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w1798 60 elgneoms
UL~ srawmes  0née
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-
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STEOTMTEILD SieW6Y EEiTEmDEILITETT 6L eilemeot
yrfleledTmeoT.
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Yermerflufled FHTLIL Leo&eaniey (E1) 6T60TLIG)| "@ua)@
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UEDTWMNISHSLILIGLEADSI. FHTLILILE0S6STeuTeoTs ——
er60TD eNlEBSBHTEL GSMISHSLILILEDSI

@i Hewm m, 158 eswedLpbd efews F,
SHGLD.

(€Y E emel 6.14 eb gHlui

§"m
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85 Hlewm 1, WEUS FMIHSHE] SH6D6D.
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—
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UL 6.9 m [HlemmWeen LINIHETTED FFTLIL Lj6DLD
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HemLLILg)
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7 =18
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LjeoLomenT &) SiiLjeierfluled 2_efer 65 HIH6T 2_6ToTIHLD
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LLLD 6.10 &eb Uetarflser P, Q, ommid R ed FrfLiy
L{6DLOM6DT &) ’EP’ < ‘EQ’ <

ER‘ 6T60T 6T(LSHEOLD.
yerefleetr P, Q, womid R &sner  eflems
eeusLsefler Berrhisener eLILNbeus6T LD
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Filfwed  eflemdeml  H600THEH(bEUSDHMTSH
0 SHSS
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OeusLIBET (edmBW Ty5755T; ... 66T, Leier]
P ufed e@m@uwedT FHTLILLILEOLONE0TE S60fl&560f] a
Hlemmaenmed eImLUbL SHeufldsenfl FTLILL Leosdleot
OEUSLIT Fn(bdAHS &0, (UL 6.11) Q586D
mlyyeohisefledT  GOOLMBHHIHD  HSHHIEUD o >
e a m, X
GTEDTLILI(HLD.
- L ~ Siey:
ownsgo— L1 T B, +...E, Blemm 111, 246d Yererf] P uled FrTLIL Leotd,
Gm,. Gm, Gm, .
= /2 1 e h— p2o . Gm -
1 2 n El —— ) 1 ]
. a
— sz 2
—— > 7 (6.20)
= Blewm 171, 9460 Leiter! P ufléd FriftiLy Ljeoid,

H
E = Gm, ,
2 E,=-—*i
a
H
E1
= Gm, , Gm,,
QOGS == 2 ]_ 2 1
a a
G . 4
- —2(m1] + mzl)
a
uLLD 6.1 @ ML LeoraigeT GLomeLIMIHhEIeUsTed
GIDLIGID EBMTESLILIET FILL| LiedID QST EGLWIEOT FHTLIL Leo&e\gmleNletT Hlemawineorg
m, LoHmitd m,, LIS (b oS I6mL LITMSE] HEDLOWLD.
seflszefl HlemnsEnse uHeons OFTLTFsLIns m, =m, =m eeofléd
uredliyeter euonss Hlemm M — & &apHleormed LeTerf]
P uled iy yendems 6&Memsuilh (wemmuied - "o
(integration method) &evoTéEIL6dILD. E ., = _a—Z(i + j)
E0Y:) &l &&BMLGp 6.3 GmlliLy: QV6USLIT Ll Led urfllombmy)
(a) Hlemmaer m, HMID M, (PedHEUW X LHMID SEOTEMLOLIEWL-LISI Gm
y oEssallo wHuIOBHE o esTeneeaie E,,,~86" eeoodliy  —-  Goid
MEUSBLILIL (b6TET6DT. LIL GHled &ML LILIL (b6iTerm E.. ... @6 Slens spdlerafl 0 aeo)al EHEF: )
yeirerfl P ulleb il Leo&elgmley simevors. SieWOHGIETENH. g DbdHH L 6Ten  LLGHled
&M LOLGEDE!.
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B Fe0\(iH &I LigeoT, Lexl onmd eXluimpedr Gamerge

boner  gflwesflledr  milnfwed  yeorserfledr

FHeoTemioullement GMILIl(he.
OFTemeD6Y A SBIfSHBTD FFILL LGOI (&H6mMILLD.
eTeoT @6 giflwedr eNIM6dT L5 eLIGbSSID FFILIL
yeod Gewmeuns Sm&H&D. Hiless s
3Bs 2 aten LgevfledT 5& Q&FUWIEOLIGD FRTLILY
Yeold aiflaons QHéELD.

&flL1 LoetoTL_e0ID

| gl G(bLoLD

L Beme sybmed

(Gravitational Potential Energy)

Hlemeo SpOMed uUDBlw  SHSHL Swiniilwied
MG SIGHEOT EUMIHeT UDMID (LedT LML ralserfled
somierGammbd. Il elems @ PO
oo eflenswn@n. aarGa Qhs SpHMEd
IHOT 6XlensulledT Le0SHSIL 60T QSMLITLEML I FHTLIL|
Flemed SpHHMEmEd HTD LN60T UBLOND)| EUEHTUIEDD
Q\FLILIEOILD.
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UL 6.12 @ Hlemmaefleir QemL Gl
C1BTemED6Y LOMMILI(bSHED

m, LHMID 11, 6T60TD G FleWMEHET SHTIDLISHSHE0
r'egnemeele) o erenenr.  m,  HeDDWINETE
Flemeowine _eiTeng) 6T60Ta. [flemm m,, &3 1’ [Flemeoudled
Bwmhg r Hemesd 6.12 (a) @b &MilqujeTerLig
BHT5HS Ceuemed G\&ILILI BeuetoT(hLD.

Beop m, & Vlas Al asTemee) dr
aneus I eOmhg I +dr &@ (UL 6.12 (b) Qed
sMligujemenLiy) beisSs eeueflulledmhs Geuemed
QFLLIILL. Geuesor(bLD.
8 asAniw
TRBILIGED S

dW =E_.dr (6.21)

@5 Ceuemeowineorgl FILILNWIED eMenssdsd eTHans

Geuemed 19601  GUEHLOTM)

QFLIWILILIL (6T S)l. eTeor@eu FHTLILTIIEd 6Xlems

- - Gmm
E,|=|F|="—>5= (6:22)
r
FLO60TUIM(H 6.22 &3 6.21 6» LT Hlui
Gmm _ .
AW = ——r.dr (6.23)
r
dr =drt (6.24)
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=dW = Gm—;mzf.(dr ) (6.25)
r
(@h@ 7.7 = 1. gOETTDTED QI HI60E leusLI)
Gmm
AW = ———2dr (6.26)
r

' & BmhHa slHemen 1 & SLIb LTS QSIS

ownsHs BGeuemed

W= idW = j%dr (6.27)

@5 Geuemeo (W) wineorgy m, LOHMID 11, [HlemMS6T
weonGW 7 whmib 7' eFTeneele 2 eTenGuUNE
Sieueuemolifeor I [Hlemed  pmmedserfleot

Gaumun_enL SHEADS.

Flemeo 1. r > r ‘erevfled

rIdfwed eflems Qb SHauisdl aflems eredTLISTED
Hlemm m, [Hewm m, SHed HEUTLLGEDS).
ereorGeu [Hlewm m, g, 1 OBHE I E& HHISHS
eeueflliymSHedlmhHa Geuemeo Q&L Geuevoriqul
Coemer Bevemed. i@ SEMLILTETS SHEOTSHI
SHHMemeED 1565 Geuemed AFILIFMDE). sTeorGeu
eEwi’ L. Geuemed erfliSHGH LMD, &8 LLLD
6.13 (a) @60 SMLLLLIL(bETeTS).
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(b)

ULLD 613 GleusuGeum) Flemevsarfled FTLILwIED
allems aFlI5 CeauemenemiLl &HeooTHSIL 6D

fl&ey 2: r < 1’ erevfled

r OmhE T H& m, Hewpemw HETHS FHILIL
aemasne eadHanes Geuemed 6N Geuesor(hid.
eretGey  QeueflyDSHOmHs  GeuemeolmeTs)
QFwiLL Geuetor(hld. Sy&Geu aFLItILLL. Geuemed
CrirsEn wélliemull UNIEDE.

