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Targets:

1) Definition of entropy by statistical mechanics and understanding the concepts of entropy via mathematical
derivations

2) Concepts of ensembles

3) Physical properties of matters in view of statistical mechanics

4) From classical statistical mechanics to quantum statistical mechanics

Finally we approach to the limitations of the classical statistical mechanics, leading to the dawn of quantum
mechanical treatment for the thermodynamic bodies: unlikely to the case for the requirements of the
treatments in atomic structures/blackbody radiations. We finally discuss on the gap between Maxwell-
Boltzmann systems and Fermi-Dirac/Bose-Einstein statistical systems.
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Repetition of thinking again and again is only the way to master the Physico-Chemical concepts; there is no
shortcuts to learn them in principle. This is also the case to learn the concepts in Solid State Physics. Once
[you master the concepts into yourselves, you will never forget and lose them. It will take a bit longer time to
master them, but everybody are able to master them by the “simple repetition of thinking” , however never
acquire the concepts if stop the thinking. Mastering the concepts will allow you to judge/make an immediate
decision on critical factors controlling data/phenomena in our natural systems, or allow you to interpret  the
factors changing the systems. This is the “Master of (Physico-Chemical) Concepts” . Statistical mechanics
land thermodynamics, the major target of the present class, are representative of Physical Chemistry due to
their versatility to reproduce our practical systems.

The major aim of the present class is:

Starting from the basic concept of "Entropy" defined by statistical mechanics, unlikely to the discoverly and
development of "Entropy" in classical thermodynamics, to understand macroscopic physical properties of
matters quantitatively by an use of Physico-Chemical concepts in Statistical Mechanics.
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Repetition of thinking again and again is only the way to master the Physico-Chemical concepts; there is no
shortcuts to learn them in principle. This is also the case to learn the concepts in Solid State Physics. Once
[you master the concepts into yourselves, you will never forget and lose them. It will take a bit longer time to
master them, but everybody are able to master them by the “simple repetition of thinking” , however never
acquire the concepts if stop the thinking. Mastering the concepts will allow you to judge/make an immediate
decision on critical factors controlling data/phenomena in our natural systems, or allow you to interpret the
factors changing the systems. This is the ““Master of (Physico-Chemical) Concepts” . Statistical mechanics
land thermodynamics, the major target of the present class, are representative of Physical Chemistry due to
their versatility to reproduce our practical systems.

The major aim of the present class is:
To understand macroscopic phenomena in our practical/natural system quantitatively by an use of Physico-
Chemical concepts, particularly on statistical physics.

In the first half of this class, we start to discuss on quantitative definition of “entropy” based on the simple
statistical mechanics, away from the hysterical/conventional definition of entropy in line of classical
thermodynamics. The discussions on “statistical entropy”  will be extended to represent a variety of
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intensive variables of some practical system via the concept of “Ensemble” , followed by the discussions on
the feasibility of statistical mechanics for understanding the physical properties of matters/chemical reactions.
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Targets:

1) Definition of entropy by statistical mechanics and understanding the concepts of entropy via mathematical
derivations

2) Requisites for statistical mechanical approach to the systems

3) Concepts of ensembles: the extension to the real systems

4) Derivation of a series of intensive variables representative of systems

5) Feasibility of the above concepts to understand the practical systems, spectroscopic techniques, physical
properties of matters, and practical chemical reactions.

Finally we approach to the limitations of the classical statistical mechanics, leading to the dawn of quantum
mechanical treatment for the thermodynamic bodies: unlikely to the case for the requirements of the
treatments in atomic structures/blackbody radiations. We finally discuss on the gap between Maxwell-
Boltzmann systems and Fermi-Dirac/Bose-Einstein statistical systems.
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1. Principles of Statistical Mechanics and Entropy; mathematical backgrounds

2. Definition of Entropy: Approaches from statistical mechanics and conventional thermodynamics
3. Boltzmann Principles: Historical reviews starting from the discussions by Clausius

4. Translational Motion of Atoms/Molecules

5. Phase Transitions revisited by Statistical Mechanical Approaches: Heat Capacity of Matters
6. Distribution of Molecular Motions in Gases: Partition Functions

7. Canonical Ensembles: Partition Functions

8. A Varieties of Intensive Variables: in relation to macroscopic thermodynamic systems

9. Fundamental Statistical Mechanics including Exercise

10. Entropy Elasticity

11. Brownian Motions and the Collision Theory of Particles

12. Arrhenius Equation and Law

13. Eyring Equations and the Transition State Theory

14. Limitations of Classical Statistical Mechanics towards Quantum Statistical Mechanics

15. Statistical Mechanics Applications including Exercise
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Scores will be made by the following dual ways (finalized by the better one)

1) Active participation + midterm examination + final examination in total
2) Final examination only

No makeup exam after the final examination.
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Think quantitatively and calculate anything.

(Zofth (F71RA77—%) )

T T4 AT T—RIEN DY i 1 7R 2 Wil
v 82 BYTAKZ  AL-0095E

FLARHIC E 1 Question PaperZZiGiHH L T 72 & 1,
IS K- Tlde-maillc KB EME 2T £ T,

\Welcome not only the questions during/at the end of classes, but also the question papers.

