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Physical reconstruction of thermodynamics

Takeyoshi Kasai

Synopsis

As generally spoken, thermodynamics is very difficult to study, or to teach. But the
fact many teachers and students can not understand it must have the rationa—-1 reason
of it, because it is a science all men can understand. Then in this pa-per we willtry
to make it clear, and acording to the results that the old therm—odynamics was stand
inng on the logic of recognition, rebild a new physical ther—-modynamics theory. The o
1d thermodynamics is constructed rigidly with the conce-pts of cycle, its reversiblit
y, and quazistationary states. But the new theory is free from them, especially cycle
and quazistationary state. And entropy is in-troduced more smoothly with the concept

of energy. They are pair-concepts in th—e naturalscience
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dw>PdV=0, dV=0 for Max.Work (1 1)
dE=dQ-dw (12)
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Zh . dE=TdS-PdV Z AW T (H B WX, dQrev=TdSTH %)

TdS=dQ (13)

(12) FEOERICATAATEOXNTH D, FLR/MEFIZOVWTHLUTOLIITIRD,

0< (-PdV) =dw, dV=0 for Min.Work
dE=dQ+dw
(=PdV) = dw=dE-dQ
- (dE+PdV) = -dQ
-TdS=-dQ

)}
o TOZ LI HFENMLE L 2L
RRED2LTHY, ZRNICODVWTIEHBEILERT 2, SHIMAETNLEIRBERE T TERS N
X AFXF—HRITEKR, ®D20VEERNZ, s TE Y2 ERT 2HIC, b LANDOAICHER
THROLIFRICBERET T 7 O0RERIHFEA LRV EIChD, TRbbEORIF

Thbbik Kk, BAhEZMbTER —OBRRNNKETT S ( (1 3) ITHYT 5k R0%,
BEACTTIRIREILI—EThHhoN I ZTIEZEH THRY)

dS= (dE+PdV) /T

Thodhn, bLIABPELSEr2L I T LT LT, RadoEHREALY

dS=z (dExdw)/T ,or = (dE+PdV=E=dw)/T

ERBZEIEHNINTHEAY, T bbb oRITBWWTEHAEZTERLLEZVWOTHD, ot
LHOXIZRZNPEHA LTV AN ENWIEZHETTEINDILDOTHLDINSE, TOLTRLIEY R

Lo bEXoAHITELWY, L2rLbLEOX )& TcElERN 2RO THNIEHZDRD (1
4) IZfEt» T

TdS=dQ, dE=dQ-PdV-dw, dw=0
dw=-dE+dQ-PdV=0

TdS= dQ= dE+PdV

dS= (dE+PdV) /T

ETNET 7 7D0RICESTLKRALTHLD, TLTHORENZBYVFIREIEL TR0V D
bbb T ROZIAF—ElzRATELALIEITHD,



dE=dQ-PdV

TROLLINIFATT XX —Zl, KOKRBELEER P> TWVWDIKIZ, KD —D>DB T XL
F—ZETLARNPD2LICLoTHLENICAHOXNTHY ., FORAHE/ITINITE - T
EEELBERV, DI2VIEHKRTHYRBLHKROXN LR s TWARY, ZoFMHICRKREHE
fREINZNDOTHNIEE, Txrd dE 2R BT 2EBICENTH A DORICH T IREIETKD - T
WL EEZEZTHEDLILDRY, BT HICHR-EZLO LICEEPAHTWLIOTHDL, T L
T—IEZ I T LlboTEBLIN, Y7V 70XRENRAMITLULTICRT ISTH LT (1
3) BRODHZIETHoTEDLITHLDLING, ZZTULEOKICHOBABRXZEHLAEZ L ITA
KEHOBENDRH D, TR ZIEHSETCHEORXREZVRDIERTNERLLLE T TH D,

dS= (dE+PdV) /T
dT=dP=0, - (dE-TdS+PdV)=-dG=0
dG=0

ThbbgkRT2EHF7T7 0 270R0T (13) LEALLK, BHZRALF —EALEZRT Z LIC
BWT, 02t ZA0E%IEIRLELTH D,

11, HHZRXAFX—OER, KOELD LM OEE

dE=TdS-PdV+Xdx
1) dT=0, (-PdV)+Xdx=dE-TdS
=d (E-TS)
=dF
2) dT=dV=0, Xdx=d (E-TS)
=dF
3) dT=dP=0, Xdx=d (E+PV-TS)
=dG

DEOERIIBWTEHMKEROZNLER ST, TOFLOLEIAOERIHEIZIRINTWVD,
LT (13) &b

TdS=dQ
dE=dQ-PdV+dw dw=0 for Min.work (1 4)
TdS= dE+PdV-dw
dw= dE-TdS+PdV
1) dT=dV=0
0=dw=d(E-TS)=dF
dw=0, dF=0 (147)
2) dT=dP=0



0=dw=d(E-TS+PV)=dG
dw=0, dG=0 (14°)
or
dE=dQ-PdV-dw dw=0 for Max.work (1 4)
(=dw) = dE-TdS+PdV
1) 0= (-dw) =dF, dw=-dF (1 4’ )
dw=0, dF=0
2) 0= (-dw)=2dG6, dw=-dG
dw=0, dG=0 (14°)

(14) 22U EOZRXAXF—HWBRAHATHDLI LI T, Wb I ARAHFENLOXTH
5, TLTINDL ZOoD0KARFBRLTLK 2BFEROBEBEOERMOTRHIIARAETHLAS, L
LZIZT, ZRNHEOHBEZ XA —RBF T TICERRTEENENLEETHY, o> TANFMR
WKmxohnsd 2 ZNH VDR NFENMBEI XL L L TRICEZLNDL Z EIIHNT
HbH, THROLZIZIELBWTROARRLIENMIZIINGDORA T HHFMICLNELLER W,
blLEITCRhRTAREFEEN TR AF—REFANCKT L., 202 &M (13) ( o THLLHE
REnlezr brE—0OHENPNLORANTHNICRENTZOTHDL, TRLLRDE DT EMAL
BErRALX—Z2RKIENVIEHRT, RREFICHTS (14) 0 KO (147 ) BROBKRR
FloEMhEThHD, 2O LiFEERR, MEFELVWI L LARMWHRIEIEN, WETH
CIHBERREEFRANFEANBEZ XLV -0 EE®RT I 2G50 2R, LT
ZOHWDOERERNL, FIZIEXF T AOEHZT R LT —IToW TiE

H=E+PV, dH=TdS+Xdx+VdP=CPxdT
dG=Xdx=dE-TdS+PdV
=dH-TdS (dP=0)
=CPxdT-TdS
dP=dT=0, d6=0
=-TdS=0
ds=0

Thboborbbr bt —I%R, FETOABRREMMIBVWTEHEKRT D, AMEICL T~V L
AAYOZEZRLEFER, TLTHER - FHTERALLS D PrE—0BRE2EH,
TZRBVWTHRICEMLEZE I (13) Fho hFWltFEL R T, T 2bbRK. K
IMNMEFEZPPDLTEORRXNIIAETHLIN, ZOZLEFIAXRLESRMGELELTOE ZEHO
#XThHhrLWnwHrZEThHhBH, Thitk (1 3) EHIZEHE, KOIMIZETO Y fr
—HWRESOZILENVARTHLD, TZLTRHRDODENFIZBVW TR IO LT ZFI VI TADR
EFRATHLoTREINDIDBDOTHSTEN, FAILLBOWTHEHBEOZENITIHLNIIARETH D,

12, Mk bbb —%, L TROBEBEMS



(13) HHALNICEBR I ZENHEREICHEEG LEEE2T 200, b2 TR bR V=
e E—ZoEMHETHDL, FRNERPBALILOLEGITITVEE TR TERL I &ENRL
L, =V bR E—FHRTEEEZ2S, LALIMVYRIZH> THETOZ R AT RN
RBICHRBLE (OISR ADFRLE) Ty, ThbbEg HEAlLY D boE—8K
NEZTH, TRUBPYHEMIZIEL WL EIDORMNES, ZZICBWTHMYRIZONTOE
BNVELERD, STIMXRO[E L TREOKHABEERELZ VLT LI, ZHNITHLMNIZ
BRIZEULAZEMLLTHDLZ LTI ETHRY, L2ArLREEFEEMEIFEILARY, ZLTER
Wb Bl D D IC RO = 3 L F—E g\, o TIIFAFMITITHR L THERTCE R NE
ThorZellRd, WRkOBZETIEINRICIZE, =2 e —0HMBPARETH-TLLEF
RHD5DThHDH, T hbbEhidzr bbb —BloLR b, 2 xAX—FLoEl, £

NIxE 2 ORBBICKD RV, B2 ITWVWDEHO” o8 MELbMRENT-00 T L &4
RICZZWCBWCH2DOTHD, HAICIIHADHBEITORHY, TxZTETNZAYL., oD
TENRTEDL, LEORREIZIOWVWIZEEERT L LITRAD,

LOLZINIEHALNICRY ThD, RABMAEEHELZTIRZRP VNI LTCHFEARETH
STENEBERELTVRY, TRDLRINFZOMEN. T 20 NhFHMLHE, 20 AL HF%
ZTT, 2EVRANENMNEIALX -2/ ETHOTCHEETELZOTHDL, Mo TIHIEL
FZOZXALF—DORDPICEWTHRICELGEZDOTHD, bLEAN I THRBEIERLZE
DFRORERDIPIE, BRIV F——FOFHME, SHIZFEETOROREEEOKIZEL - T
HBEEENDIEMDOFHEBRDI ZLICICE T, AT oL BT 2EHLEE. 20T
—H T EEY, LT br YA BEEAHAET LI LR WETHDL, T THEAIFZ
NooEEFAVTHKREMLE, HOLVWET—RUNPZEFLAN T IAF—ZOFL NI L E2H
5ThHAY, LinLFExIEFHR, Iz EEFEKEOERLREFEXZTN L2V VITEHE
RAIETH D, LEHEZAERAODZXAXF—RAFHORE»N ST NIXZ O Z LIz LA < TR
B (MHEICTHEEIKEOMAEERECRT 2ERBEMELA L br Y —2lE Oxt
IEEEZ X, TZTREZMOL L2 LIEHMEICELRY, ThADBERERAETCOT Y bR E
— b =D DR T RXALFXF L THD, KEEZRE L) ., 2LTIIH LEHEHERE R
ZET, 2Z2EBNWTZOL)RMANIEMR T TICRRTEL Y frE—0BRIZHET S
LbOTHDLHZIERDLPDLZTHAI., ThhOLZEMEFELT L. LALENLFAN T X LFX—IC
W T 52 LIk TERTHD, LL” fhFEE2T 25 (A FHMET XL —%2K5) 7
LI E-oT (13) BT b, TLTZOHMIZH > TIEMERFE L CHEIZIENZZ LD
BROROREME, RORZROBHEWIMERMKE LR - T 50 THLH, ThbbI O
BEEBREICBVWIEALD T2 EENIANEHMNBZ R A —FTVICLTRENDE N E VD
fllIcsWT, BT 2D ThHD, ZOENMKICH TRITZOREZEXTZIZTTHY, N
AL X —FEErTHD, TROLLZORBICANZHME= I ALF—IEENL TV D,
FLCZOMMERAMKBICKTI T2 EBRCEIREREFIAZRIDDENVI ZETHD, KIK
I ONICHTHE THY . BEOHITZHZITTLRTHD, 29 LRI FHE«n (3) KE3HE
BROICEERTLELELENENOZRAAF @R T TR, HDHWVWIEYA T ATRINDZ &I
FoTaIND, STRICZDZODFRDHEKKN, R/MEFEELRL TEHEL,

1. REZx AT — (BFEDHEHOKRMLERL)



1) Xdx>0 for Max., 2) Xdx<O0 for Min.

Xdx = dw (-Xdx) = dw
dE=TdS-Xdx dE=TdS-Xdx
dE=dQ-dw dE=dQ+dw

S TdS=dQ o (-TdS) = (-dQ)

2, 5l = x X — (Fhp EORBLF)

1) Xdx>0 for Min., 2) Xdx<O0 for Max.

Xdx = dw (=Xdx) = dw
dE=TdS+Xdx dE=TdS+Xdx
dE=dQ+dw dE=dQ-dw

S (=TdS) = (=dQ) 5. TdS=dQ

CITCHEICHKELIEMAENLINDL, TRDLODLWA, KOV RICH > TIEHEKFE., HDHWV
FEIARICEKSTHICZ e =3RS, ZOofMIEIVEETCHRLETCELI LIT—],
T2, TLTBINROE/MEFIZONTIE, Wb b Ik e —2lE2HHT D
LORDOTHD, THLOLLRICHEFEEZMA L EEOROBEABRZ I be -2 EKRT
2 (ZOZLEERERICHTHRAKTHD) . COHRZICKHLTEBZEZTITHLIERTITR
WELBZDHEBEERL TEN, UERRTELLIICHAICRBINDREKFE, 510
CHERNDLZENEBINNITEILEAMEL L TEOVH oIl D TH D,

FrUbEoRoBERSETI PrE—28KF, BERFHSTL o THWH T I2RICHLERET
DL, TRHhOLBEFOEELIIMTHLINEZWMEICTRT I ENTE DI, B2 IX W ER T2
NRINTOREBIZH-STZELED), TITIORBRBICB AR THENIEETRITI be B — 1
DEVNVRETHDIEEZDHDOTHE, LHPLIOZLIZOVWTEARORMCH D,

13, YVa—J/bs ALY UFR

DEOROMBE WS BEPNEM S T EEKE O W BE ZEZ R I BT 2 5% O EE/X
NFEHNZ AV X —HRFALVFHAAEOLIIICEZXLLNDIN, RiFZHTHERY, B 0B
RITRICEBEFELZSE LR, FENICEINAEZErE LT E-RLFALIETHD

dE=dQ-PdV=-PdV
J dE=§ (-PdV)
=(-P1) [ dv+(-P2) § dV
E1+P1-V1=E2+P2-V2
dH=0

CITHREMAEEZETAE, YRRBoEEMOTAICH L TOLEFEIAREDETET AT



=
hati]

LEREZE> THET S, €L THL NI
BERFRIIFALCTHDL, S TEHEHEND

NN

ot

\
o

E=E (T, V), dE=0 , T=T (V)
ds>0
dE=TdS-PdV, S=S(T,V)
(071/0V)=(P-T(3S/3V))/T(3S/aT)
=(P-T(oP/3T))/Cv (15)

TITTTY T e R— L 2R EANT

(0T/0V)=(-a)/Cv-V2 <0 (16)

AW, ot v o E LB A I

Hﬁ?

TROLLRAOEEFERBOWEL KK TT L, LrLIOZ idicdxizzd, 2F VK
BEWIRNREERTCHINZDIEHWELLTETONBZRAX -2 IS0, 5
FHTRAX—RFACE > CTEH RV~ DEVRENENT DI LEVIHFIIKT D,

L2PLZOFBIXIAAZICBWVWTLTHR AN IFEHT R ILX

LK DDTH D, T ROLENIIRELRNDTHY, 2oEhE ERT & Hi

EWVWIHZLETHD, Mo TIMIMYRICBTD2IEELLIZIEICZDOROKREHTEXN R
TWOHLRFFIZOABEIZLEDIOTHY, EHITHEETRX
Bf, THIXHIZBORE, D WITWIL, #& - TIEE

FIZLTHD, THROLLEROANEZWMAAEB XL X — DD ITZ O EERMK DI EVE 22
BoF ., HOI5WVITHEAKKICHBENIZALDNRD XY, T LLAOREZIZEE LT

MTHD,

14, Sz b E—@BEFEEOAE, ZLTHLLI L) —F A 271

—RAFRBR T D EHEL TV

M
o
TEEHEANBH R LE L)
WEHLTOAEDOALDZ ETIERVEY

TR EST, AT FHMNBI AL —OENEL CERMOLLLAYERL N &%
M5, TNAWICVWDLPIET L b —BlR2bDRFEFEELZVOTIERWMNE WD 5
BIBRAECS, T bbb EEREBIZIZFOZ XA —DORPREIZCEBEWTHEEL., Do ZFDElIT

PurThy, o Tz hrE—b AL THD, TIWLCBNTAN, —H A7 VBT D%
YihrE—BRTHLIMATEERAMELASINLDL, TLTRKROAT) FI1TZ DR
KOEHICLrExobhizwn, T2bb” EHAOEIMICHFEAETH D |

WXt LT
HDHWVIET =

FerE—AZOELF, PIZFTIMLRFORMEMES TRVEREICHEIZLELVY THAS S

L LEELAEFRMEOEZICITT CICEHRNLEDOM IO WNWTHR R EnbMETE R0,
FLTEFOZENICH LTEHEANFZDOLDOILATMERZDTHA D,

HoRPIZHICE L TR L ITHR 2 O T,

STHN ) —H A 7 VI B TId b 2 6 8 R & b 20VE 8 R

FRgFH 21T ZTiE

o TRANFHMNEILVLX—EDOH D, T7
bbbt —ZobA3H LI IL) —HF A4 7 VEELRL TIERL RV,

B rttFEoRfMETEe T

HbH, TLTIZITEEITRIMLEFORMERDI I L L THHLEFILLORKN G 2 bk



WIRDFHFE X2, LA LZORMREr L2 REIIEEICHFET D, 2872 o X W E A
WRBICHY LA BT EARERDOFEL R VBICE S EEOELNARTH
Do o THIEARWERICH Y LB TOFRICH LT, TO/ETOLERDIMEFREESG
LWE AW EMICAHY LBk EZ SR TEDL, ZLTCIORBINAL Z2OE{LICR T,
REEOMESMEILFR CZONBZ 2 VX —E{bIZFH—Th o, o THRRDLRITHA
DT EZHEBLAVICITBHE LA Z LILRD, TRDLLZREFZIALOVWTROENLICH > TH,
Wl b E—ElE TV, SV — VA7 NV ERKEZOOBMFETELT HZ & LFAE
REEELTVWDZ o T WD,

LTI oEfboPTROb@ELLOERA WLV, — W A 7 VTR —E O AL % E
DIAMNTEROLDTHD, T72bbH (PL, VL) (P2,V2) (P3,V2) (P4, V) TH D, DF VW hL /) — T
RICHERERESELE, FE2TEHICLTHAR LI VYOI Y v 7 0 B2 RARICEEIET I,
SO THD, 2EVWATIEAY (I —DF A7V Tho b b ARERARDIEEZEITXZ OW
BEETHDI, THADLDLARLEOEMEHK SERICREIIY v, o TR AT — Dt
WLICELTD2O0THD) o BL2VIEFHBMBTORTFZERZIIIN ) —DOTATATEEPTOTHN
R R EEBETA2HEBEEEZ XL TCONIE I TH B,

STHEOABIZODWTHRARAL ), EFEERAOWRMLIZH > TIIWEA AT RBEIZTS ETOZEMN
b LN br E—EREr TChHo THLENIETANFENMBE R L —OE{LERT
EMTELZ2OTHD, ThbbEAOHBETONIEANFHMEBZ XL — OB IERNEB DL
NTVWBAEMHIE->-TEOZ L b E—EIET TR, HE2VIETATAONTHOMEDEY
B5, ThBAATYoTy hrE—Z{¥ B3RO ICHHEND., T2bbRITETE
BMCTZolREZ T, TLTHERCTHET LS, 2000 Tcbln, ZOoEHE®
FICE>THIHFOZ Y b =L RELEHEHFOHMENE LWV, 2 br v —21{bixE
0 ThDH, TLTHLNZINAL Z20E LTIV TR LA N ZNMBZ X LT %Ko T 3D
DThHDH, ThbbHxOMBICHE> CZZWAAMEELNYHENICFEAETSH D L HREIC
S50 THD,

