
mathematics of economics

mathematics of economics serves as a fundamental tool for analyzing economic
theories, modeling economic behavior, and solving complex problems related to
resource allocation, production, and consumption. This interdisciplinary
field merges mathematical techniques with economic principles to provide
precise and logical explanations of economic phenomena. The mathematics of
economics encompasses various branches such as calculus, linear algebra,
optimization, and statistics, which aid economists in constructing
theoretical frameworks and empirical models. Understanding these mathematical
foundations is crucial for interpreting market dynamics, policy impacts, and
decision-making processes. This article explores the core components of the
mathematics of economics, its applications, and the significance of
mathematical modeling in economic analysis. The following sections will delve
into key mathematical concepts, economic optimization, game theory, and
statistical methods used extensively in economic research and practice.

Fundamental Mathematical Concepts in Economics

Optimization Techniques in Economic Analysis

Mathematical Modeling and Economic Applications

Game Theory and Strategic Decision Making

Statistical Methods and Econometrics

Fundamental Mathematical Concepts in Economics
The mathematics of economics relies on several foundational mathematical
concepts that provide the language and tools necessary for economic analysis.
These include calculus, linear algebra, and differential equations, each
playing a significant role in modeling and understanding economic systems.

Calculus in Economic Analysis
Calculus, particularly differential and integral calculus, is instrumental in
analyzing changes in economic variables. It helps economists study marginal
functions such as marginal cost, marginal revenue, and marginal utility,
which are essential in optimizing production and consumption decisions.
Derivatives allow for the examination of rates of change, while integrals
help calculate accumulated quantities such as total cost or total revenue
over time.



Linear Algebra and Economic Systems
Linear algebra provides a framework for dealing with systems of equations,
matrices, and vectors, which are common in economic modeling. It is essential
in input-output analysis, where the relationships between different sectors
of an economy are represented in matrix form. Linear algebra also facilitates
the study of equilibrium states and the solution of simultaneous equations
representing supply and demand.

Differential Equations in Dynamic Models
Differential equations are used to model dynamic economic processes that
evolve over time, such as growth models, investment dynamics, and consumption
patterns. These equations describe how economic variables change
continuously, enabling the study of stability, equilibrium paths, and long-
term behavior of economic systems.

Optimization Techniques in Economic Analysis
Optimization forms the backbone of many economic theories and applications.
Economists use mathematical optimization to determine the best possible
allocation of scarce resources to maximize utility, profit, or social welfare
under given constraints.

Constrained Optimization and Lagrange Multipliers
Constrained optimization involves finding the maximum or minimum value of an
objective function subject to constraints. The method of Lagrange multipliers
is a powerful tool in this context, allowing economists to incorporate
restrictions such as budget limits or production capacities while optimizing
economic objectives.

Linear and Nonlinear Programming
Linear programming deals with optimization problems where both the objective
function and constraints are linear. This technique is widely used in
resource allocation and production planning. Nonlinear programming extends
these methods to handle more complex problems with nonlinear relationships,
common in utility maximization and cost minimization scenarios.

Applications in Consumer and Producer Theory
Optimization techniques underpin consumer choice theory, where individuals
maximize utility subject to budget constraints, and producer theory, where



firms minimize costs or maximize profits given production functions and input
prices. These applications demonstrate the practical use of mathematical
optimization in economics.

Mathematical Modeling and Economic Applications
Mathematical modeling is a critical aspect of the mathematics of economics,
providing structured representations of economic phenomena that facilitate
analysis and prediction.

Equilibrium Models
Equilibrium models describe situations where economic forces balance each
other, such as market equilibrium where supply equals demand. These models
employ systems of equations and inequalities to capture the interactions
between consumers, producers, and markets, allowing for the analysis of
stability and comparative statics.

Input-Output Models
Input-output models represent the interdependencies between different sectors
of the economy, quantifying how outputs from one industry serve as inputs to
another. Using matrix algebra, these models help assess the ripple effects of
changes in one sector across the entire economy, useful for policy analysis
and planning.

Dynamic Stochastic General Equilibrium (DSGE) Models
DSGE models integrate microeconomic foundations with stochastic processes to
analyze macroeconomic phenomena over time under uncertainty. These models
rely heavily on advanced mathematics, including differential equations and
optimization, to simulate the effects of shocks and policy changes on the
economy.

