The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

SAYT1001 Bondings in Organic Compounds, and
Reactivity and Selectivity of Organic Reactions
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Introduction:

This course is designed to allow students to have a basic understanding about the bonding and structures of
organic molecules and ions, and their influences on the molecular properties of organic compounds, and the
reactivity and selectivity of some organic reactions. This course will focus on the stability of reaction
intermediates, and the reactivity and selectivity of addition reactions, nucleophilic substitutions, eliminations,
and electrophilic aromatic substitutions.
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Medium of Instruction: English supplemented with Cantonese

Organising Unit:
Department of Chemistry, Faculty of Science, CUHK

Teachers:

Dr. Mak Kin Wah

Department of Chemistry, CUHK

Rm. 355, Science Centre South, CUHK

Tel: 3943 8136, Email: kendrewmak@cuhk.edu.hk



mailto:kendrewmak@cuhk.edu.hk

Course Content:

9 August 2021
(Monday)

9:30am — 12:30pm
2:00pm — 5:00pm

Lecture and Activities:

e Basic atomic structure, chemical bonding and shape of molecules
e Atomic orbitals (s, p, d, ) and electron configurations

e Formation of 5-bonds and r-bonds

e  Orbital hybridization, bond formation and molecular shapes
Assessment:

e  Multiple-choice and short-answer test

10 August 2021
(Tuesday)

9:30am — 12:30pm
2:00pm — 5:00pm

Lecture and Activities:

e Delocalized electrons and resonance

e Resonance structures and resonance stabilization
e Nomenclature of organic compounds

e Reaction of alkanes and alkenes

e Reaction mechanism

Assessment:

e  Multiple-choice and short-answer test

11 August 2021
(Wednesday)

9:30am — 12:30pm

Lecture and Activities:

e Nucleophilic substitutions: SN1 and SN2
e Elimination reactions: E1 and E2
Assessment:

e  Multiple-choice and short-answer test

13 August 2021*
(Friday)

9:30am — 12:30pm
2:00pm — 5:00pm

Make-up class

Duration 2.5 day sessions (total 15 contact hours)
Date 9 — 11 August 2021
13 August 2021* (make up class)
Time 9:30am — 12:30pm; 2:00pm — 5:00pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 25

Expected applicants

Students who are promoting to or studying S4-S6

Tuition Fee

HKD 3,000.00

Credit

1 University Unit

Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the pandemic

development and the policy of the university.




The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSA1021 Analysis in Modern Chemistry
BCILE T

Introduction:

This course aims at introducing the basic concepts and techniques in carrying out chemical analysis by using
various modern spectroscopic and chromatographic instruments. Students will learn how to use modern
instruments to determine the amounts of substances present in a mixture down to part per million levels (ppm),
and identify the structure of a compound. Techniques such as infrared spectroscopy, mass spectrometry, UV-
Vis spectroscopy, nuclear magnetic resonance spectroscopy, gas chromatography and high performance liquid
chromatography will be covered. This course will also discuss some common standard practices of collecting
and preparing samples for laboratory testing, the accreditation system in testing laboratories. This course
includes lectures and hand-on experimental sessions.
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Medium of Instruction: Cantonese supplemented with English

Organising Unit: Department of Chemistry, Faculty of Science, CUHK

Teachers: Dr. Chan Wing Fat
Department of Chemistry, CUHK
Rm. G54, Science Centre South, CUHK,
Tel: 3943 6310, Email: wfchan@cuhk.edu.hk

Dr. Cheung Yu San

Department of Chemistry, CUHK

Rm. 234, Science Centre North, CUHK

Tel: 3943 6265, Email: yscheung@cuhk.edu.hk

Dr. Mak Kin Wah

Department of Chemistry, CUHK

Rm. 355, Science Centre South, CUHK

Tel: 3943 8136, Email: kendrewmak(@cuhk.edu.hk
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Course Content:

26 July 2021
(Monday)

9:30 am — 12:30 pm
2:00 pm — 5:00 pm

Lecture:

* UV-Vis Spectroscopy
¢ Infrared Spectroscopy
* Mass Spectrometry

Assessment:
e Short-answer exercise

27 July 2021
(Tuesday)

9:30 am — 12:30 pm
2:00 pm — 5:00 pm

Lecture:
* Nuclear Magnetic Resonance Spectroscopy

Assessment:
¢ Short-answer exercise

28 July 2021
(Wednesday)

9:30 am — 12:30 pm
2:00 am — 5:00 pm

Lecture:

* GC and HPLC

(Analysing the chemical composition of a sample using advanced
chromatographic techniques)

* Chemical Testing

(Sampling techniques and the accreditation system)

Assessment:
* Essay

Experiment:
* Determination of the contents of carotene and iron in spinach leaves

Assessment:
* Calculations of experimental results

29 July 2021*
(Thursday)

9:30 am — 12:30 pm
2:00 pm — 5:00 pm

Make-up Class

Duration 3 whole day sessions (total 18 contact hours)
Date 26 — 28 July 2021
29 July 2021* (make-up class)
Time 9:30 am — 12:30 pm; 2:00 pm — 5:00 pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 30
Expected Applicants Students who are studying S5-S6 (in the academic year 2020-2021)
Tuition Fee HKD 3,380.00
Credit 1.25 Academy Unit

Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the
pandemic development and the policy of the university.




The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSA1041 Essentials of Organic Chemistry
VLA

Introduction:
This course aims at introducing the essential concepts of organic chemistry and how it is closely related to our

daily life. Students will learn the fundamental knowledge of organic chemistry with a particular emphasis on
stereochemistry. Through lectures and video demonstration of important principles and interesting
experiments, students will be introduced to lab techniques/instrumentation and scientific methods in organic
chemistry. Students can therefore gain appreciation of the daily practice of a synthetic organic chemist in a
university setting.
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Medium of Instruction:
Cantonese supplemented with English

Organising Unit:
Department of Chemistry, Faculty of Science, CUHK

Teachers:

Prof. Gavin Chit TSUI

Department of Chemistry, CUHK

Office: Room 162, Science Centre South, CUHK
Telephone: 3943 6293 E-Mail: gctsui@cuhk.edu.hk



mailto:gctsui@cuhk.edu.hk

Course content:

Topic 1:
9:30 am — 12:30 pm ) ) )
Introduction to Organic Chemistry (lecture)
2 August 2021
(Monday) Topic 2:
2:00 pm — 5:00 pm | Separation of Mixtures by Column Chromatography (lab
demonstration)
Topic 3:
9:30 am — 12:30 pm Alk ds hemi |
3 August 2021 anes and Stereochemistry (lecture)
(Tuesday) Topic 4:
2:00 pm — 5:00 pm ] . .
Resolution of trans-1,2-diaminocyclohexane (lab demonstration)
Topic 5:
P30 am = 1230PM | istry of Life and Basic Organic Reactions (lect
4 August 2021 emistry of Life and Basic Organic Reactions (lecture)
Wednesd
(Wednesday) Topic 6:
2:00 pm — 5:00 pm . _
Amazing Molecules that Changed the World (special lecture)
5 August 2021*
make-up class
(Thursday)
Duration 3 days (total 18 contact hours)
Date 2 — 4 August 2021
5 August 2021* (make-up class)
Time 9:30am — 12:30pm, 2:00pm — 5:00pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 30
Expected applicants Students who are promoting to or studying S4-S6
Tuition Fee HKD 3,380.00
1.25 Academy Unit
Credit Certificates or letters of completion will be awarded to students who attain at

least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the
pandemic development and the policy of the university.