15, HZWEAL, ROXF T RADONRT Ry 7 R

M EEICBTL2=2 b =T XNV A NOMOREICEDIIETENTER, L HED
ThickvErltahd, STHRAOULEOHEALPLTNIEZOZ LIFANZICEITD2RER
HOBENS, BEMIC IR EZHPTHAIE (10) KXo THRIEETIE Y ba -8R
EHZBAT, THLRTICHNBoR2ALF— RO NFHMET XL - ERAT 2 EERL,
STHAICEENMOBBIITERY, DFVHRLAIFTHESFECEVTITROREFREAEL b F
DIERTERVWILEDPLBRINDI LD THD, ZOZLOMHBMERIT. HEZEI KL A
MOREBRBATROERZFWT2HDOTHLIBRY ., HHVIERBETTREROLDOTHLIRY
FricltoToZz 33N —LhErnoRTHLILTHDL, DOVWITIIF->TH &
MBI NFICHENTHRORBBEATREEEZRIET 20T =3 AF—ElThHd L) Z L
THbdhd, TLTZIOZXINF LT ZOLEICLsTHARLEDIERAZEERK T L A0
Wz AL —L 0 b LA, T TCEMUETERLLEIADMNFEFNMNEB XLV —2H LT
2, DEVHNHMZRIAXF——TFILEBEWTHL, ZOKRZOHNZLEOEROFRICEZERLS, 20



FALRHFELE., ChicH B L TCELT I2MHEZZ L brE—ThHoDTHD (22T
TR RRDORAEE 2 OMERHAI0, D b I NICELTETTIRATERLZLIICA
NEHRIIPEADP R GERTHLoTZOTHY, ZhiCLsToOZr brbE—FliEsT=DThH
) o 5T HELUEEOFIWAFHICIEIFECH> TEZXAF—EHETErTHDS Z
LRy, EnERoOBREL L v brE—EbkbEREEeThHDH I LT D,
STVWE-HRISLEBANFORBROLBERT LI, 22 ICEo<<ALKREICZHD
ToDR%EEZLY, BHADOZORERBITVNICLTHEIILTWEZON, TREHRBPT DL
OB (1) (2) ZoTbhbsd, ThbbiEomAUREFERXORIN N ERIET S, =
DZEOERTLHZIEITIEMORBE T, ETOYHE, DO VT —EMEOHHEE L R
OREFERLOUBIZE - THROREN B INFTDLIZELETHD, FLTHEAEFT IO EITE-
T, H5—20RBEILLENLLEFELEI L O THONIE, ThiFlE—D202x V¥ —1{H
(ZZIZBI2ZNEAB=RZTALF—THD) LOFELERVWIENIOZ LEZRIETDHHD
ThoHZErHmMDb,
FLTCZOANMOBHBOLF X222 ALF—HRAFEANTHD, bL—2DREBITRIC DL L
DXLV X—ERFEFMETHINIE (ZOZ L EZMWMBEICHBT 2L TNIEE OFTO AFE DB
EEDLTBE, CE, ., LELL, RLTARLHETERNVWILETHLDE) | HerlxEth
FHY R A 7NV EHO I LI TEROZRANF—Z2/{HILENARTHLDL, bod b %
DRNICE A ORBERITANTEY , AWML RAHR T2 3xTcERnThrH), —FIoZ
EOWEFE 2D XL F —HICEEEORENFEVR/RLILEZEKRL, ZnETRbbET
FICB T HMER. DOWVIIEAMEMEOFETREARIAET 2 AHoRBEETHL, LT
EHIEZoZtE—RIELTHENIE, RIFTONET R LX——FED F TH L O LNE
TR AXF—REBIZAVF/ALIZELETHLINDL, 2NZEZ PR E—FZDLDODRATDINEH
ZAH5bDTHY, ZHIEXELKFNFORLAEEEZRIET 2D TH D,
STHeERHELT, T TUEERRLLLDICHAGFEDORBIZIRORBIEALLL L RN T
LILEoTHACERBBEARERTHD., T2LbHbHRORBBATREMEOSMHFETHR A AMoMICZ
b, TLTEZOZFX L —HIEIALAATHLZLICRD, LrLEREAATOIRLIEZT N —
EE TR CERLRY, RERLIEZOLEET CICBRRENTZ XL — KON EDN
METRXLVX—OFEEFS 2P bFEA Lo THABBRAEBOHR LRI NETHDL, £ L
TZO—FEHEIFWLSHIZLEI EbENEFHAOBFETHDS, T hbbErRIZLES, LT
IOZlilkoT, ELLEBRBORANFHUMEBZ AL —O—EHICEL > T, BAMIZZ
frbE— PrREZ2ERERTHIERNARICRDS, T bbzry hrb—LEdTICATERZLSD
WA ALF—HEOMPMETHIWIC X AF—MENEZIHERICH TIEEN D ELFHE
LR2WVWDThb,
bl X5 2 REMEPANZORIBETH THNIE, HDOXF T AD/T Ky 7 23R LT
NI Ry ZJATEHBVWILEDRHANTHD, T b bXEORARATERBEHOREN T~ A
WES TR LBRVWEDTHLI RO 2 THNIEIOMEITL LARFENICITIRME
HNOBBELELTHDLIZERDNDITHAI, TNWIZZIONRT Ry 7 2AF TN ERINF DI
EEEERBMT 2O THTCDOTHD, BXATHLALIBEIN, XT Ry 7 20FEEZHFTH
FRHFEALBDLITHA I, Zhi3t v bk sTzoRZodEE2E2z2bobTbOTL,
BRVWDOTHDLH, ZLTLLAETNIZEHZ A ANBMOBZHRAEHLIIELL IS LEEbbWwD”



NI Ry Z7RA” ZHLTOWLS D TIERNsT2D T2V M,

16, BAojih

TTRMELBRRNTEAEZZLETHDID, CNEHEVWEETTOEBBMNPOHICAORHESLMELE LT
WohT&iz, TLTHEBHTYa—LORRAEZEMA L THILRICE X DN BT FHNLE =
ANF—LBEZDHELLTERL, 2ZOBZF—MWICELWZ &Moo PRt EICEL T, £
NOEPRERARELEFE UL ANFHMNEZRILF L L THRADIERLEIoTHRENTEDODTHD, £ L
TIZIZCBWVWTHEEZEDLDRVELRIBAODLOELIZBWTIE., tFEE2EbDRVWRICZZES F
TORMICHEDLRNNDOTHDL, ZLTTTCRERRELIRNEAFHMENGZ L br =TI 0D
CEWOLNIEALTL2ILENEZADTHAD, TELTZOARREMMITEVTHEWNE E THELE
LTERERMUL, ZORNEHNMBEBZIAALX ORI BLLOTH D, ThbbE %N
RIZZORNFHMNBEB XA -V T H2HMICET S, ZLTZZREHALC, O
THMoO—87 HaroRNOEN BV AMOBHRBEBANDLDLDOTH D,

17, TdS

\%

d QIIRBHMAEKRATH D

IOZLICHELTEAOZ XA —O8KIC b b, o TRA., RAMEFEOVNFTHN
LLEPNDELDTHIBMICHEBRMU THLL EBRRTEBWVWELDOTHD, ZTHIFROEEIZRYE
EbholtBw< bt LTHMBEEIND,

(1), dE=TdS-Xdx=dQ-dw for Max.work
ds=(dQ+Xdx-dw) /T
Xdx=dw=0
1) Wr#Eh%2  dQ=0, dS=(Xdx-dw)/T=0
2) {32 % dQ=dw=0(dE=0), dS=Xdx/T=0

(2), dE=TdS+Xdx=dQ+dw for Min.work
ds=(dQ-Xdx+dw) /T
0=Xdx=dw
1) dQ=0, dS=(-Xdx+dw)/T=0
2) dQ=dw=0(dE=0), dS=-Xdx/T=0

DEofEmizor be E—@RKANE, MIARTOEBARTH D0 5 I EEBLRIC KT
LTWDZEZEKRL, FRMILRICEBVTERAEF (REOWBEZEFERELZHE X L) |
STHROARBRENMICBNTORZENNE XD LEFRLTWVWD (/MEHFE (BELEEWFIT
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Reexamination on Planck’ s Theory of Heat

Takeyoshi Kasai

Synopsis

Planck’s “Theory of heat” has been placed on the top in the many texts of class—ica
1 thermodynamics. But we constructed a new theory of it in the previous pap—ers, the
n had to reexamine his theory from the view of ours. As the result, hi—s mistakes we

re attributed to the wrong concepts of reversible, or irreversibl—e processes
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Solution of Some Problems in Thermodynamics

Takeyoshi Kasai

Synopsis

In the previous paper, we tentatively constructed a new theory of classical thermody
namics. This paper corrects its errors an—-d reconstructs the theory. We shall also di
scuss the concept of unconpensated heat in irreversible thermodynakics of Prigogi-ne

from our point of view.
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On the Meaning of Quasistatic Process

Takeyoshi Kasai

Synopsis

In the previous paper, we assert that the second law of thermodynamics must be the
principle of Max.-Min. work. Because, though we usually describe T=Ti in Clausius’ s

equation of inequality in spite of an irreversible process, but his equation cannot
have logically T=Ti relation in its process. And the setting T=Ti in such a proc
ess 1s possible only by use of the Max.-Min. work principle. But unfortunate-ly this
principle has not a physically reliable base. Therefo -re in this paper we discuss o
n its base with the concept of a quasistatic proce-ss that contains two meaning of re
versible and irreversible process, or change and unchange. As a resu-lt we know that
Max.-Min. work principle is a extremely ordinary thinking style in science, then not

a law.
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On the Reverse of Integration Order in Clausius’ s Equation of Inequality

Takeyoshi Kasai

Synopsis

As everyone knows, we cannot acopmplish the reverse of integration order in Clau-sius
’s equation of inequality. But in our theory it is possible. In this paper we discuss

about this problem that which is true. and then we show that Clausius—'s equation h
as merely the meaning of recognition of heat we have asserted in the previous paper, a
nd that it cannot derivate the second law, namely increasing of entro-py in the isola

ted system.
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Physical Restriction on the Clausius’s Equati-on of Inequality

Takeyoshi Kasai

Synopsis

In the Clausius’s equation ; § cycdQ/T=0, if dQ=0,then 0=0.This conclusion mea-ns t
hat it is not valid in a irreversible, and adiabatic process.In other word-s, it can
not derivate the second law of thermodynamics. In this paper we will discuss the phy
sical restriction on the Clausis’s equation, and conclude that the cyclic integrati
on of dQ/T itself is not realized unconditionally.Therefore the second law ;TdS=dQ

must be derivated by another theory such as we have asserted in the previous papers.
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Re—examination of Some Problems in Thermodynamics with the New Logic

Kasai Takeyoshi

Synopsis

In this paper we discuss some typical problems in thermodynamics with the new logic
we have ga—ined. Especially the entropy—-change in Joule-Thomson process an—d the en

ergy conservation law of free energy are solved for the first time in this paper.
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On The Senseless of Clausius’s

Inequality—-Equation

Takeyoshi Kasai

Synopsis

It is traditional ways of thinking that Clausius’s inequality—-equation is the base

of present thermodynamics. But if we consider it to be right some logical probkems,
for example, the proof of free energy-conservation—-law or physical meaning of en
tropy-product etc. will not be able to explain. Therefore we have constructed a new

logic based on the two principles of Caratheodory (or Carnot’s cycle) and the Max.-M

in.work. Of course such problems above can be solbed with it. Then Clausius’eq.i
s must be proved to be meaningless, or senseles.In this paper we will try to prove
it senseless with our logic gained in the previous papers.
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The Theory of Time Related with Entropy-Product
Takeyoshi Kasai
Synopsis

In the classical thermodynamics the time is related to entropy increase of an isol
ated system. But its relation is only about the direction of the time and entropy ch
ange, not about the quantity of them. We have suggested a new theory of thermodynami
cs which is required to solve some logical problems of classical thermodynamics. Then
we shall be able to propose a new relation of time and entropy which in our theo
ry inceases not only in an isolated system, but also every irreversible system. Con
sequently in this paper we assert that the time is related to a entropy—product in a

individual system or a whole system, namely an isolated system with the direction an

d quantity of them.
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The Derivation of Clausius’s Inequality From Reversible Process

Takeyoshi Kasai

Synopsis

In an ordinary way, Clausius’s inequality is derived from the application of Kelvin’s
principle to a whole system constructed with irreversible or reversible heat engines
Irreversibility of the system results in the temperature of heat—-source in Clausius’

s ineqaulity. But after the driving of irreversible heat engines, the state of the fi

rst operating materials has returned to the beginning. Then in the next driving of re

versible engines for recovery of heat—source, the second operating materials changed
reversibly must be just substantial ones in the whole system. Accordingly, the temper
ature in Clausius’s inequality is that of heat-source and operating material While th
ere are 2 kinds of irreversibility in the classical thermodynamics, one is irreversib
ility of heat flow, and the other is in the process of change. In this paper, we try
to derive Clausius’ s inequality from reversible process only, but with irreversibilit
y of heat flow. And from the result we will show what sort of thermodynamics which ir
reversility of heat flow only makes is, and that the second law of thermodynamics, t

hat is, TdS>dQ can not be derived from the logic of classical thermodynamics.
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The Criticism for the Derivation—-Logic of Free—Energy-Decrease-Law

Takeyoshi Kasai

Synopsis

In this paper, we will provide a summary of reversibility or irreversibility-concept

we have studied till now, and show that the law of free energy—-decrease derived by He
Imholtz, or Gibbs has been in the reversibile logic because of the use of TdS=dQ whic
h is the relation of reversibility, and the use of the first law of thermodynamics, n

ot the second to derive this law.
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HENEWRIEIHT LK ALCLLEANDFENMNBE R LY -0, AN ZEOMEZ X LVF —RHBIZBIT 2
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IR, BB o x A X —RAEANCERIRTZbOThHo, (6) (27)
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T, 2ZRBITLDAAHELEEITXRTHRCICRD ATRENENE VI ERTHY, T XTHIL
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ETREEREbNR CE R EHBRO#EFG E LT B” UEOBEKZE> TWWHIDOTHD,
INZERFRANINETHEM, TELTCExE, RAKRNMFORETHD, ZOFRMEL L
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Ty bR E—S4xDFE, MALVEFEELERV, Thbb, RO At rGETLII LT
Vkﬁf—ﬁﬁﬁbtw:kT%D‘Lm%n%k%%kﬁézaﬁiyFDE—®ﬁE%%
HTWBHZELETHD, Mo THADEANENDL, BAOWNOIETFEMN, DLV EBDOHFEL B
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Thermodynamics of Galvanic Cell and Treatment of Some Unquantities of State

Takeyoshi Kasai

Synopsis

If we follow the logic of our thermodynamics, we must regard an electric potential of
Galvanic half cell as one of external energies which are not quantities of state, ag
ainst classical thermodynamics really regarding it as a quantity of state. In this pa
per we derive the same result, that is, Nernst’s Eq. for an electric potential of Gal
vanic half cell, as classical thermodynamics from the above mentioned view point and
assert that our thermodynamics is more logical or reasonable. We try to apply this lo

gic to some unquantities of state, for example, gravity, light and sound.
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Consideration of Fermi’s Logic
in The Derivation of Clausius’s Inequality

What is The Universal Second Law?

Takeyoshi KASAI

Synopsis

In our previous paper in this journal, Vol. 27 sec. 9, we misinterpreted Fermi’s logi
¢ regarding the derivation of Clausius’s inequality. This was caused by our previous
interpretation that if we followed Fermi’s logic, the inequality could be derived by
using only reversible process, although irreversible current of heat is used. Conseq
uently, we thought that the resulting inequality would not contain the irreversibilit
y of a process of change. In this paper, we will show that his logic surely contains
not only the irreversibility of heat current, but also the irreversibility in a proc
ess of change. But it appears to the present author that the irreversibility in a pr
ocess of change has not been explained with his logic on a sound physical basis. Fur
thermore, we will show that the derivation of the relation TdS>dQ, which is generally
understood as an expression of the second law of thermodynamics, would not be possib
le when Clausius’s inequality is explained in terms of his logic. The derivation wou
1d also be impossible without the principle of Max. and Min. work, the expression of
the irreversibility in a process of change that we have asserted. This conclusion mea
ns that the irreversibility of heat current is not the principal one of thermodynamic
S. In fact, we know the existence of some adiabatic, thermodynamic phenomena. Ther
efore, the principal, or universal irreversibility should exist in a process of chang

e that contains the irreversibility of heat current as “entropy” or “existence of hea

t” That is, the concept of entropy is derived logically from “existence of heat” in
the first law of thermodynamics, i.e., energy-conservation law, and not from the irr
eversible current of heat. Finally, we will derive the irreversible current of heat

from a high temperature object to a low one by using the irreversibility in a process

of change.
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A New Theory of Thermodynamics based on Carnot’ s Thought
Takeyoshi  Kasar
Synopsis

The present theory of thermodynamics has been constructed on the irreversibility of heat curren
t. But, the irreversibility that Carnot considered with the idea of caloric is about a process of a ch

ange, because he had understood that caloric transferred to a low temperature heat source can’t get

)

back spontaneously to a high temperature one.'’ That is, the irreversibility of heat current had bee

n a natural premise for his thought. In this paper, we show that if we construct a new theory of th
ermodynamics based on his thought, it can prove the principles of Clausius, Kelvin, and Planck, whi
ch are derived from the irreversibility of heat current. Further, we show that this new theory can s
olve many problems which the present theory could not explain, for example, the physical meanings
of entropy increase in adiabatic, or isolated systems, of free energy decrease in spontaneous chang

es, and of entropy product in irreversible processes, etc.

23

AN =l o T, WANRIZB Y 2HmEMEBTHIAOTENL L VS Rl Wik, 2
BERICLBIDROVARDIFLTHoTz, Thbb, HIZls TREAFICBINTZ I Y v 7 23
WCELZ BT LA EARICEZ ZLRRLTHLVERVWEETHY . - OHELZETRICH
BEAZERLEZOTHD, #ETNIT., HOEZRIAKE, B ToI e Y v 7 ZH#Hico
WTHINTD, BRPBIZAEIE, TNOEWMERICBIT 22X LT —ZTRICOVWTELL
DTHY, Mo THICERT DA M, HEHWVIIATMHEMEE X, AWICHAEERZ1T 5 %M
DERXNAVFXF —ZWBBICET 20RO THDL, RHIC, BANFWMBIZZ I vY TR, HD
WiErrery, Y30 0RBEZORBMNERLE L THEINLTEY., Z0RELLTOW
B, HOINEFMEFROZ br E— KR, AR XX —BAHISFICRT 2 bry—4
B OMBARAFIR L CHFRIIEAINER Y, T4bL, E5F TR, 2 b 35
BT, IV =t oTHKRKAIBBTHTZADOTNE W) RATWMELAEKRLE 2RV, €
ST, FlAEMEFOTY b E—HKRAR, BOEAICELTL2BRRIABRZVDOTH S,

TZEBWT, RICEAB L OB LTI, ETREI X LE—0 BT
W, ThEEOBRE L3N —RZBRBRICHFLAT I DO X AF—F L L TMBERMNT L
ngs, LT, APz AF—L LTRBEN, B FHAICEY ZENE-AT, 2O
ODRBTHEET DO AL —LRIZEMLIN, o TRAOFIL L WD KA T M D= 2L
-, ZOXRBBRBICBWVWTHET IO LTHBEINEGELZ X T THD, 5 T IX.
TN — DRI S TN FHEBIIEB T, Ao ) R tERR L CRETED
DEF, TREHRAEMICEL, SFH SN2 ELTHDI I LIRS, BT, Hxid, A=

- 148 -



FAF—L LTEFENIMNEMF TR TWDIZE, TNV —, J TV TRADY A 7L
WErLOZy b —FELEH, D50VWIEI T TAHRY) —ZKIB IR TFTFESRE»L O
Ve E—FEERALM, e —@REIBEMOZEE LT, IV DR ALF K
BICBT DDA EZ2HBOLBELETIANEEELRDD,

1. e W 1308 FE 0D M B 0 R R

COMEITEAN ) — ORI HHARICE S, Thabb, AAPRBEEIEY v OREEBEICK
STEY, TRNEHESEBETAINEDLIZLICHY LT, 7934 o3 IclAKKEEE
MBLELLTHN ) — AN EEETIZBRBICIBVWTIERERTEZLDOTHS, LT, 20
BOYHEMNEBEREL -AGFET LI, F-3R0ZboBEBIRELEH CRBAENDZZETHY
B ZITEBERKEI L) — A7 VO FEIIHEARE RS, E13. F—00RETH L
ThHhO R, ECANFOERMEZATAYFAATEREZHAET 2O THD, Thbb, £
fboBBEAREELTCHREATRELE VW) Z &I, TOLEOWITRREMBER LT LI EEERL,
INEDAHREMESERINS, o T, FAAIWFEE L ITREEH CRBTERVIERZ
BT ZLiIchD, EFHE _CrRINEAY, AAHBEREOFRIIBTLETHDL, T4
bbb, AIWREICEHETAZLEOHAVIAAFOZRICHEL T, HIZKK, 50V IiEHKN
ThHhHEVWIZLThHD, AT ZIOFEREEZRERE/NMEEOFI L LT, A FmEBENICAE
i 5,

