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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.
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1. BFE 47 Course Title LM ERE P Advanced Linear Algebra

BREBRER ,
2. ¥*: % Department of Mathematics

Originating Department

3. R MA109
Course Code

4.  {R¥E%S) Credit Value 4 %4} 4 Credits
5. REFI iHiNi% 1512 General Education (GE) Elective Courses
Course Type
RREY
6. #7Z& Spring / #Z Fall
Semester
RRES . . I . .
7. H English / F3HXUE English & Chinese

Teaching Language

TAE, B, BER

[ 3 #5528

HB4H: lich@sustc.edu.cn

i1 0755-88018755

Caiheng Li, Professor, Department of Mathematics

BRI, Eﬂﬁ%%‘j BR&RT7 Room 528, Block 3, Wisdom Garden.
R (WEHARRR, BHHK

email: lich@sustc.edu.cn

8 A REIT) phone: 0755-88018755
) Instructor(s), Affiliation& | R4 %
Contact WA
(For team teaching, please list 5
[l
all instructors) bl 3 1 508

huy@sustech.edu.cn

Chen Yi mao

Department of Mathematics

Block 3, Room508, Wisdom Valley
Chenym@sustech.edu.cn

I RIBIE. TBER. BKR
9. TR F5 31 To be announced

Tutor/TA(s), Contact
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TR A BBRA (FT A 4H)
Maximum Enrolment
(Optional)

BRTR

Delivery Method

E2E 3

Credit Hours

FBRE. REEIER
Pre-requisites or Other
Academic Requirements

JEEERE. HEEIMH
Courses for which this course
is a pre-requisite

HEERBRARENZR
Cross-listing Dept.

# % H#% Course Objectives

PR ABIERTE || LKL HE(FRAER) SE iy
Lectures ||Tutorials Lab/Practical |/Other (Please specify) | Total
64 32 N/A 96

SAEICH A B MO B

Linear Algebra A or Linear Algebra B

ARFE R Z H AR R E. Needed for many other mathematics courses.

HEER, W, {HENRSES. Physics, Computer Science, etc.

BFRP K H % HF SYLLABUS

AR NEE RARE B B, O E T LR AR AT E R, B 22 A SRR 1 2
Ao BEAESA A BARANERB B 2 IR AVEEA AR, JF 4R K AECHIE T

This course is designed for students of mathematics department, and also for students who need more algebra, such as
students in department of physics and department of computer science. It enables students to understand more
fundamental contents of linear algebra, and to use algebraic methods to solve problems.
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After completing this course, students should be able to:

) MM R AR A R 2

]_b e SCRIZ 5 7.

[ b ) 557 AOAH SR B 18 S LM AT

2
3. Have a deep understanding of properties of inner product spaces and their applications.
4

5. Understand the concepts of trace and determinant from the point of view of operators.

1. Understand the definitions of vector spaces, linear maps and linear operators defined on various vector spaces.

Understand the concepts of eigenvectors, eigenvalues of linear maps and invariant subspaces of vector spaces.

Understand the theory and applications of operators on inner product spaces, operators on complex vector spaces,
and operators on real vector spaces.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

Chapter 1 Vector Spaces (4 hours)

1.A Rn and Cn: Complex Numbers, Lists, Fn, Digression on Fields
1.B Definition of Vector Space

1.C Subspaces: Sums of Subspaces, Direct Sums

F— WETE (4D
1.ARn 5 Cn

1.B [ 2= A e S

1.C 775

Chapter 2 Finite-Dimensional Vector Spaces (4 hours)

2.A Span and Linear Independence: Linear Combinations and Span, Linear Independence.
2.B Bases

2.C Dimension

B A IR R RS E] (4 /M)
2.A G5 R) 5 2 ok
2B#

2.C 4%k

Chapter 3 Linear Maps (10 hours)
3.A The Vector Space of Linear Maps: Definitions and Examples of Linear Maps, Algebraic Operations on L(V,W).
3.B Null Spaces and Ranges: Null Space and Injectivity, Range and Surjectivity, Fundamental Theorem of Linear Maps.

3.C Matrices: Representing a Linear Map by a Matrix, Addition and Scalar Multiplication of Matrices, Matrix
Multiplication.

3.D Invertibility and Isomorphic Vector Spaces: Invertible Linear Maps, Isomorphic Vector Spaces, Linear Maps Thought
of as Matrix Multiplication, Operators.

3.E Products and Quotients of Vector Spaces: Products of Vector Spaces, Products and Direct Sums, Quotients of
Vector Spaces.

3.F Duality; The Dual Space and the Dual Map, The Null Space and Range of the Dual of a Linear Map, The Matrix of
the Dual of a Linear Map, The Rank of a Matrix.