The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSA1071 How Chemistry Works
1E2HIEE

Introduction:

This course is designed for students to learn about some fundamental chemical principles, and some general
chemical knowledge related to our daily lives. This course allows students to understand how chemistry works
in various daily life situations. Students will learn the basic principles of chemistry including atoms and
molecules, structure and chemical bondings, molecular geometry and properties, spectroscopy, fluorescence
and phosphorescence and the uses of modern methods to carry out chemical analysis, etc. This course includes
lectures and hand-on experimental sessions.
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Medium of Instruction: Cantonese supplemented with English

Organising Unit: Department of Chemistry, Faculty of Science, CUHK

Teachers: Dr. Cheung Yu San
Department of Chemistry, CUHK
Rm. 234, Science Centre North, CUHK
Tel: 3943 6265, Email: yscheung@cuhk.edu.hk

Dr. Mak Kin Wah

Department of Chemistry, CUHK

Rm. 355, Science Centre South, CUHK

Tel: 3943 8136, Email: kendrewmak@cuhk.edu.hk



mailto:yscheung@cuhk.edu.hk
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Course Content:

2 August 2021
(Monday)

9:30 am — 12:30 pm
2:00 pm — 5:00 pm

Lecture and Activities:

Spectroscopy
Fluorescence and phosphorescence

Assessment:
Short-answer exercise

3 August 2021
(Tuesday)

9:30 am — 12:30 pm
2:00 pm — 5:00 pm

Lecture:
Atoms and molecules, structure and chemical bondings (1)

Assessment:
Short-answer exercise

4 August 2021
(Wednesday)

9:30 am — 12:30 pm
2:00 pm — 5:00 pm

Lecture:
Atoms and molecules, structure and chemical bondings (2)

Assessment:
Short-answer exercise

Laboratory Activities:
Determination of the contents of dyes in mouthwash

Assessment:
Experimental results

5 August 2021*
(Thursday)

9:30 am — 12:30 pm
2:00 pm — 5:00 pm

Make-up Class

Duration 3 days sessions (total 18 contact hours)
Date 2 —4 August 2021
5 August 2021* (make up class)
Time 9:30 am — 12:30 pm; 2:00 pm — 5:00 pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 24
Expected Applicants Students who are studying S1-S3 (in the academic year 2020-2021)
Tuition Fee HKD 3,380.00
Credit 1.25 Academy Unit

Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the
pandemic development and the policy of the university.



The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSA1091 Artistic and Colourful Chemistry
R PO B SR

Introduction:
This course combines the disciplines of science and culture, and aims to provide students with fundamental
understanding on the nature of science and their influences on our culture and daily life.

This course aims to provide students, who have a knowledge of the principles of chemistry, an overview on
the mechanism of perceiving colors, the production of various classes of dyes and pigments, including their
corresponding applications. Graphics, demonstrations, and project presentations are the major elements of
interactive learning environment in this course.
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Medium of Instruction: Cantonese supplemented with English

Organising Unit: Department of Chemistry, Faculty of Science, CUHK

Teachers: Dr. Sam Chun Kit HAU
Department of Chemistry, CUHK
Rm. G1564, Science Centre South, CUHK,
Tel: 3943 8135, Email: sckhau@cuhk.edu.hk




Course Content:

Lecture:
10 August 2021 A Brief Historical Introduction on Color
(Tuesday) The Physical and Chemical Basis of Color
Lab:

9:00 am — 12:00 pm Colour Composition in dyes and ink
2:00 pm — 5:00 pm Assessment:
In Class Worksheet or Online Google Form

Lecture:
11 August 2021 Azo Dyes and Pigments
(Wednesday) Carbonyl Dyes and Pigments
Lab:

9:00 am — 12:00 pm Synthesis of Azo Dyes
2:00 pm — 5:00 pm Assessment:
In Class Worksheet or Online Google Form

Lecture:
Textile Dyes
12 August 2021 T
Inorganic Pigments
(Thursday) o .
Applications of Dyes and Pigments
Lab:
9:00 am — 12:00 pm ] )
Dyeing Method with DIY Dyes
2:00 pm — 5:00 pm
Assessment:

In Class Worksheet or Online Google Form

13 August 2021*
(Friday)
Make-up Class
9:00 am — 12:00 pm
2:00 pm — 5:00 pm

Duration 3 whole day sessions (total 18 contact hours)
Date 10 — 12 August 2021
13 August 2021* (make up class)
Time 9:00 am — 12:00 pm; 2:00 pm — 5:00 pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 25
Expected Applicants Students who are promoting or studying S3-S6
Tuition Fee HKD 3,380.00
Credit 1.25 Academy Unit

Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the
pandemic development and the policy of the university.




The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSA1101 Introduction to Environmental Chemistry
B EBALFT

Introduction:

Environmental chemistry deals with chemical processes occurring in the environment and the eftfects of human
activities on them. This course intends to introduce the basic concepts of environmental chemistry and how
the knowledge is applied to resolve environmental issues. Students will attend lectures on characteristics and
chemical analysis of pollutants arising from human activities. Students will also learn the newest technologies
of chemical treatment and pollution prevention. Equipped with scientific knowledge from the lectures,
students will perform experiments to analyse pollutants in soil using advanced chemical instruments.

