariable
calculus and differential geometry in subsequent courses.Explanations and concepts are logically
presented in a conversational tone and well-constructed writing style so that students at a variety of
levels can understand the material and acquire a solid foundation in the basic skills of linear
algebra.
  linear algebra area of parallelogram: Linear Algebra for the 21st Century Anthony
Roberts, 2020-10-09 Customarily, much of traditional mathematics curricula was predicated on 'by
hand' calculation. However, ubiquitous computing requires us to refresh what we teach and how it is
taught. This is especially true in the rapidly broadening fields of Data Mining and Artificial
Intelligence, and also in fields such as Bioinformatics, which all require the use of Singular Value
Decomposition (SVD). Indeed, SVD is sometimes called the jewel in the crown of linear algebra.
Linear Algebra for 21st Century Applications adapts linear algebra to best suit modern teaching and



application, and it places the SVD as central to the text early on to empower science and
engineering students to learn and use potent practical and theoretical techniques. No rigour is lost
in this new route as the text demonstrates that most theory is better proved with an SVD. In addition
to this, there is earlier introduction, development, and emphasis on orthogonality that is vital in so
many applied disciplines throughout science, engineering, computing and increasingly within the
social sciences. To assimilate the so-called third arm of science, namely computing, Matlab/Octave
computation is explicitly integrated into developing the mathematical concepts and applications. A
strong graphical emphasis takes advantage of the power of visualisation in the human brain and
examples are included to exhibit modern applications of linear algebra, such as GPS, text mining,
and image processing. Active learning is encouraged with exercises throughout that are aimed to
enhance ectures, quizzes, or 'flipped' teaching.
  linear algebra area of parallelogram: Linear Algebra: Theory and Applications Sri.
T.Sviswanadham, Dr. P. Agilan, Dr. Indumathi R S, Dr. Purushothama.S , 2024-10-26 Linear Algebra:
Theory and Applications the fundamental concepts and techniques of linear algebra, focusing on
both its theoretical foundations and practical applications. The key topics such as vector spaces,
matrices, eigenvalues, eigenvectors, and linear transformations, while also highlighting real-world
applications in areas like engineering, computer science, and data analysis. Aimed at students and
professionals, it balances mathematical rigor with accessible explanations to help readers
understand and apply linear algebra effectively.
  linear algebra area of parallelogram: Linear Algebra Terry Lawson, 1996-01-18 High level
linear algebra book that blends both computational and theoretical aspects, using each to enhance
the other. Explains the key points of the Gaussian elimination algorithm. Discusses vector spaces
and linear transformations using matrix computations. Takes advantage of software packages such
as MATLAB, Mathematica, and Maple.
  linear algebra area of parallelogram: Linear Algebra and Its Applications Mr. Rohit Manglik,
2024-07-18 EduGorilla Publication is a trusted name in the education sector, committed to
empowering learners with high-quality study materials and resources. Specializing in competitive
exams and academic support, EduGorilla provides comprehensive and well-structured content
tailored to meet the needs of students across various streams and levels.
  linear algebra area of parallelogram: Basic Matrix Algebra with Algorithms and
Applications Robert A. Liebler, 2018-10-03 Clear prose, tight organization, and a wealth of
examples and computational techniques make Basic Matrix Algebra with Algorithms and
Applications an outstanding introduction to linear algebra. The author designed this treatment
specifically for freshman majors in mathematical subjects and upper-level students in natural
resources, the social sciences, business, or any discipline that eventually requires an understanding
of linear models. With extreme pedagogical clarity that avoids abstraction wherever possible, the
author emphasizes minimal polynomials and their computation using a Krylov algorithm. The
presentation is highly visual and relies heavily on work with a graphing calculator to allow readers
to focus on concepts and techniques rather than on tedious arithmetic. Supporting materials,
including test preparation Maple worksheets, are available for download from the Internet. This
unassuming but insightful and remarkably original treatment is organized into bite-sized, clearly
stated objectives. It goes well beyond the LACSG recommendations for a first course while still
implementing their philosophy and core material. Classroom tested with great success, it prepares
readers well for the more advanced studies their fields ultimately will require.
  linear algebra area of parallelogram: Advanced Calculus Pietro-Luciano Buono, 2016-09-12
This textbook offers a high-level introduction to multi-variable differential calculus. Differential
forms are introduced incrementally in the narrative, eventually leading to a unified treatment of
Green’s, Stokes’ and Gauss’ theorems. Furthermore, the presentation offers a natural route to
differential geometry. Contents: Calculus of Vector Functions Tangent Spaces and 1-forms Line
Integrals Differential Calculus of Mappings Applications of Differential Calculus Double and Triple
Integrals Wedge Products and Exterior Derivatives Integration of Forms Stokes’ Theorem and