" Blemen SHDHMDEd LDITQ]IJIT(b“ eTeTLBS
Buiniwiedled (WeHSgHauDd 2 emLwigl. SHELTS
IO [HléDed SHDHMeMEd HETTE CUEDTIINIHS 6
ysnaLiererflemwt GaIHeSHbLGUMD

Sibg SpBMILI yaterf] ' = 00 (iqefled eT6dTe.

Bg601 LI FLo6TUN(D (6.28) 2_6iTenm ST60orLMibD
UGS &L SHGLD.

eTeoTG6

Gmm
—1 2.0
’

W=— (6.29)
r egneneveled Siemobhs Hlewm&HeT M, LOHMID
m,, 2_emL LI HemLoLIN6dT FRTLIL| [Fl6m6d SpDHMEDTETS),
Blemp m, Hlemeowins 2_eten@Gug), Hlemwm m,eme
wefleond asmemeoeNedlrhe r OFHTEmEDEY
Q&MetoT(h 6UT 6\FILIS BeuemeddE &LOID 6T6dT [HLD
6UEMTWIM)&HSE0MD Hh&HGeu FHTLIL [Flemed Sphbmed

U (r) —_ Gm,m, 6T60T GMISHSLILBbIMG).
r
r 6zTenevelled SemobHs Hlemma6T 11, LHMID
m, ©_emL I SiemoLINedr FHTLIL [Elemed SpDMEDTEDTS),
wueieons esmemee)] HMID r OBTeneoeled b

2160% 6 FFldwed (GRAVITATION)

10-09-2018 14:34.03



®

www.tntextbooks.in

Hlemmaerfledr siemoli] 2 emen@uig  QUDMI6TeN
LY Blemed Spmmedserfledr GeumumigneE &Ll
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ayeormeb @i U (OO) =0 ereo1 y@MILIL6TeTlemUI
BT CaIHOSbSHE 2 e6TEanibD.

FIlY  Hlemed  SpMmeoneTdH  STLIELIM(RSID
eTdlis &l WS aumb. aaetefled (Wwigeeons
615Teme06ledHHE Hlemmaer (16mLoL1LY)
6ETEMMEILITEITM)| CLOZIENTS GBS eUHLLEUTS
SiemLoLiLimed Geuemed AFLLIILIGLEA DS

FILY Hlemed Spmhmed U(r) 60T SIDE &I°60
(Joule). Goayd @& 6BG&HEOMT SiaT6Y SpGLD. FHILIY
Flemed  SpHMeEONETH HedMEHEMETUID SEUDMISHE
B@emL Guiimeor OFMeme06elemevTD FMIHSE.

yefluieor UTLLY&S SiHEas FFTLILY
flemeo SpMHmed

yellufedlpibgl h 2w sHihE Osmetorh 61&6060LILIL L
Hlewm m @ed Hlewed SpHMEL 'mgh' (UL 6.14)
GelisaLILL(beTeng 6TITLEDS Si0E 4 Qe
amseorGeu eXleun s gieTGenid.

uLID 6.14 LelemwisHeOlmha r OgTemeoeied
MEUSBLILIL(bETE [Hlemm

FIOY  [Hlemed  Sphmed

auHIGLILD F[HEN&HE&EDLD.
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sie0® 6 mriiwed (GRAVITATION)

UNIT-6(XI-Physics_Vol-2)_Tamilindd 15

yelemowsHedmha 1 egnemeoeied 2 _sier
Blewp m womd yelemwup GCsTssE 6B
SiMIOLILITSS &([HEIGeUMLD.

@b siemolifeor FTLIL [Flemed SHMHmed

GM m
= (6.30)

@@ r =R + h Goaub R yeiluleor 4mib S@&ib.

(6.31)

&oeoTUM(b (6.31) & MmN &pseesoreunm) Lommifl
SIEDLOEHEDLD.

Mm

4

R, (1+h/R,)

il (1+h/R, )_1 (6.32)

@@ h<< R ereorGeu

FDILY CahmsHems (Binomial theorem) LwiedTLIbS &)
aflifleyunbsd Wty 2w SibsHE ML &HeneT
Lm&&600{|$SIT6D, [HITLD EILIMIeUS)

M
U= ik (6.33)
R R
yeludlesr Lmiifled Hlemm m 2 _emen@GLITE),
M
G 2 = mgR, (6.34)
6T60TLIS)| HTLD SIBIHSES.

FLo60TUM(H 6.34 £ 6.33 @6 T HludL

U =-mgR, + mgh (6.35)
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Gm&HetorL. &eTunlqed (WwaeHeoBamemeu (first
term) 2 _wimb h g sMIHSE Si6DED. 2_FNTEOUIONS,
h, 2 wrddleo mbg h, 2 wWIsHHG ewnmer
6T(bSSIF QFELEOLILILEIDE) 6T60TS.

h, 2_wirgHled il Hlemed SHHmed

U(h,)=-mgR, +mgh, (6.36)

h, 2_wim&dled FrTLIL Flemed SpmHmed

U(h,)=-mgR, +mgh,

h womw h, @ewLGw il Hleme SHHMEd
Geumump

(6.37)

U(h,)-U(h)=mg(h,—h). (638)

goetune 6.36 omib 6.37-6 2 eter MER,
Gamemey, FHTLIL| [Fl6m6d ShMHMeED LOMMILIN(H &TevorLISed
LOTHDSEDSULD
eTe0T@6u &loedTUM(h 6.35 6 (PHed BoHMmemeuemiL!
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'm @éd FRTLIL [Flemed Shmmeons GailésLILL (b6t ).
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(i) WS em&ey (Volume stress)
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616018 GSMISHSBLILGLD STHD(IRSSHID JHSLD. NG| SHL6D
LSS0 STHM| LDETITLOSHS60T Si(RSHSID 6T60T
UEMTILIMIGSLILIGLEDS. SiHTeug), 1 atm = 1013 x
10° Pa or Nm™? sipsssemasd sein Cam S
LI6OOTLIETEYS6MMe0T  SILTSHS  ohmId  QUULTSHE
yFlwenauid umitorasefler Guievenu eleurflss
LIWLIED)I6T6MS TS 26660t

umiosSleor LTSS

65 UMLDSHE0T SLTSHS 6TeITLSH ST 6TE0E
LICBLOED)I&SHTEDT [HledMm 6T60T eUemTUIMISSLILILEDSI.
V' LIBLO6m60TE Q\&M600T(h M IHlemMIL6TET LITILILO SaledT
SILTSS p =m/V. @getr Sl S0 LmHmD Lirfliomevord
weopBw kgm”® wpmd [MLT] &b, S8
& CriseD wWwdllyerer evEsHeI SieTaum@LD.
GLEBLUTEID FHlreud SpssiuL. Suieons 6eTm)
GTEUTLISHTEL SMTOHM(RSSSHL (1 atm Si(RSSHSHed)
T SLISHF anHSem»DW LMl  SpGLD.
aIMLES6Tl) SH(RSSHHWSE FMIHEH LT HSHs6rled
LOTMILIM(h&6T ©_6ITeI6oT.

euuULTSF (Relative density or specific gravity):
& eunmefledl QUULISS eTeiTug  SibSLI
ewn(perfleor LT 5 EHEID 4°C ed Bifleor
ALTSHEGD BemL B 2 _dter  efldlsb  ereor
QIDILNIGSILGEDS. @& 6 uflomesononm
Gris@M wdllyerer  60@HOT  SETEUMGLD.
©_SMT6T0TLONS, IS & &S 60T SIL [T H&13.6 x10°kgm>.
3 -3
SiB6T QUL 54 13.6x10°kgm _

13.6.
1.0x10°kgm™>

ThEHHESTLDH 7.6

® SHleoonosGamend 1.5 cm I 0.038 kg
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QUL TSHemIIs SH0oTEHS(be
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Gamengdleor b R = 1.5 cm
Hlemm m = 0.038 kg

4
GanensgHledr LHL6T V= 3 niR?

=§ x(3.14)x(1.5x102)* = 1.413 x 10°m
ereorGel, SILTSHF)