The CUHK community takes great care to conserve the campus ecology and environment. Other than classes,
laboratory tour, campus tour and treasure hunt will be arranged for students to understand CUHK and our
work for sustainable development, and to make the course more fruitful and enjoyable.
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Medium of Instruction: Cantonese supplemented with English

Organising Unit: Department of Chemistry, Faculty of Science, CUHK

Teachers: Dr. Chan Ka Long Donald
Department of Chemistry, CUHK
Rm. 252, Science Centre South, CUHK,
Tel: 3943 0567, Email: donaldchan@cuhk.edu.hk



mailto:donaldchan@cuhk.edu.hk

Course Content:

19 July 2021
(Monday)

9:30 am — 12:30 pm
1:30 pm — 4:30 pm

Lecture
e Basic concepts: chemical equilibria, acid-base reactions, redox reactions
e  Water pollution: elemental pollutants, inorganic species, organic pollutants
e Air pollution: gaseous oxides, photochemical smog, particulate matter
Assessment
e Short-answer exercise

Group Activity

e Laboratory tour

e  Visit to the Jockey Club Museum of Climate Change

20 July 2021
(Tuesday)

9:30 am — 12:30 pm
1:30 pm — 4:30 pm

Lecture
e Basic concepts: qualitative and quantitative analysis, measurement uncertainty
e Techniques: sampling, extraction
e Environmental instrumentation: spectrophotometric methods, chromatography
Experiment
o Determination of Volatile Organic Compounds (VOCs) in Soil by Gas
Chromatography

21 July 2021
(Wednesday)

9:30 am — 12:30 pm

Lecture
e  Water treatment: removal of solids, removal of metals, disinfection
e Air pollution control: catalytic converter, clean fuels

e Safer chemicals, reactions and products

22 July 2021*
(Thursday)

9:30 am — 12:30 pm
1:30 pm — 4:30 pm

Make-up Class

Duration 2.5 days sessions (total 15 contact hours)

Date 19 — 21 July 2021
22 July 2021* (Make-up class)

Time 19, 20 July 2021: 9:30 am — 12:30 pm, 1:30 pm —4:30 pm
21 July 2021: 9:30 am — 12:30 pm

Teaching Mode* Face to Face (The Chinese University of Hong Kong)

Enrollment 30

Expected Applicants | Students who are promoting to or studying S5-S6

Tuition Fee HKD 3,200.00

Credit 1 Academy Unit

Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.

# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching, subject to the latest

pandemic development.



The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSA1003 Molecular Biology and Biotechnology: An Introduction
G TFEYERIER MR

Introduction:

The structure of DNA was discovered by Watson and Crick in 1953. Since then, molecular biology has been
developed rapidly and changed our lives in many ways. Another important milestone in biotechnology was
the invention of Polymerase Chain Reaction (PCR) by Kary Mullis in 1983 to amplify DNA. One of the well-
known examples using these new technologies is the production of recombinant insulin by bacteria for the
treatment of diabetes. Now, these topics become part of the new senior secondary biology curriculum in Hong
Kong. To prepare students for these challenges, this course aims at helping students to learn the major concepts
and methods of molecular biology and biotechnology. Topics include DNA structure, principles of molecular
biology and application of recombinant DNA technology. Students will gain hands-on experience in culturing
bacteria, introducing foreign DNA into bacterial cells (bacterial transformation) for recombinant protein
production, running PCR and using DNA electrophoresis for paternity test.
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Medium of Instruction: Cantonese supplemented with English

Teacher:

Professor SK Kong

Programme of Biochemistry, School of Life Sciences, CUHK
E-mail: skkong@cuhk.edu.hk

Demonstrator:
To be determined


mailto:skkong@cuhk.edu.hk

Course Content:

Lecture:

* Virus and Bacteria
* Bacterial Growth (Bring your calculator)
* Aseptic Techniques for Bacterial Culture
* Bacterial Plasmid
24 July 2021 * Bacterial Transformation
(Saturday) * Expression of Green Fluorescent Protein (GFP) from jellyfish in E. coli

10:00 am — 12:30 pm | Laboratory:
2:00pm—5:00pm | , gy [ ab Safety
* Basic Techniques — Use of pipettes
* Aseptic Techniques to Prepare Agar Plates
* Bacterial Culture — Part 1
* Bacterial Transformation — Part 1
* (Expressing GFP in E. coli: 2008 Nobel Prize in Chemistry Work)

Lecture:

* Gene and DNA Structure

* Central Dogma: DNA - RNA - Protein

31 July 2021 * DNA Isolation, Restriction Enzymes, Ligase
(Saturday) * Molecular Cloning to Make Recombinant Proteins

* Polymerase Chain Reaction for DNA Isolation and Amplification

10:00 am — 12:30 pm
2:00 pm—5:00pm | Laboratory:

* Bacterial Culture — Part 2

* Restriction Cut in DNA

* Polymerase Chain Reaction

Lecture:

* DNA Electrophoresis

* DNA Fingerprinting

7 August 2021 * Biotechnology: Recombinant Insulin Production & Disease Diagnosis
(Saturday) _

Laboratory (Bring your camera to record the results):

10:00 am — 1:30 pm * Bacterial Transforrn"cltion —Part 2

2:30 pm—5:00 pm | ° DNA E‘lectropl.lor‘esm

* DNA Fingerprinting

Assessment:
* Written short answer tests will be conducted at 4:30-5:00 pm

14 August 2021 *
(Saturday)
Make-up class
10:00 am — 1:30 pm
2:30 pm — 5:00 pm




Duration 3 whole day sessions (total 17 contact hours)

Date 24,31 July, 7 August 2021
14 August 2021* (make up class)

Time 10:00 am — 1:30 pm, 2:30 pm — 5:00 pm

Teaching Mode* Face to Face (The Chinese University of Hong Kong)

Enrollment 25

Expected Applicants | Students who promoting to or studying S6 who are interested in molecular
biology

Tuition Fee HKD 3,320.00

Credit 1.25 Academy Unit
Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is only offered face-to-face lessons at CUHK campus.



The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSA2023 Introduction to Bionics
B

Introduction:

Bionics is the branch of science dedicated to the studying of the characteristics, structure or functions of bio-
systems for innovations in developing new technology, it is also known as “Biomimicry” or “Biomimetics”.
Since 1960s, bionics has developed quickly and applied widely in various fields of science and technology.
With an emphasis on the scientific basis of various processes or phenomena in nature, this course aims to
introduce to the students the various inspirations which human beings acquired from nature, the methodology,
the major applications, and the advancements of bionics. Students will learn in form of lectures, videos,
demonstrations, quizzes, discussions, and also gain hands-on experience through participating in worksheets
and self-exploratory activities.
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Medium of Instruction: Cantonese supplemented with English
Organising Unit: Centre for Promoting Science Education, Faculty of Science, CUHK

Teacher:

Dr. Chung Kwok Cheong
School of Life Sciences, CUHK
Email: kechung@cuhk.edu.hk



mailto:kcchung@cuhk.edu.hk

Course content:

21 August 2021 Lecture:
(Saturday) * Introduction: history, methodology and scope of Bionics
Demonstration:
2:00 pm — 5:00 pm  Relationship between the number of setae in Gecko foot & its holding force

Lecture:
23 August 2021 » Application of Bionics: structures / materials / architecture
(Monday) Demonstration:

* Superhydrophobicity, the lotus effect and water striders

2:00 pm — 5:00 pm | Homework:
* How to build stronger bones?

