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[Overview and purpose of the course]

The revision of the middle- and high-school curriculain recent years has caused a little 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 equations to analyze natural phenomena.

These circumstances have necessitated starting this lecture aiming to fill the gap in the fundamental thinking
and in the theoretical application methodol ogies 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 Globa 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 infinitessimal calculusto solve principal differential
equations, to describe common phenomena using differential equations, spatiotemporal extension of calculus
and linear algebra.

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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[Course objectives]

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
infinitessmal calculus and linear algebra daunting to work through for the majority of them, the fundamentals
to mathematically model various phenomenathey are going to deal with in their specialized coursesin the
later years.

[Course schedule and contents)]
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The detailed lecture plan follows hereafter. The following units will be covered in 2 to 3 lectures each (total
14 lectures, 1 feedback session).

Vectors and matrices in 2D space
After the geometrical introduction of the plane, the fundamental algebraic calculation of the quadratic square
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matrix is explained using an example of linear transformation of a plane, such as the rotation around the
origin and the equivalence of matrix multiplication with the congruence transformation.

Fundamentals and solutions of differential equations
The physical law of phenomenais often described as arelationship of two physical quantities between an
infinitessmal increment A y against another infinitesimal increment A X. Thisrelationship iscalled a
differential equation. It is possible to accurately predict the physical phenomenon using the differential
equation. Here, we explain the classification of "ordinary differential equation” of 1 independent variable and
the solution method such asfirst order linear differential equations.

Application of Differential Equation
The increase of the population, the effect of internal friction of viscous fluids on the motion of asinking
particle, disintegration of radioactive elements, chemical kinetics, etc. are all mathematically described by
differential equations, which are al discussed in terms of their principal forms of differential equation and of
their solutions.

Solutions of differential equations
The numerical approach using the computer is taken in many cases to solve differential equations difficult to
deal with analytically. The fundamental concepts and the classification of numerical method and its
applications are discussed with common examples of numerical simulation results.

Optimization problem and its geometrical meaning
A method of estimating the values of variables that maximize or minimize afunction iscaled an
optimization problem. The optimization problem that we encounter in global engineering is discussed in
terms of the solution method as well as the geometrical meaning of the optimization problem.

Confirmation of the achievement
For each of the above units, the achievement for each unit is confirmed.

[Course requirements]

None

[Evaluation methods and policy]

The grade of the lecture will be given based on the attendance to the class and the result of the final exams.
Details will be explained by each lecturer.

[Textbooks]

Each lecturer specifies the textbooks to use in the class, if any.
[References, etc.]

References, etc.

Each lecturer specifies the references, if necessary.
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[Study outside of class (preparation and review)]

Each lecturer specifies specia instruction in the class, if any.

[Other information (office hours, etc.)]