2. KA HERY

AR ZHAMICT 2RI, TSI TH2ERREEZD, o TUTOMBABELT D,
CZTHOWOLRTWLIRFIEETHFEORNFETFAMNAKOER L T2,

(-PdV)=dw , PdV=(-dw)
(Max. or Min. of work) (1)

dE=TdS-PdV
for a reversible process (2)
=dQ+dw
for a irreversible process (3)

(1) (2) (3) b, BR<ALALEE _HEAOoERNX (4) ZfEohnd, LarL, (4) H
HiZonkol#r, Mooy beE—WMKAZEHT20THLIN, T ba—
MAROYHEZNHHATIAANETH D, RD2CHE 2O ZITB N TIE, BIZRENRTL 58,
IO EEARICTEZLOTHDL, RACXF Yy T ALICED (4) BHGBHITIEICZ 22k~
bRZbDOTHD, REESIT (4) BHU EoRBERMEZLEAVOTHE Y ),

TdS>dQ (4)

(2) (3) 6 (5) ’ELNDE, iy, =mvriteb—2oyIEHNEWRIIALNT
HDH, bL, BIANAHHTHNIL, (-PAdV)=dwiziz, = > br E— B X @RI 52
BEAOHLTHREY, o TZOZ LIFIBANERBERIET D (H L, AIHERICIEELF
ELZR WV, ZRBic, BOFEFZomBERIC, oy brEP—ERICB W T, EHFHER
EVLBEETLHOTHD) . B, H_HEIRKRKER/NMMEORE (1) 20WL2ICHICIEMT
HH, Bz bobt—4AKEPEENRTWVWEZLDOTHD, TLT, TOWHZNERITIER %
MHTEILDOTH D,

- 149 -



dS=dQ/T+(dw+PdV)/T (5)

UERBEANEETDHEIAOMNFRAOENTHLY . UTZOWmBE LML OB ) F &
W H T 5,

3. VI UVURAR, ALV
FLTCF T 7 OFREDEH

HWIZBAWMEAEIEHRZ L TWE - 20%aE 25, ZOF, 2RIEFWEA, HD5VWIZMZETH
D, FHEFoxr b —2{ET (5) . 5L (2) (3) »"bERERN

dS1=dQ1/T1, dS2=dQ2/T2 (6)
T R ¥ — R A(FHIdQL+dQ2=0 #& I
. dS=dS1+dS2=dQ1(T2-T1)/T1T2 >0
("7 dQ=0in (4)) (7)

TIZT, TI>T272 51, L 2ICdQI<0 TH Y, BT EEDKER IS KEMIKRICHE N 2 < TE AR
LW, ZTLT, A7 NVICBWTIIEEYE , REFELRVWICELWVWER, 77 VYT RAD
FENEHEREY

(5) AN EZEZ D,

§ dS=¢ dQ/T+ § (dw+PdV)/T=0

(= the system is cycling )

2o $dQ/T=-§ (dw+PdV)/T<0 (" (1)) (8)

Thabb, 77UV ARGFAREMH IS, BANFEI ALY (4) 28HF87, L
ML, Bx OB NFRBENZOREXELBELE LRV LERICHALNATH D, B5T T,
COAREXNTWEBRRAOBHKE THY, TInbFMoFHFRRFHRLELONLRVDOTHDL, -
T, BBNFEZOAICBNT, RBEMNRMEZEATVSLZ L EEMHL TR,

(2) %dT=00 FIZEABEE DT 5,
$§ dE=T § dS- § PdV=0 and § dS=0
- § PdV=0 for a reversible cycle
o T, BT A 7V DETHEZIEr TH D, RIZ (8) 2dT=0THEIM YT 5 &
1T $ dQ =-1/T § (dw+PdV)<0
2. §dQ =-§ dw<0 (9)

Thbob, FERAAFE YA 7 AL TEHMEFIIROVHEET, YA EroKEREHINT,

(5) D% %4dQ=0, and dV=0D FTE % %,

dS= dw/T = dE/T>0 (" (1) (2)(3)) (10)

BL, 22T 2dwiTdV=0ICABLEFE IV ARV, TRLIXE@)T—RKIibasnzdhF T
» 5,

T, REEE(TV)TET & +ThIE

dE=(0 E /3 T). dT+(3 E /8 V) dV

=(0E /0 T)dT>0 (" (10)) (11)
=CvdT

- 150 -



. dT>0
(" Cv>0 : recognition of heat :dQ=mCdT,or (7))

Thbb, WE, CHEEALTEREARICHF LT, HFEE2 T LITHET, £$-R0RE
FOAX— I TIREICHEL THNEEERY, 77 0 7 0FREREHTE L,

KT, B, xREZI07T 0270, #LEroFE#, Z L TEEZOEEBIECRE
FEAHEMEZEEB LT, HRORANZHBOAELEZIT>TWEY Y, L2L, o oEMT S
EZADINLOFREE, HAHWIEBREFETHRORNEVI FAAIHENLEHINLDHLOTH
D70, TNIEHROB N FEmBRE, LT b E—4AKRBEHICIEIELETE RO T
bbb, FLE>2bE, Holcho Tk, A #MEBEFEINARBEOAICEBOLLTEY (7
TV ORBEDOLD) [ TOZEEREROMNFICBT IAAFMEOENMEEBLF X DD
TH D,

4. ABEEDEFE
ZFZlcB AT R AXE—/ A

L. BEIEENORDIZVAASHELE THIEESENXAQ, dw (KHE{LEFH) 2 K L1k
Lt d2%, BERFIELTHEHAKRKE, BEOREGKEBICAZNAKIGIEDZ ¢ EnETFohn
5, ZOW, AW, HBDOWIEIAAHLENIZHEY LT, KO2KXBENILND,

dE=TdS-PdV+Xdx
Xdx: a generalized work (12)
=dQ+dw (13)
WoT, ROBEBEBFHFLND,
dS=dQ/T+(dw+PdV)/T+(-Xdx)/T  (14)
Xdx=dE-TdS+PdV=dGr (15)

HERETA L X —OPHENERITIHL N, ZLTAEZEZXZTVIANUEEILE — kLT 2., T72b
LHEEL L TORI., &> TA R I ol IS/ AET 5 — AL 3 XdxIZHH 2 L 7= R AT
R L LTIAWRHFELET L2 LT E, BB EETTHINZE, (-PdV)=dwiT B & 2

dE=dQ-PdV+dw' (13%)
dS=dQ/T+(dw’-Xdx)/T (14°)
FTIZ, dw'=0TL TOBEFEIHG LN D,
(-Xdx)/T = dSi>0 (16)

dS=dQ/T+(-Xdx)/T=dSe+dSi

( generally, dSi= (dw’-Xdx)/T ) (17)
dGr =-TdSi=Xdx<dw'=0 (18)
Xdx+TdSi=dGr+TdSi=0 (19)

ZZTSe, SikENZEFN —EHNICEZ brE =@, = b —AKEEENR TS HO
Thod, " RINDITREEHLEHBFINARLTVA, (1 7) 2o lic, — BB
%9 TiERa<., ZILORBICK- TEE-> L DERERETHD, LT (16) (18)
DOAEZHEBR IR K R/NEFOFRBECHRIEENA TS, (1 8) ITHHBEZ X VX —PH %25
T, £ (19) HHABAZFAAX—HAPAHB XX —HEFAHE>TWVWD I EERT, £k
(12) (13) PAMKRITLIEEPERERLELLTHY, o THREEILITEWTIE, FxX
FOEEFECTCERLNIEEERT D, METHIZ., TOEICE W TIEAR A HERICHFE

- 151 -



LARWREL, DIV EFZxAX—LazE LDt WnWH2ETHD, TLTHREENED
niE, (16) ~(19) DERIAYELTWDLRZEITHLNLTH D,

5. flsiRiICBIT L b B —#K

RLB<AMLNTWD ZoEANE, AERICIAIE, RO ETHANZIEDIEN LY, LD
%ﬁ?%’ﬁm Mmooz b - KOWEEHHALAIETCHDL, LT, BMRES ZH—

IBEXT, ZODRDPLRAIMYEROENNEZEZEZDLZZ LT D, 4. 2L ZO0FRNDEY &
mﬁwm%tt%\%n%n@éﬁI%%%K%%%wtkfnﬁ\I*w¥~%ﬁ%%%m
1+dQ2=0 dwl+dw2=02"5, &= b u & —Z&{kdSid

dS=dS1+dS2
=dQ1(T2-T1)/T1T2 +(dwl-X1dx1)/T1+(dw2-X2dx2)/T2
+(-Y1dy1)/T1+(-Z2dz2)/T2 (20)

BOWMNOARTEENLE —HIZHLNCETHIN, HEANZOT v b —#KH oW
FHRAIZIIOEHOAIIE S TVWDIZELHLNLTHD, F . FZHEFBICHHALEZ, T L
THM, %ﬂ@m%ﬁ®ﬁ%%k’%%¢é%@ﬁb@\§5ET%E<E{T%éoﬁﬁ%
fblizB sy ba E—HWMEE—ERNFELRZNILZ2UT, TOWHEFZHEREIHAL LT
D, BANDZICEVW TR ZIOBALELIcB T2y tr b —@AKHEBEFEHBPTE 2N,
COZERTTIRFIRTEELTBOER, BAOHNWO R A HEO IS L THE IR
BLE ) TIE, ECHBEMICHAART Lo TWVWHEDTHD,

6. KAV A7 VIZBTD
Ty bo =%k

BEANETFXRAMIBNTIE, A A 7 VICBTIRFE O ho v —24 (i) o
HIZERICKRERMERD L, MEREREITO ETHLIE., I CHEYTHDL, 22T
FZOMBERICIIREORME LERETIC, xR NFHEBMMAMMIIZOMELEHATE D

FrRd, BHL, $RBEIEEHEICEHLTCHVWS, o TAFRICHE T IMWHEBICH L THY
TWVWLBEEEEDEOI A 7 VIS LB OELLEZERT 2T D, ¥y vaidB T
Bt LTHWD, LTORRIZAECEH TE 5,

§ dS=§ dQ/T+ § (dw+PdV)/T=0

for a cycling system (21)
§dS'=¢ dQ/T'+ § (dw'+P'dV")/T'# 0
for the heat source (22)

(7) . 250 (20) PoBHLMLREIIZ, —OoORMTOBALZHICLI PrE—%&
ILIZTEEME ., BJRH CTHLRBICKRYET 2200, UTOMBARTET S,

$ (dQ/T+dQ'/T")=¢ dQ(T'-T)/TT'>0 (23)

L $dQ/T=-§ (dw+PdV)/T (= (21)) (24)
=-§ dQ"/T'+§ dQ(T'-T)/TT'<0  (25)

L $dQUT'> $ dQ(T'-T)/TT'>0 (26)

. $dS'=4dQUT'+ § (dw'+P'dV")/T' >0 (27)
=§ (dQ'+dw") /T'+ § PdV'/T
=§ dE/T'+ § P'AVIT

- 152 -



(" dE' = dQ '+ dw' for heat source) (28)
L9 dS =§ PdAVIT>0 (" (27)) (29)

(- $dE+$ dE' = 0 =§ dE
from the law of energy conservation)

fEoT, (26) TLTHRAENMFORHE LS, A HOo= bu -2 (2 2) FIHICE
BTHHrZENbMNE, TLT, TOWEHFZMERIEL (24) »o, FEWECEUZEEDN
T b E—ARRRAE L TCARICHALZ &, FLTARABFICOLEBBY Y ha v —4&
RS ThD, £z (29) b, FEWHEIIUARZELHODREBIZRE D2, BRI
FHTEHRL, TZWAE Ly brE—FiZE U, AN ZEHMEZ XL X — L THIER
REBMP LRV —OBEBDDERN 0D, BICHEBEVERIIFRADY A4 7 1k »- T,
fEFEEZID HT R, BJONT 2L X —EHiF0=fdE' LV ErTHDLLEWNHIZLTHY,
COZEFBFELUADHRICIFMOELLE N, TRDODLANFHMET RV —DRKITAE
L2z &EThY, 2oz babE—#INTIARICELNL TS NS ZEThD, MEIC
(26) »H, BRICET A7 79UV U ARERXBFEBET I ROZENERL - T, EORES
WD ZEBNbnbd

7. AETE

AN — DA ARA WS, ThRbbLZ XN X —RBEBRICTFEAT D wl W R al @5t > 28T
FEBERTDILICE ST, A0 ZFHMBERECYEZHICHP INGED 2 & NEM S
N, #EE2E2hH, WHRKOBNZFIIN ) —DERZELLIBIE TR Lo TR D,
FLEZORFTO, o FHEE ORI RE VI, @ﬂ%#uiﬁ& A A] W5 R O M IS
KoTHYILTWDZETHY, TAhbLbLRHOEBMIEICAY, RAFBBEOLKD LIgE
énfmé:&f%éo:@:&ﬁ%ﬁif‘%@%é&ﬁ%%%ﬁf%kk%&ﬁﬁf@&
Wk b b,

BB, RABARBXELUC, A ZEAGHOBRMNEZUTOHEHMBICEY, KbdZ LTt
2, T bbb, MAxOBNEHIINE CHBEOMEMNTICBEL CiZ, IRLTHETIE R
TR RENMMFOFRBEZHEGOFRE LTI LT, EKOBRNZIZBIT D% < OFmBEME N
MAICMEEISNBEINPORN Tho=N, TZWKE-T, ZOFRBIZEROB N Z DKM L T
TR0V VR, TOMOFHIZ Db LETERTELILDTHLI LALLM ST, T
ST, WROB T ZITHxDOBA N FwmICL-oT, BHINBELIbOELTHDL I L, 2L TR
KOBTENR L THEENIZIETIHIA LG ehorxor bar—4AKBEHBZID ET D, T0O
M ORBHEMZEZMHELEDLIZLERHLLIC R TH D,

MHET 206, FarBHEE0ZTFHMHNEHAEBEOBBHRNIT, I NEORBGROE
. XELTEDORERBEL LT FToHOFERIEFEBR LI, FEEZ2ZORBMBIL LT
ZRZEOBBHFENOR T, OB ERZALZZIEEALLTHDL, L, HEORK
MERBIZIRIZAZIN TR, DOIVWEFERT LN TIZIWNARY, L0013 FE L2 DORMTH
5, Thbb, HEHIRHEEO KK, %himoif%&<mﬁ MEEOEMABTH D,
B A TORFIIRERZ RO, FEROEY (BSK) WEE--TWV2L20THY, ThITR
LTEmTHLHB TR, Wzﬁ%wﬁ®@%ﬁ<%% CHETHLENIEI Y PrE—4&
RICEEALETHWAEAVWARICEEHRICEET, L tkmcEzdbovdGrvvoTchsd, 7V 2
VUNINETOMNZEHEEREMPY, HOFEEHANEEREHRE EETH HEBIF., 20
%%fﬁ%f%&<mﬁwobﬁb‘&@%hi BHATEo27261FE. ELLERDOBE %K
NMEFETELEZENRICEALTHY, HFE, EER %%@m RohsBlaEwmroTdhsr, Tz
VR E—AREFELOLBICOTIEBAL LS LixE9, Fio, HEN, Blam0icEn
LESELTWVD, ZZBVWT, BAxBFINLORENBERTHY 2N DL, O FFEHY

CBTL2MHDELUCT, ZOBEMMNBZOMMEEZEHRLL, 5B BERLE L TEDOL ) B

- 153 -



OEERE  BlLkwmzROD200, ThEDLTTIREAORANFICHL TR LEL DI WH
ORBIZFEICTY (B&) . AAFEE (FX) oo FicAIhTWns” B, Blame
HELOBZZOWMBICWMY 2 k) B {b@wmz2HRTREL 2L VITHARBZED X O
W—20WHRE, MEBEAREZEERVWLOL ), FELLIVIETZOFREFREHRORF~ &
BITT 200, DMELR->-TVWIEICHLEZXZDIDOTH D,

%5 3K

1) ®URAE—F, HRAKRERE2EMROE Bro TP ER
2) %I, MMEESHELE21% (1993)

3) M, MEENRSHELE19% (1991)

4) F v T VFE L T RS ER B B P

5) AIRAF, PMHRZEMARGEEACFEET FT e R A

6) M, MEERmELE29% (2001)

7) 7N E IEEERERYT =L I B A

8) MR, “BAN =B8R RE A0 D", B A

9) s BT B AP IS
10) %M, EHERSHEALE2 75 (1999)
11) %3, RMEREELE255 (1997)

- 154 -



FLEF L1 5

BB ES G & BT

Osmotic Phenomena and Thermodynamical Equilibrium

Takeyoshi  Kasar

Synopsis

Are osmotic phenomena in a truly thermodynamical equilibrium? This quetion depend
s on the fact that if we take out the semipermeable membrane from the place which sep
arates solvent and solution, the solution flows into the solvent side, that is, the s
olution must have some gravitaional potential. According to thermodynamics, the syst
em in a thermodynamical equilibrium can’t produce new any work, or energy. Therefore,
these phenomena must be explained apart from the present thermodynamics logic. In t
his paper, we will discuss this phenomena with a new concept that solvent and soluti
on must have some gravitaional potential individually. Then, we show that some free
energy flow of solvent through the semipermeabe membrane turn to the gravitational p

otencial energy of solution which makes the solution flow into the solvent side
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Ry 7o TRANFMICHMERZ, L2rL, ThEZUTRBEHENERICHMI N &
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Can the thermodynamical process exist in the fact?
Takeyoshi  Kasat
Synopsis

The present theory of thermodynamics can not decide if the existence of a given
thermodynamical process is permitted, or not in the fact. We will show that our

new theory of thermodynamics can do it.
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Can we teach Osmotic Pressure with Mechanics only?
and Reference to the Conversion of Free Energy

Takeyoshi  Kasal
Synopsis

”1  we can see a mathematically

In the journal of "Chemistry and Education
simple and clear derivation-method of van't Hoff's Equation about the osmoti
¢ pressure. That is, from the relation of h=h' obtained mechanically, (Po-P)/
dv=II/dl results in, then II=CRT is derived. But standing on the thermod
ynamical logic, we can not recognize the logic of derivation true. That is, th
e derivation-method depends on the mechanical logic only. Then in this pape
r, we will show that van't Hoff's Equation can not be derived without the the
rmodynamical logic, and that from the thermodynamical relation of (Po-P)/dv
=11/dl, II=CRT and the mechanical relation of h=h’ are derived against th

e journal’s article. Furthermore, we will show that in this phenomenon,

thermodynamical free energy is converted to gravitational one.

1. &
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EELT, BEAKKEELZUTITOBA. Po-P)=dvghThH V. F7-. BIKIEAEETITI &
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Why did the idea of Cold Fusion appear?
Takeyoshi  Kasat
Synopsis

Now we can not hear the word, that is, Cold Fusion, which made a great sens
ation in the world about fifteen years ago. But we don't know the clear reas
on of its disappearance. While, we know that everything must have the origi
n of its being. In this paper, supposing that its origin is in the thermodyna
mically wrong understanding about the phenomena which derive the idea of
Cold Fusion, then we will try again to explain the phenomena thermodynamic
ally. But the thermodynamics used there is new our theory. As a result, it
will be showed that the phenomena related to Cold Fusion can be explained a

s very natural and thermodynamical ones.
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Can the Max.(Min.) Work of Carnot's Cycle be proved by Physics?

Takeyoshi  Kasar
Synopsis

Usually this proof is done with Kelvin's principle. But the Max.(Min.) work of Carnot's
cycle is proved only with the logical reversibility of it. In this place, the reversibility has
not been mathematicalized. Now we know that the present thermodynamics theory can be
constructed logically with Clausius’s principle equaled to Kelvin’s and the concept of g
uasi-static process. Accordingly the latter can be regarded as a logical base for the Max.