R TR 1 (CCEEEMEY) ) 29 CICHAMTBIR LTV 3240 TEEE 1 b (TR
(L) | Z2 ks LB LIcht, HNAT L 75 %,

¥AT 4 AT T —DFIC DN T, KULASISTHERREL T 72E W,

%A T 4 AT T —DFC DN T, KULASISTHERL T 72E W,

|ﬂE+‘//(') ‘/7‘\ U-ENG27 27301 LJ60

o N . TEAZERE B wi g
RER B | VELE T (L) EUEFR |y Al .
<EER>  |Physical Chemistry | (Chemical Engineering)| Hi% < K& é;?};iﬁ :Eﬁ% %}EZ%EHH

[N

géZM*ukag
[REOE - B8

Tk | 0 s o o5 |an |BH 0w

Bt 7 e Al EDFET R AN S Foicid, B EO ST A CTIEIGE |
T3V F— I 7 EOALE T ARG LIS EZ T IRAI R TH B, TODX S BEZ KDV
;% j[ﬂ:ili%é&/)ij EIHEN S ARSIV EE NI, T T TR, LR L2 OYPRTDONT
IR %o

[EEEE]]

Ot e FEO T 02 ZEHRICISH S 2 AR EA S E S T L ZEROHINE S 5,

[EESETE]

7 i,0.500]
(L2 LB A S 2 RO E R & Z OJUT, B, 75 5 TICHNHISE O /I DL Tl
N5,

PHER OB TG 1 1501 & SRS 0,500
IRAERIRL, > 20V — Sl AHEE. AERRE SISOV THITY %,

KWIYIELO PV T 67,150

PSRBT & T A 2T — [EREREU E7% 0 2 FHEXURIRIES, IRER DR HTTIC DOV T
%

AL, 1,500

AR, R Y 2V Y — BRBEEN. SOGEVE E DER O L FERORICHIU TR Z i
LIET$9 %,

A 125 2 LA, 218

55 2 O A DEBIE, TV ha¥— AL/ =5 A ZVOEKIC DOV THIT %,

ELHRETE E PR ORI

CNETOMBANRICOWT, FIREZIMERT 2, MRITIGC T, LR— FREZHRT,
AVROES ) 200

IR, T3V F—IGE, T b a = ORMR & Z OMHEIC DN TR S, £z, Ak
175 S CRIROFFZ LML, (L T2 RO 215199 %,

ORI AR, 2
PV TRIfR, MARDSRIERAOTY 2V E—, T hnt— AT )VF—25Hd %751k
IZDOWTHINT %,

FH T4, 1]
HH PRI GRIC 3 2 YL OB ) AINFE R ORI R, Tminus SHRE. Hminus S RIS DWW CiEE 2

WEEF | (FIH) @ Me<l L

[rERZET (EFIH @

EAIEIMBHIAT %,

T3 Tt ZANDEH] 20
CNETOBMBNAZIEEZ T, 2—E . EHilk. W7 OvX, HET T2 MR EOREr e
JIER TR IRATIC DV TR 2 BT 55,

A F R D RERE, 1Im
AR ONFICI T 2 FEE 2T 5.

[BIZZM

SEREVIERA L 2 - BEREMTRI LA C OB AERINC B9 % FERERTFR A 0 2

[PARGHED 7% - #m]

A O BIINER L AR — b & PIERER - HIRRER 7 St U C ke ottt

B E]

J. M. Smith and H. C. Van Ness : Introduction to Chemical Engineering Thermodynamics, 7th isbn{}{
0071247084}
or 8th Edition (McGraw-Hill International) isbn{}{9781259696527}

[BEEF

(BE8)
PW.7 bF2 X 07 R ALY (AR isbn{}{9784807909087}
JANZ . ORI, BERT  N—2 2P (AR isbn{3}{4759811508}
INGRIR | TRV F—TeiEn TS TXVF—HRRIAOEE BIRED  isbn{}{4563045985}

BENFE FB-ER) F

G OB Z T lien7zh, T T L CNADBEZIELCHL C &,
SR 5 1 ~ 3 BREEEE T 0T, KB RIAHIOC &,

(Zoftt F74R77—%) )

EROMEITICIE LT TE ST L OHEFIEZR L, MENEOBRICLY S, HEREERT
MR 25T 5T L,

WA T 4 AT T—DFHNC DN TIE, KULASISTHER L TL &L,

[EBRERDOHZHEICLBEE]

(D7%

FKIFRERD B % BRI & 2 TP 6 LT FEERH
(@ RGPERHH IS B U 7 SRR DN

(Rl 48T (775 > R%E) 454

WEEF | (LFIH) 9 Mm<l L




MEF | (L¥IF) Q)

(SRR 1 U T RN DN
BIAET T Y PREIO T LI BT, RECRIMTCE MO M T, Fa T &2 i

BERET | (EFTF) (2

[RIEEM

B L A2 BB LTV 5 T L RHRICGHERZED B,
AFRIET O AT a— X0 EDIMIBIE KR,

[RARETHERD % « B

EHRO 2 3 & Uy THUS PR RZ IR L TRETNCHINT L TaHiid %,

BRE]

[ aTA4N— 7 b3 AMmEE: (1) 86/ MWeller, T.Overton, J.Rourke, F.
Armstrong # HM AL ARG HESE, e BGE. PR 2. JBN O ER SR
(2016) isbn{9784807908981}

BEEF

(B£E)
55 1 IR AL AR 2 BT %o

BEENFE FB-ED ¥

FEORNCI ORZ T L THL T ZTOMDMRICILY 2 MEZETEA TEE S LTH
U, EfHEE 5,

(Zoftt (F74R77-%) )

WA T 4 AT T —DFFIC DN T, KULASISTHEREL TS 72 &0,

[EBERDOHZBEICLHRE]

(7%

IR B B BT K B RIsFEBR 1D LI FEERH
(@ MFLPEERHE I B U 7 RESRRRO N

TATEGE NPFESERANRR W T 44F

(SRTFHEER 2 1A U T FLRIN I E DN
FEERARRR BB BT, RIS B DRIR 59, 3L ORI ERALIE
VAT d W THER LA E B DS 2 F i U 7o AR SR I I U T il J2 g %

RIBF /1) 4| U-ENG2727302 LI55 U-ENG27 27302 LI76

ToERERE Bd e TR
LAE-IIA BdR TR iR
HipRESEA S Bd il Rk
PRERIBR | L2 T (LT IEUEFR - | AU MEBET JE B0
<ZEER> | Inorganic Chemistry | (Chemical Engineering)| #% « & | T2ARF7ERl  HETEAdE AT =ER
HERERS & feBdR R K
ToARERE Bd BB
HIBRBREEA & HEBIZ w0 SF

