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1. Information

Theory course ( include program design,
Total of hours

Course type experiment)
Opractice gOcourse design oGraduation
Total of weeks
project
7030932 Course 96 Course 6
Course Code Credit Credit
Hours

Course Name | Calculus I1(2))

Students for | Those level A students of different majors in Economics and Management

the Course who have a higher requirement for Mathematics.

Prerequisite 7030931 Calculus I1(1))

courses

department School of Science

2. Description and Purpose

Advanced Mathematics is a basic public course for students of different majors
in Economics and Management who have a higher requirement for mathematics. The
course is a mathematical basis for further studies. The principle of this syllabus is:
students can basically understand the theory of calculus of multiple variables; fully
understand the background and mathematical thought of multiple variable calculus,
and have a certain analysis ability of operation method operation, ideas and skill, and

their application.
Course Objective 1: Students should have a firm understanding of concepts and
calculations of derivatives of multiple variables

Course Objective 2: Students should be able to use the knowledge to solve

certain real world problems.

The ideological and political objectives of the course: to discover the
development history of mathematics, cultivate students to feel the continuous pursuit
of truth, strong students' curiosity and thirst for knowledge of the unknown world, and
stimulate students' scientific spirit and innovative spirit; In the teaching process, to
cultivate students' awareness and ability to grasp the essence of problems and rigorous
and pragmatic scientific attitude; By facing the analysis of complex problems,

cultivate students' overall view and judgment of looking at problems in the general
8



trend and mainstream, and stimulate their sense of responsibility and mission.

3. Requirements and contents

The credit hours for this course is 96 and the exercises are arranged according to
the difficulty level of different chapters. The course content is distinguished by

vh 13

different vocabulary: from high to low, the three levels of “mastery”, “understand”
and “know” are distinguished. The subchapters with “*” are optional.

Chapter 1. Analytic geometry and vector algebra

Contents:

The concept of space rectangular coordinates and vectors. The coordinate
representation and the operations of vectors (Linear operations, dot products, * cross
products, and * mixed products). The necessary and sufficient conditions for parallel
and vertical of two vectors. The concepts of unit vector, and direction cosine.

The concept of the equation of surfaces. The equations of spheres, rotating
curved surfaces and cylinders. Plane equation, line equation, curve equation. The
projection of a space curve on the coordinate surface. The equation and graphs of
quadric-surfaces.

Requirements

1. Understand the concept and representations of vector. Master the concept of
space rectangular coordinates and vectors.

2. Understand the operations of vectors(Linear operations, dot products, * cross
products, and * mixed products).Understand the necessary and sufficient
conditions for parallel and vertical of two vectors.

3. Comprehend the concepts of unit vector, direction angle, and direction cosine.
Grasp the coordinate representations of vector operations.

4. Understand the relationship between equations and their graphs (surfaces and
curves). Master the equations of spheres, rotating curved surfaces and cylinders.
Know the equation and graphs of quadric-surfaces. Learn how to draw surface
shapes by cutting marks.

5. Grasp the method for finding equations of lines and planes. Know the methods
for computing angles between planes, between plane and line, and between lines.

6. Know the method for computing projection of curves, solid and surfaces on the

coordinate planes.

Key Points and difficulties

1. Key points: the operations of vectors (Linear operations, dot products, *cross
products, and * mixed products). Equations of spheres; Rotating curved surfaces

9



and cylinders. Equations of planes and lines. Equations of quadric-surfaces.

2. Difficulties: Cross product of vectors; Projection of curves.

Chapter 2. Partial derivatives with applications

Contents:
The concepts of multi-variant function. The concepts of limit and continuity of

two-variant functions. The properties of continuous functions in bounded closed
regions. The concepts of partial derivative and total differential. The necessary and
sufficient condition for the existence of differential. The calculations of derivatives for
composite functions. Second partial derivative. Partial derivatives of implicit
functions. The concept of extreme value of multi-variant functions, extreme value of a
function. The concept of the conditional extreme, the Lagrange multiplier method to
find the conditional extreme. Simple maximum and minimum application problems.

Requirements

Understand the concepts of multi-variant function; Comprehend the geometry
interpretation of functions of two variables.

Understand the concepts of limit and continuity of two-variant functions.
Understand the properties of continuous functions in bounded closed regions.

Comprehend the concepts of partial derivative and total differential, capable of
calculating the total differential. Understand the necessary and sufficient
condition for the existence of differential. Understand the invariance of first order
differential.

Grasp the calculations of first and second order partial derivatives for composite
functions.