~m__ 0.038kg
Py T 1a3x10
areor@en, GamensSHHer GULILTSHH
2690
==

Qs> o_aran

UMLLDSFIDLIS S 60TITED Si(SHSLD

=2690kgm™’

2.69

LD6W6DLE 8 6T MILD 66 Lo6w e BIDHD 65T ©_WITSHemSLl
OUMTMISSH STHIETT SH(IRSHHID GSEMMEUDS 2_600TT
Buipid. Hésed GendHHDd GHSGD QBT
Biiuriyse SCp  Syons  eFeIbEUNTE
Bifledr  2upssd sdeflliLens 2 evorTED.
@b 8w Crieyseflgud, weweGWHD 6fmT
b BEsed ST eTHTOBTETOTL SH(RSSIOMEOTS
Hlemeowimed o _eter  UMLwhi&efleor B  Hlemed
sipssoned. Bifler  ppsemsl  QUTDISS
Si(RSHSID aiglaflliuengL yifibg1esmeierm
2 _(ewen eugelled 2 6em A GMISGSOGULbLILITLIL
esnevorL B wrdHiflewwd SHES. ULD 7.10 (1)
@6 emlquetereunn h oD h, eTebLeme
weopGuw 2 mewerulledT WLLWD 1 wOMID 2
pdwemeuser smHMI— BT QewLliLGHuldmhal
2 66 SHLPMhIGET 6T60TS. WLLLD 1 Q6D QFUIEOLI(bLD
EpCrpredl elems F - ereorayd GoedEmmédu
eflews F, erereyd osners. ereor@eu F = P A
wiomip F =P A

157 onHflufledr Hlemm m 616016 H(H&1%. FLoFlemeouled
awngs GuoaGrréaiu ellens (F) aperg owonss
EpGreAw  eflemswned (F, + mg), &wedr
eFLwLpbHDE. IoTs, SPEHTHE QFWEOLIHLD
yefuSiiy efemewneorg) efensuiiest Geumune F, -

(7.15)

F| aped g6t esiwiiubAng!.

F,-F=mg=F,
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@hi@ m ereorug) ndliflufed 2 eiter Bifledr Hlemm.
Bifleor SLTSHE P erevfled, wnliflufled o eirem Hrfledr
1blemm

m=pV =pA (h-h)
V=A (h,-h))

F2

Fg=mg

Fy

LLLD 710 (&) Hlemeoulmeot LML S&Hl6d
Forhlemeouiled 2_6Ter SiFHedT 6Xl6m & IHL 60T
Suquury (A) esmesorparer Hifleot LomS.

ereor@eu LeuSily eflems
F.=pA(h,-h)g
W @et1 oglliemu goeituch (7.15) Sed NrHlull

F=F+mg= PA=PA+pA(h-h)g

@ ynsaflaud A g Bés
P,=P +p(h,-h)g (7.16)
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P=P +pgh (7.17)
@561 aUNHeTTeTS, h SpSHed 2_6iTem SH(PSHSLD
Bifleor  Gopumiuied o eten  S(RSSSMS &L
SFHHIOMEGLD. Db Pa ETE0TLIS) STHM(RSSID LOHMILD
21560t gy 1.013 x 10° Pa gy@io.
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A pmib B eTédim 6e0TMIL 60T 660TM)| SHlemL Lo L&
GSLPMILITED Bemevt1sHHLILL(H Sloaussned
Briutiu’e. @ 2 (HemeTHemeTd QSTeToT(beTenS)
(UL 7.12) sieubilgyet A wpnib A, (A, > A)
GNISHSEULGLULTLILSET  QSMetor 2 _Fmileunm
YL edT&6iT ILIMIBSSLILIL_(beiTerent. S LeroLevfledT
bg SpCEHMeEAL efems F 6saudHsiLbeusTesd
eanecoiLied @bs evLeube &S 2 eten
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flreusdletr ipszp P 6T60Tm
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uTLUCLIGEDS). ereorGeu LevLeir B — @6t 1581 6
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Al Al
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2
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alib® QETONGD. Siewel LOGHEME 6Te0TeOMLD.
umiogHleor Ged WLLMBISEHSES 2 WITéleirn
Si6bedg  umiogSleor  Cooumglified Heweoss
DG @ eunmefler Seremo LG50 6reor
EUEDTWIMSHSLILIGEDE). "Qun@aﬂst e LuGH
SLbeouwngesiug Sreusden etemL, OLMHerfleor
GT6mL&G FLOLDMEUTTED SbGLI OLIMIHET AHHHT6USHSHl6D
OBSSLD 6T60TLIS) LB SS60 eNHILIMESLD.

o _gngevorons, 300 kg eremLwemen (MSSTL
3000 N) Q@ lISsTeONeT EuUTEHeT [Hifled
Bas@EUTE 300 kg (a@mdsny 3000 N) Bewr
@LboLwTE sLSDE).

LICHLOED)ISS SLOLOMS 26T S, LDHMILD CLPLDSAIL

6 ewIm(BeT LOSHSMED
SLibewihs

L@Bo60T  elpdlw  eumperfledr

LML & & 60T

ewnpefleor Lboeofledr el GWIMherfleor
315 WssGD uminsSler SiTHemwi
OUNhSS RUULTSH6S
2 _snyevonons 0.9 g cm” SIS esmevor
LTSI
6\&mesorL &t Hifled WISHSTeD, Hifled epLpai
ewmperfleor

FLOLDM&LD.
QM ueflésiy 1.0 gocm?

LipLoeofledT &5688L0M60T S

09gcm™’
———x100% =90% .
1.0gem

ommns, 9165 ueflaasllg

1.3 gcm?,

SLTHH 6&metor &Led HBifled 1OSHSTED,

sLed [Hifled cwpdlw ewneperfledr LibLoevfledT
0.9gcm™

saeiisloneorg ——— x100% = 69.23 %
1.3gcm

pL_(bGLD.

TOHHSSTLDH 7.8

QW LISsTener &er gD BHifled 300 g
Fleopemit oigeor  GomuGHulledr  emolwgHHled
SMRIGHDE. HlemdmWImeoT s
&E0T FHOD 3 CcM 2 WIBHDE. HEOTFHITHSH 60T

B&H&ILLLTED,

LI(BLO6MEDTS &H600TSHE(b.
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HEVTEHITSHS60T QEUOEUTIH LISSH(LPLD | erétr®. 3 cm
HPSHHDGS SHETEHITLD HITLILID LICHLOEDT

V=3cm) x > = 3Pcm?
55560 NS

Vpg=mg= Vp=m
= (3P x 10°m) x (1000 kgrn?)=300 x 10 kg
2 300x10°°

© 3%102x1000
[=10%x102%2m=10cm

m* =1 =100x10"*m’

ereoTGeu HevTEZHITSHSl60r LiHLoedT V = [° = 1000 cm?
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F =61 rv (7.23)

8o FNLIY 6vBLTé 6l ereurliLi(hiD.
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ealiusengl CuretGn Geuemedw|d &I SieTey
SIEVED. SiF| HMHMemed LFomHMID 6(H EFWIEDMELD.
TGy @msLeunmer oiHls  Geuemenemulll
UDMETENS IVEVE GemDHS GeuemevemLLILI

euUDHMI6TETS) Bumedtm GUMEALIMIHEmEITL
LIWLI6OTLICh S & B LITEl.
siemolly, &GWedledT 158 QM CeouemeemiE

O5IE SFGHOMNIHES SBPDOEMED AODID EFLILD
Si6be0G &Lped, SiemoLINedT 158 65 GeuemevemiL
slg, o1h® SemLllDG SHODEMED LTHMLD
e, eTeor@eu 6@H QNHaflEdlHE LLHEDNIH
LNHEHHE (Ceuemed  CPOWTS  HHNHMENED
LIHNIEUSDHES sieuefretorh GILIM(H6TE@GBLD
eeueuGeum QeuliLflemeouies QmeHs Geuevongul
SieuFLILOED6mED.

eeuliLflemeouiedr 2 L &[mSHa!