(Min.) work. In this paper, we will show that the basic concept, that is, the quasi-static pr
ocess is related to the mathematicalization of reversibility, accordingly to Max.(Min.) wo

rk, and the relation must be resulted in as a principle of thermodynamics, never derived b
y physics.
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(1S s BN WATHAI RN TH L THD, EHRITZZIT, ¥ A7 Ve MlT2Mc BRED
EERRMEBERICBL L o T, WTHERE  EHFNEREOREBLELELR=EHFHNL(
OB BEF) EVOBMEBICELZ R, YA 7 vkt FICERALEEE. ¥ A
IJNVBRNEROEBERICEHE, IV IAREFERNITELIDOTH D,

4. "VELVCORFRBICKAEHEN D O R

o s JJ#lirs, WO L) hmdHEMEAFAETCHL, AN ZITELALT DL
CE. WEROBAFICEWT, B AT Ao mEeEaRTHEAT ThDHEERI LT
LN, FEEWmEMICAENNE, MO TBEKLRBHAIIK--TEbhA TSI EERLTENI &
Thd, b, FVECyORBICKLRVWEEY A 7 VEETFRSFECTIHEERBRICED D
ZLERLTCWS, £/, ZOH, BAYA 7 BB DO WMV RTIE D e E—R
WMRXKTHZELEbREND, 22T, INEWROANFEIEOFMERT DL LTHRZ T
WAMR, BEFRLTEI TERY, GEHESRAEZ T, BCSRELMTETTCoORFORM~DLEHR
AR O FE~OEBRAFAEEEZS > TC0LI2ETR2OTHDL, ZHICELT, EWZHD
HELZWT D oDFK WA, MVZRFRNOZY bu b —#ERAOHEANLMHTE 5, AL,
THITWE, ML RE2HERTD2ERB2ELE AR, EVICKBEAZETHDL LWV EHEMNML, o
T, ZOHBAELRITVMEN —REREV, IS 2E, BHOHA . BIROIREEZ T
g, AEBH IR TE R, WHYWLIEFZERICEE RV, b LRIC, HROBRNFREL T,
ELLSE EHX: TdS>dQBEHTEL20THNIL, WA, 25 WVWIEMLRZ T b
o E—#RFMICEMITELDIZER RSN, TNEEPICELOTMERT DO THD EF
FIZLIFARERTHDL, LrL, BEOAANZTFTXALITE., 2O0EHTIVWDLWYWIZ T TV TR
REXDDL, WHICHLYROBHEMNFBHLELTRENTVER, EEIZITEY THY, HH
RAERDOTH LY, EbIE. COHHERFZ7IAIOZFNICTERHMHERLL TWDLIETTH
5%, 2 LT, &, BHERELTHLLATEARVR, 2t ZOARBTUKDOE ¥

WA AEZHEZTOZ BRI, 207 LI TSRV, =2 ho v — kK H|E
EITOBNERERBENTODLIREB S DY Y, oL, ZOBRDNFOHAICIE” Bz dbnbd
SFEWWEREBLARAY i, A& . dQEEHEOHZ TRV, 1B, TdS>dQEMIT, Mz
kAW, LEILD, D LAZOANFPICEAEROTH D, ZTOHMITZ OB 7 F
DOmBEERICE-> TS,

5. " BELPOIFTREEBELRY BN EREA

COBNFORBBREBENTIE., S ELOREBE, SREHNBEREMAFIIER, oK
BETHDHZIL, Y70 7 0RE, REOFRBIEFETRERELZZORBERICLTWVWD, £
LT, MifficEk Ll brE—@RAEHE 7 v 7 0RBIZEK>TWDS, LAL, Zh
LOFRBEIETCHAOTNLE VI AAFHORIKSTVDHZ EFHLL, BETNIE, Zh
SOMBHEBEIHERERMNMLCFERSERIIE. TRTIZ IV TRAOFRANLHEHARETH
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Do o T, AN/ —MBEELEZAIv Y v 7 BoEREE WS [ - Rl I3 EEGETH Y
PEROBNFZHELLEFAUERICELIZLIHOA RO THE, LL, RO FITHET
X, Thidz s be - ROWAFZHHEH, #lziX. 4 dQix” bbb I FXERLA
WOAICBEICIR R 2E B R TOROTENICL AT br E—B{LOYEENHYE . dS=dQ
1/ Ti+dQ:/ T::>0R 8 —0HRRNEVWI RERKEEH D, bL, ZOETFNZ
herTedIhiE, EECORAB=TALXF—ELEZHAVCoOZPA LS, LirL, ZTOH
NFFBAEZ” DO IFCERELTVRY BT, ThEZRLTALIEZAT, HIET
ERCTONMZ IV F—Zb (ZCOYWHERENERE, EMFCHEETLIATHH I ENE X
ZPVWIEELZHATCERVHHERIAETOBEHR TH D) KKLIDODTHDL, LL, £0
—HF T, MZZATCHANFRT L —ARECTCy brE—IWM KT D, 2 ICEmBNRE
AMENRAOND, #EEHLZA bR E—MAKOYEZHEKRIL, EROBRNFETIE., HI
ZbTNhEtEEx2. TOROFENICKIZ Yy brE—HA, MICERBECRLAEETFOR~DOE
IZIR D, TR REINGEDLID, ZOBNETEI—UZOEZNERIZEISEKTERNDOT
»H 5,

MREMICELTRBTIX, EOXHIRBNETIAINThON, BBEOBEBIXZ, KENICIETET
RAIWTHDHERRD D THDI0., TOMTNFITR W TIE, 7 R Al 8 R X #2GE 22 Lo
EFRLRW LENDH0THDL, 2Z2TO7 ERXR BPLT LY FE 2BHRT D &N
SXBVE, L THMBEBOARAFEEFEELEEZZLTEW RN, L2L, ZTOEHRITK
Y, RAIHEREIMARIIBNTLNBEETCEARANWILEALNLTHY, WARXRHNLBRE
DOHLTLHMEBARNEIIFE AR, RAEHIEmUUERWZ LI d, L, BEEEIUNt DR

WHEREEMICH AR, BEHNFEL L CHFELRANILIRD2DOTHD, B L NIT,
COZERBRNEROKBIBETH D,

6. BIBBANZIIBT 2HKRETF

AN = A7 NVORKEFEBEIE, BB L2, P47 VO ERBERICESTZ D
EERB 2T, KRN FTHLERT, TORKMEFELIVWESN, EEMICHANFICIY A
LEIELELOTHDIELERD, T LT, TOFEHIZ, MUK BEIcR 77 ve v FEICK
Z0THDLIN, ZOHBBICE—20ARICK-THINDIAILELENRIIERBEMAFICR D,
L22L, 2OZ &3 LT, Z0GEHIELITIHONREVEZEALDLIZ LICRDIDOTH D,

HTEFOMBEREZAD, FEINLIRNERREFIL EXL” PRz, 7 BR
3. 3 (RKMFoOFH) ” LLTHEASRD, 22T, THESEESHMOEEBLSFICSEL
WwWeEEn, to%k, 7 KREFOREI. 30BN BHLLNLD,

ZIZT, RITTAT OEER” K., FEREREOPICERERKMEFLE S X HAMERS @Y FEL,
EFNETHDEKRDYVDORDOREDHL TR ESTWVS, D, LL, BREZDOD LSRN
EA5D0, FlZ, TORKEFERREOALTRELIREETH D LT5 2 LIFANFENIC
I, —BRCHEFIIREECTERZVWAKIC, RICEERERLZOTHY, o TMOEH B IE
RLZZERL, T BFEoTHVWENPOXLI R EXEAXTHILAK, BEMICITEERL LS XD
FRTHD, Flo, BHOTNVEVORBICE S FEORREFEHA S, UTFEKT 2508, kL
TRELFF ARV, FiIZ, MATEZAE., 7 FHOFEH” LV IOBEMETIFELLY, K
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HiIEHcE20Wikiczz, FEZ2OTH D,

ST, ABNFWRIIBT L2FREFNEEO K KM FIEW X, SREFHEROMFLZES
PHEELEY ETC T53(E” 2wk T D) . —HRERBRL, CORBBROFBEBEND KD HE
BY A7 VOB THECINAECORBABEA TSI LICLsTiEHA IS, AIB, w' —w
<O (FTFRBMEMAEGLE) <0, o Tw’  <w, HIH, & 0HKMFIEHGRL %R EFOE
W4T AT REME ¢ w(forward) =—w(backward) [ 3. D H T > TW 5,

— A, BRICALEHEBICFELCEEb D2, EBiTZ 5 TERY, EDOBAITIE D0 BN
MELTWEBIZ, A/ =it A4 7 VIEZHAYTOHEE, BEICL-T, RERRNBL DL
HMEISNTWE, L2AL, ZTO0HAICEVTEHE—20AFEOATHEABEH L TWVDAIZIERE
WL L THRFE DMEF, BAHAV ZRRBICER T 228 TE Ry, Thit, EHRALTHDw
(forward)=-w(backward) R L IZ A B I 5 HKT, - T, ZOBEFBRLIILTLEL., TOB
BRAEHFH THLI Z L AmBNICRIELB RS R>TNH DO THD (ZOZ LEFUTIZHRARD,
ERBEOVEICB VN THLMNZRS) . TLT, UELoBRHOJGHHE L L T, kKXMLEFIZY
KREOALTREDL L L TVDIIIZ, THERBEICRERTHDIZLEZEWKL, o TWMED A
WARFPICEST, IS, FREHBHWBROMFETARAS L, BEIZ” ME” ShTkh, Eiow
(forward) =-w(backward) R . 4R D TH D, Thlt, ZOWmBEILTNIE., BIIFHRKLEE
AEHICIEFIREFHFOBROBBIIAECHLY, 7 BR3. 37 ORKMEF=5REHHIR
BiFE AREFEORBIEHAARETH D, FEDH LA, EHFEFTZOFHIT LT, HIT”
ERAFE=5HEEHFHNRBEMAE PAREZ2ERLTCBE Lol twnr 2 ithd, #E
MNP FNITR KMEFEOGERIZIZw(forwvard) =—w(backward) (XX D AN KLETHDH I & 2B 21T,
HoNrcthEEL, BORBNFHREHOBIZALVLAFRLVY HHZ X LF —SRERICEE
MolzlZ R0 Thd, ZNIEFREN?2 ETITMAIE. 2O~V AFRALYHBRZ R LT — %R
Bz brEP—EREZEMNE LTI DLICMA bRy, EIZ” MIEAEFICHL” OTH
%

FICHH T, o7 Ly OBEIC L DA BT AR ESNER A IT S 1,
OB —BERBREZF-TLLL, RLTHEEINDZ DR, VAT VERET
WX, bR o RMEFIEWPIETIHKRZILRZYOTHL, AL, w—w’ <0»nbH,
w<w ORXEEAA: —BHFERBEO” SNHFE” X7 754£F THELL 2N
(E2FTH R, EORHRICTELTVWDLZ LW L) o ZHVEKRETFimE N,
w—w<0nrbH, (—w) < (—w’ ) ZFFMLARVWERBICFELCTHD, — /. K/
EFEOIMRICTRY Z) THLLIN, ZNEFAFAROTH D, T, 20— %R iEfE
DFATHEENRBRZRAN THLZ LB ETNAE, WEOHAE, (—w’ ) < (—w)
ZEMHLEZEZAT, (—w' ) OPWEMERISEAATZROTHD, > T, BRI
BfiLzXric, —20BFELX»BEL TRV RAEICW, w OmBEMEERAMSTHN
Arpe, BIG, wmBEMEEMEZLU T, w=FREFMNEBMAEFELERZEINLTE TRV
DTh D,

FLTC—FH, BAEVA 7 VA7 ) =V A7 VEHOTORKEEGTEHIX,
BlziE, RARORBEAEZ TICET I EEEZR., 2OV AV ErORBIIK LAV & @ BK
FICIE R B OBRNEFICRDZ2ZTOEBIEEZEZERLCASND  EFENRICEDD Z &

|
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DHFHFEND (BRFICHLT, ZOFOBERZRLHLMICHEN) * . ZoOGEREICE Y T,
AN = A7 NVOREIRFEHEITZD “Mim” (UTo “BR58@m” CEEILZW) 12
HELRY, B, ZOo0 R CTEEIND K., A/ VA7 rEaHVWDEZ EITLo T,
PL Lo FEW L - w(forward) =-w (backward) AL 371200 2 . B IZ > O EJE O il 2 & #5120 IS R
2L, UL, BEICHGTIRE~OSENMRIEINLTNDIOTHD, L2rL, ZOFEH
BIZBWTYH, VA ABREIBFEEZDZEIZL T, flxiE, =¥ A7V E2HITEIHEN
. v = A7 00 “ShDHEE 12D “T54FE (RKMEF) 7 W, EZ2 00k
X, V) —F AT ND “THHEE hE, “ERHEFE (BNMEFE) 7 GEHICRD &V,
SOEWMBANRBEDH D, o T, ZOMNELELHENICIEIR —ORBEEH 2N L,
B/ m” CEDZZLITBNT, AliAELI b DL >TSS, 2T LEHBICELIARAIT
EWA W AR W EmE RN E2CHEEbIh TR s k2O ThDd, LT, ZOREEK
Bl lid, BEMICEIHD THLMZ, RREF - /MEFEZRFEEL, EPTEDL2HDOTR
S THERLRENWZ EBXGND,

MEDLLIAHA AARNFIOFREFNBROMFLRERE : ~ VAT ALY HHT XLF
—ZEHICHERDT D2 ERHBTHSTEOTHY, iR, TNETOFA 7 AVMENGBEN T
BO¥mmE s RA 220, Do Xy MEAEE L LiIc, BB ¥mEEEL®REE L
O T Th D,

7. BRRE/MNMEORE

FTenEET L, CORBEFEREXOFHREIT —OELS o THBD TEENRLOT
Y., o, TNIXEENPLOBBNFEHNTHY , WLTIHERAOHELI BOTH R, EIZH
HThHs, ZRxTHICRERR2O, ZOBMBHURMICK T I2FHEEIIRL TCHEELRV I & & HfiF
LTW20Thd, LT, ZORBOEYHEETHERAOINETORNFHRERM NG, M
CORBIZRTH2HEREIRE —UBEBNEELGRITFEIND, FIZ, ZORBITEK > TH D T,
INETORNFHREAENPR L TCHITERDoTZHEAR, MV RO= v br b —HKX, HoHW
Ebol KWL, = b E—4AROYHFENFTIN A bARTHLDL ZLx BT, 20K
HOARKROYEHZHMEMSTNELEINTZELEZXDDTH D,

Fh, TORBEINV ) —BHOY A I NVEFEEREETREORBKBEZRNS EFTIE. o,
HEWNZIn ) vy 7 BBBE, b250WE el v 7 BEIESEENLL O, FOKRKMEFRITL,
BAMICIXEICR, AR ALV X —BHOZEL2EE. WHEROE(LITEHOEER L L CHM
INH{, EoT, WO LIREEKR TR : BB INDIZLEZERT S (ZnixFHx 0 R
THDH) ., LT, 2O ELEZE, ZORBMMAEHELE LT, BHOBROMLEFORK (&K/D)
PERIEEZ L, oW @R ST TREERIET 2O THDLIHM., ROV —H A 7 Vi
FoRRK (KN M S5V EHFREFVBROMAEFORRMEERAZ GRIEL TVDLIDOTH D,
ZLC, COFRBEISERFGS 2 UL EL LAV, ZFx0oXTEIXNE2EET D, LV —
OO THEHD, EWWHZEThD,

T, HoZzofMENBEZoR i, Btk LH1C, 7709V 0 R, bdnWiEsrreyr
DR BAOWN DO R HFEEICEN L2 ORMENICHFET DN, Tk, Hice-sTiE., 7 &
BRAWIERLTRERDONAZNED” Tho7oDTH Y, BT, BADF N DR A

(R
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DYV A 7 NVEROHBROTHD, oT, ZOZEEZTOF A7 NMEFED R KM AR 7]
WHEERICIERZRTHY, Honictiorn ) v V7 BBAROZRF, BlLOBBED AR
AR, MHLEORNFEHRMELZARELET IO THL I ENHEMREND,

ZLT, b, HOBEEZEXTLLIAT, A THERITHEIREZI RS, ML, £
g, BZ =XV F—Thd DB, HUBEOY 2 —VITEs TR INTELBICE, B b F
oAb ERER, TRV —BEOSFM R RE/NMEFEORE - AR I DR TIERD
BRNEWVWS ZLERHHELLTHLNTHLIRNE, LWVWHIZLTHD, -T, Tx DB )% T
TBICEEHFE L THLLIN, 7TV TR, Ay, T30 0% 200N E WD RA W HE
WERT2RAEETRRNENMFEORANPSHUAERZOTHY, RxOBRNFITET 2@
HERICEWTE, bERPIALOFRBEIAEROTHL, L, 26 ORMITBEIC, Wb
WHERETE X, RN,

PN

1) ¥V 2v—; BRR” BZEERLEOBYL” 4T EF
2) %M, EMEESHELE2 9% (2001)

3) 73 R T LI B NRT =

4) W™ B =8lREE S0 57 8 R A

5) #ex” BJ N7 457 R

6) M. FEMEK S FLEAK

7) B, EEEBESEALEIOS (200 2)
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FMEWRXL20

Fermi, Clausius—-TomonagaZh /1 I BT 5
TdS>dQE H #& N FL AL

A
To the Followers of Fermi's Thermodynamics and Clausius-Tomonaga's

Takeyoshi  Kasal
Synopsis

In Fermi's thermodynamics, the derivation of TdS>dQ with Clausius's Inequality can be do
ne for the irreversible process: B-state from A-state, but not be done for the back process:
A from B, though the both processes are irreversible each other. The followers of Fermi’
s never doubt this logical defect in it. Now it is clear that they have not understood the st
yle of logical world. Then we will show the derivation of TdS>dQ for the each irreversibl
e process with our thermodynamics. And we show too that the derivation of TdS>dQ by C

lausius-Tomonaga's is wrong logically in physics, it has been done merely with their feeli
ng.