£ [2mrtri Issm& 2 | Wiy psem| 12

o an |E8 aaem

[REOEE - B

LA TY) Tl AR T LY AT REE - W, VA A0/ - TR ERFIT 5, Jac.
L LETIc DV T, BRI ZHOICHFIT 5, E5IC, HTORZMRT %5 L CEERRGERD
BERICDWCTIRBI L, 73 FOJF &5 ORISR AR & OBEIC DWW THRS, T BIC, d-
Ty Z{EEVDFHAC DN TN D,

BT

W - ehk, BELEIT, HARE, BOHEBPIC DV TS %,

[REHEEAT]

W & 3k (458) 4l

145 & ORISR 9 2L ARRIC DV T d 4. 9, Bronsted D « HiFEDE 2N, [OIR
E 2 RIS RIS % 72D O E 0, Bronsted MR DJE IS DWW THERIT %, I Lewis
V2 &k B MR DR 2 L, PeasonDTEWVEE « WS DWREOBER 2l %, Iefhlc, B - Hik
& U T DIFRO N2 E RN KIS 2 e DI ST A— 2 —Z RS %,

ke (5%) 4l

—DOYEAND & 5 —DOYEANE FHEI L TREL LTV EL S, TODDMIEEE & T
FELECRIGE WD . T ORIGICRY 2B HINEHR L RN FIC DOV, T Off# T
WTHDHT LaRT, EHIC, BLETRIGOMITIC AW SN2 BLXULAHNC EER K T ldquo B
HAiirdquolc DWW TS %,

DFORME (78 4lE

> T OTEESFMEOBLHD BIEA . ZOMNMMER R REAMETH B BEMIC DN TRRS, F/e|
T OUFIEIC RIS 2E50 5 513 BB IR AR EEIC DWW T Pl TE 5 T
ERIRHT Bo X BHIT, S THUEOMBI TR, HEIHEDOER, 7 TRIOHAZ Kk d 5 F
THTONMENRE L 5% T L2Rd,

EhTfby ) (850 2l
Lewis®Df  HiJkds KU N5 Ol ADE TH 3 FRDOHERZ IV CTd-7 1w 7 LAY D& 7s
HHEIC DV TSI 5.

1 RIEIEE OFfER, LR
LR— MBI S 2 i85 5 L OS2 10, ERREE R RS 5.

EREY | (LFTH) QNGCL L

|ﬂE+>/\‘U “/'7‘\ U-ENG27 37303 LJ61  U-ENG27 37303 LI76

RENBR | L7 TE80E T (BT BUEFR - | AU HEBUE BRE S
<BEER> | Mathematics for Chemical Engineering | (Chemical Engineering)| B < EE6% | T22RFZYRL  WEEUR &1 #&
85 ot r F{ﬁ& » (Wl | e [ SR na

[REOBE - B#Y)

(L2 7T AT ALY AT LTAETH S BAOR 2 2 5T L2 HINE U, WM RO
ik T T REW, T T T R K DW HRROME, N7 PIVIITICOW AR, $2E130H
e BRIV, Fi, MR TR % T DI B 2 H EHATS o

B
(L2 T RBICBIN S WM TR OE, BXUONY MUVOMI) . RUOMERICHIAT %,
[IREEHEEAT]

N5 UK TN S BVORDE, N7 R VORYY, BUNEHIC DOV TAS,

00 i RE Al B ) b DM i TRE D T LRt 1R 2 ORI Vi
KOfifik & UTARBOTERE, ERGER EICD0THRT 5,

T 75 A2 30, T 7T RSSO IERINTT 52 I LTt SUEHHO TER% 5 75 A28

fi
[FREOME) 21750

[RIEEM

[ NE P NEFNESETEN

[PRAREHED 5% - B
AR BANC & > THET B0 72720, BEUTIEU TLAR— FRER/NT X B 2175,

FE

BUR DA - T FIR)

BEEF

(BEE)
Z 75 AL MR ()11, 5 isbn{}{4785670215}.
FISROBER & 1208 (K. HAF )  isbn{3{4535603014}.
(LB DTcbOBEEtR G, LRI isbn{3{4759800085}

BENFE FB-ER) F

(N7 MUREFT T, i, AEAR OO OMEZRMS 20T, ZOREZFEL T & TEBzT
Scek.

(Zoftt (F74R77—%) )

AT 4 AT T —DFHIIC DV TR, KULASISTHER L TL 720,




|ﬂE+‘//(') ‘/7‘\ U-ENG27 37304 LJ60

|ﬂE+‘//(') ‘/7‘\ U-ENG27 37305 LJ55 U-ENG27 37305 LJ76

RRRER il I L aE - | LAOER B0 R hEsRB AL (L7 ) S - | LOER ARG 5]

<> | Fluid-Phase Separation Engineering B BB | TR HEBdE HI geth <ZER>  |Physical Chemistry Il (Chemical Engineering)| ¥ - B®& | T2#R%%RE Bi%  #Kk &%
& st Ismgz 2 | Uiy e 1 o |ms |BB| s & st Ismgz ) | Uiy e |2 o ms |BB| s
EEOHE - 57 EEORE - 55

(LT 0L RN D NS I E CEAHRIE) OfAGDE TSNS, T T TRIE DI -

iz i &g % 788, AT AN, it & OWESRIEBBIHAHREICOWT, ZN5 OHEAT
RV E S & D REFI AT 2 & L b, BIROMERIERE L T OE BN EHTIE2 B E
2%,

BT

R ) BRI BINCID , MBI, WIERE), TEBROBERZ B E 8, BRI )
WICEREE D, Tio, MO HMIRTE, BUREZ RN )05 RN 2 &S %,

[BREFE AT

IELD ) - RSO 31|
(L2 7" 0L ZOH TEELMEODHE - RO E TEZ#R L, oIk e MERBICY %
SLE AR RS %

77 ZWEULHRAE Al
(AN OXURDTAREYE, WA U B ALEEIS, A AWMGHE, & 5127 AWIEE O it T
IEOFRZE U T, T Helild(Eik ) OBERZHC DT EE %,

REHRIE 4lnl

SO THEIC DOV TAN, & BICRGTRIHRE & U T ORI ELIC DOV TR
FEHIL, & L BMiHE TZRERMRIEL] TH 2l IR ORGHFEC DOV TR
%o

il 31
3DV T b 2 W T DB A /572 il U, il & 2 it 2l U T T2 il EL ) &
TZ P fRE ) ORGHTILEZIREE 2,

74— BN JEZE LR
PLAL, AR, &R BAS %40
filialh b 2 W 2 R EISL T o

[BIZZH

Ry, BRI, TEMEEBER(LY: L), (B2 O A 2R,

[RAEEHRD 7% - B

eI & O PHRABRAG R & 22 EOBIR IS 2t 4 5 7o DIk LR — M X D il 5.