Game Theory and Strategic Decision Making
Game theory, a branch of applied mathematics, examines strategic interactions
where the outcome for each participant depends on the actions of others. It
plays a vital role in economics by modeling competitive and cooperative
behaviors among agents.



Basic Concepts of Game Theory
Game theory involves concepts such as players, strategies, payoffs, and
equilibrium, particularly the Nash equilibrium, where no player can benefit
by unilaterally changing their strategy. These concepts enable economists to
analyze markets with oligopolies, bargaining scenarios, and public goods
provision.

Applications in Industrial Organization
In industrial organization, game theory models competition among firms,
including pricing strategies, product differentiation, and entry deterrence.
Mathematical frameworks help predict outcomes like collusion or competitive
equilibria in markets.

Repeated and Cooperative Games
Repeated games study interactions that occur multiple times, allowing for
strategies based on past behavior, such as cooperation or punishment.
Cooperative game theory examines how groups of agents can form coalitions and
share payoffs, relevant for understanding alliances and mergers.

Statistical Methods and Econometrics
Statistical techniques and econometrics are fundamental components of the
mathematics of economics, enabling the empirical testing of economic theories
and the estimation of economic relationships from data.

Regression Analysis
Regression analysis is a statistical method used to estimate the
relationships between dependent and independent variables. It helps quantify
how changes in one variable affect another, essential for policy evaluation,
demand estimation, and forecasting.

Time Series and Panel Data Analysis
Time series analysis examines data collected over time to identify trends,
cycles, and causal relationships, crucial for macroeconomic modeling and
financial analysis. Panel data analysis combines cross-sectional and time-
series data, improving the accuracy and reliability of econometric models.



Hypothesis Testing and Model Validation
Hypothesis testing allows economists to assess the validity of economic
theories by evaluating statistical evidence. Model validation ensures that
econometric models accurately represent economic reality, guiding sound
decision-making and policy formulation.

Key Mathematical Techniques Utilized in
Economics
Several mathematical techniques are frequently employed in economic analysis
to solve complex problems efficiently and accurately.

Calculus: For analyzing changes and optimizing functions.

Linear Algebra: For managing multiple equations and economic
interrelations.

Optimization Methods: To maximize or minimize economic objectives under
constraints.

Game Theory: To study strategic interactions among rational agents.

Statistical Analysis: For empirical testing and forecasting economic
phenomena.

Frequently Asked Questions

What is the role of calculus in economics?
Calculus is used in economics to analyze changes in economic variables,
optimize functions such as profit and cost, and model dynamic systems like
growth and decay in markets.

How does linear algebra apply to economic modeling?
Linear algebra is used in economics for modeling systems of equations, input-
output analysis, optimization problems, and understanding multidimensional
data and relationships among economic variables.

What is an economic equilibrium and how is it



mathematically represented?
Economic equilibrium is a state where supply equals demand. Mathematically,
it is represented by solving equations where the quantity supplied equals
quantity demanded, often involving systems of nonlinear equations.

How are differential equations used in economics?
Differential equations model the behavior of economic variables over time,
such as capital accumulation, population growth, and inflation dynamics,
helping to understand how economies evolve continuously.

What is the significance of optimization in
economics?
Optimization helps in finding the best allocation of resources by maximizing
or minimizing objective functions like utility, profit, or cost under given
constraints, using techniques such as Lagrange multipliers.

How does game theory relate to the mathematics of
economics?
Game theory uses mathematical models to study strategic interactions among
rational agents, analyzing competitive and cooperative behaviors in markets,
auctions, and negotiations.

What is the use of probability and statistics in
economics?
Probability and statistics are essential in economics for analyzing data,
estimating economic models, forecasting, and making decisions under
uncertainty.

Can you explain the concept of elasticity in
economic terms mathematically?
Elasticity measures the responsiveness of one variable to changes in another,
mathematically defined as the percentage change in one variable divided by
the percentage change in another, often used for price elasticity of demand.

What mathematical tools are used in consumer choice
theory?
Consumer choice theory employs utility functions, budget constraints, and
optimization techniques like marginal analysis and Lagrange multipliers to
determine how consumers allocate income to maximize utility.



How does the mathematics of economics help in policy
making?
Mathematical models enable policymakers to simulate economic scenarios,
evaluate the impact of different policies, optimize resource allocation, and
make evidence-based decisions to achieve desired economic outcomes.