24 August 2021 Lecture:
(Tuesday) * The secrets of flying: Principle of animal flight & aerodynamics
Homework:

2:00 pm — 5:00 pm * Practice flying with a Glider/Pterosaur model

25 August 2021 Lecture: |
(Wednesday) * Use of sound by animals

* Application of Bionics: art / energy / management
Homework:

2:00 pm —5:00 pm » The folding leaves exercise

26 August 2021

(Thursday) Lecture:
* Application of Bionics: health / medicine

2:00 pm — 5:00 pm

27 August 2021 Lecture:
(Friday) * Application of Bionics: environmental and sustainability
Homework:

2:00 pm — 5:00 pm * Find out the golden ratio: Constructing the “Golden Section Gauge”

28 August 2021 *

(Saturday) Make-up Class

2:00 pm — 5:00 pm

Duration 6 half day sessions (total 18 contact hours)
Date 21,23 — 27 August 2021
28 August 2021* (make-up class)
Time 2:00 pm — 5:00 pm
Teaching Mode” Face to Face (The Chinese University of Hong Kong)
Enrollment 40
Expected applicants Students who are promoting to or studying S2-S3
Tuition Fee HKD 3,380.00
Credit 1.25 Academy Unit
Certificates or letters of completion will be awarded to students who attain at
least 75% attendance and awarded B grade or above in the course.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the
pandemic development and the policy of the university.



The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

SAYT1005 Introduction to University Physics
AKEYEEAFT

Introduction:

Systematically introduce the basic concepts for university physics in mechanics, including the concept of
vectors, motions in 2 dimensions and 3 dimensions, and the relation between force and motion described by
Newton’s three fundamental laws. It will lay a solid foundation for the students to start the physics courses at
the university level.
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Medium of Instruction: English

Organising Unit:
Department of Physics, Faculty of Science, CUHK

Teacher:

Prof. Xu Lei

Department of Physics, Faculty of Science, CUHK

Rm. G06, Science Centre, CUHK

Tel: 3943 6307, E-mail: xulei@phy.cuhk.edu.hk
Homepage: http://www.phy.cuhk.edu.hk/~xulei/homepage/

Demonstrator:
To be determined


mailto:xulei@phy.cuhk.edu.hk
http://www.phy.cuhk.edu.hk/~xulei/homepage/

Course Content:

9:30 am — 12:00 pm

16 August 2021 Lecture:
(Monday) o ChO-Introduction, Chl-Vectors and Motion
9:30 am — 12:00 pm | Assessment: Attendance, homework
17 August 2021 Lecture:
(Tuesday) J Chl.5-Motion in 2D and 3D
9:30 am — 12:00 pm | Assessment: Attendance, homework
18 August 2021 Lecture:
(Wednesday) o Ch2-Force and Motion
9:30 am — 12:00 pm | Assessment: Attendance, homework
19 August 2021 Lecture:
(Thursday) o Ch3-Kinetic Energy
9:30 am — 12:00 pm | Assessment: Attendance, homework
20 August 2021 Lecture:
(Friday) o Ch4-Potential Energy and Energy Conservation
9:30 am — 12:00 pm | Assessment: Attendance, homework
23 August 2021 Lecture:
(Monday) o Ch5-Momentum Conservation
9:30 am — 12:00 pm | Assessment: Attendance, homework
24 August 2021 Lecture:
(Tuesday) o Ch6-Rotation and Moment- Part 1
9:30 am — 12:00 pm | Assessment: Attendance, homework
25 August 2021 Lecture:
(Wednesday) o Ch6-Rotation and Moment- Part 11

Assessment: Attendance, homework

26 August 2021 *
(Thursday)
9:30 am — 12:00 pm

Make-up Classs

Duration 8 half day sessions (total 20 contact hours)
Date 16 — 20, 23 — 25 August 2021
26 August 2021* (make-up class)
Time 9:30 am — 12:00 pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 15-40
Expected Applicants Students who are promoting to or studying S5 - S6
Tuition Fee HKD 3,300.00
1 University Unit
Credit Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the
pandemic development and the policy of the university.



The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSA1045 Discovering the Universe
FEFH

Introduction:

Humans want to explore the universe by looking up into the sky since ancient times. This course offers the
outline about the selected phenomena which were observable with the naked eye. Upon finishing the course,
students will acquire the development of modern astronomy, knowledge of the basic observational features of
the sky, and the application of physical principles to astronomy.

The course includes lectures, experiments, and observation sessions. The experiments session is aimed to
provide students with hand-on experience in basic physical principles and ideas in Astronomy. Student will
have indoor observation of simulated night in class. Outdoor solar observation will be held if weather permits.

NI H & PR EA BB R RSO RAR R FIaH T - AeRERVERETIE B EMZUS EAHRAE R
FYRE - SERGERIERVERAE G TR E UORSCHYEE I ~ ARIRRAVEANES > DU E AR S |
HIRER -

AR Rysdle ~ Bl > MIRSCBZR =80y - BRI HAY SRR A ARG B atet i AR
EFERIR SRS, - BRSOy > SRR R 22l - S RRET ] > BAEGNREIME
ARPHHTEZ -

Medium of Instruction: Cantonese supplemented with English

Organising Unit:
Department of Physics, Faculty of Science, CUHK

Teacher:

Dr. LEUNG Po Kin

Department of Physics, CUHK

Rm. 220, Science Centre North Block, CUHK
Tel: 3943 4078, E-mail: pkleung@cuhk.edu.hk

Demonstrators:
Students from Department of Physics, CUHK


mailto:pkleung@cuhk.edu.hk

Course Content:

9 August 2021
(Monday)

9:00 am — 1:00 pm
2:00 pm — 5:00 pm

Lecture 5%58: (3 hrs)

* Introduction to Astronomy
RIS

* Ancient Greek Astronomy (Plato, Aristotle)
drA RS (RaftE ~ BT EE 264

* Modern Astronomy (Copernicus, Kepler, Newton)

AR (BFEJE ~ P ~ (RS ~ A0

* Newton’s laws of motion and law of gravitation

AIE RN e AT ) e

* Basics concepts of celestial sphere
RERA 48
Assessment 2FF% :
* MC, short questions, etc #EfEH ~ 55EH......