G16ULILITHl6060 6T60TLISI I EEITTE0TI60T g5 (b S8 60TEMLD

316060 G| &eiflT HSH60TemLO6MIUIS GSMLILSTSLD.
gLMS 2 6Tem  GLNIHeleTTeTH60T  GeuLILIBlened
2 wihg wHlemul UDMHSSWL. &metorh

euNmeTHeT  Qeuliug  eFTLIIed 2 smemGug)
SIemEUSHEHSHSHemL G QeulILgSHeor
Semaenin eauiLBlened SiomellsSma).

UMb

eeuliuflemeoulledr Sl sie0@ G1&ebeleT (K).

ey ety Sussealwelgid RSP 0
aunyésefler Qusseiln asmeTend 6ol e,
[BITLD 6T[h S BevuTéH &b LI BLITE), AeuliLflene0emiL
aseveler Siendled L (HGL LWesTLI(hSS Geuetor(bld

BemL(penmuiled 61Fe0dltsn ('C) LoHMILD &eLIMT 6ot
(°F) eT60TD Si6MEYSHET LILIEOTLI(hSSLILIHE6OTME0T.
eeuliuhlemeolonevflemwid e&mevory (Thermometer)
eunmerfledr eeuliLBleneDemIL SHEMHSHMILIEDMLD.

siLLeuenetor 8.1 86 b QeuliLflened Siemellbbd
(emnuiedlpha LHEDTH eeuliLblened iemelihld
(PMDES LOMHMICUSNSTET HETTSSL (b (LEDMESEIT
Q\BM(bSHSLILIL(bETETEDT.

u@LIeLnpefledT QeulILILILIGOOTLS6T:

LM 6, smieven 6is)

LHMID HededlwiedL] eumy elFH:
LUBloeoT V'  61&ITevOTL.  61BITETdeventleD  (&6mmibs
SPSSSSI6D (ILTSS]) 2_6ltar 6umL) 6evTmlewentss
e&metorty  [HIBWSSILLL  B&nsemeonedlibh S/
LIl60T6U(IBLD (LPLQ 66T Bl6tDL & HI60TM6DT.

= ompn  eeuliublemeouleerer  eumu|  6edTM60T

Si(RSSID, SIG60T LI(BLOED)IEE

1
adlieflelssdle0lme@L [P“;]. 86060t

Srmuil  umuied (Robert eTedTLGUT

(1627-1691) &evorLmIbsmT. eTeor@eu Seield

Boyle)

urmufebeldl ereor SemLP&SBLILILIMS).

siLLauenettr 8.1 Galiuflemeoemwl @ Seredlpld (Wenpuledlmha WLHODTM Serelbd (PedM&HE

LOADHMIEUSDHETEDT EULSILPEDM

SiaTel(bld (MM 056061607 (PEOMES aserelleT (PemmUIENHHE! LMD (PEPNEHES
DAy K=°C +273.15 °C=K-273.15

uMTeoTeiSL K=(°F + 459.67)+1.8 °F=(K x 1.8)-459.67

Siemed(bld (LpemM uNTedTeNL. (LLemM&E unrestaL (PenmuledlBba LHD (PeDMEHE
aFebdLIen °F=(1.8 x °C) + 32 °C=(°F-32)-1.8

Siemelhid (Pemm QEEAILIED (PEODEHE aseailet enmuledlbibE) LMD (LEDMEE
LITTeTemL °C=(°F -32)+1.8 °F = (1.8 x °C) + 32
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Buevorh HeollHS SiemLoLILBH6T

LLLD 8.2 mebedlwedL| eurm eXid

P,2VT,2N

o o o
52 o S0 00058
o 05%0

ool

ompn SRSSSHOmHE  eumy  6edTmledT
LIBLO60T, SiB60T GleULILBlemend @  (e1&60eleor)

Grissaeledmé@. V oc T

B GgemenT KndHev Fmievevy (Jacques Charles)
(1743'823) eredTU6UT HeOOTLMIHSMT. 6T60TG6U
Beued anieoeved)
SIMP&SLILIBLHD S Seuerevorch 6XH&emermLid

eT60TM)

&eTHlemeTSGSIOEUTSE  LN6iTEUIHD  FLOGITLIMD
HemLH@SLD.

PV = CT @@ C erédtugy) Grisbe&m) 6\smesor
LoMMledILIMGLD.

8y Crisen el C asmeTseeuflaser
&156156il60T 6T6v0T6E00(H6m&HSHE ChiTeldlssHed
Bm&E@ID eeuemd LledTeuhlo 6Xleunsddleort
clpeOlD SIMIWIEOMD. &S LHL6NT V, SH(RSSLD
P womp eelublene T, esmeor  eCT
6UEMSHITE0T GUITLL|6UITED BeveiTevorh
QBMETHEDETH@GBLD  HITLILILILL (H6TETE0T  6T60TE.
Bretoih  6O&HMETHEDEIIID . _6Tem  euMuy
BGwBe GO peter PV =
FLOGOTUMIq60TLIG.  QFWIEDLI(HLD.

CT eretim
8euefiTevorh
H601|SHSHE0IIUITEIT  E\HMETHEDEMETD LLLD 8.2
860 sMlqueTeneumn  @GCT  SiemOLILINGS
sblemned sieueumelledr SiPSHSD LHMID
eauliLflemed 6GT HIITNemeuTl ALIMID SyeoTmed
LLOsDID WHmIb  euliLflemed  Siseserfleor

6T600T600 1S EmBILD ET600T(H LOLMBISTESLD.
2&B6u eumuelledT LighLo60T 2V LomMmILD &igeTaerfledr
erevoTennlBema 2C. ereor(@eu  hEDEOILIED 6UMW|E
PQ2V)

=2C. @&swetun HOEHS
Cri&GH

FLOGOTLIM(h
2_600TT HEIEUSI

G

GTEOTEOTE6UEDTMITED
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®

omfled) C &evoriqliLng eumweXleieTen &is6mserfleor
6T60oTe00 IHemBemI  FMIHHHHSID  GTEOTLSHTELD.
14%

Guaub Bsetr uifllomesornd =JK' @ms

Crirsem e C & sisenserfler eretoreofl&Hemns
(N) ufledr Kk LoL T8 6TeuT 6T(Lp&He0MLD. @@ k eTevTLIg
ewng) ommledliimeor GLITELL6ELO60T LomuSledm@LD.

(1.381x102 JK1)

OLUMEINTS (H HELEOILIEOL| EUME SLOEDTLITL 6mL
Lle0TeHLOTM) 6T(LRSEDMLD.

PV = NkT (84)

g6tk (8.1) & GnevserfleT SiqliLienLuleid
6T(LRSHe0NLD.
Q60T

&5H6MSH6maILI

euy u GLomedaelt G\ SHTE0OTL.
eupMlBHSTEL,  SicueumelaiaTerm
QIO &S S &8 6M 6l 60T

6T600T600f 15 6m SHEmLL
HedTeupLonm) &L eormib.

N e

@i N, ereo1Lg) Sieusm_ G etevor (6.023 x10%mol”)
SHGD. setunp (82) & 2 etem N Seor
wllemu (81) ev NrHulpdoGung PV = u N, kT
gesHlemL &G, i@ N,k=R etediug 6wng)

N=uN,

eumuommled]l 6T60T SMPSHSLILHLD. ESHe0T oSl
8.314 J /mol. K.

eTeorG6 L BLomed \&meToTL IhebEOILIGOL] 62ITlL| 660TNl60T
6UMLE SLOEOTLIML 6mL LI60TEUIHLOMM)| 6T(LRSHEDITLD.

PV = uRT

(8.3)
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BFsetuniahE& HebEOILIEDL eumujeXleor

flemeo&aioeotny  [equation of state] eredtmy
euwy. @é&swetunep  swflemeoulleser Qi
Buisseilied Siemoli 666 SiPSSID, LITHLO6T
LoHMID QETMIL 60T 660TM)

OBMLILLbSSIEDE.