Additional Resources
1. Mathematics for Economics and Business
This book provides a comprehensive introduction to the mathematical
techniques used in economics and business analysis. It covers topics such as
algebra, calculus, and optimization methods, emphasizing real-world
applications. The clear explanations and numerous examples make it accessible
for students with various levels of mathematical background.

2. Mathematical Economics by Alpha C. Chiang and Kevin Wainwright
A classic text in the field, this book offers a rigorous yet approachable
treatment of mathematical methods applied to economic theory. It includes
topics like linear algebra, differential calculus, and dynamic optimization,
with an emphasis on economic modeling. The step-by-step approach helps
readers build a solid foundation for advanced economic analysis.

3. Fundamental Methods of Mathematical Economics by Alpha C. Chiang
This foundational book introduces key mathematical concepts essential for
economic analysis, such as matrix algebra, calculus, and comparative statics.
It provides numerous examples and exercises that relate directly to economic
problems, helping readers develop practical problem-solving skills. It is
widely used in undergraduate and graduate economics courses.

4. Mathematics for Economists by Carl P. Simon and Lawrence Blume
This text offers a thorough and modern treatment of mathematical tools used
in economic theory, including real analysis, optimization, and linear
algebra. It balances theory with application, providing detailed proofs
alongside economic examples. Suitable for graduate students, it prepares
readers for advanced research in economics.

5. Dynamic Optimization: The Calculus of Variations and Optimal Control in
Economics and Management by Morton I. Kamien and Nancy L. Schwartz
This book focuses on dynamic optimization techniques crucial for economic
modeling over time. It covers the calculus of variations, optimal control
theory, and dynamic programming, illustrating concepts with economic and
managerial examples. It is ideal for students and practitioners interested in
intertemporal decision-making.

6. Mathematics for Microeconomics by Michael Hoy, John Livernois, Chris
McKenna, Ray Rees, and Thanasis Stengos
Designed specifically for microeconomics students, this book introduces
essential mathematical tools such as calculus, linear algebra, and



comparative statics. It emphasizes clear explanations and economic intuition,
with numerous examples and exercises tailored to microeconomic contexts. The
text supports a deeper understanding of consumer and producer theory.

7. Economic Dynamics: Theory and Computation by John Stachurski
This book bridges economic theory and computational methods, focusing on
dynamic models in economics. It introduces mathematical concepts alongside
numerical techniques for solving models, making it valuable for researchers
and students working with dynamic economic systems. The integration of theory
and computation is a key feature.

8. Introduction to the Mathematics of Finance by Steven Roman
While primarily focused on finance, this book covers mathematical tools that
are also relevant in economics, such as probability, stochastic processes,
and optimization. It provides a clear introduction to the quantitative
methods underlying financial economics. The accessible style makes it
suitable for economics students interested in financial applications.

