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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.

1. 2L Course Title IRIE L% Low Temperature Physics

BRB A ,
2. Y)¥ & Physics Department
Originating Department

HEHS
3. PHY328
Course Code

4. PEFE%E4) Credit Value 3
5. R E\li% 5 Subject Elective
Course Type
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6. %78 Spring
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7. *if English & Chinese

Teaching Language

Rk, BIFRHEIR, WHAR
BRHIT. AR BE| E? AL DA
R B F NIRAR, 355 B3 | 6 R 225 =

f A2 RHIT D Jun-Feng DA, Assistant Professor, Physics Department
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SR RIBE. MBH%R. BER
9. TR 5~ 4ii To be announced
Tutor/TA(s), Contact

ERABIRB(TAH)

10. Maximum Enrolment
(Optional)



mailto:dai.jf@sustc.edu.cn

1.

12.

13.

15.

16.

17.

“'. A M LY

/ SOUTHERN UNIVERSITY OF SCIENCE AND TECKNOLOGY

BRI P ABIRAE (2RI He(FRMAEN) ISESN)
Delivery Method Lectures |Tutorials Lab/Practical |Other (Please specify) |Total
2B 32 32 64
Credit Hours

SRR, HEFAIER HIF G| (PHY204)

Pre-requisites or Other

Academic Requirements Thermodynamics and Statistical Physics | (PHY204)

SRS, HEEIMH
Courses for which this course| & None
is a pre-requisite

HEBERBEARENEZR
Cross-listing Dept. & None

HERPKFHFHT SYLLABUS
# % H#% Course Objectives
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"Low Temperature Physics" is an elective course offered by the physics department for physics. It focuses on the
physical phenomena at low temperatures, including both acquisition of low temperature and measurement techniques.
Through this course, students are required to grasp the methods of obtaining, maintaining and measuring low
temperatures, and understand the physical phenomena at low temperatures and their applications.

ik > iR Learning Outcomes

B RIERRIRE S RETNE, IR ETB.
B BRI WEO-FERYBHEREG, B3t & BCS Hit,
How to obtain and maintain low temperature, and grasp the measurement methods of low temperature.

Understand the phenonema of superfluid, Bose-Einstein Condensation, superconductivity and BCS theory.

BRENEEBEAR (WRRETUIOONE, WRENFNMHTTCRTIOS wH A AsUERE ., #FHREAENR
EHN

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.)
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1.Cooling Techniques (HIAHA)

The first, second and third weeks: 1. Liquefaction of Gases and Bath Cryostats: Expansion Engines, Joule—
Thomson Expansion, Separation of N2 and O2, Storage of LT liquids and Bath Cryostats; 2. Evaporation
Cryostats; 3 Closed-Cycle Refrigerators; * 4 Dilution Refrigerators; 5 Pomeranchuk Cooling; * 6 Adiabatic
Demagnetization; 7 Nuclear Spin Demagnetization; (Z—-=J: 1 SARBAARIRERSS: DAHIEK KN, £
Hz WAL 408 N2 f1 02, IGIR R A fi A7 AR AEIR 2% 2 28R AL 3 FTEFRHIA L™ 4 FREH] L 5

Pomeranchuk il#%* 6 £ AGH #ETIA 7 £ B IER R )

2.Thermometry C(JUIE)

The fourth and fifth weeks: A. Primary Thermometers 1 Gas Thermometers 2 Vapor-Pressure Thermometers 3
3He Melting-Curve Thermometer 4 Noise Thermometers 5 Superconducting Fixed-Point Thermometers 6 Nuclear-
Orientation Thermometers * (DU, FA: IR 1. SRR 2 . ZRERET 3. & 3 ARt Z6E

FEiF 4. BRI EEE 5. AR R SR T 6 R R IUAREE D

The sixth and seventh weeks: B. Secondary Thermometers 1 Resistance Thermometers 2 Thermoelectric
Elements 3 Capacitive Thermometers * 4 Magnetic Thermometers * 5 Nuclear Spin Resonance Thermometers

CHEoN BR: SBIGRET 1. RPIEREE T 20 AR 30 AR 4. BEIR T 5. A A EIRIEE )

3.Superconductivity GES)

The eighth and ninth weeks: A. Phenomenological observations 1. Zero resistance 2. Superconducting transition
temperature 3. Meissner—Ochsenfeld Effect 4. Critical field and types | & Il 5. London Equations and penetration
depth C3E/\. JUE: ABLZA: 1. FHFH 2. SRR 3.

Meissner-Ochsenfeld XN 4. <837 A5 | A1 S SR 54 BT REANSIERED

The tenth and eleventh weeks: B. BCS Theory 1. Cooper Pairs 2. BCS Ground State 3. Excitation of the BCS

Ground State 4. BCS State at Finite Temperatures 5. Measurement of the Energy Gap 6. Tunneling Experiments 7.

Critical Current and Energy Gap (1. +—J&: B. BCS #it 1./ %} 2. BCS #7& 3. BCS &Kl 4. G FRIR
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The twelfth, thirteen and fourteenth week: C. Flux Quantization — Josephson Effect 1. Flux Quantization 2. Pair
Tunneling — Josephson Effect 3. Quantum Interference 4. SQUID. i+ —F|+JUfE: C.&FiLilE - 4B I

NGB AL 2. B8 FEAA N - LB BN 3.1 T 4. SQUID)

4. Bose-Einstein Condensation (J .32 K B35 E)

The fifteenth and sixteenth: Theory of Bose-Einstein Condensation, The Bose-Einstein Condensate experiments

CRATAF7NR Pt 5z R H R B 18 S 06D

Experiment (SZ3&%54))

Title: The resistance of semiconductors and metals at different temperatures (LH: =S & B A BAER RIS

T R

Experimental requirement: sample preparation, fabrication of devices, sample installation, programming,
measurement, data analysis, report.

SKHEOR: SERCREL T, SERIG, FER AR, RS, TR, B AT DRES RS

it R ESEEE Textbook and Supplementary Readings

(1) Low-Temperature Physics, By Christian Enss and Siegfried Hunklinger, Springer Berlin Heidelberg New York,
2005

(2) MR E: BB p0 BRUE. BT, BRIEH &, PERAHR R A RAE, 2009
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Type of
Assessment

H &) Attendance
WERI

Class
Performance

e
Presentation
PR H Projects
SRR
Assignments

BB
Mid-Term Test

PIRER

Final Exam
BIARR A

Final
Presentation
Hw (IREFE
5 A PP
=0

Others (The
above may be
modified as
necessary)
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% of final Penalty Notes
score

10%

20%

30%

40%

M A. +=25%Z % Letter Grading
OB. —&id4rHl CGEM/AEM) Pass/Fail Grading

{EfE##t REVIEW AND APPROVAL

AREREOEN U TIENRR S HIUET

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

VHRHER IR RS
Education Instruction Committee of Physics department




