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Z | Thermodynamics appeared in many aspects of everyday life. For example thermodynamics need to understand the principle
of operation of the air conditioning and other industrial products and appeared to also discuss the issue of global warming.
In this lecture, we will start with understanding the precise concept of words like “temperature” and “heat” which are familiar
in everyday life. Then we will learn the behavior of thermal engine, principle of heat, energy and entropy, and those are
summarized in thermodynamic equations. In statistical mechanics lectured at the latter half, we will consider how to handle
the motion of many molecules from the standpoint of thermodynamics. Lectures will be provided by face-to-face style.
FEDEEBIZE Learning Objectives
H | #7h%E 1A (X LF—REL) OYBNLEERAIERTE S,
EHNE(, MRAEL, ®RFH. REE, Tv FOC—-REORFENBENBRETE 3,
RNFE2ERNOYBILE®RZEREL, B4ORFETEWVRI DI ENTE S,
BLDERNZER BHFEH) 25N FE BMENBRICE SV TZENSDEREZEL O ORI HZOBGRIERTE
%,
% | To understand the physical meaning of the first law of thermodynamics (energy conservation).
To understand characteristic concepts such as quasi-static change, adiabatic change, conservation force, quantity function,
and entropy.
To understand the physical meaning of the second law of thermodynamics and describe the law in many different
expressions.
To understand the relation between macroscopic variables (thermodynamic functions) and statistical mechanics to derive
the variables based on microscopic models.
2B EIEDEMEDFHEEXE / Fulfillment of Course Goals (JABEE BEERIH D &)
H | LEICMR, \EHAFEZRVTROEBRNTE S,
FRICMR, BAWFEHANFORRETERL W5,
BAOFE 1ERR, F2REEBEL, BRNFIYESEOBEKREHATE 2,
BHFE 1EE, F2ERUEEITVWAED, BA0RE, TV hAE—hAEANZHNYESIC OV CEYARRBATERL,
Z | In addition above, able to describe physical system by statistic dynamics manner
In addition above, understanding relation between thermodynamics and statistic dynamics.
Well-understanding the first and second laws of thermodynamics.Able to explain relation among thermodynamic quantities.
Only rote memorization of the first and second laws of thermodynamics.  Unable to explain thermodynamic quantities, such
as heat, temperature, energy, entropy etc.
$%ZEHEEE Course Plan
No. 18 B Topics AZA Content
1 H | G BELIE, #LI3[ | BEROBEDRA, BELH, BNFOERS R, BAFEH, KESE, ABBTRILTY—,
o) HKrEAER,
& | Introduction. What is | Introduction of lecture, Temperature and heat, Preparation for thermodynamics,
"temperature", what is "heat" | Thermodynamic system, Thermo dynamical valuables, Quantity of state, Internal
energy, Equation of state.
2 B | v hFoEREE 1R BAOFE 1ER, RER - R, TLE, <4 v—0BFRA, EHNBIE, WA
2, ERBTE, FLieE, HHeRE EReE
% | Fundamentals of | The first law of thermodynamics, Linear & cubical expansions, Molar specific heat,
thermodynamics and the first | Meyer's relation, Quasi-static process, Adiabatic process, Isothermal process,
law of thermodynamics Isobaric process, Isochoric process, Cyclic process.
3 B | #hFE 2Kz bpe— | AP b e— bRV, 0I0TRAORE, LY ORE, BHFEE 2 KA, #
(1) HRIDIE, HL/ —H A7
& | The second law of | Heat engine and heat pump, Clausius's principle, Thomson's principle, The second
thermodynamics and entropy | law of thermodynamics, Efficiency of heat engine, Carnot cycle.
(1)
4 B | 80hFE2KWexrboe— | 77V 7R0RER, FA@Ee Ty boE—, T¥ OE—3BADZKR, KE#BEH
(2) wak, HL/ —HA 7 LoHmEE T-SHER, MEBoTESME, BRSO LERRIIETE
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FRICHB 5T PR —Zf, BNBEOTER

= | The second law of | Clausius's inequality, Irreversible process and entropy, Law of increasing entropy,
thermodynamics and entropy | Adiabatic free expansions, Efficiency of Carnot cycle and T-S diagram, Maximum
(2) efficiency of heat engine, Increase of entropy in quasi-static adiabatic expansion of

ideal
5 B | 2N FEBEANPFORAE | ABRIRIAF—E IV RLE—, ~ALLFRLYOERAIRLEY—, ¥FTXOEHBAIRIL
(1) ¥—, BRNPEAYT T L, =y 7 A7 LOBAFEGRR, BloFmE BFEEHG

& | Thermodynamics  functions | Thermodynamics functions and application of thermodynamics (1)
and application of
thermodynamics (1)

6 H|#NFBERERNFORA | 77 v TLAT7—LIEOREARR, ATEIREHERE, B, HEBOBRAS,
(2) BMEKE, v 2 RX7 o LOEER

% | Thermodynamics  functions | State equation of Van del Waals gas, Thermal equilibrium state and phase transition,
and application of | latent heat, Critical point of phase transition, Saturated vapor pressure, Maxwell
thermodynamics (2) equal area rule.