THERDEIFR NS L

VB AN OWNEZBEE X, D ROMEER, BRI OV THET 5, &/, B0l
HABIT, EROYIIE A DOV THE T 5,

BT

LD OMPMBISICOVTHRL, HNOFR S ZEFT 5, iz, RfamiNEAl, Y70k
DYIEMLAE L OFE, BIEMEIC DOV TEIRY 5,

[REFHE AT

BN T [ T
CKH, s SAEZE TEOHRAHREIC BV T, SR ROMTEBRNEHICEETH B, Al
TIE, PAAROKWCFHICIE D, FERR SR, WO, HXZZICO0THERT %,

50 F R OREADYIER L2, 6101
51~ « 3 F- O, ORI - BEHITEEL, M), o0y, BkOERE 03
REEERD , FEROIEAR - AU - REEIPEEIC DWW TR %,

74— Ry ZREE R
ARHENEICOWNT, FERL O - fERETTD .

[BIZZH

IEHE Al (L2 T27) OmEZNHEE LTV

PREAER TS & U1 OFEHREIC X D RIS 2.

[FHE

Peter Atkins, Julio de Paula [ 3> ZWBE22 (1) 1 GREUMEAFN) ISBN:9784807909087 (
G100 G 8RB &T ) )

MR (L2TH) QgL

BRI F(2)

REATENG, PRAF SO THIRIE2 E22) (FESERE) 1SBN:4782826095

BEEF

BEE
BB AR O PR L 5T (BEEE) ISBN:4782825099
UKRIEER, MR =4 T TR (ESEXT) 1SBN:4782825102

BENZE (FF - BE) F

FREE - ZERGRGA, R TART LRGN 2 L L b, P o T E A
> IR O PRI LD %

(Zofth (F71A77—%F) )

BRI Z SR ZITS & LB, alROMEITIIO UTHEMEZR L, MRNAORTHED

%A T 4 AT T —DFIC DN T, KULASISTHEREL T 72E W,

[frERZ EEFTSH @)

BEEF

(BE8)
Walter J. Moore  I'PpE{b2 (1) 0 CGREUEAAFEIAN) I1SBN:4807900021 (354l MERSE—iR (6,7.8
7 & 11FE ORI (11.1-11.11))
\Walter J. Moore  [P7H{E*% (F) I ISBN:480790003X (:fi4fiit  (13,14,15%%) )

BENFE FB-ER) F

S - BE AT, M CFRC L THICIDRT 5 £ LB, Wi AT &k
> T AT DARIC 55 5.

(Zofth (F71RA77—%F) )

AT 4 AT T —DFHICDN TR, KULASISTHERL TL 720,




|ﬂE+‘//(') ‘/7‘\ U-ENG27 37307 LJ61  U-ENG27 37307 LI76

|ﬂE+‘//(') ‘/7‘\ U-ENG27 37308 LJ61  U-ENG27 37308 LI76

FRERIRR | L2 AN BLUEFRR - | AU HEBdE RR S
<ZEER> | Mathematics for Chemical Engineering Il | B « K% | T22F20R deBdR A0 &k

& st Ismgz 2 | Uiy e | o |ms |BB| s
EEOBE - 59

(L2270t AU HS 2 SIS Z BT 2 e DI B BCA 2 il g %o [ - fiah, 7—V o4&
. R REE B2 S .

EREEELET
(L7 e AU % SMARRZ B8 S 2 eI B BB Z IR T X 5 K 5129 5.
EESETE

e et SR, 51l
RO « ML SRIF EMER, MERABE TOMWI OMmBIE. P, E—AY b, 72
WO | oG AR

(=S i |
B (2 53R, Poisson/) i, Gauss7i i)  HUDWERRGERE & (ERIS A

7 — 1) LA Al
7=V THBOELL, T—Y) TR, T — ) A

i 450 /3 #2311
fifoy /A OfEE O, W/, . 2IUTonE

ORI i
IS B NAD EREREEOWRETS | 71— KNy 2 ERETTS

[RIEEM

(L2 LAARCA DG Z i & LTV B,

[RATEHEDT 7 « R
KRB HTIC & > THIET %o 722U, BEITISUTLR— MR NT A M 2175,

e

i Lz

&

(BEH)

GEREIE TRE T ROBCE AN O — R 7. 5R « it CAEEE) 1ISBN:4000077775
BEEEIE R AR U — X 10 WpEROBCE)  CEE#IE) 1SBN:4000079301
BIERELIARR 77—V Tfifht & mor /Ry (RYEfE) 1SBN:4563011177

E2IFHEFNNMES L L L

a4 | s T e— TEAMZERE B I T
ML = AT = Sl —
<#ER>  |Chemical Reaction Engineering 11 Bi% - K4 é;?;?;ﬁ iég% ggﬁ IégT

IliFEF
B

HAHR

B s b |se1\::gz 2 |TEEEE iy psem | 12 55 | %

[REOE - B8

SR I N2 SO L 7 0 & ADKISEFEOMNT & REHT DWW TR S, RIS
DRISHERDE LT, EDOX S ICISEFDOKRE S 2R, ZRHRFT BT DOV THITS
%o

BT

A S OBEFRINRLRIC IS 5 & & B IR NS A2 GO SRR I ORG!, #RIFIC
B9 B Ak 2B L, EPRCEIZITA 2 X TICBRT %,

[EESETE]

IS & ARG, Ll
IS T2 T CHATIO SISEB DRG] - BIFKCDOWTEE L, RIS & D72 Hil 9
%o

U7 8 L )
RISHIRIGO RIS D LA ZBINL . ERHRIBERE & RN | SIS
SIS 5. RIS, BRI & ORTRS IS ORI T & 3T 5.