TOHHSSTLB 8.2

8 km egmemenelledlpihg Lodleuetonquiledr eLpedLD

QauILBlemeDemIL

ueTefls@ eu@plo Lomevorelulledr, Ldlevevoriquieot
sHEHISHH0T SMOHMRSHD 27°C @b 240 kPa.
SibLomevoredl Leiterflemu SIEMLIHGHEYL 60T
FH5T5HFH 601 alILBlened 39°C erevfled &&H5T &) 60T

SMHN(RSSSH 0T L FHIILle6E0TS SHM6ToTs.

Siey:

FHHIHH0 266

STHMlemeoT  HELEOILIEL|
QUMLEUMES SHIHSIEOTTED, UM CLPEOSHEn MIS6rTleT
6T600TEU0&HEMBUID FEHHTSIH0T LoD Srbid
omiledlwin@Lb. eTeor@eu 27°C QeuliLblemeoullayieitern
eurn eipendanmise PV, = Nk T, @eol s eumyé
FLoeoTUMLemL b, 39 °C aleuliLiflemeoullanieTer e
apedannaeer PV, = NKT, ereorm @eoldlw
EUMLF FLOGOTUIML 6mL|LD [Hlemme)] G\Fu|LD.

@he T, woomib T, eeotug esedeledr

GleuLILElemeD Sh@&LD. HTLD SIMIHSLILG

V.=V,=V
PV NKT,
PV  NKI,
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AL
P I
T.
P,=—2P,
1
12K
P = 2R 40 %10° Pa = 249.6kPa
300K

ThHHEHSTLH 8.3

37°C 2_Lé6d aauliuflemediemL i oeflHaTmHeul
seaundleeoCung, Seufler meoguiredlsd 5.5
OllLT &mpm 1 euafl eTOTLED Si(RSHSHSHSHE0
(latm=101kPa) o _em@er 656d&ME. Lo6vfBIT 60T
miemruiTedled 2_6ier S SHerieg6dT cLeD&&n Mm)derfleoT
6T600T600 15 6m &H6mLIS H600THE(bS. (GSMILIL: HTHI6d
21% 561019601 2_6iT6NS).)

V=55L

P =101 kPa
T=310K

Siey:

miemTuimedled o efTem  SMHemDH 6T  HedEdILIEDL|
6UML|EUTSHS &([H ), IHEDEOILIEOL| EUMLE FLOEOTLIML 6mL L
LILIedTLI(h S
6T600T600T 1560 &H6MWIE &600TSHEIL 6DMLD.

ey CLPEDE: M) SH6TTl60T

PV = NKT

JO)AE) 60l Lifled
E&Mb&SSLILIL(beTeng). 65 O LT eredtug 10 cm

eumujeXleor LIBLO6DT

L& Si66) ESHMTE0TL. SHETFSHITSH QSHTeT &e06vfler

LIFLOED)ISEF SLoLD eTeoT6,

5
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1ol = 10cm x 10cm x 10cm = 10-3 m?

_ PV 1.01x10°Pax5.5x107°m’
KT~ 1.38x10%JK*x310K

N =1.29%10% cpeoéanmiser

N wgdliled 21%
S&6101QEIT CLPEDSHER MISEMTELD. 6T60TG6U CIOMSHS

&HEU0TSHSHILLILIL L INGIET
S&610QE0T CLPEDE:Fin. M) SH6ITl60T 6TETOTET0 18608
21
=129 x10® x —
100
S &6101Q60T CLPEDE:Fn. M) SH6ITl60T 6TE00TETD 18608
= 2.7 x 10% apenésen mget

TOHHESTLD 8.4

& Gmed seneyeten aCHEID 6H eumeledT
LITHLO6WEDT LG SET Q6ULILIEIEn6D LoHMILD Si(RSSHSHSHI6D
(STP) &nevore. Guoeid 6%  Pe0&En MiserleoT

LBLoemeT SiemmealiLiflemed (300 K) opmib 6
6uarfl LOGTOTL 60 Si(1R&SHSHSHIED (1 atm) &6v0TSEhe:.

Siey

UgSHST  GeuluBlened  LOHMID  SH(RSSHSH6,

aeuliuflemeo (T =273K oiebeog 0°C) ommid

3i(p&sId (P =1 atm ai6beog 101.3 kPa)

IH6DEOILIEOL] GUMW|EFSLOEOTUIML 60L IO AE;)
L URT

LwedTL(bS&IbEUTE V :T.

@hue u =1 mol wbHmb R =8.314 J/molK.

@b llisemer seotUMLLqeD LT SlulpoGurs)

J
) (Imol)8.314 - K)(273K)

1.013x10°Nm™
=22.4x10°m?

BMb aMibsulg 1 eOlLF (L) = 103 m?3.

850mhsl 1
hedEdIWIeDL] eumeNledr LIfHLoedT 22.4 6O LIT eTe0r

Gomed  Siemey6TeT  6THS 6B

IHMLD SIh&| E\G&METETEDILD.
siemp eeuliufleneoulsd & Gomed SieTeyeier

eumujeXleor
300K

273K
&H600TSHE|(HLOBLINE), eumyeledT LHLo6dT 24.6 60ILIT

L(BLOEmEITHSMe0T 224 60l L 6w

)0  OLHSHS (Geuetor(hd.  Sieueumm)

GTE0TH S ML EHELD.

z
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TOHHEHSTLDH 8.5

2 6015l euGLILEmDUTEd 26T STHNfledt Hlemmemwt
Bweby eauuflemed WOHMID SH(PSHSSHHe0 (NTP)
&S00S (bS. Bk Swied aeulLblened eTeiTLS)
Siemp  QeuliLfleneoenuwiuid, Suied SiRSHSID
6TE0TLIS 65 66Tl LO6TITL 6D Si(RSHSHSHemS (1 atm)
G&M&HGSLD.

Siiey

aeLuemD geleor sonafl Sene] (WenmGW
6m 6D, 5 m SiHE0D WHMID 4 M 2 _WITLONGLD.
ereoT@eu SiemmufedT LEhoedr V = 6 X 5 X 4 =
120 m’ gy@lb. @lupLoesiled 2_aem GLomebaserfleot
6T600T600( 1 6m&HEmLIS HevoTHSIL B6U6TT(bLD.

siemm  GleuliLBlemeoulenster (300K) e Glomed
eumyeledT LiBLO6DT 24.6 60 L. eTeoTG6,

CLPE0S& 8. MN)|S6ITl60T 6T6v0T6T0f&H6m e
120m’

== ~4878 mol.
H 24.6x10°m’

smoled 21% p&erdlegett, 78% ewBLITER60T LOHMILD
1% oyisnedr, enenLTmedT, afedwid HMID
615 eoTe0T BLITEDTM 6UMLSEEITl60T SHED6M6N 2 _6TETE).
sMOMledT censHsnm| Hlewm 29 gmol! ereorGeu
siemmuiled 2 _eiter &MMfledT GUOMTSHS Hleom 11 =
4878 x 29 = 141.4 kg o4&b.

Qauliu erbySSmeir oHID
Semeaeuliu emysHlmedr (Heat capacity and
specific heat capacity)

27°C eeuliuflemeoulayeiem B LHMID 6T6v0TEm6T0T

SeuefiTetoremLud &0 SieTefled 6T(hSSISEHTETTT(H
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50°C aeulILblemenemiL SlemLU|LD 6UemT

i L euemeor 8.2 led GILIME|6UT60T ILIMIBETE6rl60T

BeueiTetoremL LD QeULILIILI(bSSEYLD. 50°C BeTeRIL EHLSHDE (20°C AauILIBene HmID

ARUILBMEODWL  SEDLABHETDT  GHISmBS 1atm Si&&5S )

6ofl5560f13 600T D. euelevor . . . .. .
& g’g’ .u_| .as .LD] u_|e1!u> e U ® ewngper H60T eIl erhLSEmedt (Jkg K1)
CromiseEsd  HEswD Qe  BIHSSTE. .
aTevoremevonujL 60T @UilpCGurg BT oifls &bl LS0:2)
GrIsems 6(bsGISasTeTEHD. @FHeO\mha 50°C FFLID 130
eeuliuflemedemil  SIeMLUI  6T600Tem60oTemLLIEL SHMOTLD 390
Bhé6® 21Hs eauiub GHeme ereTLemS [HILD Bmiby (6753) 450
amflweomd. @UGung @petory WLkG Hiflemeor I — —
IbSHEIEESN6TOIh SiHedT  eeulublemed  50°C .