Lab EE&: (3 hrs)

* Newtonian mechanics (Measuring gravitational acceleration; If time
permits, also verifying Newton’s second law.)
AN (B BEEHLGS TIR - M EE N ER)
Assessment FF1%:
* Lab report Bl

Observation X EI2ZZ: (1 hr)
* Indoor simulated night sky observation 7z N f&E 2 25 EHZL

11 August 2021
(Wednesday)

9:00 am — 1:00 pm
2:00 pm — 5:00 pm

Lecture g&3R: (3 hrs)

» Constellations & JFE
 Seasons Zffi

* The Moon HER (HAH ~ #Y ~ fed)
Lecture 5&5R: (2 hrs)

» Overview of the Solar System K [% Z &

* Planets {7 &

» Dwarf planets and asteroids $&{TE2F/MTE

e Comets &

e Meteors i &

Assessment 5F4%: MC, short questions, etc #E5%7H ~ f0EH......

Observation X EHZZ: (2 hrs)

(note: this session would be moved to the 3rd day in case of bad weather
HRBIAE  BEEMRAIEER] S =K)
* Basics related to observation

AR OB ZZ A E AR

* Physical principles behind telescope
SR

* QOutdoor solar observation (if weather permits)

o (WRREFFA]) ZINKGHEEE




13 August 2021
(Friday)

9:00 am — 1:00 pm
2:00 pm — 5:00 pm

Lecture g&5R: (3 hrs)

» The Sun—the nearest star &[5 — ERETAVIEE
 Stars [AFE

e Star light &Y

Lab EE&: (3 hrs)

» Light (e.g. observing the spectra of elements; verification of Bohr’s model.)
e (BIan - BEIRZOEE « MERSIREAL)
Assessment 5F1%: Lab report B 5 &5

Lecture 5E5R: (1 hr)

* Conclusion

* Brief introduction to other fields in Astronomy
ARSI

* Assessment 2F1%: MC, short questions, etc % ~ 55HHE......

14 August 2021*
(Saturday)

9:00 am — 1:00 pm
2:00 pm — 5:00 pm

Make-up class
HES

Duration 3 whole day sessions (total 21 contact hours)
Date 9,11, 13 August 2021
14 August 2021* (make-up class)
Time 9:00 am — 1:00 pm; 2:00 pm — 5:00 pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 30
Expected Applicants Students who are promoting to or studying S4-S6
Tuition Fee HKD 3,560.00
Credit 1.5 Academy Unit

Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.

# This course is only offered face-to-face lessons at CUHK campus.




Sample of lecture notes from previous years:

Universal Gravitation

* The Law of Universal Gravitation : The attractive
force (F) between any two bodies is directly
proportional to the product of their masses (M,
and M,) and is inversely proportional to the

square of their separation (r).

F=_ GMM 2 | Gravitational constant
B 2 G=6.67x10""mkg 's2

1. Hong Kong

7

Polaris —

Your
position

North Pole

latitude

Total lunar eclipse

* The Moon enters the umbra completely; only
sunlight scattered by the Earth’s atmosphere
can arrive

* The Moon appears red and dim because ...

Scattered
away

Seasons & Moor —

Sample of lab manuals from previous years:

CUHK, Faculty of Science
Science Academy for Young Talent
CUSA1045 Discovering the Universe
Experiment 3: Blackbody radiation

Backgroand theories
A Dlackbody is an object that absorbs all electromagnetic radiations that fall onto it.
Practically, it is usually constructed by u platinum box (called cavity) with a small hole on
one of its surfaces. At non-zero temperature, radiation emerging from the hole is called
blackbody radiation'. Is characteristic depends only on the temperature Tof the cavity walls
and not at all on the shape of the cavity or on the material forming the cavity walls.

o o 2m00 0010
Wavelength (nm)

Figure 1 Spectral radiancy of a blackbody at 500 K.

Fig. | shows how the radiation energy emitted by a blackbody is distributed in wavelength.
The quantity R, plotted on the vertical axis in Fig. 1, is called the spectral radiancy. It is
defined so that R,dA is the rate at which energy is radiated per unit area of surface for
wavelengths lying in the interval A to A +d2. The relation between R, 4, and T'is given
by Planck's radiation law,

Rahe

Re= iy ka1l

When the values of temperature T and the wavelength A are small. Eq.1 can be approximated
by Wien's radiation law,

R, A s [Fa2)

In this experiment you will be using a tungsten filament as the blackbody radiator to study
the radiancy R, as a function of temperature T and determine the value of hc/k, where h, ¢,
and k, are Planck’s constant, speed of light in vacuum, and Boltzmann constant, respectively.

' The cavity can be considered as an absorber as well as an emitter of light. If the cavity block is held at room
temperatire and viewed by ambient light the small hole that pentrates to its interior appears black, Light that enters
this hole is trapped within the cavity, which behaves like a perfect absorber of the incident ligl on this basis
that cavit; lion is called blackbody radiation.

Protoplanetary disk

* |In 2014, the Atacama
Large Millimeter
Array (ALMA) took
this image of another
closer disk:

an artist’s conception

urthermore, the resistance and the temperature of the tungsten filament is related by the
following equation

rin, =TT, ) [Eq.3)
where T'is measured in absolute temperature and r,,, is the resistance at room temperature,

In this experiment, you are going to verify Wien's radiation law of blackbody radiation

Equipmen:
ngsten light bulb (acts as a blackbody, emitting radiations).
iplier tube (PMT) (by photoelectric effect, PMT can convert

ns R; to currents /).

(3) Resistor (1 k€2), power supplies, digital multimeters, and connecting wires.
Procedures

1) Record the room temperature.

2) Set up experiment as shown in Fig, 2.

Manochromator

Figure 2 Experimental setup.

3) Add the 1-k£2 resistor in series with the tungsten light bulb. Adjust the current to 1 mA
and record the voltage across the tungsten light bulb. Calculate the resistance r, of the
tngsten light bulb at room temperature,

4) Reg he resistor with a cable. Set the monochromator to 350 nm.
5) When the voltage across the light bulb is 0 V, record the background current { of the
PMT.

6) Adjust the input voliage of the PMT to 12 V.
7} Adjust the voltage of the power supply such that the voltage across the light bulb is 4 V.

8) Adjust the position of the light bulb such that the output current of the PM maximum.

9) Record the voltage I and current [ across the tungsten light bulb and the output current /,
of the PMT.

10) Repeat step 8 with different voltage J across the tungsten light bulb.

L1)Fill in the table on the data sheet and plot In(/, — /) against 1T .