VS PSR O AR 7,310

FZBERO SEE N DTS Lifih & 52 RIRATN O N TH B, MR/
BCCIRAIRIEZ BUE L. JERARFIN 2R T ETIVER L, /85 A—2OHEE, EEGEHEZ R
%, ¥z, IU/AGEBICDOVTEMNG.,

XUS S & S EaR,3.500]

S & E RO I ISIT & FIBEDIRE « 7T A L, BEEOOIRITRINE EDD %, fHiiK
RIALE T IVIC & > TRIFROSHIE 2K U, SOSKERGHEZBNS
[EASRAE RIS & K 3s,3 510

[E R Z AL T D O | KIS OGS AL AR 1PN & SV L TH T ORI B & > T
WEND, ZTOYMREKT DT, MBEIRBZEAT %o [EEHE, FRB)E O M S REE
DR L MHR R HEZ BN B

OIS, SRl I & i It 2151

7z £ S 77 AW, TRFHZE B RS/ & OSIRRIE Tl &URFH LG T OIS B ARG
IS BT 5, TNEMHTL, & HICEERFNCOWTIENG, Eio, EAMIENATT 55
A IS DN T B iR B,

- RIEIEE ORfER, Ll
(L2270 A T2, JOS LEATTREARNE S GO IRAINEE 2R U, ERIEEZ RS
%o

RIETFNNGES L L L

MEZETFEF2)

BEENFE (FE - EE) F

=R - et TIE, . AEABEODOREZEMS 5 DT, ZOMEZRL T & THERZITS
ce.

(Zofth (F71RA77—%F) )

AT 4 AT T —DFHICDNTIE, KULASISTHERL TS ZE W,

RIS LF(2)

[
M7 AR TRIS T4 DIEED LI
[PSGHED 7% - #m]

CEWTRABRIRINCAT 5 WIAAER, FEENOHIRYL, 1L R — b ORIRIE 5 TIZNAIC & -
TAHITY %o

[FE

FEAEE TG T2 (ETHHiRD J (B5EER) 1SBN:9784563046347

BEEF

(BEE)

BENFE (FH - BE) F

BRI S 2 G, iR TEEC LR PNNCEY % & L B, Al IS 0 BILR T & I - i
DIRICESD B

(Zoftt (F74R77—%) )

], AP IEEER 2T S o G, SEAOMB RO SIEEZ 1, BRI TR
ENORIE vPavis

AT 4 AT T —DFHIC DN TIE. KULASISTHERL TL ZE W,




|ﬂE+‘//(') ‘/7‘\ U-ENG27 37309 LJ60

|ﬂE+‘//(') ‘/7‘\ U-ENG27 27400 LJ76  U-ENG27 27400 LJ61

EsRIE 17 R - | PR ARG 18 T R VA (L7 17 g

<®ER> | Solid-Phase Separation Engineering B BB | TEOOR Ao R KE <ZER>  |Physical Chemistry 111 (Chemical Engineering)| B4 « K4 TV e Eim e
B2 [amet: Ismak > (W | o oa wa (BB B2 [omet: Ismak > (W | oa wa (BB
EEORE - B EEORE - 55

(L2 LT Ot A2 RS 2 ROV D HHREON KD, AL YEORKTINE S5 5 B(E2
MO L, A% (R ITBT 2BBBIROHEZ T, BHWTEME, #ERGHEC OV T
T B BRMRHARIEE UT, o, Weas, BEOEE SBTZED L5,

[EREEE]

IEFH‘E’ETT@ IPEER(EZBICIND, PIEIICE, BAICE, ﬂ‘XWéOJIuJDEF*ﬁ)ﬁE%%U)@ﬁ*%&HJ p
T ODRGIAE I MM OBIFERE I 2 818 T 5, Fiz, DHERGRORAIIM S 2215 5.

[ﬁ#’f@tl’qg]

BT & LTl O AT, WSk, MFLILH & Kk, Wasd s OV TR,
AR R T B THC [E1E RIS B O BB RO A DV TRl g %

PR, 10
Uk 2 FHRNC 3503 2 2 - VBTN BIO VBT L UC, A2 B, IRERIREORER, i
FEKEZDENTT 2R %o

%?Zi%"%ﬁ{’mlal
0+ [ 3 HANC H U 2N - PIE IR ONKH & LT, SHRIEZID B, SO A=
RN VEREEE, SRR DT & it a 5 ISR E & BRTEDOBIENEIC DV it g %

3 HERAE, 3101
ﬁX&}ﬁi’E*&lth\&L“( JEEEEE R, B 7 0 ADOREHEC OV TR B,
aATERAE 2000

AT OJSEL, RS RIRIC B S 2 USRI D N ERR L, WERGIOTDDOARE 2 L— 3 23
TYADEZSTRIREE B IARIC, AR 2 NEORRIEZTERT %0

T — BN TEZE LR W, RSB B ERENEE OGRS, HBWVIET BNV X Mg
R IRA B DI D 2 WISTHE Z R RTEN TTT 50

[BIZZH

(AR (2 LA |, A7 o A LA, iRl L7

[RAEEHRD 7% - B

eI & O PHRABRAG R & 22 EOBIR IS 2t 4 5 7o DIk LR — M X D il 5.