. e . . Sileflid 900
SieMLIIDUEmT GULILILILIbSSH Siemaneor GhIHems
SeoorL M bGLTS), 218 en&erGeu sevorL L weofly 2 Led 3470
CrrsemsliGureTn SwLhens SrELuenswD 131§ 4186
THITLD SIMILLIGDITLD.
QEML&SIUTL  euneflst  eeuiuflene, T : eeuil  ebUSHIMEST  SieDE0I
wedlha T + AT ovs 2 wiids Gsemeulipbd SETOCULL GIDLSSIMEDT  GTEITLIS]

eaLSHeT SeTBer 66Ul aPUSSHDET  ereor eunetsefle  ewLTElbgieer

QeUILSHleT SieTemeud GSMILILEmE  SI6DED.

EUEDTWIMSHSBLILIGEDS).
gIe16oTenfled  GleULILID  eTeOTLSHI 2 Wi  Gleulil
QeulL gpLSSmer S = aQ Beweoulgeer  AUTGETEOEHS  SePDHS
AT QeulBlemed o _6Tem  OLMIBEHHE LMD
om HGeondamd  HlewmujemLul  aumwerfler 6@ uflombm Sphmeon@L. ereorGeu Gl
ealliufleneemul & 6sHeesr Sieveg 1°C anLSHMEIT  eTOTLEMSENL %  SHOMED
2 Wiss GCoewmeullibd GeuliLsHeor SenGey, anysHmeor ereoT@s  SflwmenT  LISHLOMTGSLD
SHE0TE6ULILI eTDLSSHMEIT 6T60T 6UEMTWIMISSLILILSME. | apeoed QBGBRIGTEIONS  EEUEMTT HEMSHHET
UPEHSHHED 2_6TeNSNed Sieunemn g Gl
AQ =m sAT . .. .
[HLD LILLIGOTLI(hS IS EMILD.
1({AQ
ereor@6Y, s= —| ——
m|( AT
@@ s eetug  eun@pefledt  HeTeeuLIL . ’ eCr  HenmuyenLw
apuspemen. @ser L aurmefler UL~ gneime  GeueiGeum
HEOTEmLDEMWF FMITHHBHWIEOTN Si6MTem6U FMIHSHEED. v Opfuyor? QU @6 & e 6

-

o o QG efipsHled
= QleULILSSle0T 66 OaUlILNILbSEIDBLNG), GEODhHE SHeoTeeUIL

AT= QauliLBlemed omHMID anysSmenienLw aunefler eeuliLblemnen

Geusones  siflefleEn.  @CsGumedtm)
m = eunEerleor Elenm seunenn  Gaflfels@0LEUTEID, GeMHS
seTeelil  eaDUSSDEIEDLUI  QLITIHET

GeuaLond @erflifeuemLD

U o — "
KASYEA
eoreleuliL ermySSmenfledr Sl 2ie0& ] kg! K Sp@&lb.

el  abUSHDeDT, ST Qeulil  enySHMesT

B@revoTbDCHITSHGSD] C1STEOITL. SIBTEYSHET Sh@SLD.

S’ Leenetnr (8.2) Beb wmihsl Hifledr HeoTeeuliL opflweond.  @se0T  HNTEOULONSHSSMEOT  LOl6OT
anysSmedt U@ WFHlemUll  UDMIeTETENS 2 Husd HemEOWhGET HDID TS
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o emensaflaud Hiflemeor @eaflepliquins (Coolant)
LIWIedTLI(b S &I EmLD.

aumy&sefledT  Letorysemenliunml  Lig&S@S0EUTE),
LSS meot
(molar specific heat capacity) BemL(wemmuied
LIW6OTLIGSSLILIGb S &l.
SHE0TE\6ULILI eTDL|SH S MEm 60T Ll6OTEUTHLO M) 6UEMITULIENM

Guomeom (cped&HEnml)  HeoTeleuLiL

GromeomT (eLpe0& 8 M))

esweond. 6@ Gomed Siemeyeiem  GLIMHeIfleoT

eeuliLflemevemi 1K Sieveng) 1°C 2 WwITSH5IeusnN&S
SHHmE5leoT

SeTeeUIL eSS meoT

6TeoTLILIbLD. BFH6m60TLl Ll6dTEUBLOMM) 6T(LRSEDMLD.
1{A

c- 1|29
UlAT

@i C eredtug eunperfleor GLomeom (cLpeos&n mi)

seoreellil  gnysHnements GSHGSHME. Geid
U eredTug OUNBETle) 2 6T  (LPeD&HEn MsarleoT

GaemaliLi(hld QeI sien@eu

Guomeom (eL6ed&8nm))

BLormeDd 6T6tuT6Eu0fHemHEmILSH GSMISGESLD.
GlomeomT (ceéanmI) SeTaeulill  ehLSHmenfledr

sie0@ | mol! K! g@b. @sen e Crissn
G\BITEO0TL. SIGTEUMELD.

gL, lmeu HMID eum&a6rfledr
eeuliu efiifley

eeuliLblemed  LOMMHMESSleoTTED eILTyperTSeleor
62196210, LYTLIL] LoMMILD LIHLo6vTIe)d ermLihld ommmGLo

6l6uLIL 6Xlifl6) eTevTLILICHLD.

ewun@peTserfledr cedTm) [Hlemed& @b (FHIL, Hlmeu
HMID eumy) eeulILILbSSIDEUTE eXifleuemLb.
SILLeWLINIHeeTTeTemm QeulILILIbS&ILGLITS)
SIFHE0T JV)SEHET SHeUDMIE0T FLorblemedLi LsiTarflemut
ounmss Geusons  siflieuemL&ledtmet. LLHMD
QLINH6T&HEBL 60T LI BLITS) L LIeWITHeTH6rleoT
SiaT6led erMLILD LOMHMILD &6mMEUTE0THTGSLD. QTuied
66t S6rfledT EBLILLILTenSS6rled oo L rhiserled
ANl BemLeeuafl LU Iq[H&HSLID. a6leTenfled
GamemL &mevralserfled SrpLLLiLmeng eXlifleusmL .
sieeumn  Geuluflemed  omHraisefleTGLITS)
erm
euemasUied Lmeoraiserflepid, SlLliLTengseflein

ereflanes  elfleuemLweyDd, SHRISEUD
efiflevemLiyb Qemevorliyser UL (8.3) &ed
2_6iTeme)Tm)| STToTLILICHLD.

ellems,

Sreursiserfleor CLOEDE Fn.MlemL

FLueunpenasefledt  cpedHanmlenL  ellemgemiul
alLs Gemmeuns SpHGD. et Sieme
FLiounpetsenerell. Siflawns  eifleuemLiyD.
8nhs ungI&
eeuliLflemeolomenf] O1&FWEOLIbEDS).

uevorliledr  SiqliLemLuledsmeoT

eury CLPEDE: B )| SHEM6ITL OILIM[HSHS6UDT

Sieummiledt CPe0&HFn MemLeXlema HLSLL
Un&seotflb@ SiemelBenBu Smé@. ereor@eu
siemer  FlLleunpersemenedl  We  Siflans
efifleuenLwD. CILSSHISGHT LTS gLT6OT STHD)
SIMLESBLILIL(b6TET  LigmetTaerfled 2 _eTem  &MHm)
CPEDEEAMIBEMET  QQULILLILGbSHIDGLTEH — Sieme
eXflifleuemLb & 1H & B SH6mS SieMLSHEISHESTETEIHLD.

| ULLD 8.3 umedrhiGerled SmevorliLichld eXlifleuemLid Eem6ToTLIL|S6rT

@
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) ) T0 AlA

|« L, > AL

) ) )

T=T+AT
< L >|
f_Lz o AT A e AT AV 34 AT
(a) Ber efifley (b) umiy efifley (¢) umwer efifley

| UL 84 @euliu eifleunéaid
Qeauliuflemed 2 _wiTeumed  GLIMIH6TS6Nl60T ThHHSBTLDH 8.6

ufiomevorgdled epupd S SHIGL aeuliuedifley
6T6OTLILI(HLD.

