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With the recent revision of the mathematics education curriculum in high schools, alarger gap in
mathematics than before has appeared between high schools and universities. As aresult, it is becoming more
and more difficult to grasp the object and the principles underlying it, which is necessary in engineering. The
understanding and analysis of natural phenomena using differential equations are the most important
examples.

Based on these circumstances, this lecture will first introduce some mathematical concepts with the aim of
bridging the gap in basic ideas and methods between high school mathematics and university mathematics. In
addition, we will discuss how phenomena that appear in engineering can be usefully described and analyzed
using differential equations.

Examples of natural phenomenawill be discussed in detail, including single vibration of springs, building
vibration, flow problems, heat conduction, and waves. Lectures will be given as the main part of the course,
and exercises will be combined as necessary to deepen understanding.

In principle, thislecture will be given in Japanese.
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In order to achieve the above goals, the following topics will be covered.
1. Mathematical set and mapping
2. Matrix and linear transformation
3. Differentiation and Taylor series expansion
4. Fundamental formula of calculus, 2-variable (multivariable) functions, multiple integral and quadrature
5. Complex numbers
6. Differential equations and modeling of natural phenomena
7. Solving differential equations
[Details]
Mathematical set and mapping 0.5 week: NI|
Basic concept of set and mapping will be explained.
Matrix and linear transformation 2 weeks: NI|
Matrix operations and their applications, linear transformations of the plane and matrix, and inverse
matrices will be explained.
Differentiation and Taylor series expansion 0.5week: NI|
The concept of differentiation and the Taylor series expansion required when formulating differential

equations will be explained.

Increase / decrease and partial differentiation of 2-variable (multivariable) functions (1 week: NII)
The increase / decrease, maximum, and minimum of 2-variable (multivariable) functions and partial




differentiation are described.

Fundamental formula of calculus, change of variablesin Integrals 1 week: NlI
The basic formulas of calculus such as multiple integral and change of variablesin integral will be
explained.

Quadrature 1week: NII
We will explain how to obtain the area, volume, and surface area of various shapes, such as the area of the
ellipse, the length of the circumference, the area of the circle, the surface area and the volume of the sphere.

Introduction to complex numbers (1 week: NII)

The phenomena can be described more concisely and uniformly by expressing functions and equations
using complex numbers such as trigonometric functions/ oscillator equation equations. We also explain the
logarithmic function and the base e of the natural logarithm.

Differential equations and modeling of natural phenomena (1 week: ZHANG)
An introductory explanation of differential equationsis given with specific examples of modeling natural
phenomena.

Formulation of differential equations (2 weeks: ZHANG)

The physical meanings expressed by differential equations are explained, and the method of constructing
differential equationsis explained for various examples. Topics include single vibration of a spring, vibration
of abuilding, flow problems, heat conduction, and waves.

Solutions of ordinary differential equations and partial differential equations (2 weeks: ZHANG)
Solving ordinary differential equations and partial differential equations will be explained.
Exercise 2 weeks: ZHANG)

Examination 1 week

Feedback 1 week

(80%) (20%)




It is desirable to solve the exercises given in the lecture handouts.
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