Understand the existence theorem for the implicit functions. Capable of
computing the partial derivatives for implicit functions.

Comprehend the concept of extreme value of multi-variant functions. Understand
the necessary condition for the existence of extreme value of two-variant function.
Know the sufficient condition for the existence of extreme value of two-variant
function. Capable of finding extreme values for functions. Know the method of
Lagrange multipliers. Know how to find the maximum and minimum value of
multi-variant functions, and know how to solve some simple application
problems.

Key Points and difficulties

1. Key points: Partial derivative and total differential. The rule for derivatives of
multi-variant functions. Extreme value and absolute extreme values of continuous
two-variant functions.
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2. Difficulties: The rule for partial derivatives of composite multi-variant
functions. Conditional extremes. Lagrange multipler method.

Chapter 3. Double and triple integrals

Contents:

The definition and properties of the double integral. The evaluation of double
integrals (in rectangular and polar coordinates ).

*Capable of evaluating some simple improper double integrals. *The definition,
properties, calculation and application of the triple integral.

Requirements

1. Comprehend the definition and properties of the double integral. Understand the
definition and properties of the triple integral.

2. Grasp the evaluation of .double integrals (in rectangular and polar coordinates ).
Know the evaluation of .triple integrals (in rectangular, cylindrical and spherical
coordinates).

3. Know the definition of improper double integral. Capable of evaluating some
simple improper double integrals.

4. Understand the use of multiple integrals to calculate some geometric quantities
(volume, area).

Key Points and difficulties
1. Key points: Definition and evaluation of double integral.

2. Difficulties: Changing the double integrals into iterated integrals.

Chapter 4. Series

Contents:

The definitions of converge, diverge and sum of infinity series. The necessary
condition for convergence. The properties of infinity series. Convergence and
divergence of geometric series and p-series, convergence and divergence of some
common positive series. The comparison test, ratio and root test for positive series.
The Leibniz test for alternating series. The definitions of conditional and absolute
convergence and the relationship between convergence and absolute convergence.
The convergence region and sum function of series of function terms. The method and
feature of convergence interval of power series. Sufficient conditions for Taylor series

expansion. The Maclaurin’s expansion of e*, sinx, cosx, In(l+x) and (1+x)“,
simple functions expand to power series.

11



Requirements

1. Comprehend the definitions of converge, diverge and sum of series. Understand
the properties of series. Understand the necessary condition for convergence.

2. Master the p-series.

3. Grasp the comparison test for series of nonnegative terms. Master the Ratio and
root test for series of nonnegative terms.

4. Grasp the Leibniz test for alternating series.

5. Understand the definitions of conditional and absolute convergence. Understand
the relationship between convergence and absolute convergence.

6. Understand the convergence region and sum function of series of function terms.

7. Master the feature of convergence interval of power series. Grasp the method for
finding convergence region, convergence interval and radius of convergence.

8. Understand the basic properties of power series. Capable of using the properties
to find sum of power series.

9. Understand the necessary and sufficient conditions for a function to be expressed
as power series.

X

. . . 1 .
10. Grasp the Maclaurin series for some elementary functions " v e’y osinx .
-X

cosx~ In(1+x) Fl(1+x)%, based on which power series for basic functions can
be obtained.
Key Points and difficulties

1. Key points: Test theorem for series of nonnegative terms; Leibniz theorem
for alternating series; Sum, convergence region and radius for power series;
Power series expression of functions.

2. Difficulties: Feature of convergence interval of power series; Properties of
power series.

Chapter 5. Ordinary differential equation

Contents:

Differential equations and the concepts of order, solution, general solution, initial
condition and particular solution of differential equations. Concepts and solutions of
separable equations, homogeneous equations, * quasi-homogeneous equations,
first-order linear equations, * Bernoulli equations.

12



Reduction of order for y" = f(x),y" = f(x,y"),»"= f(v,y") .The structure of

solutions of second order linear differential equations.Solutions to second-order
homogeneous linear differential equations with constant coefficients, solutions to
higher-order homogeneous linear differential equations with constant coefficients.
Grasp the solution method of second-order linear differential equations with constant
coefficients whose free terms are polynomial, exponential function, sine function,
cosine function and their sum and product.Use differential equations to solve simple
economic problems.

Requirements

1. Learn the concepts of order, solution, general solution, initial condition and
particular solution of differential equations.

