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Abstract

Mixing two masses of water at different temperatures to discuss thermal energy transfer is very basic
demonstration for junior high school students. Applying elementary concept of entropy in thermodynamics

to the mixing hot and cold water experiment derives the following inequality.

x>y>z>0
x?y*zY > xYy?z*

It seems that physicists saw this inequality first in the middle of the nineteenth century, that is, after
Rudolf Clausius made a presentation about the second law of thermodynamics and entropy (1854~1865).

However, details are unknown.

Aurues shows how to derive the inequality physically, with some mathematical extension and proof by

co-authors.
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1. HEEBLDOZERR Mixing hot and cold water

Mixing for rapid heat transfer / Contacting

N

A post Bpost

pre pre
Fig.1.1 Mixing (Contacting of) hot and cold water
Table 1  Mixing (Contacting of) hot and cold water
Specific heat capacity
: 1 cal/(g - °C) Apre Bpre A+ B Apost Bpost
Weight (g) 200 100 300 200 100
Temperature (°C) 40 10 30 30 30
Heat energy (cal) 200x40 100x%x10 | 300x30 | 200x30 100 x 30
(zero calorie at 0°C) = 8000 = 1000 = 9000 = 6000 = 3000
Heat transfer (cal) pre — 2000 pre + 2000
Conservation of energy 9000 9000 9000

Subsystem A 5, 200 grams of water at 40 °C : 8000 cal
Subsystem B pr, 100 grams of water at 10 °C : 1000 cal

y

Whole system A + B 300 grams of water at 30 °C : 9000 cal

Subsystem A po5; 200 grams of water at 30 °C : 6000 cal

D 2000 cal

Subsystem B poq; 100 grams of water at 30 °C : 3000 cal

Fig.1.2 Mixing (Contacting of) hot and cold water
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2. FEHBLFEIC LS RERZKMAETITS Contacting a hot air balloon with a cold air balloon

SEICBWTEBEIN K Z 572 & 2 OBICOWTHAT 5 B, IMERICE = 2 %6%
BB S TWNWDH ED X D e XX — | BEMICIFEA= R LT —ZE D> T ] £
HFZEERBREL WS Z LT,

SR OTERL & THBR, B RO LIHBR, AfmOFEE &5, SCHO B & T 72 &3, ﬁF@’%ﬂiﬁ
THREIZEATHWLHLETT, 29 LEABRRARTHLND bOIE, L F—PERIT
NFX— HEHTZ R LT — EZRALX— (K7 vy lmgx—) &b\of:ﬁ%/z?‘ﬁiiﬁ@i
KX =D BN 2L X — (2280 L T <BRRIZIB W THIEL L T2 —Ipry e iiE <
R

LI TIEREE - T MEFZ R AT =N R —(ZED > T RF 2 L E T3,
R o 72 R 2T DS, M L2 BV E T IOV TRIZEHMI L TR E £,

BEDRVERICREZRERHY  EREELMLTEHNLTNDLELET (Fig.2.1.1), ALK
M ORNCITEEER SV | HOMEAT & Foxhm & ﬁﬁﬂébfwémf\%#ﬁ#ﬁ%ﬁbéka
FHGEL TIFIELTLEWET, 22T, Bz An, Lo Lick->T, Hx@nrL
Bz EmTEET,

OV ERNRLO bt 2, WYk EE W | LIFATEY, ffFokRkE X
% | IXFBEEERE | CAME LTV ET RV — DY BLENL Z 5 TR |
AHFIRXLX—LIESZ 8D ET, N OHEFETIREIE L TOZRAFT—TIERL,

(A fEFEZ LTS, fEFEE L TEDRL TV D=L F— bW EFIlbn iz ¥
—] DI ETHLEHMLTEBNTRWEBbILET, ffF= L F—1L, BERTRLF -0
TRAFXF—D LI, EXHENIZLIFTEERHA, #

h Pushing force . Distance moved
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Motion

Frictional resistance force Distance moved

Fig.2.1.1 Work
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Fig.2.1.2 Difference between work and heat

Forces in alignment yield the maximum potential destructive force
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Fig.2.1.3 Work is useful, but heat is useless
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Fig.2.1.4 Aflying stone has aligned kinetic energy (work) and thermal energy (heat)
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Heat transfer (=aligned movements) occurs from hot to cold.

Fig.2.1.5 Difference between work and heat
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Fig.2.1.7  All work change to heat by friction
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Fig.2.1.8 Heat transfer from hot to cold iron bar
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Fig.2.1.9 Flow is work
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DITZTEAE A OB 3L F—I3EY . BWE B OB T L F— T 2 £,

The partition be removed. Work Heat transfer
= = of— - _ =
TP T,'P Expanded Compressed Spontaneous averaging Ty'P
e Lo PLTL P1TT1 MM

Any mechanical work changes into heat in the end

Fig.2.2.2 Contacting of hot and cold air balloons in a fixed-size space

[FRFIC, MO A 22 BIRROESM B (212> TREEIC KL > TEZ 2R NG ED £
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T, ZOBRRE (EFET R F—) OSETEM A OB LR —(3Y . B B OB RV
F—ITWAEY, BEEICI LRI, ENEICLDBEE L BRICEDZ L BZ0NE~RD
nET,

JENZEIZ L AR (=) CRERICK 285 (=13 OMETICRMERH D720,
JEf A LR B OKREIIIHDO LD RIETEIL LE T, &, SELZZT O ERSNTE
Bl B 1T, ICE A B LIE LTI X 34, R, B A BB B L. [ LES -
RE Lo TREIOEITIEE Y 9, BESENOFEE IO 26 OEIE, MEL
TWTH ARMICHTFICERZE T, MTIEESIT LTWETA, heat transfer & AEHIITIT
work T,

b LIEZEC K D8RR LR L2 X 2 8RR O TICREM ZN T T, Ao R E S1I34
69252 LES, —RUICHER - FEMADSEDRTL X 9, Fig.2.2.3 (X, @miE&E & RIREED 2R
ZRE LIS EEZ TR LTOET, Fig2.2.3 (3, BHEKZRE D PRHEBOEREF L Z & 2%
KT TWVLETDOZ LD T, FTMMNEZ 2 0NIEEACEFCE D L nET,

Work & Heat transfer

simultaneously
00 @ 0 ':.3’ s
M [
= |.%4,2.°B = @ oy | © A+ B
» {dpre pre . ~
. o...at :.‘ M \\'
Ty-Py T;-P; Spontaneous averaging Ty Py

Any mechanical work changes into heat immediately

Fig.2.2.3 Mixing hot and cold air in a fixed-size space

— R B D AFIETIE, Fig2.3 DX IRy AT A TmHMTIbIET,

Subsystem B
Subsystem B

Work

Fig.2.3  System used to describe thermodynamics

13



MR A ELTYY U —NOBBEKEEZBEEL, /MR B &L LTUIEY ORKREEREZBELE
T, VI UH—EEDEVHRLIEVTAHIENTEET, VAN AATABICENTA LY ICLE
D, EELZYTEET, IMENLDONTEAR N EZHLIZD BN TEET, X &S
WL LZZD, RICH LR LY T258& T, (EFHELRIRMICIEZ D2 LR TEL L OICLT
WET,