Bersdled amumpd efifley Her elifley (linear
expansion) ereoT SieMPSHSLILIGHD. SCHELTEtTM)
urn9ed ermucsb efifley umiiy elifley (Area expansion)
eTeoTeyd, Lighoeufled ermuhd efiifley ugpo edfley
(Volume expansion) ereoreyD Si16mLPSELILICHLD.

Ber efifley
FlLieunpersefled, AT ereotm &m GeuliLflened

IHMSSMed HerSHled LD m) AHMLD
wreorgl AT 6@ GCriel&ssHled b ELb.

g:OLAT

L

ereniG@e, o, = ———
LAT

B, o, = Be efifleyé&evorsid.
AL = Beng&led erhLbld mHmLD
L = agn_&as Bemb

AL = eauniuBlemeoulled UL L LOMHMLD.

4
o HBE565 I
" Qsfuyor?

rnedtely  HILIgeYeTem  EBoumed  QFwiurL
rilem Gamuoddleor o wmbd HLHH L 300m
SHSID.
eauiufleneo 2°C wHMId CaHTemL&oHTe0SHSH 60T
gonafl eeulublemed 25°C. @euedimetory LTHEU
Hlemen&ETh & SlemL BiL Gamyr&dleot
2_wirssled gmLbLD LOMHD&SH6MSS
seouHH(hs. Spler Her elifleyd GHevorsD
a =10 x10° per °C

Nomedteld  BILIQEDT  G6TT&HMe0SHHl 60t

FrL 96l

AL = a;, LAT

. BMnissIong ELOLLILIL(bETET &600T600TIq &H&6Um6TUIEIT CLIIGEmIL 6T IBTSSSINESHS,
SIHEWEDT &L M60T Hevorevot fled HBHB& Snflg GBID emeusSHHeHe Bevetun(hiD, LNedTeorT
SiHemeT elelldnadd HMHEHE0NID. a6leTenfled &HevuTevolqdh G 6UemaTuileor elplquiedt

eulil eXlifley &evorevoriq emLeNlL. SiFl&Lons: SHLILSTESLD.

*  GousemeusbsliLlL &LMeT (WLemLemll Gaflibhe sevoreootifled GUMTL(h SigHeT L lqemenr 2 [fl&smed
318 (WL emLuledlwibgl ererflgns Liflib g eupLD. eTel6uTenfled (L emL LMHMILD 6(b elEEUTEITMID Gl6uelGoum)

eeuiueiflemeul OUDHMIBLILSTESLD.
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AL =10 x 107°x 300 x 23 =0.69 m=69 cm
uiiy eflfley

AT eaeorm fAfw  Qeulublemed  LAHDHSHSTED
AA
.
gypergl AT &8 Coieldssdler BmeGLib.
8z ementLl LetTeuBLOMM)] GSMILILIL 60MLD.

ewn@perfledr uTlifled ermubld LTiLSSHfly

%:aAT

A

AA
AAT
8, o, = ur elifleys &evorsib.

ereorGey, o, =

AA = ugn9ed erbubID THMLD

A = el uriy
AT = eauiuBleneouiied gmuL L MHMLD
U@L elfley
AT erétrm Al eeuLBlemed  OAHMSSH60TIED,
A
ewmperfledT LihLo6ufled ermLICbLD LiTBLo SNl [7‘/] ,
gl AT &6 Crieldisssle QméeLw.

AV _ At
Vv
ereoTGe, oy, = ﬂ
VAT

OniE, 0Ly, = LIEHLO aiifleyd &6voTSHID.
AV = ugpLoenfled ermLbLD OAMHMLD

V = asnL&a I HLoeoT

AT = eauiuBlemeoufled UL L LOTHMID

SLieunerserfler Her efifley, LTy LHMID LEHLO
eXlifleys @evursmiserleor Sie0@ ‘C' Sieveog K

Q&BM(bSSLILILL. CILITIHEDHHE

£5 —a AT (e ofifo)

AA . s
—- =20 AT (uni efifley =2 x fer

exilifley)

A7V =~ 3 a; AT (uo elifley = 3 x Beir 3

exflifley)
@4
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fifiir wneimuL efife
(ANOMALOUS EXPANSION OF WATER)

ST 600T eeuliLflemenserfled Slreurhisemer
QeulLlLbS&E0LEUTE  efifleuemLwd  WOHMID
GaflieseoBung  &HRIGD. Speotmed BT
@5n& (IPIeToIedT 6[H LetoremLL QLDHMIETENS).
0°C wsed 4°C euedT 6EUILLLGSEHIDEUTS
HeOUTeTOTT  GIHBIGEDE. HEOUT6O0T DT  SIEMM
eauliflemeouledmiha  GefliieflsenoGung  4°C
QeulLHlemeDemIL  SIEMLILDEUEHIT SIGEOT  LITHLOEOT
Geopb. 4°C aeuluhlenes&d SCY iHemend
GeflieN&&LEUTE iHe0T LHLeT SHsflEELD.
GuoaIb SiFeT SILTSH GemDwd. igneug 4°C
eauliLBleneouled Bif QLB SLTHHemws eLMID.
Bifletr @bsssememioCui Bifledr (pretoruL eifley
6Te0T  AMWPSHSELILIGbEDE. & UL (85) Bed
SMLLLUL (H6Ten&.

YA

(cm?)

1000.35
1000.30 4
1000.25 4
1000.20
1000.15 4
1000.10
1000.05

1000.00
ol 12 3456 782910
aeulil flemeo °C

— OO &.8 Hepmwerer sevorewf e LghLo6IT

a)

1.0000

0.9999-

0.99981

0.99974

Biiler SILTSS (Hmbd 61515 °)

0.9996I|| IIIIII;X
00123456 78910

6eulil Flemen °C

(b)

uLb 8.5 rBifledr (redorul L efiifley
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&eflil  miepsefled, GeflismegdlerEGung)
aflserfleor GumuIliy eeuiuflened SiHedT SiqliLm
eauliLfleneoemitl L  GHedMHEH — SMTEUOILILI(HLD
@& uLD (8.6) 6d &MLLLILL (b6Teng). eT6160T60fled
F Bifleor (ueoflbslly) SILTHE ensmmevor Hifledr
aLTHSlemweiLs Gemmey, 4°C QeuliLBleme&@&LD
EB 2 _emmbd B (uelldally) gnamesor bHifleor
CuwBe WsHa eflsefler CuouIiiineg eurbL.
Ban&&snmeond Hifler (wretorul L efifleun@Lip.
aflseT HMID Gerhiserfleor GHUILL 2 enmibHgI
ueflssligsenmed — epLiuliq@@ilend,  Siquied
o eten BT 2 empwmoed Smb&E Hireunp
o _ulfleoTraldemend SM&@LD.

| uLb 8.6 arflaefled Hifledr (pmevoruL eXifley

8.2.5

flemed LMHMLD

OLITEIEUTS HeWETHGIL QLMIHETHEBLD S, Hmeu
LOMHMILD 6UMTLL] 6T60TM CLPEOTM)| Flem 6D &6ITl6D SHTETOTLILI(HLD.
QeULILLILILSSHIDCLTE Si6bedd GerflTefleE&EUTg)
eunEeTHeT  6(H  Hlemeouledlpha  LHEDNH
1Fl6me0& @ LOMMHMLOEWLU|LD.