BRI F NS L

PP A T A ORI TH 205, £ OFEFINEIRIIE LU, 2RO AT I
BN TH D, e hud T/ 7713 LA OSBRI REH#TH 5, Adkid,
et B A OEREZGE U, HERO B TN > b o =R T ROV F—IcDn T D
ROBE & IS OREZ X S,

BT

T2 R E—& T3V F =D 5T H HIREOHOIRIEH B & OBIREIR L, & 7R/%
EOHMRICONT, SHOT V8V TIVEEH LT TR ETIVOERATE S X5k S
L_ 8

[REHEEAT]

BB )2 0D HAE R 3]
FHC ERlE Ty had—, BRI 3VF—ICDONT, THRE ) ZFERT %,

%, ARAEST & BRI, 115

M2 D5y 1D T > X LGEBIMEENF OBIIZIREEL EDO X 51T DHEN>T0E0N, Bk ik
EBINCHRRT %,

ok / =HVERE T Y b E— 1A
KR 3L F—— N TOIRER I, S=kinw, dS/E=1/T & Z Dfiff,

FIARSAD T > b 11 ¥ — & Bolzmann/) i, 4574, 1.500]
NiFHZ & ARAE R, S=KInW/» 5 DBAESAD T Y b o ¥ —DEH, T 3)LF—IRED /)i,

1/ = F)VER & S BEEL 1.518]
BB L T B RO IINVF =i DFLE, DB, (V.T)—ERTONVLFRLVY HHITRV
F—, ) ERTOFTAHHLRIVF—,

752 RH =)V e AR R T
BIRCROZEE, ROEBIE, (LR

1A, 100

yan /) Zh, B Zh, TS5 RA ) ZHIVEROELICOWT, S o <
B FIREO E ICH D #1Ts, FASRHIIC BETH D, HTRZ#T 5T L, #ROETIRIIC X
ST, 2EDHEEETHCLEH D,

UL L & BLREARG L]
f\/’fﬁ’“F‘iTﬂ)Jkﬂhéﬁ(%&lﬁﬂﬂﬂlbfﬁfﬂhéhé%ﬁ B DEKB L BRI 2 R L. & TR
o> LR E OMRZELEN S,

>y )b,2[m
TV, I

WEEZN (E2TF) QMK

ERZR DT F(2)

THURIE A 22 CRAR, JREF, pESEXIEE)  isbn{}{4782826095}
TRz IREART I AP (M, EHPIT3E0TRD  isbn{3{9784526069697}

[BEEF

(B£8)
MEAREROBLG £ G5 (B HE. PEZEE)  isbn{3{4782825099}

EENFE FB-ER ¥

BRFEZFUDNCHERZTTS L & IS RO U THEMEZRL, MBNAOBRBD S

(Zoftt (F74 X7 7—%F) )

AT 4 AT T — DN DN TR, KULASISTHERL TL 72 &

MEEZFI (LFIF)

SR & o A ELAE A 2000

FAER TR TR EIERIC X O IFFAEDFEBIT 5, ZORER & U TORERLUAD SRR D
kD7 T H— }%ﬁ’l’n}ﬂ?’% F TR HAEHTIR 7 > o v VIR 3T L DD, Bl
ZHPERDZONN T Ialb—2avOiEETHd T L L, TNTKBBIIHNHERORD 7%
WS %

AR B DRERE, LR AGRRANAICOWT, BREREORH - 72

[RIEEH

TSR O | L TIEE2A (B2 T2) )

[PRAESHED 3% - B
IIAGBRICINA, T L OBIRACTT 5 /T A - ORI & D #EAIICEHIY %o

[ERE

=L

BEEF

(BE8)

DRI S U — X RN (REVEN. ARSI, 1994) isbn{3{9784000079273},
[BEAM = ranbIran] G - SOk SEOCEE. 1995)  isbn{3{4130626019}.
(3 03> U —X 1 BABIR 3 058  (FHIRER]. #I8ENE, 1995) isbn{}{425413634X},
CHEERR - #ial %2 (i, TR, 2003) isbn{}{9784320034235}.
MEFEROMETIEAM] (B.Widom#, HEMF—REER, {L2E[FEIA. 2005) isbn{}{4759809503}.
MYEEDE Z /5 2« #at st (EHIES, $a35E, 2006) isbn{}{9784254137422}

(BHZEURL)

(=L)
BEENFE FB-ED ¥

FERIEE 21T, Hifekd 5 L LB, RERNZIISMNNC UTRIHMRZEFH TN T2 C &

(Zoftt (F74RT77—%) )

LELENT A (DA 2175, £, HEEEERHRICEETHD, HIZbDT L,
%A T 4 AT T —DFC DN T, KULASISTHEREL T 72E W,
[(EBRROGBEI & SR

Dk

TR D B BT K B IR 1 LI FERE
(@ FEFERL RN B U 7o RISHRER DN

MBI (L2TH) VRS




MELFI (LFIF) (3)

A AL T3 KIEFEAT iT7E R

(SRIFHEER 2 WG U T TR FE DN
53 TR - BRI FORED A, OV CIREFERGHCERTH ST L,

tF70ERTERR | (KFIH) )

[ERE

(L TP a—AERTF AN (L2 a—ABERE ) ZRfiL. ThzEfd 5,

Bl

(BE8)
Bird, Stewart, Lightfoot [Transport Phenomena, 2nd Ed.J (Wiley) ISBN:9780470115398
WA - PRI I TBIUL A T2 (FEZEIE) 1SBN:4782826095
WA TROB T2 SGETh  (BEJEE) 1SBN:4563045187
Smith, Van Ness, Abbott ['Introduction to Chemical Engineering Thermodynamics, 7th Ed.]  (McGraw
Hill) 1SBN:0071247084

EENFE T8 &8 %
FE TR %

(ZOfth (F71A77—%F) )