9. Game Theory for Applied Economists by Robert Gibbons
This book presents the mathematical foundations of game theory with a focus
on applications in economics. It covers strategic form and extensive form
games, equilibrium concepts, and repeated games, using a clear and concise
approach. The text is valuable for understanding strategic interactions in
economic contexts.
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  mathematics of economics: Using Mathematics in Economics Richard Leighton Thomas, 1989
Designed as a first year course in mathematics for economics students at British universities and
polytechnics, this textbook has been developed to integrate students of varying mathematical
backgrounds and abilities and to introduce them in a straightforward manner to the principles of
economic theory. providing the opportunity to introduce both the distinction between the structural
and reduced forms of equation systems and the distinction between stock and flow variables in
economics. The book then deals with differential and integral calculus, and the mathematical
economics of businesses and consumers. The course concludes with an introduction to dynamic
analysis and matrix algebra.
  mathematics of economics: Mathematical Methods and Models for Economists Angel de la
Fuente, Ángel de la Fuente, 2000-01-28 A textbook for a first-year PhD course in mathematics for
economists and a reference for graduate students in economics.
  mathematics of economics: Mathematics for Economics and Finance Martin Anthony, Norman
Biggs, 1996-07-13 Mathematics has become indispensable in the modelling of economics, finance,
business and management. Without expecting any particular background of the reader, this book
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covers the following mathematical topics, with frequent reference to applications in economics and
finance: functions, graphs and equations, recurrences (difference equations), differentiation,
exponentials and logarithms, optimisation, partial differentiation, optimisation in several variables,
vectors and matrices, linear equations, Lagrange multipliers, integration, first-order and
second-order differential equations. The stress is on the relation of maths to economics, and this is
illustrated with copious examples and exercises to foster depth of understanding. Each chapter has
three parts: the main text, a section of further worked examples and a summary of the chapter
together with a selection of problems for the reader to attempt. For students of economics,
mathematics, or both, this book provides an introduction to mathematical methods in economics and
finance that will be welcomed for its clarity and breadth.
  mathematics of economics: Mathematics for Economic Analysis Knut Sydsæter, Peter J.
Hammond, 1995 For sophomore-level and above courses in Mathematical Methods, Mathematics for
Economists. An introduction to those parts of mathematical analysis and linear algebra which are
most important for economists.
  mathematics of economics: Mathematics for Economists Malcolm Pemberton, Nicholas Rau,
2001 This innovative text for undergraduates provides a thorough and self-contained treatment of all
the mathematics commonly taught in honours degree economics courses. It is suitable for use with
students with and without A level mathematics.
  mathematics of economics: Mathematics for Economics and Finance Michael Harrison,
Patrick Waldron, 2011-03-31 The aim of this book is to bring students of economics and finance who
have only an introductory background in mathematics up to a quite advanced level in the subject,
thus preparing them for the core mathematical demands of econometrics, economic theory,
quantitative finance and mathematical economics, which they are likely to encounter in their
final-year courses and beyond. The level of the book will also be useful for those embarking on the
first year of their graduate studies in Business, Economics or Finance. The book also serves as an
introduction to quantitative economics and finance for mathematics students at undergraduate level
and above. In recent years, mathematics graduates have been increasingly expected to have skills in
practical subjects such as economics and finance, just as economics graduates have been expected
to have an increasingly strong grounding in mathematics. The authors avoid the pitfalls of many
texts that become too theoretical. The use of mathematical methods in the real world is never lost
sight of and quantitative analysis is brought to bear on a variety of topics including foreign exchange
rates and other macro level issues.
  mathematics of economics: Mathematics for Economics and Business Jean Soper,
2004-05-21 This text offers the ideal approach for economics and business students seeking to
understand the mathematics relevant to them. Each chapter demonstrates basic mathematical
techniques, while also explaining the economic analysis and business context where each is used. By
following the worked examples and tackling the practice problems, students will discover how to use
and apply each of these techniques. Now in its second edition, the text features expanded summaries
of economic analysis, new sections on matrix algebra and linear programming, and additional
demonstrations of economics applications. Demonstrates mathematical techniques while explaining
their economic and business applications Engages the reader with numerous worked examples and
practice problems Features new sections on matrix algebra and linear programming Includes a
companion website with the book, containing the award winning MathEcon software, Excel files,
Powerpoint slides, all definitions and 'remember boxes', and additional practice questions
  mathematics of economics: Mathematics for Economics and Business R. S. Bhardwaj,
2007-04 This book is designed to meet the requirements of a wide range of students, keeping in view
the varied applications of mathematical techniques in different areas of Economics, Commerce,
Finance and Management, at the Undergraduate and Post Graduate levels. The subject matter has
been presented in a very simple and lucid manner. A large number of questions from various
University examination papers have been included to provide a range of questions on different topics
of the subjects. Exercises given at the end of each topic will provide a source of practice to the