IV TAE, TORIBRVAT ATHRONET —ZOnbrr brE—2R R LEL

FR, T b u = OWARBIL, 3L A RIS LU 5 BRIE L L ORIRT b4 7T
<7,
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3. 79TV URIZEBy bubt’—FB{bDFE KR Entropy change (AS) found by Rudolf

Clausius

Fig.3.1.1 1%, Fig.2.2.2 OFEBROEH R ZA T [Before & After] OAH iV 2H DT,
B - BIEOYIR L KE - (REOMIKREEMI TS L HYERONT CRIEBIZL D 0 L)
RBGNELES LS, REIICERICAR D Z LITHENICRBRT S 2 L T, 20, Fik
OMIREBREEN SIS N RIETHE L T2 s, BRICHEELRE L IO T LE- L
WO oz L, FTRIVZIFETA,

AL OHET M E N —HRIT, WHEITEZ 5N &2 [IRaR] EF0ET, 2ok o7k
ANREPEIIRHERARMEE TH Y | WM E I I BV RN HOGRZRERT T 0 ] L) T &
TEHY FE A,

Warmer Colder Isothermal - Isobaric

Macroscopic irreversibility

Fig.3.1.1 Before & After of temperature difference

REESIENZDSH D L ZATHE BEE) NEELET, ZOMFICL > THERONE
SN LE T, LR RBEI SR EFATOHDIAROEILDE L 1Z, 20X ) 2 ftFEx 3L
F—IZ L OMELLTT, TWERONE CEERIC ;é&@io&ﬁ%ﬁéuiék%J&m
ORI ENEZ Y, EOX ) EEENAE LT L LTH, AFm L F— TR B
TRNLF TR DHDT, TOWERD [B7: Before & After] IZ[FEICTHD EWH Z L& Tk
LTCWET, B2 After] TIE, ROPITBAT R X —0NEHIT0M L, REZENE 2D
~ 7 a RA IR IE A LIS R CLEWE T,

FO, B After] D5 Heat death (BVYZE) & & IFEITHUE T,

L7zmo T, 1872 Before & After] 72172 x5 L TEZDHLE. HEOZ LIXEBETHH
TR 720 FTOT, JEHOBLEAK TS L Fig.3.1.2 DX H)ITHi< 220N TE£4, k.,
BETL2BEOREEIEZ AQ>0 L L, FADOKS + TRBEOMEZRLTWET,

Subsystem A  Subsystem B

m—

Fig.3.1.2 Before & After of temperature difference
15



BhxEors 72w A (Rudolf Clausius) 1%, 19 il a), RO X9 RZLaBEXFE LT,

WERICIZ, BB LIEETRES [ZToFAE— S | CWORBERH DL LEZ DL LENTE
e HOWEE T, D=, RICEE AQ #5x5&, FOx=r hurv—iX AS = (AQ/T,) 7=
Tz 5 (3.1),

AS = éTQ e o oo o (K31

Bl z1E. 100g-10°C OANFFOT Y b B —DHESEIT AR TH DTN E, 10°C - 30°C D
IR EZACRFIZ B L 7o NG D7 — # Z -V UE, 100g - 10°C D7KAH>5100g - 30°C DRKA~ZEAL L
flEoxzy ha B —ZUIFERTE 5L W) BETT,

X301 Z AU, KOEE —E L GE L7c 86, 100g-10°C DK% 11°C I L7t &=
e E—2 LV, 100g-11°C DK% 12°C IZ Lz &=y hr b —Z{bi/hanEnsg Z &
DHERTEET (DRPKRELRDZ20T), BEZIIEC Ty br B —2Z{bDEEW R D
DT, WEBRRE VRIS CTHETOIMNEDH D Z LD 7,

T T, REASRICR S L D IR T, EE ] GR A oz boE—
L% B oot —%2Mzbé. % (A+B) o= bub—linbtnrZl) ZREL,
Fo (FEOFtEZET D720 ’)W@@@V##&iwk%<&w HHWIHR A LR B DR
FENEL LR WREICAEBEIE AQ N+ a4E 2 T, Figd.1.2 ORBEKD=
Fe B —ZbZFH L THEL LD,

MEEPESNTEY , ROz ba =21t ASgysem 13, /IR A DT> FrE—
At ASy LR B Oxv hnbe =2k ASp LDOERILRLHDT

_=AQ | AQ _ (Tyg—Tp)AQ
Assystem_ T + e T > ( .« + «(:3.2)

ZORX3 21, FOXHIRBEETHLHRYLET, TIT, ROXIBRIENEZFET,

WERIT (DEV T RLX—T), = b tE'— entropy &\ D IREEREAFF > TV Ed, B i*ﬁ‘?
WZEHR BIRIRIZA > TRENT 5 2 & (=~ 27 B RAlith) oI TE 52 & T,
¢T\@é&%ﬁ%%@¢ﬁumgﬂwizw#—%@#%é&%\ﬁiwwi/bnt—MM
TR LET, RREOZ L Fa =R KT 2 &5 2fE O, ZROPCHTICHERET,
PHC 72 20T, BFRIIRZE (RAHnyeZifb) RifEle b & RO b E— TR LT,
ZOEIZHEIC AS >0 70 ET, c Ik | BB 2EE] | LrrovE T,

TN TR 7 After] ICEET A L, RO hua B — I AEE 720 | ~ 7 g KAk L%k
LETAS >0 12725720 AS <0 IZRo57=0 LAaRns. B2 E LTI AS =0 Z2EHE9,

- :VC‘\\ T ]\D EO\__.&aj:,fﬂZ))\ 1/\0f:b%ﬂ%%b’(b\é@iﬂ%%fifﬁi [/J: 50
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Jelz, BAAKEOIRRE SN E PV=nT=Q LHEMILL T, T=Q/n EEL. IRE T |
. IR 2R T 2k 1 HY4 720 OB R XL X —] ZBHRL TS5 L, )
TEERHERILE L (B RO EICT SO OEMALZ O THEIZIIMEZ EEA),

FALCEICLT, = b =X ZZER L TEXDLZEICLEL L D,

A
AS =St == e (X3.9)

RIRDBE LT HI-DIHEST-ZORNS, = b B — RT [BbR R Z ~7- & DR,
NEEZE), PRIFofE# (B n )] ICBEFRLTWAELLNEWNY ZENRDbND £,

W OWREZALOHPANTIL, R OMEEITZE M L EE AN, K 3.3 TR O A RIS
CTCEBEESETWET, B EIE D7 1 E4720 OFHN R R L X — | OfRETT, T L
TR X — 2L DRAONRT AT A& OESR)] 2k Lz r¥—T7, 3.3 X, K
FDONTNRF R EOFBEEINPHM L 221y hrE—IRESRDENDI ZEEZEKRLTHY
7, = b E—TRFZEDOLOOEETIEAR L, MO LODEETH S LD TT,