1. F

25UV AREXNLOHE THERBEFAR TdS>dQEHIZESL 7T LI ORIEICIK-
TWaHZEFEmomy cbhbd, flxiE, 2770V 2AaY (Hka: wEiz®) V. 5
WAL R - T ALY 0z EsbEBERGHE LS A, 72 A ICHBTNIEREO MK
HERERAFWAICERAINLIZEEATHDI, TOFERTE7ZAIRBEOMMBEILISH D X5
CbHELALLIN, LHL, ZOHBOBESTVWDLIZ LT, Btk IEHmLTCWD Y, AL,
IOV ARERXNBITITAdS>dQIFEHTERY, L2ArLARRS, BAAZHEOBRIT.
COT7IAVIREPTOEBEZR L CEDLDZERLS, EVHE-STND,

RHIZ, ZO7Z NV IGmEIC, YREVOHAMTIE R, ThE2HET LI LE 2O 0 AE
MERZMZTVWIRANET XA MNCHE-ZY, BT 27T A IBANEEEHEOERTH
5, ME, AP BEBERLELFE, WEZESRE~AERLEE., 2<Z2720V, H25WIEBD TR
MEMEERSCE A, T AAYEBOYFITEZ X2V s TRk e B 21X, 2 2%,
THELWATIEH L EWIT 0B LALLS, MENICETOMY AT L. LRI, Fx
OB D, OBV MHEHBEZRT,

T UVTACFAKICKDETAdS>dQEHIZOWTIE, EITELIREZLETHIN, HR
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LHIEHRICEK - THISNR TV &, LTS, EMNICEABASR TR Z %
AL, AR OREEERTZLICT D,

2. 3 %ﬁ” @%E%

LT, BT3B 7205 THL, HL, TELRFIATERLS, KVBEBFIALTVE D,
ZHo0EIMA, BR, FLRELEMEHL L a2lio Tk,

EE OUToREFKAA: (1) iz

EFHEOEH @E1: A-BRAAYM, B2 : BoARAM T, 77Uy 2 R%XE K
DEEZD, (HL., HRkoBRNZFTEIATMHFBEBORERIROENLEFTERSL, LTV
BT ELTWD : xOBNFHmEITRRD « EHFE)

$dQ/ T =0+"dQ,/ T +§s*dQ/T=0
f.°dQ/ T =—§4s"dQ/T

=0."dQ/T=SsS (B) —S (A) (1)
BEo#HE : VMR EP—FRE0EE BE1INVAYT, BE2AAAFTHD LT 5L
§dQ/TxZJ‘ABdQ/TJ’_J‘BAdQ/Tng
.°dQ./T=S (B) —S (A)

S—Js"dQ/ T =§."dQ./ T (2)

CTHIZEBELARAESOMENEY, M~T5H5I21ES (A) =S (B) , 2V, = bbb —
FIEL, ZO0HHREFT - Abo2 bbb LW, EFHEVAEGENRL TV D,

MEWNDH Y A HEWIE
7J‘BAdQ/Ti:j‘ABdQ/Ti

BBOT-HETCER2EFIARAAYTLERELEZOT, FITEBIZIATRE, FiTb X 0BBITE X
AN, ZOBdQ (B-A) =—dQ (A—B) N/ &N DI ITE Y,

3. MY M
ST, MYVBEMCTELTHLI D2, TFAPLAKORFRTHRVOA, 20420 Lbb
PORTLTH i, MoMEsHoTREL, T LTE O mMEEEL T, (1)

(2) zFsHmznE. AT (17 ) (27) kb,
HTEIE-—OREMTHLIN, ZNIEFHARV LETEHEFARVICLTL, " MEVWORIE" . £
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LTCZIDOTFAINEEL, ZITHHRIZA-BAAHBEBEOLAZEZERL CWVWDHITBEI 22, A
5

dsS (A—-B) =2dQ/T: (A—>B) (1)
dsS (A—-B) =£dQ/T: (A—B) (27)

COBRVIEBRFHOBERTHIEZAF, MR 1IDPAAFTHLI DI, TOHEE: BoADARA
WTHO, o T, MO FHOELIZEBNTH, TdS>dQRYEZFMH L CTHIH CHIHE
MEWRRDDLZ BTNt ns 2 Thod,

DBV IR, ” BE-oL@E” KBV T, HE5HRVIZTA->BBENHEICAFERE (dS
=dQ/Ti. 2iE. TidS=dQ¥L) THDI2IEAEEKLTVWDIOTHY, = rV
—REOTEH : S (A) =S (B) ZEBEBRL TV, Zhull, ARk 7 2% B %
K:TdS>dQzRkOI2OTHIIE, 2 TRHAEBHEBRIZEROE®RRIHY ., T L T,
EFRNDHEWZTIETLOIRMICEDZLICZZE, ERPZ DD, L, ZO/KWIL” MiE- ik
T, TEAMNEREEMO” dQ (B2A) =—dQ (A—B) N INSBRIETEN %
FRELE LT, BENPICERY THDHZLERLTWVS, L2AL., 2OZERZDOTHFRANEENE
LWeWHs ZEeaEKRLAAVWZI E WL, L, ZoFFIT, BRICHEMLEZE —ORV EHRH
RSV Ty, TICHx TRANE, RE»PODTHEO—-ELHIZLZZ DN = b
o —REOER” ORE»PGETLIC.,” HMEoi@mik” VWO XEERHZOERTH
L, e, 22T (1) (2) REEEIZIE, HFMICITRLTHRILZVWERK : S (A) =
S (B) 2BWT DL LI EEFOHMTHLY, ZEEFOBRV LNV LITRD,

FEIC, HbBHaMELERDS, MENRVERMEZ LA TEARLARY, ThiX. 7 BEWV
DBV ICBITLIEEOERM., AL, 7 dQ (B2A) =—dQ (A—B) ANilizI 2%
FEIZHE W JXFENICIEL W, BN, L2L, 2O EDEKRT DI EITA-BOARAHIEEIC
WTHE ZHABEFRAL: TdS>dQEaRLETH, Tha#H{TT5B—A0RAWEETER
LBz e, B, TidS (A—>B) 2dQ (A—B) WM FHMKIZT dS (B—~A) =
dQ (B—=A) 2 -8R0V ETHD, 2O EIE, ZOTFAMEFCEHMOEMLEL S
Niewzenbtmnienny, L2l BEREVWILORFZOL ) hmBEEBEZAFREL RV,
b, ABRARA M THDZ Eid, mEMIZL, F-HONMCHFELLTZOMNITHLIFEET
D20, TORAHMEEZRBHERITIERL, »OZOEHERDDLIOTHD, - T, EIZ
COFEHN, ZOTFTFAMNEFICELIRBAETRAIRERN LN, ZomHE, b7
AN FHREORKOKRMBTHY ., »OXTOHBORY THDHZILEERLTVDIDOTH D,

i, BZOHMWBOVICH LT, 7ZAIBNFEEFEEORDO LI RR@HE 2 b IL
6Ow%\BHA:%¢é%%ﬁ%ﬁwé% T, A>BHBEROBEZEMRE, HZITB—oA
:Kﬁ“,AHB:ﬂ A7 VBEREZRETNHIIRVNEVWSI DO THDLH, ZHAIFAEWVD
RAHWMBOMFE (O, KbV ORBZENLZENAUNFEAL, WBERITRLD) TFEL L THF
INTWDHE, ML, LML, ThiE@mBEMICELIE., TdS>dQEMITIE
WICAFA W BEBOEITVRLETCHDH L NI ZETHY, METIE., HANITE AT E
BROBMAORBUEmATFINLLRNILETHDL, Ll T, FERLELELT, KT, KO
THEOA, BREXEZAWZENLRALTHLHZ L, AAHBREOYBBRIIFELET DLV F

- 191 -



FELXZLTZ 70V ARFEXNRLITY A 7 v orfifi, RN af £®ffm Al o L |
BThr e ERZIE, BoMn2, ZOTdS>dQEMHHBEICITHmEMEK E@Mﬁﬁ
HHZLITRD,

FIZ, 20X RKGRUATIIZ, 7 BB oZME CBB 2 X R & RKE LD T, HATil
BIZAFE” LW LH>2s5HZob0IcbMERH D, L, Z07 RE” OEYHEEZET
FEBRFH L TBRETHD, FELLT, AMHEEIL, BBl L o2, W, Kb o
KR OBEZOHITL T H72061F, UOPCENEIEBAMETHL, TLLRICZZE, FFX
D7 FATHEE DHLIOTHY, TZWWEAY - AAHERZEOBKENA NS, H DWW
RA B OFITHE Y AREICET 2ELEN W, BT HIC, FEELTFET LHIHITEREZ
EOXHIICHMTIPOMBAELENKRITTWVDS

TOZEIZHELTHRTBLIREZLENHD, THIE., —BIFA 70T —F A7
SBRABEAV A I NDEENL TN =V A 7 N EORREFWHETH L0, ZOFERHIEK
BWTH, K7+ 15470 —HF A7 rERETNIX. KT A7 VIO TIEX, £
D7 ENBHMLEE BELIL, T TAHMEE CEEETERVIENL, ThER/MEEOGEH
Wb, b, =Y A7V 0OWITIEEEL LTAETH->THL, ZOROMBEMRITR LS

WRICRDZDOTHD (bobb, ZZTHEILV) —F A 7N LED” THLE” =7 &5
ft:” oEfEEZHARIE., ZOo/REE—-TH2, L2L, ZhiFd@mBEOEE CTHY , WmHEE
Bl & LCixdtivy) o ST auE. 2 R B AR R R o GO NE ISR S 2R TR T
DUNMEVEE (7700 A FEICERI) 2B 2E, MEZEHICIIRLTHEEONLS DT
A AT

B, UEoZ s, ZZWXHANFEBRBEIEMRINL TR W ETOR ) FZHZN
BINTWVWBEWS, MO THELR” R0 $HBHZ Licesd, L2rL., imBENEASMEEZ L
THRANZEIT, RELTHEETDIN?

4. Box 0B S FHE

TrxroBhZFTomEREE., BAMICEITdS>dQEHICBVWT, 79 7YY AR
HERELELELZRZW, I, 77000 ZARERTHRAOAENFIZBEBWTITEHO, H2R

WMEAFREICEBEE T, T b oH i hmBEEREIAETCHY, DOBFELRY, L
L, Bx0B N FmEEOR, ThEzMx TiTH> 2 EFRIcHELxIRrLTNDY, 22T
EMBEHGR LY MR s VWI BT, LTFTOFER %R 7,
FTxlZMOTHRIZRDOT A 7V ELEZANBRILVF—ZETERD, T, A>B
AR, ZLTB—A  AfTfi@B2r6lkd A4 27 vicx LT

FAdE=0."(dQ+dw)
+ /e (TdS+Xdx) =0
AP (dQ—TdS) =" (Xdx—dw)
(3)
STdsS>dQ (vdw>Xdx) for A—B
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ST, ZZTARAHBF A 7 VOHEIX, BITTHH A7 NVORERLYWTIERLS, 2L H R
A7 NTHDHIE, LT, TIREBNTEHALNICHEKE/NMEFORME : dw>Xd x I
ML TWbsZEea2BELT, 2 LG AE0OHITEARNICEL TIXA->BAAHEREDd
w, dQIZ LT, BoARWHBREOH-ARME., dw’ . dQ° &Y ThIT

FAE=7,"(TdS+Xdx)
+ (s (dQ” +dw’ ) =0
it (dQ’ —TdS) =Js* (Xdx—dw’ )
(4)
LATdS>dQ (dw’ >Xdx) for B—A

O, BEMICIE (3) ORMOBREYEN (4) TS L2 ERlbnd, 20O & MNEH
M OMEE LTS, LT, MBEMICEARERARETHD (J."dQ#*—3"dQ. "
dQ=[:"dQ . [A"dw#— [ "dw., [s'dw=[s"dw’ ) . A alifi Rk
iz, ZOX KB EAELTI2HBIT. FCRRKENMEFORBETHD Z L PNHAMS
L, LT, Z2hid, BRI - RATHEEBEOEWICHILTH5EBE XL =KD £
MEREAESBREYEICH L TCALETHDLILERLTWVWD, BETHIE, 2o & ix7x L3
B, BIWTERROBANERBIIRRE/NMEFORBELWVWIRELIREL WD Z L AR
LTWb, 2L T, x0, FEARAETHD, 77U TPUAREALLOTdS>dQHEMIX
LED XS REAOBBEOAKMNBERIZLAELLTVWSEZEEIHLNY, S2FTHRL,
TR RENMEOFRIENRLESN TVENLTH D,

5. HIXKBHAICKD I T U RDHE
7?79?XE§®ﬁﬁ:%5%ﬁ®737991%ﬁi\%%&ﬁ%\%ﬁ®@%%
BEW%d 35, T, Tdsz= HHEEFUL FO®@ERY Th D,
%f‘7??972Kﬁﬁ(5)miiﬁ%¢®%%m5mﬂ&ﬁfkéo
2Q:/Ti=0 for a Cycle (5)
T, BEEGR, MBAMBEROEENDL, HAWVEEEMNICIZIZIQ /T =§dQ/
T=¢dS=0 26 REEZ L P E—DODFE., o Tz buobt—MWMaEmksr, o T,
(5) ORESHEZEOMBNE®RALEZEERT S, 1L
o0V REEBECIIAOEB AN, BEICXDZEORE, | . FEAHBERBICEWNT
Q/TORBMFMPAIIBRDIDIZIZDRERAEDHERTHL- T, . . TThbH, fEEHENS KD

LcdE, Az bo b — @3R3V ERMOREBIZELS D TYT”

ZIHO9LT, WRARDOKITLES S Z LT b,
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YQ:/Ti+N=0 (N=0) for a Cycle (6)

HAIZTZINZEELRLLTWE R, RELTZHI>n2 Mo Lidn, B (5) OFR
LEMAEAERICELEZTTHY ., N>OICIEMowREHER LRI L TR, 7
BOmEK N 7 BEICEXZ2BAORAE” S 3EZICL” Ax20nw oTtbhsd, AL
AT A SCIZ M e 2 mMEL Kb TV D,

iz, 79 v oA -kt (6) OBFKBIFI—HBRE, 2E0H 47 VBRUNSCTH K
VT HELT, RN (7)) OFEEFT S, ZOERBTOEEZ., BRIcAdidrA4 7 1rnb6 R
ODREELLTOZ Y brbE—ME&ZEHLTVWAIHIC, Y427 L3 HRCEZDILEN
WMo THBY, HDDH—DODODFRDODEEOEANBETEXDHILETHD,

>Qi/ Ti+N=AS (N=0) for a process (7)
dQ/ T+ dN=dS (7))

THLRL, ZTNIETAdS=ZdQTHY, 20k, (7)XBFE, IS RO hat — i KAl

6. 77 UTVUR-HXKERKR

TINAImTIETAdS>dQEHIE (5) "bOEM ThH-o, 77Uy A - {lkiX
ZHTERZY, DL, HHICEEAEL TS REYHZEN, HEMBEASKR T TV
LN DOTH D,

. (5) (6) MACBVWTL, PA 7 NVICHAVWTIAESETCAEeE A, A
Ho WE IS ARAEY A 7 it B T, 26 oBRX : JEEFE S ORE S BRI
LW (C0>0, H5WIEIN=0for N>0) , 2 b0MEBERNITEMBOBR LY Z DY
AT NN, 2L —2UEEFLEAGICEVWTOARRLTLIOTHD, ZOWEHED
BEWRIIEHBBERZZOV A 7 NVICEERWVIEY, RIFRLTRICED Z & EHER W
JFEIES AR E NI ZETHD T, E-oT, (5) (6) NIZELTIEZ., ZOK L HR
VETHY, Thit, 72 AL INBKFICTIdS>dQaEHLBLLLTEL, #27TdQ=
O TUT, Gl brbE—#MKRKAZE>DFCEFVWNAT., dQ=0%,T 52 &R N7
L%ﬁﬁ%&:&i}ibiﬁb\:&%mNéA&\%ﬁ>§>é@fﬁ;éo oz Eix, (5) (6) =%
LR, 770V TR-HKICESTH, AKOEERLETHDLENWIZ L THD,

w2 (6) OB DL (7)) MY AZRIET 2L, YRR OIEEM L OHGHIC
WERWV, I, RAFEY A 70BN T, REFGHRINLE WD FENDL | £ OFTEERIE
SNEND, ZAEERTHEARATHRBEICE, RERICHFEET DLWV HEZ22WETR,
MENEBAIESEY, HO5WVIE, OACHYEBETOIQ: /T i =ASKMYIFFENHET
WA, RESGHBHRLIEIZE A28, LML, Z0OF, TANREAMNALTH D, o> T

(7)) CBFDLDNOEAEFEZARVWOTHDL, 20O i, (6) ., (7)) b (8) %
BN, LonL, Zofx0ilfic TéNﬁiTEﬁT%é&b? W BRH L G BRAY
BWATENENS Z & THD, G, 4, FWETONEZN & FTIE
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YNi=¢§dN=N (=20) for a Cycle (8)

(8) BWITN <O THANODHFEIX (8) TR, MBEMIZITRL THEETE
BRVWOTHY, ELEFESRLEFILTLLATEBEREZERLRZVWI LICHRD, REN? Z
OHEBIFTHL2IIZ (6) ITBWT, N>0ThdHI EOWEENEE 2o MK i,
HHWITEBICEKIBORESZ 2 PHIEILINTWRWI EI2H Y | IEIZIE im0 PR
OBNZEHALZLLICMHAE L2, SN, ZZWRXEWRBORBESFEL, o Tz
FerbE—#RKAZEHTS (7)) REHHEAOICERDR VL0 RS, BSTHIE, 7
TJUYURAEMEBENICER LT e - RAZEH LE TITWarol, LM
RELTIEFEL»-o7z GaBRRERBAICIEIRKRER/IMEEORHENLE, ZORHD T, N>
OB FHERN REIND) OTHLHN, LrL, TRITHZDIIGEHRICEK > T,
EWH Zlickhd, LT, ZOZENERL, AN FEERSINTCBRBFEE S bR
b, TORNENPDL 1ML ZENCBIRZNDL, REHRABRT o= kO LV IEL
WBFENEREZ DG TRy (BN ICEK S8 KREB IEmBENICIIARmEEL 2N
b, MPAARETHDH) BHAROTHDH, LT, BIZ, AL L THEA~BHABA I FMm
HEL, MOZ TP 2R XN6D0TAdS>dQEHNAAEREOHBTLEHLDTH
Ay

UF, ik CThon, Mkl rIimeEEzERoT, 77U P ARERITBIT D
T~DODFEBE N, ZOZLFUTOXIIICHEBGEEIND, L, flkiCBITH7 TPy
ARGEXRFTBADEILHEHINTVWDEEOIC, IoICTIXAHEREE, b, ROl
EThy, »ORROBETLEH DL, Mo T, 7ZAIGmTIHABERAFEOENTTICH
LEEaNLDN (FERBEREMOBRVICH DY) | kO ZNTIEA#, Rl oEWILd
QIZHLZLbWALNTHL, TNEHEAOBNFWRICEALETHLN, LnL, Fx D
NEWEIPLTRIE, COZ L FXEMYKRTH D,

2% U

1) ik, ” WEFELIXMEAS S N EEEE OB )

2) VA A TR ZE, HETR” AL A W s

3) M, MMERSSKE295 (2001)

4 ) http://www. ep.sci.hokudai.ac. jp/ therm/arch2004/Nol10. pdf
5) AF. REMEN S H L EARGE

6) I, EMENRSFLE215 (199 3)

7)) I mHEEESEALAE 225 (1994)
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H AL 2 B e T 08 i 3

BT 2 G B D A 5T

¥

B FITIE, —RTER ORI E WD RATFEE, ROEAOBRIZK T 2k &
W 2RO R W ARAI U ENFET S, BSIENLIEIZ ZJ U P AREXAREL N, H D WL
NHFROT Y IR E—IN, Wb AR NEE BN EH IR, BEFEIINLN S —F AL 7LD

AWHEORETHDLEZADAnY) vy 7 BEBHEBEICERT 20 THY b, BRI %
EFHHHBEE L TRYVRALZZLER, ZORAHEHEICKMAL RN oTc, TOHITET)FITR
PICEAOBBICB T2 ATMHFEEZHBAPARIZUTEMEE TR,

AKX T, BT HTRENZORAMNERTCHH L A0 70TV 0 AREXNEIZAOD
NEVWIRAHFELIPHAONICLEBRNIEEZRL, TLTETOEMBEBRENLRE IS ML
FOZY hoE—HRIIMEERBMICEDLD I LE2EBERT DI E2RT, RICETHBTE DL
o, BlbOoBBICET LAY, Ralfitri Kg/MEEORA L L THIE/HL, THITIK-
T, ZOHMMPRLTEG LT EA Do TMBANFHRBLHEMES  WEEWNR T~
HBET L, COME, RO NZTHIWH LI LER Loy br —4AROYWEHER
B, AAI @S A 7 VBT 28FE o brE -, BRE{OERLBHZ XL X —H
DRI, MR O br E—#IIO LV FEMAADEENER, H v ba ©— Ao B1R
HahkBWHT L, TLT, ZOMBARBEREIIENWT, Aot W) KAtk : 7 70V 7R
AERTIECOBBRICBIT DAY MSE  fk Kg/MEFEORANLG B EHINDLZ L, 20D
ZEALDOWMBIZB T A2 ARAMHEICITRAORNLE W) RAHHEEBREICEENALTVWD I LR REIND
e, oM ROE BN AATHEEE IZIENCORBRRBIIFEETIAAESEZOLOTHDL E V) Z
EERRT, BID, RO DNFOMBH[HE L TCORRZ XX — AN, L TEIE
Al ZZ0MBAORIICELTRENZ EZ2HLNCT 5,