students and make them more confident, assuring better performance in the Examination. Teachers
in the subject may also find it absorbing and different from other books, in respect of approach, style
and lucidity in explanation supported by appropriate diagrams.
  mathematics of economics: An Introduction to Mathematical Analysis for Economic Theory
and Econometrics Dean Corbae, Maxwell Stinchcombe, Juraj Zeman, 2009-03-09 Dean Corbae,
Maxwell B.
  mathematics of economics: Applications of Mathematics in Economics Warren Page,
2013 Shows instructors what mathematics is used at the undergraduate level in various parts of
economics. Separate sections provide students with opportunities to apply their mathematics in
relevant economics contexts. Brings together many different mathematics applications to such
varied economics topics.
  mathematics of economics: Introduction to Mathematical Economics M.C. Kemp, Y. Kimura,
1978-10-04 Our objectives may be briefly stated. They are two. First, we have sought to provide a
compact and digestible exposition of some sub-branches of mathematics which are of interest to
economists but which are underplayed in mathematical texts and dispersed in the journal literature.
Second, we have sought to demonstrate the usefulness of the mathematics by providing a systematic
account of modern neoclassical economics, that is, of those parts of economics from which jointness
in production has been excluded. The book is introductory not in the sense that it can be read by any
high-school graduate but in the sense that it provides some of the mathematics needed to appreciate
modern general-equilibrium economic theory. It is aimed primarily at first-year graduate students
and final-year honors students in economics who have studied mathematics at the university level
for two years and who, in particular, have mastered a full-year course in analysis and calculus. The
book is the outcome of a long correspondence punctuated by periodic visits by Kimura to the
University of New South Wales. Without those visits we would never have finished. They were made
possible by generous grants from the Leverhulme Foundation, Nagoya City University, and the
University of New South Wales. Equally indispensible were the expert advice and generous
encouragement of our friends Martin Beckmann, Takashi Negishi, Ryuzo Sato, and Yasuo Uekawa.
  mathematics of economics: Mathematics for Economics and Business Roman Adillon,
Mikel Álvarez, Dolors Gil & Lambert Jorba, 2015-08-28 Mathematics is the language of science. As
such, it is a basic tool for gaining knowledge in any scientific discipline. Students often wonder why
mathematics subjects are also included in economics and business studies. Any economist should be
fluent in mathematical language and capable of applying mathematics in the analysis, modelling and
solving of economic problems. This book covers a broad range of mathematics topics, all of which
are essential to gaining the skills required in economics and business professions. Along with
theoretical explanations, essential for correctly understanding the concepts involved, it includes a
large number of numerical examples. Each chapter is concluded by a collection of exercises with
solutions and a self-assessment test, which are key components of the learning process for each
topic.
  mathematics of economics: Mathematical Methods in Economics Norman Schofield,
2018-03-05 Originally published in 1984. Since the logic underlying economic theory can only be
grasped fully by a thorough understanding of the mathematics, this book will be invaluable to
economists wishing to understand vast areas of important research. It provides a basic introduction
to the fundamental mathematical ideas of topology and calculus, and uses these to present modern
singularity theory and recent results on the generic existence of isolated price equilibria in exchange
economies.
  mathematics of economics: Mathematics for Economics, fourth edition Michael Hoy, John
Livernois, Chris Mckenna, Ray Rees, Thanasis Stengos, 2022-03-29 An updated edition of a widely
used textbook, offering a clear and comprehensive presentation of mathematics for undergraduate
economics students. This text offers a clear and comprehensive presentation of the mathematics
required to tackle problems in economic analyses, providing not only straightforward exposition of
mathematical methods for economics students at the intermediate and advanced undergraduate