FEE R (10 /N

3LA [ () 2R M
3.B EA (A H1HK

3.C 4k

3.D W] [ R ) 1) o )
3.E MEX RS

3.F X

Chapter 4 Polynomials (4 hours)

Complex Conjugate and Absolute Value, Uniqueness of Coefficients for Polynomials, The Division Algorithm for
Polynomials, Zeros of Polynomials, Factorization of Polynomials over C, Factorization of Polynomials over R.

FE LA (4D
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Chapter 5 Eigenvalues, Eigenvectors, and Invariant Subspaces (6 hours)
5.A Invariant Subspaces: Eigenvalues and Eigenvectors, Restriction and Quotient Operators.

5.B Eigenvectors and Upper-Triangular Matrices: Polynomials Applied to Operators, Existence of Eigenvalues, Upper-
Triangular Matrices.

5.C Eigenspaces and Diagonal Matrices

BHE AME. AMEME. AEFEEE (6 /0D
5.A A7 il

5B AMEMELS F = AR

5.C AAE 7 1] 55 5% f 46 B

Chapter 6 Inner Product Spaces (6 hours)

6.A Inner Products and Norms: Inner Products, Norms.

6.B Orthonormal Bases: Linear Functionals on Inner Product Spaces.

6.C Orthogonal Complements and Minimization Problems: Orthogonal Complements, Minimization Problems.

HANz AMAEE (6 /M)
6.A WA 5L

6.B ML IEAT

6.C IEASHN 5 W /ME 1] 5

Chapter 7 Operators on Inner Product Spaces (8 hours)

7.A Self-Adjoint and Normal Operators: Adjoints, Self-Adjoint Operators, Normal Operators.

7.B The Spectral Theorem: The Complex Spectral Theorem, The Real Spectral Theorem.

7.C Positive Operators and Isometries: Positive Operators, Isometries.

7.D Polar Decomposition and Singular Value Decomposition: Polar Decomposition, Singular Value Decomposition.

FtE AR ERET (8 /KD
7A BTG IEME T

7.B it

7.C IEH T 5256

7.D WA R 525 RS R

Chapter 8 Operators on Complex Vector Spaces (8 hours)

8.A Generalized Eigenvectors and Nilpotent Operators: Null Spaces of Powers of an Operator, Generalized
Eigenvectors, Nilpotent Operators.

8.B Decomposition of an Operator: Description of Operators on Complex Vector Spaces, Multiplicity of an Eigenvalue,
Block Diagonal Matrices, Square Roots.

8.C Characteristic and Minimal Polynomials: The Cayey-Hamilton Theorem, The Minimal Polynomial.
8.D The Jordan Form.

9\ ZrEaE EET (8 /M)
8.A " UAE [ AR FH T

8.B H T I i#

8.C FHIE 2 WA/ 2 10

8.D /R4 E

Chapter 9 Operators on Real Vector Spaces (4 hours)
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9.A Complexification: Complexification of a Vector Space, Complexification of an Operator, The Minimal Polynomial of
the Complexification, Eigenvalues of the Complexification, Characteristic polynomial of the Complexification.

9.B Operators on Real Inner Product Spaces
Normal Operators on Real Inner Product Spaces, Isometries on Real Inner Product Spaces.

s SR BB T (4N
9.A B 1k
9.B sEN AR 2SR ERE T

Chapter 10 Trace and Determinant (4 hours)
10.A Trace: Change of Basis: Trace: A Connection Between Operators and Matrices.
10.B Determinant: Determinant of an Operator, Determinant of a Matrix, The Sign of the Determinant, Volume.

F+E BE5TH0 (48D
10.A 7
10.B 175128

Bt R B 5 %%# Textbook and Supplementary Readings

HM (Textbook): Sheldon Axler, Linear Algebra Done Right, Third Edition, (UTM), Springer Cham Heidelberg New
York Dordrecht London, ISSN 0172-6056.

2% 45 (Supplementary Readings): Bh%e4E, RAUK, &A%, F M, S HXF MR, I1SBN: 9787309059632.

P ASSESSMENT

THETER PRA B 1] HERERS TS BT &
Type of Time % of final Penalty Notes
Assessment score

118 Attendance | ||5 “ ”

BRERI
Class
Performance

NI 15

Quiz

BT H Projects ||

SR ARk 10

Assignments

HIhER 30
Mid-Term Test

BRER 40

Final Exam

IR
Final
Presentation

HE (TRERE
X5 UL BV TS
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Others (The
above may be
modified as
necessary)
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MA. +=2%2%# Letter Grading
OB. ZidsrHl GRIZ/AEE) Pass/Fail Grading

R HH# REVIEW AND APPROVAL
AFERECELIUTHRENZRSEVGET

This Course has been approved by the following person or committee of authority