1. 799V ZAR%EK0EK

1—1) 71 Oim#H

IV IR AE 7TV AREROBE TV N OBEM : T CAFMY A L
B — MM A 7V EBERBRL, ROBFBRICECLLAELL : Q: %, ICAELE—
DR - TR : Tol AN —H A 7L EHVWTTICEL, 268 AEYA 7 VITZLE YD
FHEABEHLTCHIND, ZITHEHARELZTICRT IV, — A 2 VOEEDME R, £
FRETLICETERICEAFRLEBEZTHIAEZQ L THL, TZOEHITILTOLIKTINDS,
YA TN, TRDODLEAIA 7 VIZONTANME, FRAJITETHICREY . ERIR O HITE
BEER DY, o TRICHAVTHIEABITIFIdQ. THLINDH, ZOT XA F—INIES d
E=4$dQoi+$dw=0TdhbhH, Y¥LELVOFEHEND
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§dQoi=—¢Fdw =0 (1)
T, AN =Y A7 VOGNS

Qoi=XQi-To/ T, (2)
> T

2Qi/T i =$§dQ:/T: =0 (3)

IV ARERIULEDOLIICLTRDDON, FESIIRAL Y A 7 LN EE S Uz
B IXA WY A ZIAVDRFICKNT D E SN 5,
TITNLIDEROFEMER L O,

T
N
Q Qi @
- AQM
W T o
QUJ
Wo
-
Q Q
t T j

A A7 VEE (YA 0) OFBERKBIZB VA7V (DL —H A7 V) ZiER
LT, FBRICELCLERAEENEZLICRERT YA 7 VT, 5iFEDE2A, ERODEIITZS>DR
BWICEULERELELLEZ DO ERRE >0 H V) —HF A 7 AVTRICERTZETHD, 22T
EEEDE ROV A 7N X ALF—INEL : Ej, i1 #jE2HNEUTOLIICEKREIND,

Eii=Q:i— W i—Qi+ QiTWoi—QoiTQoi+Woi—Q:
:(Qf%%)+(Q*QJ
+ (_Q01+QU|) + (_Wx) + (W()j+W()i) (a)
0

B YA 7RO o0 BRICE T BRI, B HITERAED L O & B O B
BEEZTICRTICET IR, o THE ., B HITAWVWICHESNL D, H HITERREIC

HAYD LERE, ENHEITI RV 7 10T 5FE, FHEIEIHINV ) -V A 7 VDT HLEFET
bbb, ZOBEBRIT MY A 7 Ao r[ W R AW ERBERICK YT 5,
INnE =ik, ThbbUEOLIREEV A7 NVOELEEIZOVWTERAIFE, 2FDOxT X

AE—INE : §dE& LT

E§dEiJ:§dE

- 197 -



§in+§in'+§dQOi+§dWi+§dWOi (b)
0

IITHECH, BLHPAEWICHEEND Z EEBEETNIT

§dE:§dQ0;+§dWi+§dWOi
=4§dQoi+9ddw (v $dw=Fdw:i+¢§dwoi) (c)
=0

COMEBRAR TN IRCLoTEEBEINEZLDTHD, T bbb, AELS(LIZTERFEO HAITH
D, FLTE2EATA I NVOLFEZEF RIS 7 VDEEREGENLTWVWHIELEEZ T LY
COFEBAEBEAHL, (DAEMMNLTWVWD,

$dQoi=—fdw=— (fdwi+§dwoi) =0
L= dwi=fdwo: or $dwi=Z— ¢ dwos
ERROZITWMA2E8EIL § (—dQoi) =0
§ (=dQoi) /Toz=0

M, =LA I7 0o LiEEFEEIAILV ) — AT AR R TEFLIDAIN, B0V
=BT A I NARZT T FEIIN ) —F A IR LI EFLY K&V, MRICBWTEHER
BFECEBRINTZEAEY A 7 voT o FRIBRARPEFEZZTLILTHY, EFEHR
T 22 &Rk, ZLTERAREIMAOSGICLAEIIHML, FERRCEDLD Z L
COZEFMMYEFOZ Y brE—EN (b E— @RIV YA 7 VX VBRI E T
) BEERBRICEDLI L EEKRT S,

Fh, VA NVZOLORREETNIE, VAT NVORBRAHITKLT, £ A7 100 HR1F
E2TERICRDZ &N D

FAE=§dQ:+ ¢ dw: for —f&¥ A4 7 L (d)
=4$dQi +F§dQoi+$ dwos for AN/ —H (e)
=fdwi+§dQoi+ Fdwos (v (ce) )
=0

§dQi =9Fdwi=—§dQ; (f)

H.%dQu#0., o FdQi=0&FThiE () KV Fdw.:=0, ZaE—EYFA 2710
IR SN AWIEAEKRL, FAROABRLILEZRETICELELAREORAErTHD Z &,

TROLHEICEHEMFEHRICARKNL : §dQ i =0, TNICK>TELLEENFEORELE(LE I L
=Y A I NEEBBRLTRICRLEIEEE®RT 2, ZOoBBO BN RIIHICRT, 20

P, 2RO T RV F—ILKIT

FAdE=§dQo +Fdwo: (g)
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=0
TAECVORENSL §dQoi=—Fdwei=0
BEYA 7V (BEEAAINV) =P A7 VDH) OLEALEZFTATHY .,
SAREVEFEEZT TN D,
EHAIROZ T DR IT § (—dQoi) 20

§ (=dQoi) /Toz=0

%

LT, (c) (or (¢’ ) ) (g) fMnoFEIcEL, I/, —H A7 OB BICES T
5dQi/T i =dQoi/ToxAVLAIE (ZJCBVWTHEREFERRXMLETHDI, T2bb &K
DAL ZEZRST dQ XY A7 VDA, R HFEREICK-> T, THH., D OIERAS

MABRBEEEZERT S, EVH 28, ZLTHAKEET BEAFEORBLELEZTICLETS
W I N DIV ) — VA 7 VERESIC, —RP A 7 Vo #RA#EERIZEK ST, Big
BFEORETHD LKL OROEETHE, VI LTHD) . KDbH 77000 2 RE
ANBoND, LT, TORESHMEIT (c¢) BT YA 7 AREKA i ERES .

(g) BV TEH MBI A7 viFEBEISNLTELT., HICKEARMBICARTKENLEZZ L 28 %T
5, EEESBEKIE (¢) TE—RBIAZARTHETHDIZ L, (g) TREAFTHELTELT
(£dQi=0) . 2FVEPFOBMELNIZTALCLTELT, HoTHAL ) =P A7V EHKS
NRNZEEBE®RT S, ZOBEREILUTOLIC@EFEBLTCLHEAMIND,

> (7Q0i) /To:Z (*Qx/Tx)
=¢fw,/ To =20 (2”)

IT, Q RN ZTMoBARELET, HICTHEBFENTIC L CEBIED D Z T E -
RETNIE, Qo EERARERSSHARICEXZAETHY, o T (= Qo) TEBEMNZ T
ANTBE LD, $72 (—Q) FEARIIKEICEL TCWERAEZELILEZERT DH, - T, =
(—Q: ./ T) —RIAI7NVOERIZCEI->-TELTCVWESRAFRO Y bar =8 (= |
BRI ETS) AEKT DL, TLT, TNESEAEEZ TICRETICE L2 EBE O
BEMICL S TELDZERAFEO= Y PrE =2 (—Qoi) /TolZHFELWZILTHD, £Th
FEEARAPOMZONEEERNEBFR O br E—F{iIZEDbLD I L, TROLERENRE
TEIEDLDZEHZE%T 5, TLT, ZOFARICBITHIEBEELE VI HEANLBIE, b L
— YA 7 AR EIR I AN, FORFERATPFICIEBEDLL T, Ao —HBNEFEICEBR I DK
T (—Q:) #FO0ThDHNY (FEFHEMEKL) . L2rL—MRV A7 APEEBEI AT, KM
MR ORNUDB D> THAEWCITAEORGFEL,DE (—Q) =0 F 2 (REFEMFKS) |
ZITHEQ =0T LIHA. TRLDLEIAFICAOHENNEVESITIX., IV —H% A7
TR S Vv (FSBERRRL)

ZLT (c) (g) e nTh, §dQoildEHN s —HF A 7 VKB & A I 22
TOBRIC, 77UV AREXOERE L. EROBN)F TIEA Y OE G134 B O R E
ELTVDDB, oD —RY A 7 VO R MR HEEICEKS T, TAIEROREICFELN
ERDLNDL, TNIET7TZAILFRRLRMTH D,

TAaN 7oV I0BHBIICRFEN LI CEToRLBEHBHIF, R 7 0V AREXNEHO
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Bl eroRE, bR EVWI RATFEE L2V T NN & o TrZ 7 DTy

REXFIF A0 BlhOoOBRBORFTENE, fl2 FEBEE2HNT I FIRLTH B
W, B2 LZhD, b, @BoW e LT, Fa i3k L TERDFRANLLIS O R A # kT
77UV IARERICEEENR N, LEXSDHEH DO THD, TOHICE ALK
EASHKRY, BoltmEREMAEZL, LAV ZOLETCT7IANIOHBOBTEILESTbIFTTH D,

TINIMROKEDTIL, ol THOmBEZR LEEERN U Loz THD, AL,
(c) KHTHELREFI 7 VIBNPBECHLMILTWEZLETHY, (g) BT DELITR
ZPNERTDHDLEZADLOTHD, L, (g) FHRLNS (c) OMBMFEBICAD S
DThHD, RERLIE (g) 607 77 YU AREXDE LMK IEE BRI ITE O F L E
WHBIZ, ANV =P A7 AREERENRNZETHEINDL, MIEBROMBICEEN R VKT
D, ThbbRLT7Z7ZAIFTE->TEHVARY, LML, X THEAD (g) OBFKEEER
L7cBBE, MxoEE, FAVECORBENPOARATHEEEZS SR, LTI T VT T RARE
KFAOHFEL U O R HEZEKR TS 3tk s, 2RTAHTHY, ZLT (g)
N7 7Ty AREROESERITANRA TR, B A L —F A 7 VR EiES R
WZLELBERTLLEMTL2ZL1E. 20 (g) POoDOARFESHEMRITECHOTTL LW I A

WHEEZBEHERT D EREIC, FRFO0ORAHEHOMBEZHEREZPLNICILEZ EICRDIND
Th b,

MELLIA, TIAIOBEHBRENLDO I Z UV ALERT, BBROBGENSDZN
ERIUL ., BEPICENEIAANHESF A 7NV EBEBICANTIEINVDEN, OV A 7 00K A %D
ARG, REARAWTHDLI N, OPHFHERIZVFLORLER Y, ¥2bb, 22 Trank
LN ARAHEL FERCROTENEDOLDOIEITTHDLENI Z & TH D,

77UV YARERICBT 2L LRAFAHEITIROENDOALTHDZ LERFAT S0
BlziE, UTOX) RBAROBREEI b TmHEGx% BERMNIZRL TEL,

EBAFT1, T2, T3RXBFDzry ot —£:Sikznshn

Tl :  S1=-Q1/TI, T2:  $2=(Q1-Q2) /T2, T3: S3=Q2/T3
Total-S=-Q1/T1+(Q1-Q2) /T2+Q2/T3
=Q:/T1+Q:/T2+Q 5/T3 (4)

TR BFAXIHFOKEAROBELE{LTHY, ZORMITS dQi=-Q1+(Q1-02)+Q2=0 TH v |
BEARTENKIY L TW 5,

W, BRAJFRICECEZELLEY A 270 (1) (2) (3) TRICET L. FHFE OO
HA VT
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m
T

m © 1.
O

t
T2 (1)
L Oy |
(2) W2 01
Q02 ¢ = TO
Q2 03
(3) ﬁ 3
Q2 T3
Tl : -QI+Q1=-Q1+(Q01+W1)=0 S.Q01=Q1-W1 (5)
T2 : (Q1-Q2)-(Q1-Q2)=(Q1-Q2) - (W2+Q02) =0
Q02=(Q1-Q2) -W2 (6)
T3 :Q2-Q2=0
TO : -Q01+Q02+Q03=-(Q1-W1)+((Q1-Q2)-W2) +(Q2+W3)
=W1-W2+W3 (7)
S=(-Q01+Q02+Q03) /T0
=(W1-W2+W3 ) /T0 (8)

ZIZTHNAN ) =P AT7NVOBENS

-Q1/T1=-Q01/T0, (Q1-Q2)/T2=Q02/T0, Q2/T3=Q03/TO

DT D, o T, (8) 1L (4) IZHE LW, bbb, BROWNICL s TAEL TWEERARFRD
T b —BIIEIENERICRET L ICEsTAELEERFEOD Y b B —2(Iic% L,

Total-S=-Q1/T1+(Q1-Q2) /T2+Q2/T3 (4)
=-Q01/T0+Q02/T0+Q03/TO (8)

(W1-W2+W3 ) /T0 =Q/T1+Q 2/T2+Q /T3

FLEROZRXNANF—WHKIFIUTOEY THY, BAERFOHRLL TWVD,
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$ d E=Q01-Q1+W1+(Q1-Q2)-W2-Q02+Q2-Q03+W3
=(-Q1+(Q1-Q2) +Q2) +(Q01-Q02-Q03) + (W1-W2+W3)
:§de+§dQ()x+§dW
=0

1—2) BA@xnbo0EH

B ENCEHIND 2TV ARERIT, 7iAIDLH T EANFEELELE T R
VA7, BXO#H L) =V A4 o7 ri@mon, KEBARERBT@H» ., ToROWENL, LU
FHIIHLTHIrAEroRBELZEHA L TCHEON IR EZEROBRRMBICIET 52 LTk o> TiE
HEhd, 3 22bb, 2ZIXBFL2277 0V RAREREHL, FAE VDR  BAojiih &
WO RFAHFHEDOLZFHWE L TWDIHIZ, 72 IO ERE. Rl A 7 ik % odm e
BNICEENZZT 58, ZORATHEEO BEMFHAES I NE RV,

THOLTHROBANFIZ I TPV ARERXROBERT HAAHEITEAOEND LB B, &
LCELOBBICBTI2AMHHEIIARAREE, Wb b H ZEAORER : TdS>dQ% & o
BHBEICL->THZOTHD, LL, ZOFMOBHGEHIZE LT, b LA LEEOH
IR A W X E T

$dQ/ T=1{."irrevdQ /T

+ f5*1evd Q/T<O
TP sMrrevd QST > Jetrevd QT = s"revd S
dQ/T>dS or TdS<dQ

T, ROBNFHBETIEIAMHEBRBOFETIIATMRELIN TS, LarL, & EANEL
DR, ROBFEO 2R OWAITIIHNICAARETH LN, AFRBERAEFTETHDL Z L2 B2 F
ZFOWATIEIARETHY, TOLOYWAIT, o TAAYEBOZNIIMHEFHICARTH D, T
bbb, JI7UTVUARERXANPLOTAdS>dQEHMMBICEIRTFHAGHENTFET L, ¥
MARGELEEOHMIE., 7 CEIRNESNHTFHEEKE: §dQ/ T<O0, OZOHEFREM :
BMAOBRBOWImATF IRV ETHD, ZOZEICH LTI, 3—5) HITHESET S,

2. Bl BBEICHIT D AR AWM

FLIHTHLNIC R sl & E, ROBANFILBTHAAHMEOWmBEOERELELF D
77V ARERITHRICAOENE W RATHEL PP LN ILETWRNWI ETHD, K
D02, AN —PERMULUEZAY - AATHEFIERCIre ) vy 7 BE#HEREE WO ELOBRBRIZE T
LFENTHSTDOTHY, BiCho TFHADORN E WS Rl T LA SO @ FE
ZOLDCME RN o, Thbb, b LAOHNLE VI RAHEENEFEELRVD THILIE.
AT LETHFREZR, VM7 AVGFHEIZARELRY, FERZOLOIIKTHOTH D, -
T, HZhHo TEHADHN L WD RAH T, Ao FELMOVEHT LI ATV TITHE
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BMAHEE AIRBICEE N oTDOTHD, BT HIC, RAFAHEAAFEELS I, Y1470
EERTHILE, BDOIWVWRENRFET D2, TNHAENT TIZEA DR IO R /] W %2 78
TWHZ LIRS RERDTH D,
Tx02MORFAYMELAELEZERTI22HEL»0TIE, UEEREZZ ., Zhb2EOR
FEFEICR LT, ATHEIZ1IELINEELRNVWEE > LELTEDLITHAY, T hbbE
fboBBIZBIT 2 AHMEE, BOHNE W) Rl ICxt T2 FHEREFEELR NI &ITxL
T, TNEHFEEANREREVWS 2 & Th D,

ST, AN/ —0¥EBE I ) vy 7 oB@ER, BARMNICEEED = )L X —EEEZ A
Ll Thy, ERBICIERAORNLE, WhWw 2 EFHNICHRATZI L THD, EFHFNIC
2D EE, 20X E —HOEHRETHLETEL 2L, T RbbRELEHKTCHRBETEDHZ
ETHY, ZTOZ LR EXE{OBRBEBAIERERIN, TRIEHE > THEITARTHD  IHETH D
ZlithD, FO—HT, TOEHMNBBOLEIEMREBICT SmENEBLALETHD, Z
DERRE/NMEEORETHL, S2FTHRL, RPEHNIC, D VT AHIC : Flr % R
ST, fhFETEETHIE, FOTAHHEFEAROLIV NS WVWENIC Lo THRESL M, 4% D
FENPRRDOZENIZFEFLWE RS, TOTH5{FETRERERD, FOINLMEFETXIZOWN
W ER VY, BSDICEHD : TP BRBICBTAEFEIER., bO2VWEHRNTHDLZ LITRD,
DEozZ b ZiboBREOY, Rafifitzin 2 3B bo®Bod i, & Kix/h
fEFEOFREEZBEBICANRZRLS TEBRLARANVWI IR D,

3. BTG B oD T R B

UTF, X EEEWMICTI2EDIC, RET2EBRZNLBEL, TEHIMYMKBRERRT D,
WM., HWA2HSITEETANETIFAMNOERKICEALTH D, - bob—EHRITHI L —
FA TN, HBDEINEAITEF R —OFELL, TTEHINTVWDI D LT D, ETHEHN
WREDOBENDG

(-PdV) =dw , PdVv=-dw (R KRE/NMMEFEOFHE) (9)
dE=TdS-PdV (Al 3 %) (10)
dE=dQ+dw (AR A3 5) (11)

3— 1) 5 ZiEAAEH

(9 (1) DB, WhbwwdH EAOBEFENX : K255,

Tds>dQq (%8 — 3B 81D (12)

3—2) =y ho bt —Z4

F00)ADMNL
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dS=dQ/T+ (dw+PdV) /T (13)

B OHEEMCSONPBEBEN T brE—ARKERHT 5, AT ELICE WY Tiddw=-PdVTH D |
T b —ARKIEEeThHE, o Ty buo b =BT DH TR EY . dS=dQ/T& 2 5,

3—3) BEL{LOER., BHZXALX —OYWHZHE K
HH T X LX—IZBET 2 H#FH

FEIEHKUEORETDLE, ZOAHELITAC)TEZLND, £ O AR E(IT (1)
Eleb, BlxE, KEEYREFEHRICAN, 2 L TRKIETIZES, AEMPGEEZMZ KO
KERZBEAEEEZDE LV, ZTOZEEHRAFTEEZEETTMALZ T THLI N, Blixzzh
PUHOx X -8l REZ{ELEZELTEY, WbhbiEERxIZa v bae— L TER20WELEE
CTWd, o THREMETHA AT e =L TERAVZIRIAF - EELLD LD, &
EXRTE D,

dE=TdS-PdV+Xdx (AT 2, Xdx i@ Y 2 ) (107)
dE=dQ-PdV (& = 7 7 % 20) (117)

(A3 EFHE OO THIE, QFBROTHITREZH TCRBRI N TV 2 HITIEL 2D |
HoTETOZRAF =BT > T0DIH, ELLEFAHEE{OXNTHL228., 22 Tk
HOWMELGEEEZEZEB LT, 2L ESKELAEVL,

(1) (I1") 6, AREfICBIT Az b —4mK, T L THHBHZ XL -2

dS=dQ/T+ (-Xdx) /T=dSe+dSi (14)
Xdx=dE-TdS+PdV=dGw» =(-TdSi)<0 (15)
Xdx+TdSi=dGw+TdSi=0 (157)

ULoBEKRIZEHZ XAV —OPHRFZHEKR, BV F—HAH, L THEHRHZ X LF
—ICET L AV F—RFAEZHAT L2, RO OEBKRIE3IEHAF~NVLARLY ODHB XL
FIZHALTHL, AHICEHTES, £L TEPEHBITENIL, d6rr=Xdx=0, Z DK, dQ=dV
=0CTH Y., dS=dQ/T=0Td %,