BEETIC, X3.3% dS=nx (dT/T) . AS = [dS L LT, REZE{ T, » T, OAT
5L

T. T, 1
lez dS=n lez ;dT, St, — St, = n{logT, —log T} = nlog(T,/T,)

T:
ASromy =nlog(4=) « v v (R3O (MRS
ERVET, EEORETCZOXNELT HDIE, Sp =nlogT OLAETHY, RIIH = K
—IX PRI EEE ) TREDIL LNEWI) T EREND BILET,

Sr =nlogT =« « « « ¢« (33.5) RO 5%

BEE T 28 DRt 1 E472 0 ORIV — | ORERHIX, Dhi < iRBE = 4
B LX— &) ZEIZR 0 £, 2R —OWERITIE [MLAT™2) (EE - WHERITO T 1%
B 9, RE T OMERRITIT [MIPT2N™Y] 72O T, = habt— 2% 0 Dhi F-H <R
OB IEIL, =X —OWERRIE [ML2T™2] £720 £,

L)L, = b E—I (X —FDHDOTIEH Y EFA, = bt —IZ20TlE, WA
WARFIRNH D TR, Z2TIE TZmp2AF—0Eit] 12> CHPALTWEET,

ZORON—21F, HRFV Yy OEFEFETT MR T T imE AT - 01IcE 27 T
i O LI Allegory of the Cave] T (Fig.3.2.1), AMOEBEDOKEIZL > T D Z DT
BROWEDFEELAT T LNFOET, AT 7 2 EERLD Z LD TERW AT, O H THEIZ B

17



STATTOEERTWET, ZL T, WOLE LML TRWDO T, A2 EEE LA L TR
BETER L TWE E7,

Plato's Theory of Ideas

Fig.3.2.1 Plato’s allegory of the Cave

HIIHETETH- T, BOEETED Y TN, TEOAMIZ, 202 LIZK ST
iﬁ%z@g&Z% HANRTWDEE BEARATWDEITES T D AEERH Y £3, L
MLUAMTZEBIE, BEAEELLELRAATVIDT, HFHORTWAEZ FNREFEL L FE L
j[/i‘a‘o

Fig.3.2.2 Shadows are different
IOAT T #wEBHIC LT, = b TR OEEEOLOTIE AL, RO O]
AL TWD LRTL 28 TEET,

LIAT, BIOLIREFIXY 7Y TOEENTIZ/RL<, WMEI TS ) T OHRENK)
ThHHEWVWHIERNZH D . BFORENEK] 2NN HEZ T8 X3, 2RO EN=E 0 Tl
DT, VITVYTDEEDD L HICIELES TWDEICRZLIETE., ¢E&ExF T,

Lo T Il bra =213, 0 e T 2RV —ROBFHIREOMEETH S )
LEST TN, FIFOELEMESEI VAN LILET A, BEFIE. TOMESE)E DRI
LAVREZ2WD T, DR T O ORI ES 0z ChurbanE®iA,

Fig.3.2.3 i&. 1 HORFOEHNHL < 2 DIF L, FLWANARGHIZHNIIEE (DFY
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RO RVF =R 2 513 E) B ORPH 2 TV 2 & 2 EAITHiW 26 O T, I35k
BD L DI OBEIZFR D DT, BHAHA TW EEFETIIEINTLE D, BZOLLEOHE
DAEHENTIE 2 TN OTIEFHZRL, 1, 2, SEO LD ICENETHINIHEX DA L Eb
NWET, KYOZ LITFHEL MO RV T, B2 fEOM L 2 RT LIV E B ET,

Four shadows

T had
One shadow WO SHACOWS .

® oo o ©
Ck? ®
o) 00 o“\z@

O/ One particle

Stationary particle =~ Moving slowly Moving rapidly in various directions

Fig.3.2.3 Entropy is shadows of entities

ZL T, ZOEREDOR T, NHOKES R, SR, BE, R, MR s 28X T
AR TEH] 72T (Fig.3.2.4), BEAHTITToO MEHR) 2ERUE 5 ICLHE L THIZE
AFEY, TOEXEFELHEL T, )\Fa'ﬁ@ﬁ?%ﬁfﬂﬁéﬁkéﬂfb\iﬁ%

oo loybhpbr—) = EHR), o b —o kX&) = FRE] LW Ot

Changes in the external world are captured by sensory organs, converted into
electrical signals, transmitted to the brain, and used to form a human world view.

Fig.3.2.4 Entropy (that is shadows of entities) makes “Information”

Ty bR E—lE XL —ORDNE S ThHY, FROZE] THY . T XLF—0OB<
MERKE SHFITATHHEEZY P RE—IREARDLBEAD LN TEET, (117
NIGEFHETAEFELE L, ZOBBERIAPLHMLET,)

TIEHIZI T, XX =D [MERKZEINTHXTIATHDL ) EITEI VD Z &) Fig.2.1.2
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DAA—TEEELTEBEELE Y, b LA TFOFEEMESCEH & OB &0 S 28, Fig.2.1.2 O
FIPREITREIN TS L DI, THEMIZIRES72b D) THhDHeBIE, IBEEIC L > TR
DRETHZEOBPADBEEL 20 | F7 e T Z LI KV EDRBFIEFICEDY ., R
IR (WIR) BEIZMED D E VS T=E&IEO X 5 722 ENE Z D R ninh T,

Fig.3.2.5(a) IZEIROWIA L IKIEOWEEZFR L TWET, KiFOMEZIEIT, B (HE L
REZ) ZRAITRLTWET, KTIXEMRREIE DA ZR L, Bl E13EE L TWET,
FKEIOOE DO EDIE UhEpftd) TTR, ZRME (RKEZ) BATATROT [RE2
) T CERVRETT, X MUWEAK LY, LD, EEE L ST T 5 ENT
TET, SWIEKRAN ORI OEMAET O 2 BOKEITRLTWET, BEEENTHRno
TR PVOFETIR R[> THWET, TS TBexX7 br] 225282 R0T VWK
NS, BWENOREZ 45, RESIFTFLLS, MESIX0ETLIZRRD XTIV TVETS,

e -
(a) o i o
e e
() o—> 17 - A
(b) I renat B
\ j:& - y
((— 1?2 — )
(€ | o T
\ '_'JL —
4 — -— ™)
(d) II I II
- - JL'** J

Fig.3.2.5 Averaging of vectors (2 dimensions)

F. W EEMSEET (Kb), SiENSKIEICH)-> TEERB &V D TR At
WHETDLOTTR, FHNREHN Taxs M) T, Z083%E 850 TR hiE
FVWOTLE Y, £, ZOLEHTIHAME DY MUREATLIOT, R NAHE
WCEhE GO D Z L2 7, FEBRIZIE, 2L LITRIVEEEA,