The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSAI1085 The Space Explorer’s Survival Guide to the Universe
KRB T L5 E

Introduction:

The universe is a dangerous place for us space explorers. To give you a fighting chance to survive the journey,
we will discuss some basic mechanics, the law of gravity, astronomy, and other necessary physics. More
importantly, since the laws of the universe are written in the language of mathematics, we need to go through
some basic calculus (don’t be afraid, my friend) and elementary differential equations (now you can panic a
little bit). We will also introduce you with the concept of scientific modelling, and learn to use computer to
numerically solve problems (we will not use HAL 9000, for those of you who are worried). By the end of our
course, you will be well equipped to apply the new tools to tackle a wide range of problems.

Some of you probably have never learned calculus before. While it could be intimidating at first, you can still
do it if you put in effort. Some hands-on examples in our course should get you up to speed.

Now buckle up, and we will get started!

HEMELRZEFREE R Fi e @GR o KB IREREIERIRE - Mg am—LE
FARHSIER ~ EITERE » ROCEFIHM BRI R - B EEAYE - FTHVEREHEBEE S R
Y NIRRT A T2 — A AR 7 (BN EERIE ) IR ERHYIR O 3R (IR3R ] A
S/ DRV 7)) o PTG/ AR B RIS - WCER R RS AR . (el - BT & E
F HAL 9000) - FERRFEEE RIS » (R & AE I HE A 15ty T B2k B S FE R

TRITE P N TRERERERBMAR T » ISR )2 1] RE ELAYAYIRE ARY » (B L ER(T 3577 > 528
HDVERE] o iy BAERRAR PRV R E R BIERZ e (LR T -

% | BRIty - s MIREE !
Medium of Instruction: Cantonese supplemented with English

Organising Unit:
Department of Physics, Faculty of Science, CUHK

Teacher:

Dr. LEUNG Po Kin

Department of Physics, CUHK

Rm. 220, Science Centre North Block, CUHK
Tel: 3943 4078, E-mail: pkleung@cuhk.edu.hk

Demonstrators:
Students from Department of Physics, CUHK


mailto:pkleung@cuhk.edu.hk

Course Content:

19 July 2021
(Monday)

1:00 pm —5:00 pm

Lecture ;%5%: (4 hrs)

» Dimensional analysis & 443/

e Newton’s laws of motion Z-fiEiH &g
e Linear momentum &

* Basics of calculus, I {ffif&sr AT, I

Assessment 2FF% :
« Homework (short questions) IhER (JGREH)

20 July 2021
(Tuesday)

1:00 pm —5:00 pm

Lecture 5&R: (4 hrs)
Basics of calculus, II f&if& 5> AFY, 11

* Basics of scientific modelling F} 27845 A P

(e.g. radioactivity, examples in mechanics 1] : B4 - JTEAYH]F)
» Simple differential equations (i.e. rate equations)

EEM IR (RISEERTTE)

Assessment 5FF% :
« Homework (short questions) IR (GiEH)

21 July 2021
(Wednesday)

1:00 pm —5:00 pm

Lecture 5%58: (4 hrs)
» Kepler’s law of planetary motion B35 #{ T &2 2 #f E
» Newton’s law of universal gravitation Z~E{HEHGS5| JIEE
* Scientific modelling, revisited F}E2EER, FH#E
(e.g. the interplay of prey and predator, motion of planets

Bl - YR E SN A E) - 172 EE)
* Solving differential equations with computer PLEEFSTET R

Populations of rabbit (blue) and wolf (x100, orange)

3500 A

3000 -

2500 A

=
i=l
®
g 2000
[=]
(=9
1500 4
1000 4
500 A
T T T T T T T
0 50 100 150 200 250 300
time
Assessment 5FF%

« Homework (short questions) IhER (5GEH)




22 July 2021
(Thursday)

1:00 pm —5:00 pm

Lecture ;%5%: (4 hrs)

* Air drag force ZE5g[H /7

* Force of spring 5#%% /]

* More examples of solving differential equations with computer

5% DABE IS il oy TR A BT

Assessment 3F1%:
« Homework (short questions) IhER (55EH)

23 July 2021
(Friday)

1:00 pm - 6:00 pm

Lecture $%5R: (4 hrs)
¢ Oscillation x#f

* More examples of solving differential equations with computer

5 2% DLy TR+
» If possible, will arrange a remote meeting of researchers from the HK
Observatory, to learn about the application of computer simulations

FE RN R G BEEE T - | ARSI E
Final test JHIES: (1 hr)

Assessment SF4%
* Final test JJ[Es

24 July 2021*
(Saturday)

9:00 am —1:00 pm

Make-up class
S

Duration 5 half-day sessions (total 21 contact hours)
Date 19 —23 July 2021,
24 July 2021* (make-up class)
Time 19 —22 July 2021: 1:00 pm — 5:00 pm
23 July 2021: 1:00 pm — 6:00 pm
24 July 2021%*: 9:00 am — 1:00 pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 20
Expected Applicants | Students who are promoting to or studying S4-S6
Tuition Fee HKD 3,560.00
Credit 1.5 Academy Unit

Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the
pandemic development and the policy of the university.



The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

SAYT1016 Unlocking the Secrets of Randomness: from Paradoxes
to Sport Predictive Modeling to Algorithmic Trading

SEGTRAIGIRSET © %0 2B TR RNR L E R4 5

Introduction:

Uncertainty exists in many real-life problems, ranging from stock returns to sport results to medication effects
to election outcomes. Statistics offers methods to handle uncertainty with a higher precision. Improving a
decision with 50-50 certainty to 60-40 certainty makes a huge difference in many practically problems. This
course introduces ways to (i) define, (ii) model and (iii) forecast uncertainty through real-life examples and
counterintuitive phenomena. Topics include (i) birthday paradox, Simpson’s paradox; (ii) linear regression
model, auto-regressive regression model, logistic regression model, non-parametric regression model; and (iii)
historical simulation, and k-mean clustering.