2. Master the solution methods of separable equations, homogeneous equations,
first-order linear equations.

3. Learn how to solve the following special higher order equations
Y=LY= L)Y = ()

4. Understand the properties and structural theorems of solutions of linear
differential equations.

5. Master the method of solving second-order homogeneous linear differential
equation with constant coefficients and understand the method of solving
higher-order homogeneous linear differential equation with constant coefficients.

6. Understand the solution method of the second order linear differential equation
with constant coefficients whose free terms are polynomial, exponential function,
sine function, cosine function and their sum and product.

7.  Know how to solve some simple economic problems with differential equations.
Key Points and difficulties

1. Key points: The basic concept of differential equation, first order linear
equation, second order linear differential equation with constant coefficients

2. Difficulties: The method for solving a particular solution of a linear
nonhomogeneous differential equation with constant coefficients.

Chapter 6. Difference equation

Contents:

The concept of difference, the rules of difference operation. The difference
equation and the concept of the order, solution, general solution, initial condition and
13



special solution of the difference equation. The structure of the general solution of a
linear difference equation with constant coefficients.Solution of first order linear
difference equation with constant coefficients.

Requirements

1. Understand the concept of difference and difference equation and its general
solution and particular solution.

2. The method of solving first order linear difference equations with constant
coefficients is introduced.

Key Points and difficulties

1. Key points: The basic concept of difference equation, first order linear difference
equation with constant coefficients.

2. Difficulties: Solution of first order linear difference equation with constant
coefficients.

4. Hours Assignment

practical-ex

Teaching content Teaching | Test
ercise lesson
1. Chapter 1. Analytic geometry and vector 12 )
algebra
2. Chapter 2. Partial derivatives with 16 4
applications
3. Chapter 3. Double and triple integrals 6 2
4. Mid-term exam 2 2
5. Chapter 4. Series 16 4
6. Chapter 5. Ordinary differential equation 18 4
7. Chapter 6. Difference equation 4 2
8. Review 2
Total 96

5. Requirements for Extracurricular Assignments

In order to ensure the teaching objectives and teaching requirements of the
14



course, an appropriate amount of extracurricular work must be arranged. In principle,
36 hours of extracurricular work can be arranged. This course has a unified
assignment. The workbook has been published by Tsinghua University Press. The
number of operations is 9 basic operations and 6 improvement operations, and each
operation can be completed in about 2 hours.

6. Mode of Teaching

Teaching design: This course is a basic theory course with strong ideological
nature, and its teaching content is more related to relevant basic courses and
professional courses. Teachers should make full use of modern information
technology such as PPT and network video in teaching; Teachers should pay attention
to enlightening and guiding students to master the background ideas of important
concepts, understand the ideological essence of important concepts, and cultivate
students' ability to apply mathematical ideas and methods to solve application
problems.At the same time, through the establishment and deduction of mathematical
ideas and theories, we can meet the educational requirements of stimulating students'
curiosity and thirst for knowledge, and cultivating scientific spirit and innovative
spirit. Teaching links include theoretical teaching, classroom practice, after-school
homework, Q & A and counseling. Teachers pay attention to process training in
teaching. On the one hand, through teaching methods, they deepen students'
understanding of classroom teaching contents and mastery of theoretical knowledge,
and improve students' ability to analyze and solve problems; On the other hand,
properly introduce the relationship between this course and professional courses in

teaching to promote students' initiative and enthusiasm in learning this course.

Teaching organization: Based on the characteristics of the amount of classroom
information and high difficulty of this subject, classroom teaching should be mainly
taught by teachers, supplemented by classroom exercises, after-school homework and
exercise explanation. Teachers should correct all their homework. Students should
complete their homework on time, with quality and quantity guaranteed, and
especially strengthen the after-school homework and Q & a counseling links. By
achieving the goal, this course will mobilize students' interest in learning and enhance

students' ability to solve problems.
7. Textbook and References
(1) Textbook

“Calculus”, Yi Sun, Huajian Zhao, Guoming Wang, Yan Han, Tsinghua University
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Press, 2017, ISBN: 9787302346258
(2) References

“Advanced Mathematics”, Qihao Chen, Beijing Normal University Press, 2015,
ISBN: 9787303184569.
8. Assessment

Centesimal grade is applied in the final assessment with the final written
examination 60% and continuous assessment 40%, including attendance, assignment,
and middle examination. The usual performance consists of homework performance,
interim performance and attendance, of which homework accounts for 80%, interim

performance accounts for 10% and attendance accounts for 10%.
9. Statements
None

Written By: Lixia Duan

Checked by: Xinlei Kong

Dean of the Department: Jietao Zou
Vice Dean of the College: Hongmei Li
Date: August, 2021
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