Flo, REZTMERBIIEN 20856 (K@), TXTORESE (K& 53 133 (ST
TOMELERESO/NSRMAEFEOEEY =BEOR) IZEDLV T (K(D), EOREOFE~S
FUE T8 a7 hv) TRIFUEDNT RO TN, Dot nED L IIZLT, (©— &R
ITT2DTL X 90 MKREEPAREICE) X, RO L DEE ] ChHME OFZEIIE X
B LHERD Y £8 A,
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ZOXDIZ, Fig.2.1.2 DXIRT 5 EFITHET L & AEERZ ENZND T, RO EHE
Bz, HHARERCTHRENICEZDDITRL 2N RO TT,

ARBE, RFOREHREIBHERMZULIVETZENTERWVLEDRONE LILET A, 1)
IRORE INANT AT THREFER2IFREENEE T, T X THEMICIRE > T IuX, 25
HEZILT, = b E—ZRELRD 20V ONE LILEEA#T |

Fig.2.1.2 ORI T DAEELPEARER) L, Fig.3.2.6 D L 5 ICHERINTIRZ = HNRBEWEE 2 b E
T, £z, Fig2.1.7 O X 5 I EARES A K EEE & L CHi<SHA D, RO OEE 5 2 70T
EWTEREA (ZWTWHE 0005750 T, ZITHE/RLEREA),

[ ) .

Classical presentation : A particle and its motion vector (velocity and direction/angle)

—

Some examples of probable position of the particle and its motion vector

P ;

Probability distribution of the particle and its motion vector

Fig.3.2.6 Quantum mechanical picture of a particle and its movement

ZIZT, zvbhrbt—tiF [2xvF—DEDZ s THY, FHOZ ] THH, =¥
—DEIKAERREEINT T ARIFE (= THEEHMBRENKENZTE)) = brbE—TKRE
SRDHEEZDZENTEET, & IRTIRT) & [FHEIT A ZEZXTZDITTT, ?5’?%(‘:
W) BEEICIT RN TTRITE RV EWIBHERPZENTWET, NTATE, BICHLIE
STND (OEDVEDERSTNDG) ZEZERL TWDIET THENLZEREG VIO EVF
FNTWERHAL, bHAAL, SEO=a2T VAL LT THEEY) THHZEE2HRTLO
MEWEEDLIET,

B, ZOLDICHMEL TR OIMEERNRFEROOL STE, HEMEVI DX, TDEZ

#T LR oT, =¥ b E— 38BN RMRCER DA K TF, Takashi Aurues “Breaking Free
From the Spell of Entropy (We must take a fundamental change in the basic concept of
entropy.)’ The Annual Reports on the 14th Fibonacci Meeting of Japan (2016) 137-147 = k
o —  Z ORI & OfE i (N H O FEEREREY 722 O W E AR BLIZ BE 4 5 i BRRY D IE R
AR ORI) | BART 4 R T v F i 14 EWFfiES#®EE Linkl Link2
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http://www.zg.em-net.ne.jp/~aurues/triage/room1/BreakingFreeFromTheSpellOfEntropy.pdf
http://www.zg.em-net.ne.jp/~aurues/Fibonacci/14thJFAWorkshop.pdf

HixBEHL THH] TERWEASI N, DX H70E 2 )7 CHHEBIL 2 IG5 & BRI
BTELZENZNDOT, ERTHDLENVIERTT, 77 DA T 7w, Rz HREHE N
H LNV EE T TORHELHES . 3T ) ([T 2@ ENRR Ch > CHEITIIAR
WEFELTHET,

FLVWEBISG S Ro0 5 EIC, TARBEGHANTH) E<FRRTE 20IFREFE) Lol
ZLEMEDLNET, WEARLITIARIRTHY . HAEOMBEIZABAAIY H LA TR 07
Ly (BN BxHET 258, TEHRIIARM) &V RNIEfRO R, ARBIG &S0
PERRTEDLZ LIFAEERZ LITRY £T,

LU, Fig.3.2.4 TOMD L O, RREBERERBAGTE LB T0nbHZ . %@1 R
DEDTELDOEZBREFITH A, MOPTHMEELZLD, DFV AR LOIZEBERWVOT
T THREG (ELEoTna 2l ARBFOXRL22815) ] b, 1Y Gis)l b, FU
M DOBIG 72 O THIPEDS BV (FFF0 - BAMEN LN TWD) DIXSROZE72DTL X 5,

ST, WAWARTHOWE 2 —#l Ll & & Rl 228 PR 23 @ 272 i, B3
BINCEFITHED L E LT, AWIR LV B> TWE ET, —RICSHEEOWEN IF v IF ¥
TR LY GoloREENEmT Y br B —0REE (X VX —DENEMERIC2 D) 7205 T, M
EOBRWWER LY RN L IEROGFRT s b E—dm< e 7,

Iybnf~&m£®i5@%@#ﬁﬁ&&<@%?%t&:%f\mgmz%&@rﬁﬁﬁ
L EFEEVOSDIFERZ S FrE—THY |, BT/ hrE—ThHDH I LN 4,
SNEODIFAEFETHY  BUIKIIHLERA, 22 TO [EIZILD] LW )H Dl fﬁﬁ@%L’W
M%%tEﬁi9&@%%@%%%&i¢_&ﬁfﬁéj&wiﬁ%f?o%m®£mi\if
FIZEoTAHBRRZ b, AFERZIELHD T,

R L TEIRIBO T A 2ED L. R (IRR) L oiEETHEELGIEH LT (f
2“\%ﬁ%%%ﬁﬁvﬂ\ﬁﬁ®%bokﬁx%%fé%6%%zféibi90Em(m{
fifali) PmesE (O R 1HMET Y FrE—TH Y | OISO T TEJH] LHTn
£, TERFESKERT (COz, H20), E£7ETHNLE (R SAKIRO PR OB 2> T
%) 1, ORI ULEETHRUBMIZIIMEZ W0 T THET A, BEEY TN T IR 252
TET GIoLEEEZM 21T, FER» L EIEEEGIE T Z EANARETT),
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4. PRBEROER T e —2{bZFHE 32 Calculation of entropy change for

mixing water at two different temperatures

T, X3 Lix U ROBEELNTEAERVEZ, (N REeERKOTy ho v —2(bxif
BprTlz, -, X3.210F, Figd1.2 IR T/HR A L/hR B OREENHEY KEL
O, HDHWIINR A LR B ORENELLRWVEEICAEBIIE AQ M +I/hES Wi
BO (DEVHENHEEBIT D ENTELRETTOD), RERKOZY b B —Z LA 3 ET 5K
TL7,

Z 2T, PEHBOERICRED . HRETHMEFHMHNTIIHLANIE-ETH D L) &
FTOIRENARESELL TN GE 31032 BEARWEE) o= hr e —21{tx
FIRLTHET, @ROEFIRE OB HE AN E T,