AEETEFERTFEIRE 4TS T HIRTRE > BT SRR - EHENEEER - YR« BB RE - 4t
sTRIERME T AR SR e A5k > DUa A e TERYERE - FERT 2 IR - i 50-50 By HEE
MEE 2 60-40 > A[SBER TG ol - ABRELVE ORI ZN ERAHRSE 2K (1) E-
(1) FHARIRT (i) PAAHEENE - A OF i o AT o () QMRS - 5
A RERMER A > JES2BUEERIEAY © (i) ESEERE - k PHEEEDE -

Medium of Instruction: Cantonese supplemented with English

Organising Unit:
Department of Statistics, CUHK

Teacher:

Prof. CHAN Kin Wai

Department of Statistics, CUHK

Room 115, Lady Shaw Building, CUHK
E-mail: kinwaichan@sta.cuhk.edu.hk



mailto:kinwaichan@sta.cuhk.edu.hk

Course Content:

26 July 2021
(Monday)
Basic statistics and statistical paradoxes
9:30am — 12:30pm
2:30pm — 5:30pm

27 July 2021
(Tuesday)
R-programming and historical simulation
9:30am — 12:30pm
2:30pm — 5:30pm

28 July 2021
(Wednesday)
Simple linear regression model and multiple linear regression model
9:30am — 12:30pm
2:30pm — 5:30pm

29 July 2021
(Thursday)
Autoregressive model and Logistic regression model
9:30am — 12:30pm
2:30pm — 5:30pm

30 July 2021
(Friday)
Nonparametric regression model and k-mean clustering
9:30am — 12:30pm
2:30pm — 5:30pm

2 August 2021*
(Monday)
Make-up class
9:30am — 12:30pm
2:30pm — 5:30pm

Duration 5 whole day sessions (total 30 contact hours)
Date 26 — 30 July 2021
2 August 2021* (make-up class)
Time 9:30am — 12:30pm, 2:30pm — 5:30pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 50

Expected applicants | Students who are promoting to S4-S5 with good knowledge in
mathematics and with strong interest in solving real problems

Tuition Fee HKD 3,900.00
(Students who have attended all sessions will be granted a HKD 1,000 scholarship)
Credit 1 University Unit

Certificates or letters of completion will be awarded to students who attain at least
75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the
pandemic development and the policy of the university.




The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSA1026 Statistical Modeling and Big Data Analytics
FERE RABIEAT

Introduction:

Data from various fields, such as climatology, finance and sports, exhibit different properties. This course
aims to use the R-package (a statistical software) to visualize the properties of the data, fit the data into various
statistical models, evaluate model performance and perform model predictions. Topics include exploratory
data analysis, time series models, hidden Markov models, Poisson process and analysis of big data problems.
Students will gain hands-on experience in statistical programming at the computer lab.

BREFIRAEE (MRS - SRR ES)) RO AFERRE - ARE HIEEZE BT R ZEH
B2 T VRS - T R & R T R - BPAS UMAYRI R AR R TR - ASRAR A 250
BB © SRR T - WP IR (306 B A SRR DR SRR N R BRI AT - B2 A0
B Rabaagta e RS -

Learning Outcomes:

Upon completion of this course, students should be able to:

1) Understand data from various fields

2) Apply the exploratory data analysis (EDA) to visualize the properties of the data;

3) Understand the theories behind various statistical models, and how the models can be fitted into
different data sets;

4) Write computer programs in R to perform various statistical analysis;

5) Develop a systematic approach in solving statistical problems;

Medium of Instruction: Cantonese supplemented with English

Organising Unit:
Department of Statistics, CUHK

Teacher:

Dr. LEE Pak Kuen Philip

Department of Statistics, CUHK

Room 116, Lady Shaw Building, CUHK
E-mail: pklee@sta.cuhk.edu.hk



mailto:pklee@sta.cuhk.edu.hk

Course Content:

13 August 2021
(Friday)

9:30am — 1:00pm
2:00pm —5:30pm

Lecture:

* Basics in Statistical Modeling: Random Variables, Probability Distributions
* Sports Data: Properties, Poisson Process, Implied Probability and Odds

* Exploratory Data Analysis (EDA): Scatter plot, Box plot, Histogram,
Quartile-quartile Plot, Correlation and Autocorrelation

Computer Lab Activities:
* R programming: The Basics, Sports Data Modeling, EDA,

Assessment:
*Data Modeling in R

17 August 2021
(Tuesday)

9:30am — 1:00pm
2:00pm —5:30pm

Lecture:

* Climate Data: Properties, Seasonal ARIMA Model, Model Prediction
* Financial Data: Properties, Hidden Markov Model, GARCH Model

* Monte Carlo Simulation

* Big Data Problems and Analysis

Computer Lab Activities:
* R programming: Estimation of Time Series Models,

Case Discussion and Assessment:
* Data Modeling in R

20 August 2021*
(Friday)

9:30am — 1:00pm
2:00pm —5:30pm

Make up class

Duration 2 whole day sessions (total 14contact hours)
Date 13, 17 August 2020
20 August 2020* (make-up class)
Time 09:30am — 1:00pm; 2:00pm —5:30pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 30
Expected Applicants Students who are studying S4-S5with good knowledge in mathematics
Tuition Fee HKD 3,140.00
Credit 1 Academic Unit
Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.
# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the
pandemic development and the policy of the university.



The Chinese University of Hong Kong
Faculty of Science
Science Academy for Young Talent

Summer Courses 2021
Course Outline

CUSA1007 Climate Physics and Chemistry
TR

Introduction:

This course presents an integrated scientific introduction to our climate system, focusing on the physics and
chemistry of the atmosphere and ocean. The course applies basic scientific and mathematical principles to
explain the history, current state and future projections of weather and climate, natural hazards, human-
induced climate change, as well as their impacts on natural ecosystems and human society. Students will learn
to build a simple climate model using computer software.

ARERIELR BT EBAMH SRR ZR T B S AR B R A AN AR - SREEA A AR A8 R R
BN AR RS R SRR SRR O PEE S~ BRI RATR BRETHE A Bt B N FTRE Y B 2R S e BRI b
KA E ARG AL IR 2 - B g i SRR U R R B SR A A -

Medium of Instruction: English supplemented with Cantonese

Organising Unit:
Earth System Science Programme

Faculty of Science, The Chinese University of Hong Kong

Teacher:

Professor Amos Tai

Earth System Science Programme, CUHK
Rm. 316, Mong Man Wai Building, CUHK
Tel: 3943 9687, E-mail: amostai@cuhk.edu.hk



Course Content:

18 August 2021
(Wednesday)

9:30 am — 12:30 pm
2:00 pm —4:00 pm

Lecture:

* Basic physics of energy and radiation
* Earth’s energy balance model

* Greenhouse effect

Laboratory Activities:

¢ Simple climate model

Assessment: Exercises from the lab

19 August 2021
(Thursday)

9:30 am — 12:30 pm
2:00 pm —4:00 pm

Lecture:

* Climate feedback mechanisms

* Basic physics of the atmosphere and oceans
* General atmospheric and ocean circulation

Laboratory Activities:

* Climate feedbacks in the simple climate model

Assessment: Exercises from the lab

20 August 2021
(Friday)

9:30 am — 12:30 pm
2:00 pm —4:00 pm

Lecture:

* Biogeochemical cycles

* Marine chemistry and carbon cycle

* Future climate change: observations and predictions

Laboratory Activities:

* Student presentations on climate change adaptation and mitigation

Assessment: Exercises from the lab and presentations

21 August 2021 *
(Saturday)

9:30 am — 12:30 pm
2:00 pm — 4:00 pm

Make-up class

Duration 3 whole day sessions (total 15 contact hours)
Date 18 — 20 August 2021
21 August 2021* (make-up class)
Time 9:30 am — 12:30 pm; 2:00 pm — 4:00 pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 20
Expected Applicants | Students who are studying S4-S6
(with background in physics, chemistry or mathematics)
Tuition Fee HKD 3,200.00
Credit 1 Academy Unit

Certificates or letters of completion will be awarded to students who attain at
least 75% attendance.