levels but also a large collection of problem sets. This updated and expanded fourth edition contains
numerous worked examples drawn from a range of important areas, including economic theory,
environmental economics, financial economics, public economics, industrial organization, and the
history of economic thought. These help students develop modeling skills by showing how the same
basic mathematical methods can be applied to a variety of interesting and important issues. The five
parts of the text cover fundamentals, calculus, linear algebra, optimization, and dynamics. The only
prerequisite is high school algebra; the book presents all the mathematics needed for undergraduate
economics. New to this edition are “Reader Assignments,” short questions designed to test students’
understanding before they move on to the next concept. The book’s website offers additional
material, including more worked examples (as well as examples from the previous edition). Separate
solutions manuals for students and instructors are also available.
  mathematics of economics: Mathematics of Economics and Business Frank Werner, Yuri
N. Sotskov, 2006-04-18 1. Introduction -- 2. Sequences, series, finance -- 3. Relations, mappings,
functions of a real variable -- 4. Differentiation -- 5. Integration -- 6. Vectors -- 7. Matrices and
determinants -- 8. Linear equations and inequalities -- 9. Linear programming -- 10. Eigenvalue
problems and quadratic forms -- 11. Functions of several variables -- 12. Differential equations and
difference equations.
  mathematics of economics: Mathematical Economics and Operations Research Joseph
Zaremba, 1978
  mathematics of economics: Advances in Mathematical Economics Shigeo Kusuoka, Toru
Maruyama, 2013-03-09 A lot of economic problems can be formulated as constrained optimizations
and equilibration of their solutions. Various mathematical theories have been supplying economists
with indispensable machineries for these problems arising in economic theory. Conversely,
mathematicians have been stimulated by various mathematical difficulties raised by economic
theories. The series is designed to bring together those mathematicians who were seriously
interested in getting new challenging stimuli from economic theories with those economists who are
seeking for effective mathematical tools for their researchers. Members of the editorial board of this
series consists of following prominent economists and mathematicians: Managing Editors: S.
Kusuoka (Univ. Tokyo), T. Maruyama (Keio Univ.). Editors: R. Anderson (U.C. Berkeley), C. Castaing
(Univ. Montpellier), F.H. Clarke (Univ. Lyon I), G. Debreu (U.C. Berkeley), E. Dierker (Univ. Vienna),
D. Duffie (Stanford Univ.), L.C. Evans (U.C. Berkeley), T. Fujimoto (Okayama Univ.), J.-M.
Grandmont (CREST-CNRS), N. Hirano (Yokohama National Univ.), L. Hurwicz (Univ. of Minnesota),
T. Ichiishi (Ohio State Univ.), A. Ioffe (Israel Institute of Technology), S. Iwamoto (Kyushu Univ.), K.
Kamiya (Univ. Tokyo), K. Kawamata (Keio Univ.), N. Kikuchi (Keio Univ.), H. Matano (Univ. Tokyo),
K. Nishimura (Kyoto Univ.), M.K. Richter (Univ. Minnesota), Y. Takahashi (Kyoto Univ.), M. Valadier
(Univ. Montpellier II), A. Yamaguti (Kyoto Univ./Ryukoku Univ.), M. Yano (Keio Univ.).
  mathematics of economics: Mathematics in Economics Adam Ostaszewski, K. G. Binmore,
1993-01-01 Mathematics in Economics is a valuable guide to the mathematical apparatus that
underlies so much of modern economics. The approach to mathematics is rigorous and the
mathematical techniques are always presented in the context of the economics problem they are
used to solve. Students can therefore gain insight into, and familiarity with, the mathematical
models and methods involved in the transition from 'phenomenon' to quantitative statement. Topics
covered include sets and numbers, matrices and vectors, modelling consumer choice, discrete
variables, functions, equilibrium, Eigenvalues and Eigenvectors, limits and their uses, continuity and
its uses, partial differentiation, the gradient, Taylor's theorem - an approximation tool, and economic
dynamics: differential equations. Each chapter ends with exercises designed to help students
understand and practise the techniques they have learnt. The author has provided solutions to
selected problems so that the book will function as an effective teaching tool on introductory courses
in mathematics for economics, quantitative methods and for mathematicians taking a first course in
economics. Mathematics in Economics has been developed from a course taught jointly by Ken
Binmore (Professor of Economics) and Adam Ostaszewski (Senior Lecturer in Mathematics). This



collaboration has resulted in a textbook that is a balanced and comprehensive introduction to
mathematical economics.
  mathematics of economics: Mathematical Optimization and Economic Theory Michael D.
Intriligator, 1971-01-01 Mathematical Optimization and Economic Theory provides a self-contained
introduction to and survey of mathematical programming and control techniques and their
applications to static and dynamic problems in economics, respectively. It is distinctive in showing
the unity of the various approaches to solving problems of constrained optimization that all stem
back directly or indirectly to the method of Lagrange multipliers. In the 30 years since its initial
publication, there have been many more applications of these mathematical techniques in
economics, as well as some advances in the mathematics of programming and control. Nevertheless,
the basic techniques remain the same today as when the book was originally published. Thus, it
continues to be useful not only to its original audience of advanced undergraduate and graduate
students in economics, but also to mathematicians and other researchers interested in learning
about the applications of the mathematics of optimization to economics. The book covers in some
depth both static programming problems and dynamic control problems of optimization and the
techniques of their solution. It also clearly presents many applications of these techniques to
economics, and it shows why optimization is important for economics. Audience: mathematicians
and other researchers who are interested in learning about the applications of mathematical
optimization in economics, as well as students at the advanced undergraduate and beginning
graduate level. A basic knowledge of analysis and matrix algebra is recommended. Two appendices
summarize the necessary mathematics.
  mathematics of economics: Further Mathematics for Economic Analysis Knut Sydsæter,
Atle Seierstad, Arne Strom, 2008 The book is written for advanced undergraduate and graduate
students of economics who have a basic undergraduate course in calculus and linear algebra. It
presents most of the mathematical tools they will encounter in their advanced courses in economics.
It is also suited for self-study because of the answers it offers to problems throughout the book.
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