Fig.4.1.1 X, HANTREN Lz P BB O FEBR Tl Z 2 281b% 10 BRIy L b 0T,
EIRO/NR A DHIKIED/NR B (2 2000 cal OBERBE) L ClEE NERIZRD T O T,
HEPET 200cal TORRNBET LI L k4, BUSX, FORE#HBETL T
1 cal/(g-°C) THDHEMELTNDDT, 200 cal OEBENZLY 200g O/IR A ORI
—1°C . 100 g ®/hF& B OERFEE +2°C Z{L L7,

< <
=L
I
200 g 40°C 100 g 10°C
S'[ep-l 200 Cal
40 —1x1 =39°C 10+1x2 = 12°C
S’[ep—2 200 cal
40 — 2 x 1 = 38°C 10 +2 % 2 = 14°C
S‘[ep-3 200 Cﬂl
40 —3x1 =37°C 10 +3 %2 = 16°C
= Step-9 NS —
m 40 — 9 x1 =31°C 10 + 9 x 2 = 28°C
B
Step-10 ~ - post
- 40 —10 x 1 = 30°C 10 + 10 X 2 = 30°C
- 200 g 30°C AQ = 10 X 200 = 2000 cal —— 100 g 30°C

Fig.4.1.1 Mixing (Contacting of) hot and cold water

Fig.4.1.2 1%, Fig.4.1.1 % Fig.3.1.2 IZFESWTHO L b L., &2Z&iEfEs n BRI %X sy
L7 DT,
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IR A LR B IEXRIUWE CTHERENTRY  WEOELIL, IR AR B = af/f
ELTWET, #%LE%&@iﬂﬁ%@th#—f&)of ot egEchnwt . a+ B =1
ELTUIR AR B = a/(1—a) EL7ZE) B HERXRENCRDZERH Y T,

MR ETHIMEFHHEANTIZI—ETHD ERES ATV DHEE, FHENEICRD KO T 1
ELTREEEYT B LETORRLAR),

MR A (RPOIRE Ty ) &/hR B GRAIOIREE : Ty ) SRR EET 2% Ty 13,
IKDOGAE LR T L HICEE LTk E21EFE T (Table 4),

aly + BT,
TM =
a+p
itz s U TRE AQ OEVEN/NR A o/R B IZBEI T2 L LET, AQ DIHEIE

B AQ OEFTHEAELET,

ST, n ’%"éht%ﬁ%ﬁk T, /MR A FEE AQ/n RS TREIX (Ty —Ty)/n KT
L. /% B IR CEE AQ/n M TIRIEE (Ty —Ty)/n LR LTuhx 4,

Subsystem A Subsystem B

Step-1 AQ/mn
ep- Ty —T ~ Ty—-T
Ty —1 x o= Tw) Ty +1x =T
n
Step AQ/n
tep-2 Ty —T ~— Ty —T
Ty—2x-n—Tu) T +2xm =T
n
T
=¥
Step-(n — 1) Ty —T ~_ T —T
—(n—1)x¥ TL+(n—1)><M
Step-n Ty—T ~— Ty—-T
Ty —nx-n—Tw) T+ nx =T
n
Assuming that the specific heat capacity is constant over all aTy + Ty

temperature ranges and the mole ratio between A and B is «: 8 . Then, Tu a+p

Fig.4.1.2 Contacting of warmer and colder
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Table 4 Contacting of warmer and colder

Specific heat capacity
: 1 cal/(g- °C) Apre Bpre A+B Apost Bpost
Weight (g) a B a+p a B
Temperature (OC) TH TL TM TM TM
Heat energy (cal)
(zero calorie at 0°C) @ x TH ﬁ % TL (a + ﬁ) X Ty @ x TM ﬁ x TM
Heat transfer (cal) pre—AQ ©pre+ AQ
. a X TM ar B X TM
Conservation ofenergy | a XTy+ X T (a+B)XTy — (@+p) X Ty

ZIT, n IR RENWED, DEODE ODBERET 2L DIREZENT L A S
Bl YT EEZLNET, LER-T, X3 1 2T e —2{ba2iETHZ &
NTEET,

Tk, XL EHWTNNR A oy b —B{baziHRE LET,

AS = e o oo« (3.1) mg

INRATE BT, RE Ty oLEiZ8&E AQ/n 2K5DT, D L&DTy fhrt'—
ZALIIRATHECE E9, 22k, AS ° AQ D=L, HOEAZ L > THREID N & 4 HHk S
ELHZLEHHEETTN, T THEHEMEA L BICIEDEE LTHY ZLICLET, £/, AQ I, IE
ARG £ 25 2 TBEOME ZWHRT 52 LI LET, ®iRlo/R A FEE KD,
Ty bR E=PEDTHOTRADR ST EZTTRLET,

( ‘;fq)

—ASyy =

IF A OERBITHE1ERT Ty — (Ty —Ty)/n IZIEKTFT50T, HF2EMOT fot'—
FAIRATHEAETE £,

(=)

—AS,2 = 1
Ty —— Ty —Ty)
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IR A OFE1EENOE n BBEEToOy hrE—2bE AT 5 LR £7,

—AS,; = —ASy; —ASyy — ASyz - — AS 4
_—AQ _—AQ _—AQ
E GG

1 2
Ty—— Ty —Tun) Ty —— Ty —Tu)

(=22)

+ n-— 1
(Ty —Ty)

Ty —

n-1 AQ)

k
=0 Ty ——— Ty —Ty)

ZIT. n BPERRISESS SRET D EXORBIEIC LV EATRICEE TE £,

n-1 ( —AQ ) n-1

n

—AS, = lim

n—-oo

- .
k=0 Tp——— Ty —Ty) k=0 Ty ——— (Ty —Ty)

_ ]1 —AeQ dx = —4e x [log|Ty — (Ty —T )xl]l
~Jo Ty—(Ty—Tyx = (Ty—Ty) Bitw o

2% (logITyl — logITy)) 80 jogn
=——(lo —1lo = o
(Ty —Ty) S5 M BiSH (Ty —Ty) B Ty

BB MO THRbRHAR: [ —

dx = %loglax+b| + C TV ET,

Z2TAQ=a(Ty —Ty) 5D & —ASy = alog(Ty/Ty) &7V, a>0,Ty <Ty
DT, FEMT —AS, <0 &5 TNDHZ LRbMY ET,

— AQ T _ I
-ASy = G —— log- = alog" (X4.1)

RIRDBEDT-DIEST-K 3.4 LRI L D RIBICRY £ LT,
T,
ASry-my =nlog(<=) -+ - (X3.4) i
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[FERIC L C, RIRBATH L/ %R B o= b —2{bziH L E7,
ASB = ASBI + ASBZ + ASBg + et ASBn

(%) (%)

()

1 2
T, T+ (Tu—Tp) Ty+—- Ty —Tp)
AQ
(%)
+ n—1
T, +—— Ty =Ty
n-1 AQ n—
1
ASp = lim Z ) lim Z :
R N (TM —-T;) k=0 T|+— (TM —Tp) n
! AQ AQ 1
- | T meTr X lealTet T Tosll
_ AQ B AQ Ty
= m(loglml —log|T,|) = T =T, log T,
AQ Ty Tm
— M — —_— e o o o o 4- 2
ASp (Tm—=Ty) log Ty, Blog Ty X )