3—4) MXFDOT L bua " —Hn

MR (BHHIC - ODZENLKDIETH) O rrbE—#INCo>NTiX, 5§ - 2D0FNA
WICHEERZ Letk, EWVWICHEMNZILEZAE U TCEHICE-> T niIE. (13) 147 b

dS=dS1+dS2

=dQ1(T2-T1) /T1T2+(dwl-X1dx1) /T1+(dw2-X2dx2) /T2
+(=Y1dy1) /T1+(-Z2dz2) /T2
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(fH. L. dQ1+dQ2=0, dwl+dw2=0 := /L ¥ —{&7F0]) (16)

Ey FHHMEFAOWNTFMEZBETNVIEHOLMNCE, F2FE_HU TR O Iy et
—AERKETHY, EETHDI, BIEIP, DD THHTLIETCHLRLMILIFOT Y b B —
HWNowEFZHNEKRETIHALLATHLDL, TLT, RO NFERARRLETVW Y br E—
WROYWEFHERITIHICAO)E —H, BORNICEKDLIZNDH TH-TZ LIFEI>ETHLR
WTH A,

3—5) 770V yARFEADOEN

IS5 AREREHICHONWTIR., FlZIEUDL, RiFP A7 ArIcFO L ha ¥ —%
iz ThHhr 2 EERETLIZ

§ dS=¢ dQ/T+ ¢ (dw+PdV)/T=0
. $dQ/T=-§¢ (dw+PdV) /T<0 (17)

B THmUEBAOTNLE V) RAHEIEIENICI TV RARERE RS SE TV,
TRV A 7 oM Rl EESRHEERZVEOTH-72, L2L, 22BN TIEIO
PA I NVBROAFRAFHEZOLONL, 77UV AREXNNPEHNINDI I LB REINT
Wb, LT, ZOZEEARWMHY A7 AVNRBICHEETL2EbLET LR, BAoiin e v R
AHFHEEERSDILEZRLTCVWDS, Thbb, BAOhZEWMARBHEOKRAIRE L THARMRL LT
WHZEEEHRL, ZRNEBAOHFE  BHREERT L, ZO0BOBHLEVIEKRIT., 770V
DAREREWEARTT S A 7 VICHEAT X, 7205 ANICE W TI=0&2 AT iT, 0<0
R ENITMEENERERELL 2V, o T, 770 VU AREXNIIRATHFEHEDF I :
BOBENRRBRDODONDIRFIZRET HEWVWHIZETHD, ZHNICEHLT, WA FREIZESNT
XEDOEEHBIEIALNICHKLET 5, T 2bb, TZICEATWKRIC, BAoFEEITIEREKETH D
TEEEWRT L, T LCERL, RAxOU LD TV A RSB HNHER OB S Ik D E
MR REC R A, DERREZZ DA, BEAXHT TEEEZRLEZD, FEAN
DREFIAESZERICHoTHLROBETHDL I ETHD, HRKOWME, KO T7 VI O
T, AAPFBRE: RESFHERTEEINEAROBRETCHDLIEINTVWDLIZEEFEI>»ETLR
W7ZAH, ZTHICELT, W EIPL0 7 FJ UV T AREX, ZLTHADHFIH TR IELE
niZBWTH, BloBBIEIINV ) =P A7 L EHOTWSEIZ, B OI8O R E
ThdERABIZRDORETLH D,

o, SO T 7oL I0OHRBERFLETZLICLE T, UTO@mBELE L OmH
CHRBDZEBR o, ThbL, T (3) oEH%Z, " YA 7 ARAHELRLIT, T0oY
AN EHRSICTIZENTE, TOBIQ FEWMHTEEZLD” L LT

§ (—=dQ:/T:) =0 (37)

ZLT, " A7 AR E, 20 (37 ) & (3) pnEiMzshhlEIaoLwnwns, 2
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NIEEERKVVLOBEOAAETHD” LT, AV A7 LvEERTIERXNE2EL, &T,
BrdxEsHiics T, AREXO AW ERBICBIT 2O RBEOWEIZONTH LD N, Z
CIEHmLLNTWVE2 7V IOESRBEOFIHITIBEETCERNOTHD, RERLIX., 7T
BIZEN N, 7 dQ I EMHFFEE 257 B, L2AL, AAPFBEBETIEIZNIEARATEETH D0
bThd, 52F£Tb2<, WiERBECTIHRICHAY T2BBEEIHE I G0, R
AT N ERAYEHICHEITSEDIHEICIE, BT T2RTHES A 7 VTR TERENHA
DT Lic2Y, o TELLIE, O A7 VIXRITT DAY A 7 0 13 EoBRE
LT, @<H LA o7 0rTchy, ENIXT WATHA 707 FHo2 L xb kD
ThbH, Thbb, BITTH5FRAHF A 7 LVORBEICELT” dQ BAEKELLEXD” Z &
BTERV, TZ2T, UELoHEEZBETX AN L, MATAANSIIT YA 27 LES I SELH
Wi, TZRCHAYVT2EELZdQ #dQ & LT

§dQ: /Ti=0

Ll ARV OTHDL, TLT, (37 ) AEZOE®RT L F, RAWida 7L
EEZAECBL XA —HRAEAITHETL L AL CERLARAVE, BT LERATH YA 7 VBT D

BT 227 700 AREXR (B 70 LAavnig, HEESIZRCETZ O TH
2) 7OTHY, ELLBEAEZORERY TR CERLARAVDOTHD, LT, ZOARHA
WY A 7 NVICRBTIEBFEOZ L b E—#INIC S VW TOFMAEBSRIT%T3I -6 TAHIND,
WA (13) & A Al BRI BT D L

$dQ/ T=—-—¢ (dw+PdV) /T
={ . "irreyv ( (=PdV) —dw) /T
+ st rev ( (=PdV) —dw) /T
= A"irrev (dQ—TdS) /T<O
AR (-PdV) =dwisE “HEo

dE=dQ+dw=TdS+ (—PdV) &V
(=PdV) - dw=dQ—TdS<O0 (“"EKRKE/NMNMEORHA)
TdS>dQ

TTICEIHTERLE, ROBANFZDOT IS >dQEHBHLEEBESLEZ W, Thr DE
NEBHICH>TIH, T TIRTAdS>IdQOMEBITELRFE A, Z0X ) hmREMBITIRET
oD, T, ABRZIZICBWTHRBFAT N 2, HERBELLE L TELORE O AR
WHEERIL, 77 0 VU AREROBMARBEITHIT CEH/LIANE, L0 MmO EMIERT A
DTHD, Thbb, 7iILIOHHE, AIHEMNLOZTNIE, TTERLELIICHEZENAAE
DEEL TR, ZZEFES LEGEMNTFIEET RO TH D, 2D WIEEL, (10) (11) A
L ZEHEEINT S L TR

§AdE=§."(dQ+dw) + " (TdS+Xdx) =0
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§.°(dQ—TdS) =§."(Xdx—dw)
TdS>dQ (iR KRE/MEFEOFE)

ZZRBNTH, BREROFMERAHICEKG T, BMORKOYIRIIFAERTH 5.
KD, BRI ENPLOEHBBEICBITI2HFNAAHEITNOMIZHEPATEL2OTHAH 0, K
2N FEHAGEEY EET2HBMNBIRIT, KAXRKNPMHEFOFRELIDVOTIS>AdQTHH .

R, B OER ML RIEIWALNICHITTERVR, RICHODWVWTHEHAIETHLZ LD, Z
IRLT, MRORAFERN 7 TV RAREXRINVTAdS>dQEEHTIHE. bbb
ARAHFEBEOBOSRBEOMIIZITERNE W) TRITHS NI WATARARETH B Z & i,

HDHZNIE L o EHMICHITAAEL VI FHHEZOLON, §TICTdS>dQ (2% :dQ=
0, dS>0) "M THDZILEERT D, BITDHICREEHN I TR VWHE: TdS>
dQZHWVWT, TOMBEEHT I LW Z LI, KON ZHBORENEY NFETD
DTH D,

LENS, ZZAI0om#E, B9RNL 07 7000 2 RS HmBL N ICH o RO ¥k
HFEINTNLI2OTHY, ZLTZOREPHFNAGHLIFHET L2 LOEKIT., T EMH
TOHMBORIE, REEWVWHZLTHY, ZNZEDRHEADODEERTDHEZAOELOBRERIZ
FOARAHETHY, o T T UV TAREZERICLDTAdS>dQEHITMMMICTAAIRET
HO, ZNEFICTIdS>dQAnbEHENDI LD THDLLEVWI ZETHD, £, L7
TV UARERXROEHZLL 01, xO0HmBICKL I EE Ry, LrL, LR~
e, FOV T UVUAREADLLGIEIHAMEOL DL, Wh R ImBENEELELONL WV E
WIHZEEFEFEIETH R,

3—6) AA[HHFA 7LDy br E—24

RAlHH A 7 NVOBFE O b E—ElbEx kDb, 2O LIEIRAFEY A7 LOHITY A
INIEBT RO hrE— A2 ROHIZELERCHRALETHD, RERLIIARAFEY 12
NI ZOHATIEESHLWAAE Y A 7 VOV BP IR DHBETH D,

EC, FEFEI>ETCHLRL, Fozr brE—FBlEErTHEINL, A7) OBEBRB AN L
TWoe BMFICS W TR RS A 7 0 — ISR & BIR OHR BT BV S 7 D8, kX
ThHzbh2, HL, ARBEDIZZRICOVTOY AL 7V EBEKRL, o TABFICEL T §ds’
e TRy, T e —RNREETHDLIZEEEZEITLE., ChiZdH ETHEEHNEH
Th b,

$dS’=¢dQ /T +¢ (dw’ +P’ dV’) /T’ (18)
IITCUORH - HEBEE NV, TOHBFZODORPEVICARZHRE LIEBRO, B L
P bR E—HNERL TS, REAFEOARLZHEDL NI ZEEFHLN, o TKRD

BRSNS LTV B,

$ (dQ/T+dQ’ /T’ )=¢ dQ (T’ -T) /TT >0

- 207 -



L $dQ/T=-¢§dQ /T +¢ dQ(T" -T)/TT" <0 ("7 (17)) (19)
L $dQ /T > $dQ(T -T) /TT’ >0 (197)

HoT, MO brE—B{E2XTOCHDEEMTHLE, LT, THOZ L bu—#
. A5 §dQ/T=-§ (dw+PdV) /T<O0 T, RICBWTHE U LEE = b o ©—Ep 2N R H»
LR ~OBOFHENE L TBBI TS IRy b —AK, 72 08) 6 8HA T ICA
CeBEBEN Y brE—ERNDRD VI PHENBEREZFE>Z NN D, £L T, 3 —
5) THMLEBORNLE WS RAT#HME : 7 9000 AREXRKST, ZEBFICONTHAIE,
Q9)»nzExzhTh b,

3—7) Bl b —ARK

BxOFEROFICTAYHNENREZIT> bORLY, ZOMEAMM»E2H o T, xr OEDIR
RoOBBMBOXINATRE LD, 22T, ZORAMBMERARATHH CHNIE, & —FAHITRER
D2 LUK TH D, o T, HALHR, il IE1EAMEZRCICT 2201, Z0FHHE
fEixar#fiZfbci< TEheby, LT, TNEAFHIZARICEL 2V, ThbbIEERE
B BlEr, TENRETH D, BT, ¥R AmALnwE NS 2 ETHY, 20
L, TROLEOHANEZEINTVWDLHZ ETHD,

Dbz ent, HOWATHELE W BBEITEFEELRZ Y., TZRXELELR2DHY ., Thixidd T
2700 EEBNYHERERZEINTNDIE T THD, 22T, ZOEBEBNYWERE L VD FEKIZ
HIZEfLIcEK bR WS Z L Thh, BlbtoERica AR, 20V IEFEANLRETH D L0 )
ZEtThB, LT, BEBXSEHMUENLICIZI > THAFMICERD DN TWVDE E WD FHL, KEFEO
WATARAREELE WO MEZ oMU RERZEoRBICHND EEITELTVD Z &I
COWREMUAT AR REOMBERFEELIE A, BlboU T AAREELZM> 2 ThD, For oD
BAOZmBroTE, T TIRARLTERLLIE, EOXHIBRAMHFLELIZENTH, = b
DE—ARITETONVWZ EITHENTHD, T bbb, 2O b E—ARIE, FFH
WRHIST 2 RE L THLIOTHDL, LT, RO FERALICE W TIX, MY RITBIT
2T bR E—HRKOLPERMICEARMSTILOATHELATE R, rxOENITE W T
ML RIZRFEL TV RN EEFEHLNTHY, BIZITAWVWICARNDFHNMAEFEHEZL TWVWD 2o

DRICKHLTIE, TNHEFEVWICER brE—AEARKE2AE L T0nE2bIFTHEINL, D
DRIFAWVICER IR ZRBL TN 22RO THD, 22 TEHEELx OB EHEITK
I, 2O LEERERmbLMLULONDZEEZMATHOHLICL THL,

4. HH =R F — o IS e P

WEROBNFHAOEVEMHMIDEIRLERI»R2VY, 7V I0EHGBHROBRFENL, 770V
TAREXDOMBFLHNERN o eb . BlAFEROBENFICH T D, F ZENBEHERX : 1d4S
PAQEHGHBE LMY THH &b, T TIUALLEEISIICHALNLTH D, &> TRRKRDETTF1Td
S>dQM B, de=0& LT, WK, MY RO brbE—l{XEZRE (F 70V AREANL
DEBZHHEHIT, TTCATEAELICHETHD) LTI L ELRAMITITIRLTH
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HIEEEWRL, FIZZOTd>dO b EHINIEHZ A AX—RBALAOEHGHLL LD
THiEh R CERbR W iz b,

4 — 1) A’”-Aﬂ:”“/@grﬁ%@}gﬁ“

G=U-F=JTS (20)
dG=JTdS+JSdT (21)
= JdQ+Jsdr (22)
dF=0F+(3F/4T)dT (23)

-dW-JSdT (24)

TIZTLGUFRLIFREAENL, KE, N, Bl x X — SloftFEYE RELMIICK
LRVWHHZRXAX—ZTHs, (22) CHZRIIE, b LAEICHEEZERSNLIZ, T
HHT R LF—2RJSdT ZF AP L, R Vv F—32onZ08mys2eicks, &
BROLIIFEERECBNTE, AAFCHETI2HBHZ XA —PNEHICHY LR ES XL X —
WEBMMINDZLIZRD, TR HEOEI EZADARAFMETHY . FLEFRELTHLNIT,
JSATO I Em iz, B e LT, S F 3 EFEL LT, BEITHZ LIch Db, EIZ
oA EES I EwmA O LTk D,

LML, MEOEREHS ETHOAMYEARAMYEMBICET LI ETHY, EoTWVbP D H
HZX A X =PRI RZEIPN TRV EICEE LA THERL RV, 22 THIZKO X
IWEBLET L, T72b5, (F=-dV ZRECEMKLZBEA T X ALXF—TH Y, EHEDOHEHBIK-
TIHETERY, o TERBARLLMAFEZMEONARVIEY , LTINS S LT TE
R, TR, ZRARLSMLMAEEMZOA TV ARVICHLEDLLP, Zli2 T 50 ThN
i (EREL) 2 xAF—RFALL, TRIFRO F OB K-> TL2ELBRNZ LI
b, TLT, bLEBEEREHE CCELLETNIE, i dF=IF 26, BRZ XL ¥ —0O
WIS TEebRy, bbb, HOFH5LA0HHZXAF—HIANEH IR
O THDH,

ST, ZH5LTHLNNEERZ AL —FBAPANZED X 5 e /i R Al &R ISk D 0, B
LT, ZZWEAFEAAEIEMEIAETHDL, LB INLI2WMAIET 2L X —KAEH LSO
fMETHRW, 7 BEMIZEERECZETNIE, . . .7 BFExAF—RENNS, B 50
WZRXALFXF—DHERRNBY, ThIEELZHFRELLTOINIE, TOLEAOHFTIFAH T XL ¥ —
DMz OENRWERY, RAETH D, L2rL, THEUT, ZTOERARAHFEEILETE xR
WIZLICHEETOIULERND D, Thbb, HHZ XL X =% 22 LITL > THATITAREK
W2, ZTOARENLFZRLTCARTHFEENLTIEHREVDOTHD, RERLIE, ~"VAKRLVLYHFOSF
EIENIE” T AL TREBITT 2RI LT —  fEHFRFELL T ARLRN OTH DN
b, 2oL, ROPZFOHITIZEICZOAHELEIIHE>TWELIHTH D,

FICORBEHEATBRICRISNTEEFEOBR~DOLEBR L W) RAWMEOEHICLTH, 0K
HERIE, B2 1F(24) 25) 5 TdS=dQTH D206, RA MM THIADTHLIT., Tr ORI
WESLTRE, T T TCICREBEAK TEIRLTEY, ECA#fftEnh 00 Thd, 1t
STHEMPHFEREICHBTLISATEREOHH T XL F —ORMT XL ¥ — B~ LW A LT,
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AR HHEERLEZEIAT, ZORELFICHEI BRIV —DEA~OEH L 5 R A

WFIRER FICK-> T, ZOWITRAETHLDOTH D,

Ubozehb, ~VARAVYPREHZXALF—HAOAEZEH L TEEmBEORBITET.
W= AV — 2 RELICEELZVWE=RX AL — BHZAAXF L Z ) TRV XL X —
PR R X — LRI aEIL, EFRAMICBONTIEIOAB TR LF — R RE T
NE—WEHBRILEDIZEERLEZIETHD, ThEHEIATTFREELTHLATWD Z &
A, AR EOBELNEMBICEEERIETHEN, L LZRITRL TR
PETIE ARV, AN ZE ol 2w RN REERICL2ERE, HiTTE205
Thod, TLT, ERRLTELLEIAOERABREBICBTI2EH =XV DAL 72,
HHE—AEBRICET 2N EN AR HEICEKDZ O TIZR (ZhidfhEEftFEe L b, o
FOBA~OERME ARV | FREBAFE B = XX RN o 2 AT
ARAFEE VI RAT WK DI E VW RHEERHICEI2VOTH D,

4 —2) T 2AOHEHHY

XTZ20FNIF., IMCRFOT FerE—#KH (dSe>0) X7 MR ICBWT, =2 b
E——EORAHENATIE, XAV F - ER/NMMEEZID” ZLICHAZETHDLIELT, dUs<O
HEE, ZOLETA~AMLAALY ERUBEE: F=U—-TS%#EAL, BRLICBVTIEdF«
<OMWYLTHEERT, TLT, ZOHHZXAF—@PANIT” FRAMNELE LR VWE
ThiZ, ozt b—2{fid€tn” LT, dUr<O0andd F+< 0, > CU=F, T2
PHOFRNFEMRT T AV ERI%ZERDZENTE, BHFOHNFEZTHO LN 5 EHEAEL
BNFHRICETIHELZLD, EHEIEXTL, BT DCHHZXALF—F, HDHWVIiTHKITE
PNDCHEYREOLEMET (BVWEARRWV) TRAFRICBTBZERT v 7 VB HICF%
ThHZEICEAEL, BEAZLIZBVWTZARBAT 2L AWFRBIIALTHDL LWV Z
ETHY, Mo THOABHZ R AT =AML~V LAKRLY ERLEL, =R LF—{RFHZH
HORWME LZb0Th D,

