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The revision of the middle- and high-school curriculain recent years has caused alittle wide gap between the
mathematics taught in high school and studied after entering the university. It has become difficult to acquire
the objectives to apply mathematics required for engineering and the underlying principles, for example
differential equationsto analyze natural phenomena.

These circumstances have necessitated starting this lecture aiming to fill the gap in the fundamental thinking
and in the theoretical application methodologies in mathematics from high-school to university. Differential
equations are furthermore explained in this lecture in regard to usefully describe and analyze phenomena
appearing in engineering.

This lecture in the Undergraduate School of Global Engineering considers the relation with the other two
lectures, i.e., “ Introduction to Global Engineering” for the freshman and “ Mathematics for Global
Engineering” for the sophomore, and gives the fundamental concepts and the applications of linear algebra
in terms of vectors and matrices, as well as those of infinitesimal calculusto solve principal differential
equations, to describe common phenomena using differential equations and basic ideas of numerical
simulations.

Students taking this class would understand the fundamentals of university mathematics and the

methodol ogies to mathematically model various phenomenathey are going to deal with in their specialized
coursesin the later years.
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This lecture has been designed to give the freshman an idea to acquire "university mathematics' by the
faculty of Engineering from the engineering point of view. In addition to helping students to understand the
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fundamental s to mathematically model various phenomenathey are going to deal with in their specialized
coursesin the later years.
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The detailed lecture plan follows hereafter (total 14 lectures, 1 feedback session).

Fundamentals and solutions of differential equations (2 lectures)

The physical law of phenomena is often described as a relationship of two physical quantities between an
infinitessmal increment A y against another infinitesimal increment A Xx. Thisrelationship iscalled a
differential equation. It is possible to accurately predict the physical phenomenon using the differential
equation. Here, we will review the basics of differential and integral calculus and explain the solution
methods of basic differential equations.




Various Physical Phenomena and Applications of Differential Equations (5 lectures)
We explain various types of differential equations (logistic equations, variable separation differential
equations, first order linear differential equations, etc.) that are used to explain various physical phenomena
and their solution methods.
The students understanding of each topic will be assessed.

Plane Vectors and Matrices (2 lectures)
We will introduce the concept of matrices and fundamental operations. Using 2x2 matrices, we will explore
linear transformations of a plane, such as rotation about the origin, and demonstrate how matrix
multiplication corresponds to the composition of transformations. Methods for finding the inverse of 2x2 and
3x3 matrices will be covered.

Foundations of Mechanics of Materials (1 lecture)
This lecture will cover the foundational concepts in mechanics of materials that are essential for
understanding the matrix displacement method. Topics will include elastic deformation, stress, strain, and the
stress-strain relationship.

Matrix Displacement Method (2 lectures)
We will delve into the matrix displacement method as a cornerstone of computer simulation. This method
will be applied to analyze the deformation of structures composed of elastic springs and one-dimensional
trusses.

Tensile Deformation of Beams: Exact and Numerical Solutions (2 lectures)
We will derive the differential equation governing the tensile deformation of elastic beams and explore exact
solutions under various boundary conditions. Subsequently, we will approximate the beam with atruss
assembly and employ numerical methods to solve the problem. By comparing numerical and exact solutions,
we will discuss the impact of modeling choices on the results of numerical analysis.
The students understanding of each topic will be assessed.
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The grade of the lecture will be given based on usual performance score (including attendance to class) and
the results of the mid-term and final exams. Details will be explained by each lecturer.
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Each lecturer specifies the textbooks to use in the class, if any.
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Each lecturer specifies the references, if necessary.




Preparation: Fundamentals of high school mathematics related to calculus and linear algebra.
Review: Class content, exercises
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