K#BIZ.AQ=B(Ty—Ty) ZHNTHET, B>0,Ty >T, 72DOT, #NZ ASp>0 &
o TWDHZ Enbnh 7,

T bR E—OINEEIMUE SN TNDHD T, REEOT e —2kidk4.1 £X4.2 %
Mz B ETRODDLZENTEET,
AS(A+B) = —ASA + ASB

_ AQ
~ (Ty-Tw) log

Ty AQ Ty
M ... . 4.3
- + Tt log T (X 4.3)

— alog’;:_M_l_Blog’l;_M e o e o o o o o o o o o (ﬁ4- 4)
H L

T, —AS,;<0 . ASp>0 TIR, ROz bu—% ASg4p) OIEAZTH~
£, BUEE 2B E VD hﬂé@%éd&ﬁu FO RO =R EE DL
Fbmo TWETR, FEHRBOERTY ASpuip) >0 THH I LE2HRLTHEET,

Fig.4.1.3 1%, Fig.4.1.2 128175 n HH50O n ZHEREKIC . M7 N E A £ T RS T
HEELELOTT, FEET, #/NeEWE dQ PEEIL, SiEMAVNE A OREX —dTy 3
DFRY | AKIRM R B<Dmfﬁi+dTLﬁvxbmé;9 IR L TOET,
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Fig.4.1.3 Ti, #FEEOM/IN 2= br b —214k dS, bHOFITMZTWET, /N A O
Ty hr bk, BABBIOE 1 BT —dSy, Y. BBEIOSE 2 BT —dSy, Wb &KL
LTWET, /IR B o> b —id, BABEIOE 1 BT dS;, Hx. BWBEOF 2 BT
dS;, Wz 5 EHRLLTET, B 1 BEMETOREEROT Y ba v —2Z1{kit dS; = —dSy, +
dS;, LFELET,

Subsystem A Subsystem B

AQ
- lst dQ T — dQ
Ty —1xdT T, +1xdT Fd
_ Tn H L L Tds. — . Q
. 2nd dQ *®
— —dSH2 T +dSL2
(Ty —Ty)
| Ty —2xdTy T, +2xdT, ——  ~ dTy
"" 3rd dQ (
Ty —Typ)
— _dSH3 S~—”* +dSL3 T ad dTL

Fig.4.1.3 Contacting of warmer and colder
FLEENOE n B E TORBEMITH L TR 3.2 DT D 2 BRI ET,

-AQ | AQ (Tp—TL)AQ
ASSyStemzﬁ-l_T_L = % >0 -« « +(X3.2) mig

B, 5 3 RS CTH ., M3 2 ORI E T,

—dQ N dqQ
Ty —2 xdTy T, + 2 x dT,

ng = —dSH3+dSL3

_ {(Ty—2xdTy) — (T +2xdT)} xdQ
- (Ty —2 xdTy) X (T; +2 xdT})

{Warmer — Colder} x (dQ > 0)
~ (Warmer > 0) x (Colder > 0)

lim,,n BME & L THRERET 1dS, >0 (FR7ZNDHDT,
n-1

AS(aep) = lim > dSy1 > 0
k=0
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LIAT, ZZTIHIEADHS £ TBEHOMEZPRT L7012, AS ° AQ L bITIE

DO E LTS TNETA, AS ° AQ DIEASFDIEAZ b > TREIOMEZERIELIZ LD
ARETCY, 22 T./NR A o= brE—2boiEEZ (1) X (—ASy) . (1) X (-AQ) &
LT, ZNETOFHRKEMET D&, X431

= ___he ™ AQ Tu
AS(A+B) —ASA +ASB = Tu—Tm) log Ty + =Ty og T,

L7 FEF, 22T, (1) X (-AQ) ® (—1) Z4RHCHNT TIREDNEFEIfR A 25 L,
IR B DOFFREALHIZ TWET,

Z59 5L, =y hr—OFERTKRO &9 2l TE £,

AQ Tpost
AS = ——ost c o e o e 4.5
S (TPost_TPre) log Tpre (iﬁ: )

Fig.4.2 1%, K&HIL LT, = b —0ERXOFE 2 282X R L TVWET, 3.1 %2H

A TEA200%, R DX 12, N OBRENMZ LIV THIREZSINITZE A ER N
Lo Td, N3 1 2B TERLER 4513, HBAETEHE L TR Ay AT F

T Lo, B RE SEET 2845 Tl BRI L~ L2 B2 55 oFH R X2 HES
DMBENDH Y FT,

Boiling point
under atmospheric Steam, water vapor

1 OOOC pressure

_ AQ | The temperature (T.)
T, | isnearly constant

The specific heat capacity is not constant

~ AQ T post The speqﬁc heat
AS = log capacity is nearly
(TPost - TPre) TPre constant
+AQ

Fig.4.2 Applicable scope of equations

Fig.4.2 1%, 3.1 ~ X 4.5 FTOFHERZ T HPICOVWTORKEGEE 52560 TT, i

FENTIE—EE W) SN ET TR 3.1 13X FE A, HBDNEIE T & W) FEN T U
X445 1T EFA,
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T, 22 TENFE 2EANCHE G 70T, PREROERIZBENT AS>0 L7toT0nH T
& OEFRIGEH 2R A £,

K43 ICEVET, ZZTIHAS>0, AQ>0 THY, FADHE + TBHIOMEZ /L
-,Cl/\jz—ﬁ—o

AS(A+B) = —ASA + ASB

AQ Ty AQ Ty
=€ _ log-2 .. (X43
(Th—Ty) log Ty + (Tm—Ty) °9 Ty K ) i

ZOXEERL ASaep) > 0 Z-TONALETT,

10
Ty —Tw)(Ty—Ty)

T Ty
AS(a+) {(TM —T.)log TM + (Ty — Ty) log T—}

H L
AQ >0, Ty>Ty>Ty, >0 Thy, ERAEIIL AQ/((Ty —Ty)( Ty —TL)) >0 7

DT, BFEHDO { } OFPETHDLZ LT IEI VI L2220 £,

T T
{(TM —Tp)log TM + Ty —Ty) log—TM }
H L

Ty Ty Ty Ty
= Tylog T, — T, log T, + THlogT—L - TMlogT—L

= TylogTy —TylogTy — T logTy +T;logTy +TylogTy —TylogT,
—TylogTy +TylogT,

= - TM lOgTH — TL lOgTM + TL log TH + TH lOg TM — TH lOg TL + TM lOgTL

T
TMTH TLTM T,

T, Ty Ty Tm Ty T

Ty
=Ty log + Ty log + T, log— log
Ty

THTL TLTM TMTH

> 0 z#EHT 2010
Ty™ T14"L T,TH

= log

THTL TLTM TMTH

> 1 2R rvocd,
THTM TMTL TLTH

AT HEAERICE X 4 BT THEFT 10 < BWELY A F L7205, BSEICIIRIR T
TEHATL, 22 C Iy MBI EH It &, EH W 2RO E LT,
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5. =LA MREUFERIFERA %2R ® T Mathematical extension and proof