7 H | BAHhFEHBEANFOILH | RAEFOER SHEBEEOLMERT v, Ya—b-FLYViEIE, 77707 X-
(3) 540 Y0R, TLORAFE, FLVR -5 70FER (BN%E 3 EH)

Z | Thermodynamics  functions | Velocity of sound, Chemical potential change at gas mixing, Joule-Thomson process,
and application of | Clausius-Clapeyron's equation, thermodynamics of rubber, Nernst-Plank theorem
thermodynamics (3) (The third law of thermodynamics)

8 B | SethzoisE (1) BN EHANT, BIRHROES, 7770 20BHARR, NI+ 0EEH
e, MrAZ=M(u 26, ¢ ZH)

% | Basics of statistical | Thermodynamics and statistical mechanics, Key point of analytical mechanics.
mechanics (1) Lagrange equation. Hamilton equation. Phase space(u, ).

9 B | BathzoieE (2) Ix)LF—BEE, T/LT— MRE, FEXRORE, FLYroxR, MEE (270
Hh/ZHL) B, TaAv-FTF4OER, TAYa &AL OLEER,
% | Basics of statistical | Energy hypersurface. Ergodic hypothesis, Principle of equal a priori weights,
mechanics (2) Boltzmann equation, Micro canonical distribution, Dulong-Petit law, Einstein model
of specific heat,
10 | B | HErhz o (3) KRB ERFNHT, 77702 20REEEE, DB, v v I/ XTzb-KLy<y
Baxistll

% | Basics of statistical | Number of states, Distribution of particle in phase space, Lagrange multiplier method,
mechanics (3) Distribution function, Law of Maxwell-Boltzmann distribution,

11 B | et hFoER (4) MEtW L &, v 7 X7t VOREST, M2 EMLRD> 3y b F B, TL
DTy o —aEl, ReEIREE

Z | Basics of statistical | Statistic deviation, Maxwell distribution of velocity, Shockley-type Specific heat in

mechanics (4) isolated binary state system, Entropy elasticity of rubber, Hyperbolic function.
12 B | et HhF0ERE (5) METHFOERES

Z | Basics of statistical | basic exercise of statistical mechanics.
mechanics (5)

13 H | BEENDHmEREESD (1) EE (H/ZHN) HHEOBEHEGH, DEEREHBNFER, TXLX—0oE, 28
FAFOENLLH, BIVBF EEZE, HKRETFEHHE, MEELE XY -0k
Al

Z | Canonical distribution and | Derivation of canonical distribution, Relation between distribution function and
grand canonical distribution | thermodynamic parameters, Energy deviation in canonical system, Specific heat of 2-
(1) atoms molecule, Electric dipole and electric sensitivity, Magnetic dipole and

susceptibilit

14 | B | EESTEKREEES (2) KIE®E (7T Fh/=hN) DEOBHEETA, 772 FRT Y vb, 8F#E
R—RYUF & 7 IV IRTF, R—RDH, R—R-TA > a4 VEE 7o/ INh,
7z I IRILF—, YHYPRFEADEE

% | Canonical distribution and | Derivation of grand canonical distribution, Grand potential, Quantum statistic, Bose
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grand canonical distribution | particles and Fermi particle. Bose statistics, Bose-Einstein condensation, Fermi

(2) statistics. Fermi energy, Connection to condensed matter physics.
15 | B | Mat#NZE BROF LD BOFEMANF, MEZOKRR, EERERD
Z | Summary Thermodynamics and statistical mechanics, System of Physics, Explanation of

assignments.

B | Hichl, ARBOBRE RO D7-0 [HERFTI |, [#MZEZ] OBBEs#ET 5,

%= | In order to deepen the understanding of this course, it is recommended to take "Basic Calculus II" & "Exercises in
Mathematics I1".

B | EBIEE THMRNTT, EHREL 2~3 BREEEN T T, ZRECLERTICEGLEZTY > FORBL £ THlA<CEARBLTL
7230, EBHEIRE DL I ASEEZRTCHLLVDOEDTHRVWTATTI WL, YCETEDHERTETCLWIONI NS
e KRUITE,

%= | Review work after lecture for 2 to 3 hours reading details of the textbook and the handouts given in the lecture is very

effective. The key point is to solve exercise problems by your own effort, no matter what kind of reference book you may
see, because you can clearly see the depth of your understanding.

=] (#HBE) 8- Fithe #&x/ -] FEREXRE (12
(BEE) T¥—KAv b B - FetHhz] BREZFZ GEB
(2£28) [Tars0EhREFHETHZ] EEL ER)

Z | (text book)

"Metsu toukei rikigaku kouginoto (in Japanese)" Takao Morinari, (Saiensu-sya)

(reference)
"Keypoint netsu toukei rikigaku (in Japanese)" Yoji Aizawa, (lwanami)
"Zero kara no neturikigaku to toukei rikigaku (in Japanese)" Wadachi et al, (lwanami)

B | PHEBRAEHEL, BZEREOFMELICEIETMT 5, (70%)
EERBEAMNL 3I~AERBEOLKR— MEHTEREATMT S, (30%)
B RITAEF 60 R L,

= | The term-end examination: 70%

Submission of the paper (exercise related electromagnetism) (3-4 times): 30%

The qualifying score: 60 point or higher.

LAR— MERICEWT, A - BHiTA AOXE - B4 - K- 5B E2EATED 2 &) FBETT,
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