AT 4 AT T —DFHIC DN TIE. KULASISTHERL TL 720,

|ﬂ§+>/\‘u “/7‘\ U-ENG27 27314 LI61 U-ENG27 27314 LJ76

N e

<ZEER> | ChemicalProcessEngineeringLaboratoryl(Chemical Engineering) | 14 « E% VAR s
TS s

|ﬂ§+>/\‘u “/7‘\ U-ENG27 17405 LJ60
LARER B DA G

RERBL | (L2 T O A TEFEERN (L) | BNEmE - | SN <
= : AN P - TAESR BRI Il el
<BER> | ChemicalProc aboratoryll (Chemical B4 - K% T [T

£ [amtri Ism& s |EEEE TN e | PET L\ JEPR

[EEOHE - B

TP A ST s & OSLIE AL 2 IeBh2 17> 7otk (L7 0t ADILREL 75 2 Y LAY
Mk, SET)E - A - MITOBEIBIS, BXU. BARNERIS TS 2 KBTS,

BT

SHERBHR 2 BT 5 LIS, EROHIEY: L T 0 A T DO TN S SR 2 s 5

[REFE AR
T 3E(L2A SRR 15[
AT AGEL D WAL EOMORNTE, 75 TICTAMR, TR, I, AHEHRE,

A, WE. TG EORANGEIFZREGT %, BN Y 2—DRYPZ L. BRIV

o

L2 T2 BRI ER L7 2, 1400
(GERE b NS K 200 TR OVIE, WA ORIENE & #57EIVIART, ok T oRlE., T
MORE, SAHHEBEREONIE, /75 A& p HEFOMFR, Kifige)) & dnk

(L7 T2 SRR BB S SR, 4l
KRR &RGTER A DRN, DI HRA

(L2 T2 BRI G 7 0 b A TSR Al
[F17 SOSERIC & 2 LT, 29— OB G DR

(L2 T2 BRI SR O, 21m]
ARG S AT L

[BIEEM

(227 T A TAEEEE, PIBEA (R0 | SRR, ROG TR, 22 L Cwa Tk
DI LV,

[RAGHED 7% - #m]

HHERT =IOV T O PR (LS, [BIEE, KEROPE) | LAR— MK ORHIY %,

F70LRTERR | (KFTF) QML

£5 s I&m& s |EmEE e Bl |8

=5 | FIAG
[EEDERER)

(LA T O ADSEE L I B BBBIG, Dl L2, RIG T, MR L%, T o ARIECHS %92
B21T5 o

B

SRR % L, LT O A TPAC OV T OIRZ D %

[EEHE AT

L2 D22 SBRIR BB I280 9] JEE RN, syl Szl U C oY Es D)

(L7 To# BRI HE D 1 e 2 T e, olnl Feki i . FEBUR OB & A AW, A a2 D
RFPE & kL1

S+ TR A Y AT L TSR O USRS, &UEAMEIG, 70 2 OBRHE

[

RO, BB, ROS T - N, FRSROEE LA, R T

I LA - 1 (2R D) | B
¥ EZEHELTODBTENEELL,

. T o A T

[FfGHED 7% - #m]

HIRT — I DVTOTH L (L, BB, SBROBNE) | LA— MK DY 5.

e
LF T — A0 F A & (CE TEa—ABMERE ) ZRfiL. ZIEHmIT 5.
EZEE

Bz

Bird, Stewart, Lightfoot [ Transport Phenomena, 2nd Ed.J] (Wiley) 1SBN:9780470115398

R - K M TBIUUL 2 127 (FESET) 1SBN:4782826095

WA TROG T TR (REIEER) ISBN:4563045187

Smith, Van Ness, Abbott [Introduction to Chemical Engineering Thermodynamics, 7th Ed.]  (McGraw
Hill) 1SBN:0071247084

EENFE 7E a8 5
FETI RS %

(Zoftt (F74R77—%) )

AT 4 AT T —DFHIIC DV TR, KULASISTHER L TL 720,




REF N4 | U-ENG27 27406 LI60

|ﬂE+‘//(') ‘/7‘\ U-ENG29 29125 EJ10  U-ENG29 29125 EJ55

TEAZERE BuR wi g
FREER RS | L L G BLUEFR - | LAUITOR Bdk W ol
<ZER> | Material and energy balances B - BB | TOERIYR dEER TR B
TARZERE B WO v

N

FIAGE

Dl

85 ok |ss1ﬁ& M Wy s | |EB

[REDHE - B

ETOLA LA B ORRETSH 2O, (R Wi, TROVEIC, S XUz 3bF—
USZDRINBIFRZFHE S B, BUARICIE, L2 aE 2N TS fik ORJEICH N T, e T
FIVF— OGP T TV & TR B R, YR R GLrOEEZMFid 5. 2L T, %
NSz IGH Le 70 ZOWEIGE - ikor Gid) I - TAIOVF—UICEOFHAIC DOV Calid g
% L BICHBHCHR 28 U T B,

[EEEE]]

B AL L3 T 2 AW EIGE « UG OBUIA ST T &, (T R A0 HEzE
IR A B BEERE )1 2 ST DU B,

[IREHE AT

T & HA, 1]
%tféﬂ)?ﬂ’liﬂgzkmﬁf‘ﬁéé oty oie RS FRTHZ THAL ORLITEEEEICOV
Tii\%,

LIS D FLRE, 3l
AR LEHE T & 2 R EOEANC LD I ORA L 755 L F ORI OW Tl S,
- PSR LR (HLER)
HRE & JEEHRE
- RAYIHIKORBU
+ H—EEIC S DY)
* PN B9 % (s

TV — I DS, 20
TV F—RFANCED & L3V F— UG R OIEA L 72 2 U FOJHHIC DWW TIN5,
+ TIVF—DJERE
* BEA L WD R i
IS & &5 D IRV O T 3V F— IR
» TAOVF I  % BilEs

THYE AT a—— bk EHAHRE, 200
L2 7 0 DR C & B HOHIED NS L T X7 0—05ih & RS 5. %
Too WANHREOIATD 2 W2 R LIz B OW T OS2 5.