ZZTFighlilHESWTRHREE2EFT L L

Ty Ty T, O
<« —
Xy z

Fig.5.1 Symbols substitution

WDORER AT L LWV O BFOMEICEZMZ A LN TEET,

xX>y>z>0 fxx&

x?y*zY>xY y*? z*

A 4

Fig.5.2 Inequality problem

TiE, EEFICL D REXDOGERARCAERD —BACFE LRI LE T, BRI R RS
T TCHEZMHE, GA-NTELZEBWNIE, BEHEEOTTHRNZELVET, WEICH
720 EPERCRATERRR, FEORREIBRZ AT L O ICE O E L, BFNERBIT, ROICHEW
%b, BRICBEINTZODICHR SN TWEE LR, 22T b0aEE L £7,

B OREEERIC X SREN

x>y>z>0y=ax+(1—-a)z, -77L 0<a<1l OLx
x?y*zY > xYy?z*
ZREAE L.
AIERA
xZ ny
# > 1
Y. WO AE LS.
zlogx + xlogy +ylogz—ylogx —zlogy —xlogz > 0
Feill
=(z—-y)logx+ (x—2z)logy+ (y —x)logz
=a(z—x)logx—(z—x)logy+ (1 —a)(z—x)logz
=(z—x){alogx —logy + (1 — a) logz}
z—x < 0 725
alogx —logy+(1—a)logz < 0
DR LTV,
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logx® —logy +logz'™® < 0 © logx®-z'"% < logy
_ y X\

a,,1-a _

y>x%-z adis >(Z)

o) =M=a(§)+(1—a). T =t e, t>1 koA

z z
at+(1—a) >t*
s=t"—at+(a-1)
Zt>1 0<a<1l TEZ5.
s=at*!l—a=a(t*1-1)

t>1 Ts'<0 T s;21=077206 s <0.

[ I A e T |

174>270 axd e >t
L

Aq 7;

A2 §F5 5t prt>

Si=m vdig2
O R L G B S D)
- 31 ‘
= rr‘ﬁ>fz_l (met > 1)~ 40

A T1e o 2ARER th‘ 13 X4 Ban
(Aak s 3B g4\ (m0) s

v
t {auva iti‘l)

7ior Whhva WCE 2 TR A5 niiis,

Xx>y>z>0 0rx xZy*zY > xYyiz* ZoRT
11
yx—y+y—z S xV7Z zx-y
11

x-y £ \Y~Z
(%) > (T) ...... (%)

9, L=t>1, §=s>1 LB L

z

1
(x) =@ set">st (st>1) - - - - - - (xx)
Wiz, st=u k<L,
(%) =2 t1>ut"1 (u>t>1)

u-1 t-1
logu logt

t—1
logt

HIITRED)  ROT (k*x) (TAZ. DF Y FTEOARFENIIHLT S

T8 DRI B L CXHLFEE CEREAFE LT logx <x—1 (x > 0) #HNT
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B FATERIC K SR

© #H1ArAEX @E:F2AERL x>y>z>u>0, x* y* 2% u? > y* 2% u¥)
AER9 & 2 X
x>y>z>0 ThorLx

xZy*zY > xYy?z* (1)
WL DX # A B> THBIH LT
f=zlogx+xlogy +ylogz—ylogx —zlogy —xlogz (2

T f>0 ZaREiEku.
(2 X% y THLL T

f=1/y (3)
X=x/y, ¥>1 4)
zZ=1z/y, 0<zZ<1 (5)

LELIZLIZLT

f =Zlog(yx) + xlogy + log(yz) — log(yX) — Zlogy — Xlog(yz)

=(Z-1logx+(1-X)logz (6)

Thb.
¥X=1+a, a>0 (7)
Z=1-8,0<B<1 (8)

LT
f=-Blog(1+a)—alog(1-p) 9)

BLEPA, HLHEPETHL (WFhbASET). WMilded af >0 TH-T

f log(1 log(1-

f — og(l+a)  log(1-pB) (10)

ap a B
(100 XOFE 1H (AFET) OFERIE, K1 ORBROEE OF 52 E2 250 THS. [RERIZ,
FH2H (AFET) OB, 1 OFWHROEE (FexnEE) THDH. log VT 70OH

AN & B OPEE DD,

log(1+a) log(1-8)

B
THHDOT (DFEV, [FEROMEE] < [FHHROMEE]: chiKE WS TH S, Lagrange
DFEEDEH A > TRLTH L), 10) X f/aB 1%

S >0 (12)

ap
Thb. LER->T >0 THY, f>0 IREhi-.

0< < — (11)
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log u

log(1-B)l
X 1:
© HmRE1
e f %
F = Q-n@E-1 {'ff: — lfiz} (13)

EEZELTK2D F(w) OMEZMEZITEBICEEA TE 5. (D~12): TR TEERR DI FEA IR
STWTC, RGFIVEZLTWD. ZZI6UAHR LT x ICXDBULICEE L TH 5 (HR 2).

© ZR2

(2 X% x THRKILLT
f="r/x (14)
y=y/x (15)
7= z/x (16)
0<z<y<i1 amn

LFELZLITILT
f = zlogx +log(xy) + ylog(x2) — ylogx — Zlog(xy) — log(x2)
= —-1logz+(1—-2)logy

_ e N logy logﬁ}
= a-pa-2 {22 (1)

T B F(w) = 2 I s LoRo () HETHE (12).

LEDB->T >0 THY, f>0 IWRHET.
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+ w
8 0 1.0 2.0
—
_2--
4]
X 2 :

© 2 A%HEKXME (B ILD 4 L ~DPLIR)
x>y>z>u>0 ThdHLx,
aty* 2 ur>xY yt 2t ut (19)

LR AR
W30 Dt & B> TR LT

g=ulogx+xlogy+ylogz+zlogu—ylogx —zlogy —ulogz— xlogu (20)

T g>0 LB Er T k.
(20) % x THKRILL T

g=g/x (21)
y=y/x (22)
7= z/x (23)
u= u/x (24)
o<tu<z<y<i (25)

e N
g = ulogx +log(xy) + ylog(x2) + zlog(xu) — ylogx — Zlog(xy) — tilog(xZ) — logu
={(-1logz+ (1 —-2)logy}+{(Z—1)logu+ (1 —u)logZz}

logy logz logz logu
1-y 1-2 1—2_1—ﬁ}
=1-A-2{FO)-F@}+1-2)A-w{F(2) -F)} (26)

- a-9»1-2f +a-na-of

Thod. B Fw) = (logw)/(1 —w) OHFREIMMEIZEY (26) X250 { } IFELIZIETH
5. Lo T g>0, bbb g>0 ThY, ZoORBEITEEICHRR ST,

(26X 21THICE D L&, logz ZRLTH W, ZHIZE-T (3, 2) OXT L (2 1) O
TDENENT Fw) ZHWEEmAMEZ 2BICR BIAA TN D)

35



© n TOLE~O—KIL

X1 >x>>x,>0DLE(=3)
n

x;¥i-1 >

x.
j X+ @7

N~
i
-

j=1

727120, X9 =Xp Xpp1 =Xx1 &7 5.