Applications
  linear algebra area of parallelogram: The Theory of the Moiré Phenomenon Isaac Amidror,
2007-03-16 Since The Theory of the Moiré Phenomenon was published it became the main reference
book in its field. It provided for the first time a complete, unified and coherent theoretical approach
for the explanation of the moiré phenomenon, starting from the basics of the theory, but also going
in depth into more advanced research results. However, it is clear that a single book cannnot cover
the full breadth of such a vast subject, and indeed, this original volume admittently concentrated on
only some aspects of the moiré theory, while other interesting topics had to be left out. Perhaps the
most important area that remained beyond the scope of the original book consists of the moiré
effects that occur between correlated random or aperiodic structures. These moiré effects are
known as Glass patterns, after Leon Glass who described them in the late 1960s. However, this
branch of the moiré theory remained for many years less widely known and less understood than its
periodic or repetitive counterpart: Less widely known because moiré effects between aperiodic or
random structures are less frequently encountered in everyday’s life, and less understood because
these effects did not easily lend themselves to the same mathematical methods that so nicely
explained the classical moiré effects between periodic or repetitive structures.
  linear algebra area of parallelogram: Principles of Linear Algebra with Mathematica
Kenneth M. Shiskowski, Karl Frinkle, 2013-06-07 A hands-on introduction to the theoretical and
computational aspects of linear algebra using Mathematica® Many topics in linear algebra are
simple, yet computationally intensive, and computer algebra systems such as Mathematica® are
essential not only for learning to apply the concepts to computationally challenging problems, but
also for visualizing many of the geometric aspects within this field of study. Principles of Linear
Algebra with Mathematica uniquely bridges the gap between beginning linear algebra and
computational linear algebra that is often encountered in applied settings, and the commands
required to solve complex and computationally challenging problems using Mathematica are
provided. The book begins with an introduction to the commands and programming guidelines for
working with Mathematica. Next, the authors explore linear systems of equations and matrices,
applications of linear systems and matrices, determinants, inverses, and Cramer's rule. Basic linear
algebra topics, such as vectors, dot product, cross product, and vector projection are explored, as
well as a unique variety of more advanced topics including rotations in space, 'rolling' a circle along
a curve, and the TNB Frame. Subsequent chapters feature coverage of linear transformations from
Rn to Rm, the geometry of linear and affine transformations, with an exploration of their effect on
arclength, area, and volume, least squares fits, and pseudoinverses. Mathematica is used to enhance
concepts and is seamlessly integrated throughout the book through symbolic manipulations,
numerical computations, graphics in two and three dimensions, animations, and programming. Each
section concludes with standard problems in addition to problems that were specifically designed to
be solved with Mathematica, allowing readers to test their comprehension of the presented material.
All related Mathematica code is available on a corresponding website, along with solutions to
problems and additional topical resources. Extensively class-tested to ensure an accessible
presentation, Principles of Linear Algebra with Mathematica is an excellent book for courses on
linear algebra at the undergraduate level. The book is also an ideal reference for students and
professionals who would like to gain a further understanding of the use of Mathematica to solve
linear algebra problems.
  linear algebra area of parallelogram: Linear Algebra Richard Bronson, Gabriel B. Costa,
John T. Saccoman, 2013-10-08 In this appealing and well-written text, Richard Bronson starts with
the concrete and computational, and leads the reader to a choice of major applications. The first
three chapters address the basics: matrices, vector spaces, and linear transformations. The next
three cover eigenvalues, Euclidean inner products, and Jordan canonical forms, offering possibilities
that can be tailored to the instructor's taste and to the length of the course. Bronson's approach to
computation is modern and algorithmic, and his theory is clean and straightforward. Throughout,
the views of the theory presented are broad and balanced and key material is highlighted in the text



and summarized at the end of each chapter. The book also includes ample exercises with answers
and hints. Prerequisite: One year of calculus is recommended. - Introduces deductive reasoning and
helps the reader develop a facility with mathematical proofs - Provides a balanced approach to
computation and theory by offering computational algorithms for finding eigenvalues and
eigenvectors - Offers excellent exercise sets, ranging from drill to theoretical/challeging along with
useful and interesting applications not found in other introductory linear algebra texts
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