Wikis 7 02 ZOYIEIGE « T3IVF—UCE, 204
(L EROS « 2R & 675 5 BB OUEGHRO RN TIEHIN T 2, /o, LROEED %%
T ARG, 3k - BB LT A TV B BHEOMEINIC DN T BT %,

R B R | R (LT EUEFE - | PR Bdw KR B
<#iR> |Scientific English B4 - K8 JE 48T John Pryce
85 sk Ismgz 2 [T Wiy o | 15 B lms |88

[EEOEE - B8]

This course aims to give students an opportunity to use and expand upon their current English skills in a
scientific context, specifically within the field of Chemical Engineering. In addition, since all instruction is in
English, the course focuses on creating an environment where students can develop their overall skills in
International Communication in both oral and written formats.

BT

The goals of this course are: 1. To enable students to become conversant in English within various aspects of
Chemical Engineering. 2. To improve and expand student#039s specialized vocabulary and pronunciation
skills. 3. To give students confidence in oral and written communication skills regarding technical data, unit
operations, process design and technical descriptions in English. 4. To develop student#039s overall ability in
speaking, listening, reading and writing, as well as, critical thinking skills with regards to Chemical
Engineering topics. 5. To develop and contribute to the student#039s confidence and knowledge to be able to
attend international conferences, conduct presentations and publish papers in English.
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Unit 1-15

The course is divided into 15 classes over 15 weeks and the topics have been selected and sequenced to take
the students through key aspects of Chemical Engineering beginning with elementary specialized vocabulary
and pronunciation, culminating in technical trouble shooting and presentation of a solution.

Unit 1 Chemistry/Chemical Engineering - periodic table, organic and inorganic chemistry nomenclature,1[A]
The student will be able to correctly pronounce and be aware of the differences in terminology between
Japanese and English chemistry nomenclature.

Unit 2 Mathematical Sciences,1[a]
The student will be able to clearly explain mathematical operations, calculations and results obtained by
experiment.

Unit 3 Units of Measurement/Explaining process equipment dimensions (piping, valves, instrumentation,
pumps, vessels and various process equipment),1[=],

The student will be able to express units of measurement and Conversions, explain physical dimensions and
process equipment features.

Unit 4-11 Unit Operations - Fluid Transportation, Heat Transfer, Mass Transfer, Thermodynamic Processes
land Mechanical Processes,8[H]

The student will be able to describe various unit operations in English and describe how they integrate with
different processes. Focusing on specific vocabulary, phrasal verbs and order of adjectives in describing.

Unit 12 Oral Assessment - Presentation of a unit operation, 1[11],
The student will be able to present, describe and explain the application to a process for a unit operation of
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Unit 13 Process and Instrumentation Diagrams incorporating unit operations,1[], The student will be able to
read and explain process instrumentation diagrams in English.

Unit 14 Plant Start-up and Shut-down/operating instructions,1[0]
The student will be able to provide and describe sequencing instructions for plant operations.

Unit 15 Oral Assessment - Troubleshooting and explaining solutions,1[a],
The student will be able use critical thinking skills to troubleshoot a Process and instrumentation diagram and
lexplain their solution.

[

Students enrolled in the Chemical Process Engineering Course of the School of Industrial Chemistry.

[RAEEHRD % « B

[Assessment 1 (week 12) - 20% Assessment 2 (week 15) - 20% Final Written exam - 60%

BAE

Handouts will be given each lesson.
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All instruction will be in English, so students are advised to work on improving listening skills both before
and during the course.
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This course aims to give students an opportunity to use and expand upon their current English skills in a
scientific context, specifically within the field of Chemical Engineering. In addition, since all instruction is in
English, the course focuses on creating an environment where students can develop their overall skills in
International Communication in both oral and written formats.
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The goals of this course are: 1. To enable students to become conversant in English within various aspects of
Chemical Engineering. 2. To improve and expand student#039s specialized vocabulary and pronunciation
skills. 3. To give students confidence in oral and written communication skills regarding technical data, unit
operations, process design and technical descriptions in English. 4. To develop student#039s overall ability in
speaking, listening, reading and writing, as well as, critical thinking skills with regards to Chemical
Engineering topics. 5. To develop and contribute to the student#039s confidence and knowledge to be able to
attend international conferences, conduct presentations and publish papers in English.
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Unit 1-15

The course is divided into 15 classes over 15 weeks and the topics have been selected and sequenced to take
the students through key aspects of Chemical Engineering beginning with elementary specialized vocabulary
and pronunciation, culminating in technical trouble shooting and presentation of a solution.

Unit 1 Chemistry/Chemical Engineering - periodic table, organic and inorganic chemistry nomenclature,1[1]
The student will be able to correctly pronounce and be aware of the differences in terminology between
Japanese and English chemistry nomenclature.

Unit 2 Mathematical Sciences,1[a]
The student will be able to clearly explain mathematical operations, calculations and results obtained by
experiment.

Unit 3 Units of Measurement/Explaining process equipment dimensions (piping, valves, instrumentation,
pumps, vessels and various process equipment),1[=],

The student will be able to express units of measurement and Conversions, explain physical dimensions and
process equipment features.

Unit 4-11 Unit Operations - Fluid Transportation, Heat Transfer, Mass Transfer, Thermodynamic Processes
land Mechanical Processes,8[1]

The student will be able to describe various unit operations in English and describe how they integrate with
different processes. Focusing on specific vocabulary, phrasal verbs and order of adjectives in describing.

Unit 12 Oral Assessment - Presentation of a unit operation, 1[11],
The student will be able to present, describe and explain the application to a process for a unit operation of
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Unit 13 Process and Instrumentation Diagrams incorporating unit operations,1[al, The student will be able to
read and explain process instrumentation diagrams in English.

Unit 14 Plant Start-up and Shut-down/operating instructions,1[0]
The student will be able to provide and describe sequencing instructions for plant operations.

Unit 15 Oral Assessment - Troubleshooting and explaining solutions,1[a],
The student will be able use critical thinking skills to troubleshoot a Process and instrumentation diagram and
lexplain their solution.
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Students enrolled in the Chemical Process Engineering Course of the School of Industrial Chemistry.
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