*This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.

#This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the

pandemic development and the policy of the university.




The Chinese University of Hong Kong
Faculty of Engineering & Faculty of Science

Summer Courses 2021
Course Outline

STEM1040 A Trilogy of Hands-on Machine Learning
PG SR =

Introduction:

Artificial intelligence (Al) is all the rage these days. We are promised a future of more gadgets and services
with Al-powered features such as intelligent chatbots, virtual assistants, and self-driving cars. The current Al
boom was largely fuelled by breakthroughs in an area known as machine learning. It involves training
computers to perform tasks based on examples rather than programming by a human. A branch of this approach
called deep learning has made it more promising for solving perceptual problems such as image classification,

face recognition, and natural language processing.

This course offers a hands-on exploration of machine learning through a trilogy approach: mathematical
concepts, algorithms, and programming. We will begin with introducing what machine learning is, how it
works, and what it can achieve. With a comprehensive treatment of the mathematics and theories involved,
we will walk through typical implementations of artificial neural networks to see how the theories turn into
practice. Then we will move on to teaching students to make some interesting Al applications (e.g. games)

using the Python programming language and machine learning frameworks such as TensorFlow and Keras.

AT - NTERE (AD) JREIEFERER - R FREWMIAMEE A > B FAIE SR = EA TR

RESIS AR BSRE R0 ARV A - T BERERE | SIS HYZENE H AT AL VRS e H £ 525e 8 ] -

IS AN BRI A SRE TR B L5l EFs - MIRRAE N LERtE - 1 Rifes 50— (HEZE
DRSS TR ANE R > N BRa R E 2AEE S R B R R AR AR S T SRR -

AERigiEm T =Eill (B BUANIGRE) JISEEE SR A B TR RRSEE - Bh > BfE
IreafT Rt as 2 - C A E R R R i - 2 1% FM S s it as 2 8 wr R R BN B S B
oA TN ARAEAESS ) AU - DURR AR S i b R B - if% - P& BEEE2 A (] Python
dmizst s » TensorFlow Al Keras Tl as S EMEAE I — LA ERAY ALER] (BI40 « 2250 -

Medium of Instruction: English supplemented with Cantonese
Organizing Unit: Faculty of Engineering & Faculty of Science
Teacher: Dr. LAM King Tin

Department of Computer Science and Engineering, Faculty of Engineering
Email: ktlam@cse.cuhk.edu.hk

Dr. PAN Li Lily
Department of Mathematics, Faculty of Science
Email: lpan@math.cuhk.edu.hk



mailto:ktlam@cse.cuhk.edu.hk
mailto:lpan@math.cuhk.edu.hk

Course Content:

9:30 am - 12:30 pm

Mathematics Lecture

Functions, Vectors, Matrices and

Tensors
26 July 2021
12:30 pm - 1:30 pm Lunch
(Monday)
1:30 pm - 4:30 pm Engineering Workshop Python Basics and Data Structures
9:30 am - 11:30 pm Mathematics Lecture Vector Spaces
Functions, Vectors, Matrices, Tensors,
11:30 am - 12:30 pm Mathematics Tutorial
27 July 2021 and Vector Spaces
(Tuesday)
12:30 pm - 1:30 pm Lunch
Python Classes and Objects; Module
1:30 pm - 4:30 pm Engineering Workshop
and Packages; NumPy
9:30 am - 11:30 am Mathematics Lecture Linear transformation and Norms
11:30 am - 12:30 pm Guest Talk
28 July 2021
(Wednesday)
12:30 pm - 1:30 pm Lunch
1:30 pm - 4:30 pm Engineering Workshop NumPy, SciPy, Data Visualization
Eigenvalues, Eigenvectors, and
9:30 am - 12:30 pm Mathematics Lecture ) o
Singular Value Decomposition
29 July 2021
(Thursday) 12:30 pm - 1:30 pm Lunch
1:30 pm - 4:30 pm Engineering Workshop TensorFlow and Keras
Differentiation, Partial Differentiation
9:30 am - 11:30 pm Mathematics Lecture .
and Gradients
Linear transformation, Norms,
Eigenvalues, Eigenvectors, Singular
11:30 am - 12:30 pm Mathematics Tutorial lue D ion Diff o
30 July 2021 Value Decomposition, Differentiation,
. Partial Differentiation, and Gradient
(Friday)

12:30 pm - 1:30 pm

Lunch

1:30 pm - 4:30 pm

Engineering Workshop

Artificial neural networks; Multilayer

perceptron




9:30 am - 12:30 pm

Mathematics Lecture

Convex function and Gradient Descent
Method

11:30 am - 12:30 pm Guest Talk
2 August 2021
(Monday)
12:30 pm - 1:30 pm Lunch
] ) Deep learning; Convolution Neural Net
1:30 pm - 4:30 pm Engineering Workshop
(CNN)
Convex function and Gradient Descent
9:30 am - 11:30 pm Mathematics Tutorial
Method
11:30 am - 12:30 pm Engineering Workshop ML Applications
3 August 2021
12:30 pm - 1:30 pm Lunch
(Tuesday)

1:30 pm - 2:30 pm

Assessment(Mathematics)

2:30 pm - 4:30 pm

Assessment(Engineering)

4-5 August 2021*

(Wednesday & Make-up Class
Thursday)
Duration 7 whole day sessions (total 42 contact hours)
Date 26 - 30 July, 2 - 3 August 2021;
4 - 5 August 2021 * (reserved for make-up class)
Time 9:30 am — 4:30 pm
Teaching Mode* Face to Face (The Chinese University of Hong Kong)
Enrollment 40
Expected applicants | Students studying S4-S6 or equivalent who must have taken at least one science

course which include Biology, Chemistry, Combined Science, Physics, Information
and Communication Technology, Design and Applied Technology, Mathematics
Extended Module 1 or 2

Tuition Fee

HKD 3500.00
(Students who have attended all sessions will be granted a HKD 500 scholarship)

Credit

2 University Units
Certificates or letters of completion will be awarded to students who attain at least
75% attendance.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.

# This course is offered face-to-face lessons at CUHK campus. It may switch to online teaching in accordance with the

pandemic development and the policy of the university.