#5 2 NEXRE (37t—470) OREF & & HATICTE 5. MO ZR-> TRHEL

n
h= Z(xj_l log x; — xj.1logx;) (28)
=1

T h>0 &725008 9 0~k
X1 THIMIEL T 32] Ex]-/xl , EEh/xl LT

n

h= Z(x]-_l log x1X; — %11 log x1%;)
=1

n-1

2

.

n-1

3 N N logx; logXxj,q
-2 (- %)-% e

n-1
= > (1 -%)(1 - % ){F(@) ~ F(3;:1)) 29)
j=2
B F(w) = (logw)/(1 —w) OHFEEMMEICEY (29 KXo { } IFETHD. Lizn-oT
h>0, 725 h>0 Th5.
B KEFHEICIDHIERFIOOED
f(a,bt) =(1—-t)a+th OL X

xf(zﬂy't) yf(x;z;t) Zf(}’,x:t) > xf(l:y's) yf(xyzys) Zf(}’:x's)

(for0<t<s<1)
FoOAREXLT t=0,s=1 OHFA, x2y*zY > xYy%z* L0 ET,
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© 3N bLIEAFEXN~DILEDFEH

X1 >X3>x3>>x,>0(Mm=4) TR LT, ROREXDLY L.

n n

| |xl.xi—1 > | |xixi+1

i=1 i=1

72120, X9 =Xp Xp41 = X1 EKIRTS.

GEH)  y* 1>t (x>y>1) G0 Z2FATE. (ZOREXOFHITEIK)

xi=ax, 1<i<n) L3%. 22T, ay>a;>as > >a,

n n-1

| | Xi-1—Xi+1  — X0—X2 Xn—-1""Xn+1 Xi—-1—Xi+1
Xi = X1 Xn Xi

i=1 i=2

[y

n—

— Xn—X Xn—1—X Xi—1—Xj
_xln annl 1 xill i+1

~
Il
N

n-1

— (alxn)xn_azxn xnan—lxn_alxn | |(aixn)ai—1xn_ai+1xn
i=2

n-1 Xn n-1

1 IZEETS.

Xn

— all—az | | ;%1% = all—az | | aiai—l_l ail—ai+1

i=2 i=2
n—2 Xn n-2 Xn

TP

L —a: i

= a;.," a0 = — >1
al. i+1
i=1 i=1
(%) Xkv)

LT, BOAREXITGEH -, 1

B i c kDb S 7= 5EH
EFE1 qq, q2>0, g1 +q;=1 XL T, %KX
f(q1x1 + q2x2) = q1f(x1) + q2f(x2)

MO LHEE, f(x) Z RIZhEn).
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EFLIE, UFTOXIZAEGITRILTHZENTED
EE2 q1, 92 >, qn>0, g+ g+ +qp =1 13 LT, REX
f(@1x1 + q2x2 + - + quXn) = q1f (X1) + q2f (x2) + - + quf (%)
MLV E &, f(x) & RiTmEn ).
INEERT DL
FEZ2 f) R (') <0 ) bl x3>x3>>x,>0 2O T
(2 = x)f (x1) + (x3 —x)f(x2) + -+ + (X — X 2)f (K1) + (1 — Xp-1)f (X)) < 0
AlE
(3 — x1)f (x2) + (g — x2)f (x3) + -+ + (X1 — Xp-3)f (Xn—2) + (x5 — X5 2) f (X5-1)
< f((x3 —2x9)x2 + (x4 — x2)x3 + - + (Xpo1 — Xp-3)Xp—2 + (X — Xp—2)Xp_1)
= f(=x12x3 + XpXp-1)
= f(XpX1 — X2X1 + Xp_1Xp — X1Xy)
= f((en — %2)2x1 + (Xn_1 — X1)%y)
< (X = 22)f (x1) + (Xn—1 — X1 f (%)
< =02 —x)f (1) — (1 — Xp-1)f (x0)
L EEZ =T
f(x)=logx tB= i1 %2> L
(xy —xp)logxy + (x3 —xq)logx, + -+ (x, — x,_2) logx,, 1 + (x4 — x,,_1) logx,, <0
< (xp—x2)logxqg + (xq —x3)logxy + -+ (X2 — xp) logx,_1 + (X1 — x1) logx, >0

Xn—=X2 X1—X3 Xn-2"Xn Xn-1—X1
St X, x5 X, >1

Xn X1 | Xn-1 X2 X3 . .Xn X1
=X X, Xn-1 %Xn > XX, Xn-1%n
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B Arkady Alt (USA) ICX2FEH] (EEHTHES Y SHEARBRH > TIEZ K-> T<NELR)

One exponential inequality.

Prove that for any x >y >z >0 holds inequality
x?y*zY > xYy?z*.

Solution by Arkady Alt, San Jose, California, USA.

Note that x?y*z” > x¥y?z* & zInx+xIny+ylnz>ylnx +zlny + xInz.

We have zlnx+xlny+ylnz— (ylnx+zlny+xInz)=x(lny—1Inz)—y(Inx —
Inz) +zInx—Iny) =x(Iny—Inz) —y(Inx —Iny+Iny—Inz)+ z(Inx —Iny) =
x(Iny—Inz) —y(Inx—Iny)—y(Iny—-Inz)+ z(dnx—Iny) = (x —y)(Iny —Inz) —

Iny-Inz . lnx—lny)

-2 (nx-Iny) = (x- N -2 (7 -

Since by Mean Value Theorem there are a € (y,x) and b € (z,y) such

that Iny-Inz _ 1 and Inx—Iny :% then Iny-Inz _ Inx-Iny

1 1
= =———>0
y—z b x=y y-z x=y b a

(because 0 <b<a ).
B (7 —xv b RICEESN-MEORB

ZORERIT, BFOYSNREEERTERINDSOT, 19T (DFEV T uvy
AWMLY FBRE—IZOWTORKREITS 2L (2, BIIFEHEEIT O W EEIMEFEE T LD
BT (BB, BEHBELDEZRINE DS T-O TR WD) EHERIESNET, LirL., &TC
H YU TINRIEEOAREX O T, ENLURNCESEE (5D WITEEHE A D> 721300 0%
) DS, MR ECRRORA TS (FY) CTZoOAREXREGE WL H D £,

A —Fv b ETIE, GEBREE L CoOHKR (2011 4) BRI N TWET (2017 FBIE),
BREIE, B L RO LvEE A,
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a'bec® < a*b*c®
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