HoOMMBERZE 2 OMBICHs TAHANIE, ETAMLRICEWNWTIETdU=dQ+dw=0
(vdQ=dw=0, RAE#H) . Bl bolbiFThHIN»EH, TOHFXKIFTJdU=TdS +
Xdx=0, > CTdS=—-Xdx=—dF+, dS>0IZdF+<0THB, 7=, —&
FOHEIE, TdS>dQ, dU=dQ+dw (KRA#) LV, dF+=dU—-TdsS<dwnh
b, BHEZLEL : dw=0ICBVWTAdF«<0Thd, £/, FT7TZANE EAICHREL L M
MARREBITLZ s brE——EOLEALTIE, . .7 2R OmATRENAIT, dU=Td S+
Xdx=0iBWNWT, dS=0,0n52¢LThHo22H, dx=0, FI29FTHRFKEFILEMLR
AThd, RIZFEZ3EH (+Ydy) ¢THnEFE, Xdx+Ydy=0, THITHIZEZ RV
F—ZlbtoMH#Ex, FOxx X —RKREFNZ2E®KT 72T THY, dF+=Xdx+Ydy=0T
D, o T, dF+FALETHY, ZHUOFMERT LI TET., o THRT VT I
D/ TCWhRY, ZTOEBELUFICERET S, HICho THEAAHEEA & ikEBE, dSv>
0HDHNEAdUs<OTHINTND, L2L, %BEF : dUs<OEREROENFiHmEITEK > T
b, MERICBNTE = hr——EE2Ro AR AE LR EFEHL LI BMil, gzl
RVWDOThD, RERSIE, & AKX : TdSZdQIIBWVWT, MZF: dQ=0, o=
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YheE—Zf¥e : dS=0RKLT DI LE, oL T brE—BlBRRE->TND
CEEEBEWRL, WO ZENEKANYRECTHY, TZRCBHEIAIHEETATYETCLL2HY
Bhwn, xO0BNERHEMS, UEOT U Fo E—REORAHFHBEOA G, H 5 WITHE
IZOWTHNIE.,

dS=dQ/ T+ (dw—Xdx) /T
+ (—=Ydy /T)

o brbE—RELETNIE. dS=0%DY

dQ= (Xdx—dw)
+Ydy=0 (Ui KRig/hMEEO )
(dw—Xdx) >Ydy (AR ¥EE)

dQROAVEHIR KRN EFEOFRHENLEP el T Ths, H-oT, TV FEBE——ED
AR BT - RFEEAGETHDI LB 2, LAL, RICEERELCLZLETHRY, 4Q
AR FAHELZ, R RENMMFOFRAPLAMTHY ., dQ=0%2F 2\, TR bLEH
F. EOIVERICB TRy b E— AR EORAHFELIATETH D,  — ., FERBAT
bNIE, dS=0D0AFAAYENTIFARETHLZENbND, ZZITEHERZI LT, = et
—AREORAHSENEIZ P OBRHBICL > TOLEFEEANETHDI L, T LTZTOYWHEN
BEWREHLLALEANZHMABo ALY —  Ydy D, BAFHMBET XL —ZHICE T
DEOEHKIKEIVNSVWZIETHD, ZOZEEFHLVANZENRBIIZENE CTIAET D E
HEWMEZRALX—D e mE: (Xdx—dw) #0, #EUC7H, o TRAHHT
HbHEXILERENDZEEZERT DS, L2rL, 20X AXF—AE2EZEFTEXTdw=0
cHHiE LT (VdE=dQ =X —BEm) | HMBATHENLILd S =0DEITHF
ERRETHDLIZ N, FILOVREERILATETHL, LrL, TOBKTILIEZAIE, dQ
=Xdx+Ydy £V, dQITREELEH RSN, £lITHHNLERLY, dQ=TdS=0T
bbb, BIZdS=0ToHo2MVROEIENHHNICERZLEICBE T, ZOWHETFEHEK
TEETERW, @EHE2h, FobBHBEREETLIET Y b r B —RE DR AL Al
BThodZLichd, Bl b —BIboRAFEBREOHFEESRNFL, Moy br B —
REDORAIWEMHFERMFICRLSFA L TH L. FREBATICEINLTVWDLZ LA, dS =
ODARAIHENTFADGFETHLZ NN D,
DEoZenbdhiE, KON ZIZBIT DY IMMNRZHBRT LB HRICBNTIE b
BE—ARE, HDOWVIEHRADORTYUENMTFEELEDL” L) FRIFAEPINLTWD Z L TIE
R, FRNEMIFRFRBT Iz brE—#MAKOMRLALELRLELOICEBE 2V, LW 2
EThHD, Thitt, FTANZHLE” AR T2y brbE—AZLD, (7 REZITIZ
EHEN, EROBMDNFHBEORBHEMN A+ DS ERT 2O ELZEXH5DTHDL, LT,
LB REZIEROBEDELE, dF+=Xdx+Ydy=00MFIE, ¥ TICHExDORmENDL
ARLZES5IC, dS=0THHMUEROE|Z A HWAICEL L /ERICE ST, M5 AR A
BIZEI2mAEEON Ry, DL, dF3RT VYT AICEIVETVWARVWOTHD, =

0
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AR T HDEREATEL VARV LICRD, 2O EE, BHE-EHAEdE=dQ—PdV
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MLy, BRORBTHLI2ZX LT —, DORAHMHNICBEHTIHHEEL V) ZO20RHED
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UEozZ b, D5 —20BORM® : At AWM 2B FEmMANICE Y AT A2
., BRSO b rE R E ZOBRORNICHE N TIZENLETHY . T
FL—-1HHEWI &l d, -oT, MEFOT L br b —#INEAOKALICERLTWD
EWVNHZETHY, BAORFAHMEITHNICANDFHREICEY 2FEhTWD, i, ER OB
RS T X, BB EHG . TR cR LA X —REAN, B BT 70V
TADRBE NS ZLIZRY, Ihb s brE—lRrbRAT, H-EATZ Y br Y
—ZEFIN, B BT RICBTL2Z0MRKEE > 2 L0h5D, THIZECHRDOES
FwEBZOLD LR D,
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NV — RN O KA EH- XD ZE DA TEL LA, TNE LML, —HFTRAZE

MEOMBMBEROMH I ERDL L TLbD, T TCHAIEZOE(DIRETE O A R A
s, Bohtnw) Rt rsE8HT22 L5832 2LIc75, bLINBAIETHN
., ez, WEMNAEAEZRE TS, 6l 2 EWALSIL (2 ZICIXANE
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IhEy, A, MR THED e — 3 RT 5, oT. SO0 KAENLRDL R
D hrbE—FbrzRkoniE, ART EKART B THRIQ. BB LTI | 2%
DTy bu b —2iE

dS+=dS.:+dS:

TIT, BIEAOEFE IS >0 THLHEDITIEIdQ . <OTARLI TIEALAR Y, AL, B
FEAP N DEBAFRICEBH L2 THE2LR2 Y BlofNWo R HiENEH X, ZO/ME.
HEIZIZBAOHRNL E W) AAFHELIPBERLERVW I S0P RORE, YLEVORE, &
LZ0WE ST ORBE LA, TNETE ZEAELT, #BSNATEZ0WARLIREL . £t
OBMBOAAFEENLHI IND Z L, o THEBEHE BN, EOoFIFE{LoBRBRICE T
HZENTHLHIENZEZADOTHD, flziE, ¥VELrOFRBEZEHT S ETIE, (17)
CBWTERI A7V EEEL T

dT=0 # iz
$ dQ=—¢ (dw+PdV)<0
$dQ=—¢ dw <0 or §$dw >0

(. §dE=9$ dQ+ $ dw =0, or $PdV=0 (" m[HF ))

s, FRYAZ7VICEBVWTIEIAARICEFEZT L2 LEFHRRVWIENEZITRIND,
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Abstract
The present theory of thermodynamics has been constructed on the irreversi
bility of heat flow. But, the irreversibility that Carnot considered with the
idea of caloric is in a process of change, because he had understood that c
aloric transferred to a low temperature heat source can’ t get back spontan
eously to a high temperature one.  That is, the irreversibility of heat flow
had been a natural premise for his thought. In this paper, we show that i
f we construct a new theory of thermodynamics based on his thought, it ca
n derive, or prove the principles of Clausius, Kelvin, and Planck, which are
all derived from the irreversibility of heat flow. Further, we show that th
is new theory can solve many problems which the present theory could not
explain, for example, the physical meanings of entropy increase in adiabati
c or isolated systems, of free energy decrease in spontaneous changes, and
of entropy product in irreversible processes, etc.

KEYWORDS: irreversibility of heat flow, irreversibility in a process of chang
e, Max., or Min. of work
, derivation of thermodynamics principles, physical meaning of entropy-product
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1. Construction of new theory

We think the irreversibility considered by Carnot is the missing of caloric i
n a cycle of heat engine or in a process of change, that is, the physical me
aning of reversibility is, in modern saying, a perfect transferring of energy.
Y This perfect transferring of energy is expressed with some variables of s
tate in a quasi-static process created by Clapeyron. Consequently, a quasi-
static process is reversible, that is, its reversibility is assured by describing

it with some variables of state. In this result we can obtain the suitable e
xpressions for a reversible or irreversible process of a change. Further, we

know that a thermodynamic work in a reversible process is always larger i
n the case of working out, or smaller in the case of being worked in, than t
he corresponding one in an irreversible process. This fact is called the pri
nciple of Max., or Min. of work by us. If we want to understand this prin
ciple, we can do with the logic on a sound physical basis.

Making the logical expansion of this paper clear, we consider a system c
onstructed with two or three variables of state. The symbols used there ha
ve the same meaning to them in ordinary texts of thermodynamics. We pro
vide that the definition of entropy has been done already with Carnot’ s cy
cle, or the principle of Caratheodory. Because, it needs not the irreversibi
lity of heat flow, that is, it is done by the recognition of heat as energy tha
t satisfies the law of conservation of energy. In another viewpoint, the he
at flow has been treated as same as the other energies under the law of con
servation of energy. Accordingly, the true or universal irreversibility must

be in a process of change and be in the consideration of it.

Considering a quasi-static process of systems constructed with two varia
bles of state, next relations are derived.

(-PdV)=dw , PdV=(-dw) (Max. or Min. of work) (1)
dE=TdS-PdV for a reversible process (2)
=dQ+dw for a irreversible process (3)

From (1) (2) (3) those are the same logic as Kittel2’ and others,?’ the ex
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pression of the second law of thermodynamics, i.e. (4) is obtained. This rel
ation derives the law of entropy increase in adiabatic or isolated systems.
But it doesn’ t explain the physical meaning that our theory can do.

TdS>dQ (4)

Further, from (2) (3), (5) is derived. This relation explains a physical m
eaning of entropy change, and shows that entropy change is determined by
the heat flow, i.e., dQ in the reversible process of change where (-PdV) =d
w, that is, the second term is zero. But, dQ doesn’ t exist in a reversible
process. Accordingly, the theory of thermodynamics needs absolutely the
concept of a quasi-static process. Then (5) is reasonable to the definition
of entropy done already with Carnot’ s cycle, or the principle of Caratheo
dory. Especially, the second term of (5) is called the entropy-product that
is always positive because of the principle of Max., or Min. work, and mea
ns that it is produced by a friction. In another saying, this term explains p
hysically what a friction in mutual actions is.

dS=dQ/T+ (dw+PdV)/T (5)

The account above mentioned is the summery of our new logic of thermo
dynamics. We will apply it to some problems in thermodynamics as follow
S.

2. Derivations of the Principles of Clausius, Kelvin, Planck, and of Clau
sius’ s Inequality

Considering two systems that exchange heat only dQ1, dQ2, we can regard
these two systems wholly as an adiabatic or isolated one. We obtain next
equations from (5), or (2) and (3).

dS1=dQ1/T1, dS2=dQ2/T2
(6)

Providing dQ1+dQ2=0 from the law of conservation of energy
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C.dS=dS1+dS2=dQ1 (T2-T1)/T1T2 >0 (. dQ=0 in (4))

(7)

Then, if T1>T2, clearly dQ1<0, that is, the heat must flow from high tem
perature object to low one. We can think that a cycling system in heat eng
ine doesn’ t exist, because of cycle. Therefore, heat flow exists only. Cla
usius’ s principle has been derived.

Considering cyclic integration of (5)

$ dS=¢ dQ/T+ ¢ (dw+PdV)/T=0 (.= the system is cycling )
S $dQIT=-§ (dw+PdV)/T<0 (" (1))
(8)

Clausius’ s inequality has been derived. But, our new theory doesn't need
it for the more expansion of thermodynamic logic, differing from the pres

ent thermodynamics that derives (4) from it. In other saying, Clausius’ s

inequality is a conclusion that can’ t create any more logical expansion.

Considering cyclic integration of (2) with dT=0

$ dE=T § dS- $§ PdV=0 and § dS=0 .. § PdV=0 for a reversible cycle

From (8) with dT=0

1/T$dQ =-1/T $ (dw+PdV)<0
2. $dQ =-§ dw<0 (9)

Kelvin’ s principle has been derived, that is, the cycle can’ t produce a
positive work for the external in dT =0 condition.

Considering (5) with dQ=0, and dV=0
dS= dw/T = dE/T>0 (" (1) (2)(3)) (10)

But, the dw in (10) is not same to one that is volume-work in (5), becaus
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e dV=0. Therefore, it is generalized work in (3) which can not be expres
sed with state-valuables.
If we set E=E (T V)

dE=(0 E /0 T)ydT+(0 E /0 V)r dV
=(0E/JT)dT>0 (' (10)) (11)
=CvdT
dT>0
(" Cv>0 : recognition of heat ,dQ=mCdT, or (7))

Planck’ s principle has been derived, that is, E is an increasing function
of T at dV=0 and dQ=0. Recently Tasaki+’ and Sasa®’ individually hav
e reconstructed the theory of thermodynamics based on the principles, i.e.
this Planck’ s principle and Kelvin’ s it. Their theory depends on E.
H. Lieb and J. Yngvason®. But we must conclude that theirs trials are i
mperfect, because these both principles they relied are derived from the i
rreversibility of heat flow, that is, Clausius’ s it, as we have showed abo
ve. Accordingly, their theory can’ t explain why the entropy product ex
ists in the irreversible processes, as the same as the present thermodynam
ics. In other words, they have made the present theory of thermodynami
cs a rigidly limited one that permits the existence of adiabatic irreversibl

e processes only, although many irreversible processes exist in fact.

3. Definition of Spontaneous Changes and Derivation of the Law of Free
Energy Decrease

We consider a system that has been changed irreversibly by two irreversibl
e variables, that is, heat, i.e., dQ and volume-work, i.e., dw, to be construc
ted by three variables of state. The reversible process of this change is ex
pressed clearly by next (12). And the irreversible process is done by (13).

dE=TdS-PdV+Xdx Xdx: a generalized work (12)
=dQ+dw (13)
C.dS=dQ /T+(dw+PdV)/T+(-Xdx)/T (14)
LS. Xdx=dE-TdS+PdV=dG (15)
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We can understand that Gibbs energy, i.e., dGw has a physical meaning o
f a generalized work. Further, if we generalize (12)(13) with dw’ under
the condition of constant pressure, there dw' is an irreversible work corresp
onding to the reversible work, i.e., Xdx. (-PdV)=dw is set clearly. Accor

dingly

dE=dQ-PdV+dw' (13" )
dS=dQ/T+(dw’ -Xdx)/T (14" )

If we set dw'=0 in (14'), then (14')=(14) at (-PdV)=dw. Accordingly nex
t relations are derived.

(-Xdx)/T = dSi>0 (16)

dS=dQ/T+(-Xdx)/T=dSe+dSi ( generally, dSi= (dw’ -Xdx)/T ) (17)
dGr = -TdSi=Xdx<dw'=0 (18)
Xdx+TdSi=dGr+TdSi=0 (19)

In this place, dSe is known as an entropy-flow, and dSi is an entropy-pro
duct already mentioned. We must understand carefully that these physical
guantities, i.e., Se, Si are not variables of state, and that dSe, dSi are deter
mined generally by a process of a change. Inequalities, i.e., (16) (18) are
assured by the principle of Max., or Min. of work in the second term in (1
4) or (14’ ). The (18) explains the law of free energy decrease. And, (1
9) explains that the law of free energy decrease satisfies the law of conserv
ation of energy. The definition of spontaneous changes is done with the e
xistence of (12) and (13) in the same time, that is, we can’ t control the e
nergy change in the spontaneous change. In another saying, new energy ch
ange we can’ t expect comes out in the irreversible processes. Further, in

this time (16) (17) (18) (19) are assured.

4. Derivation of the Law of Entropy Increase in Isolated Systems
The most famous law in thermodynamics, that is, the increase of entropy in
an adiabatic or isolated system is explained more clearly and physically th
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an present thermodynamics does. For easy explanation, we consider an iso
lated system made up with two systems. After mutual actions between the
m, if these two systems become an individual equilibrium state, the total e
ntropy change, i.e., dS is written as follows. Providing dQ1+dQ2=0, dwl+
dw2=0 from the law of energy conservation,

dS =dS1+dS2
=dQ1 (T2-T1)/T1T2
+ (dwl-X1dx1)/T1+ (dw2-X2dx2)/T2+ (-Y1dyl)/T1+ (-Z2dz
2)/IT2  (20)

Considering the irreversibility of heat flow the first term is positive clear
ly. The present thermodynamics has been able to explain only this term.
The second and third were already explained. The fourth and fifth are rela
ted with a spontaneous process, then positive. In the case of an adiabatic
change, the first term in (14), or (14 ) is zero, therefore, the increase of e
ntropy is clearly, further, its physical meaning is clear too. We know that
the present thermodynamics derives the entropy increase from the relation,
i.e., (4), but can’ t explain the physical meaning of it. Therefore, it must
be deeply impressed that the present theory of thermodynamics hasn’ t the
oretical or physical logic for the derivation of (4).

5. Physical Explanation of Entropy Change in Irreversible Cycles

The change of entropy of an irreversible heat engine is written as follows.
There, using § for the heat source means the change of it for cycling of a
operating system, because the heat source doesn’ t cycle, and the dash is u

sed for the heat source.

$ dS=¢ dQ/T+ ¢§ (dw+PdV)/T=0 for a cycling system (21)
$dS'=4 dQ'/T'+ § (dw'+P'dV')/T'# 0  for the heat source (22)

See the first term in (7), or (20), it expresses the entropy change in the e
xchange of heat between two systems. Accordingly, these two systems, in
this case, a cycling system and heat source must obey this relation. Then
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$ (dQ/T+dQ'/T")=¢ dQ(T'-T)/TT'>0 (23)

~ $dQ/T= -§ (dw+PdV)/T (. (21)) (24)
= -$dQ/T'+ ¢ dQ(T'-T)/TT'<0 (25)

. $dQ'/T'> ¢ dQ(T'-T)/TT'>0 (26)

. $dS'=4dQ/T'+ ¢ (dw'+P'dV')/T' >0 (27)

=4 (dQ'+dw') /T'+§ P'dV'/T'

=¢$ dE'/T'+ $ P'dV'/T' (" dE' = dQ '+ dw' for heat source) (28)
S $dS =4 PdVIT'>0 (" (27)) (29)
(- $dE+$ dE' = 0 =§ dE' from the law of energy conservation)

This result means physically that the entropy-change of heat source in (2
2) is always positive, and is made up with the frictional entropy product in

a cycling system flowing to heat source as heat because of (24), and with
the frictional entropy product of heat-source itself. (29) explains that a cy
cling system gets back to the same first state, but the heat source can’ t d
0, and loses the thermodynamic energy corresponding to the entropy increa
se. The feature of cycles is taking work out in the condition of dE’ =0.
This means that the heat source doesn’ t act any other external systems, th
erefore, their thermodynamic energy doesn’ t been wasted, because the inc
rease of entropy results in the heat source only. Further, from (26), the re
lation, i.e., $ dQ'/T'<0 is obtained; therefore, Clausius’ s inequality for th
e heat source is derived, and assured positive, differing from the cycling sy
stem.

6. Relation between Time and Entropy Product

Time has been argued with the entropy increase of an isolated system till n
ow. This means that time can be argued only about the whole system. Bu
t in our theory shown above entropy product must be positive always indivi
dually in any irreversible process, then time can be related to it, and can b
e argued about an individual system.

Conclusions
It is clear that if we construct the new theory above mentioned we have not
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any problems about the logical expansion of thermodynamics. This means
that the history of thermodynamics has missed Carnot’ s thought, and bee
n not able to handle the idea of quasi-static process scientifically. Further,
it is different from other scientific theories that the one of thermodynamic
s is constructed on the comparison between reversible processes and irrever
sible ones, or idea and fact. That is, a process of change is described alw
ays by two styles, i.e., reversible one and irreversible one. This standing
point of thermodynamics on the natural science has made us difficult to co
nstruct a perfect theory of thermodynamics.
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