TbSHHIHSM(b:

1 2 mese (. Heveouwledmbs  Hoeu
Hlene0&®)

2. yelwnsed (Hoeu Hemeouledmba ey
Hleme0&@)

3. ushsLIH (H Heneouledmha Cogwins

eun [Hlemedd &)
4. 2 emmzed (Flmen  Hlemeouleblphe  H
HlemendS)

5 &ORGH (eumy Heneouledmhg Sy

Hleme0é@)
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2_BESH

Sreuleuner

SLieungs SHLueunmenmsHed

ULLD 8.7 eWn@peTserledr Hlemed LOMHMLD

2_e@memm aeulil emydEHmedt (LATENT
HEAT CAPACITY)

LUTSSImD eeoTeVIeTe Biflement
QeUlILLILGLSHILCUTE  SiH60T QST HlemeolmeoT
100 °C  QeulLflemeDemill  SIEMLILLDEUEDIT, SiH60T
eeuliublemed 2 _WIfHD. SIGHEOTLNEOTY 6WNSHs HIHLD
SHLMGD 6UemT SiH6eT QEULILIFlEmed LOTMMTLOED
Hlemeowins & &L0. @hs HlsLpeleor GLimg) eleuLiD
enLi&fns Bmée umibang. Smrlenib Sigedr
eeauliuflemed, aaMHHemevemiedl. Sif&floHamoed
2By MHemeouled Hlasding SaGeu 2 6TEHemnn
Qeulil ermLSHmevfleor SuleoLm@LD.

660G  [BlemMILIEDL LI EILITBETIE0T  [ElemED6EmILI
WIDDIUSDSS
mmedleor Sier@ey, ELITIBE 0T 2_6iTEIBemm 6162LILI
SIDLISSIDE0T 6T60T 6U6DITILITYE SLILIGGEIDS.

GaemeuliLihld 6)ULILIG &l60T

Q=mxL
ereTBe, L= Q
m
@i, L = eunmefledr 2 e@hemn 66l
eSS medt

Q = eeuliusFHleiT Sieey

m = ewngperfledr Hlemm

9_eimememm eeulil ermsHlmeufleor Sl S160&
J kg'! Sy@Lb.
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=
E
a/

Sreuliemmer

eauluflensd —Fp

SLieuner

2 &SN Syeflinged

HHDH ——

uLb 8.8 Bifledr 6L SHHDHEISHSLD
eULILFlemEDEGLD 2_6Tel OSHTLIL

HeweownnomsHerGum g
QeUlILISEmH5 Q&M(b&H & Eeur
sie0e0g) HHaGeUT GHIHSTEID,

3iHE0T  QEULILIFlEmEd  LOMMMOED  QSMTLIHSI .
9135 Hlemeoudled HLq&HGLD.

*  FlL— FHlreu Flemed LOMHMSHIMSME0T 2_6iTE6THemM
eulILD, 2 (HGSEOledT 2 _6TEhemm 6leuLILID
(Latest heat of fusion) (L,) 6Te0T SiemP&HSLILIGHLD.

e dmew - eumy Hewed THDHSHMHSTEOT
2_6iT(ehemm G16ULILILD, ShelInge0l60T 2_6iTErhemnn
eeuliLid (Latest heat of vaporisation) (L, )

e H - LOMHDSS NS0T
9 _6iTEHemME6ULILILD, LIGThISHLOMSE0l60T 2_6T(EHemm

eumy  [Flemed

eeuliLib (Latest heat of sublimation) (L)

wiyeirerl (Triple point)
CIBMBSSLLLL  LITAH6IETT6OTIE0T  CLPETTM)
Bleneos@pd (S, Slgey wopd  eumy)
el Buisss swblemeouied 2_eerGLTS),
Suieraperfleor eleuLiLiblemed mHmID Si(1p&SG0
GIITABEIETT (LoLILJ6ITETT] 6T60T SI6WLPESLILICLEID S,
Bifledr (wiyerefl 2731 K opmib u@H Spe
Sip&sid (Partial vapour pressure) 61.657

LTS E0MESLD.
QeI SieTeliLIq uwied:
el Buisseilied  SemLL|  EEOTHIemenT
QUL SSIOELIT S, SisleuemLOLINEOIBH S

c
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@euerfllILIbLD eeulILSems S16D60G)
siaeuemlidermed o L saumliub  eeulLsHems
SMEGD B 65WB el ieTefiliquied ereor
SIMPSHSLILGBLD. 2wy  eeuiu  Hlemeouleysier
e peeTTeiTemn  GemMbG  OeuliLflemeoullgieer
GLIM(HENETTEOTMIL 60T Gs1r 5 gIem6eusE&LELTE),
o wy eeuufleneoulgeTer  QuUM@HET  SLbHS
eeuliLb, Gemmhs eeuliLbleneouleyeTer GLITH6T
FMHMIGESHTEOOTL QEULILIS S DE SFLODTESLD. & LOGISHSLD
eTeueN|FIONE0T QEULILPD SLSHLILLTE. HemeoTs

&600fl5 (pemmuiled LedTeuBLOMM| GMILILILEOMLD.
Q@rn‘nu - _Q@@ﬂu
ng'au + Q@wﬂu: 0

gnslulL GeullD Sievend BYhs eSS

@euliLomenflemid (calorimeter) Q\&HM600T(H
SIET&HSHEOMLD. EILITEIEUTS QGULILILONED] 6T60TLIZ LILLD
(8.9) @6b amliquetemeummy B Hriuiu’L  Qeuliu

&S Qs UL L O\&TeT&HE060TTGLD.

aeuiuflemeoiomesfl BE05E

Bir ) —— eeauliLoneflld
C1BIT6IT S 6060T

CQULLIBTLLEDD gy (QeuiiLibETLILITET)

UL 8.2 eeulomesf]l (Calorimeter)

o wy eeulublemeouleveter (T)) wrHlfl QumHsT
660TM6m6DT, (T,
eeuliLoneofluiled o eitem  Bifled  eppBEmEUHS
s GrrsHpederent B
oo eeulionefl Sresorpd T, erédim Smd
@euliLiomeonf]

SlemM eeulILBlemeoufled

Geuetor(hld.

SeulILBlemeDemLL SIeMLU|LD.
STISLOUL (beTensmed, 2 wif eeuliublemsd LomHifl

eunmeT Sihs GeULIL(PLD, GemmHhS GleuLILflened
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B eaHmISEsTesoTL. leuLIL(PD FLOWLMGLD. Q&) LiLLb
8.10 @6b &ML LLIUL(H6Teng).

eeuliufleneowomeuf] BHE0HH

oSl

[ ewnger

— eeulioneflé
CIBTETEE060T

OEULLIBTLLEDD g7y (QuLILGSTLILIT6T)

LLLD 810 LondHfleWn(HEBL60T 266 eleuliLiLoment]

Q@m’m - _Q@Lyﬂu

&ML b wremu @G &euaflss Geustorhib.
eeulin @iy  adisenuid, eeulu  emy
Cri&@Muled oIt UL (heTerTeoT.
60T 6leULIL LSS MedT euenTIenDUIEHHS

Qi =mys, (T, = T)

Q@@ﬁuz ms, (Tf_ Tl)
@i s, HMID s, eTedTLIENEY (emDBW BT LHMID
oSl e efleor $60T \eulILI eTHLIS S MEOTSHETTGLD.
ere0T(B6Y,

mys, (T,-T,)=-ms (T,-T)

m,s,T.—ms,T,=—ms T+mgsT,
mys, T+ ms T.=msT,+mgs T,

8mnid eauuflener 1= M

mlsl + mZSZ
ThHHSSTLDH 8.7
50°C eeuBleneoulayeter 5L  BF, 30°C

eeuliLBlemeoulgyieier 4L [BBL 60T HE0SSLILIbSME).
Bifleor @miHl Qeuliuflened ereiteor? @@ Hifleor
seoTeeuliL ermLSSmedt 4184 J kg! K- eretrs.
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Siey:
e0T6EU(HLD FLOEOTUIML60L. [HITLD LILIGOTLI(hSSHE0ILD
T= mys, T +mys, T,

f
ms, +m,s,

m, = 5L = 5kg wpmib m = 4L = 4kg, s =s,
Gugutd T,=50°C =323K opmyd T, = 30°C=303 K.
ereorGeu

_mT +mT, 5x32344x303
m, +m, 5+4
T,=314.11 K-273K = 41°C.

T =314.11 K

f

50°C wmmid 30°C  eeuliuflemeoserfled 2 eiem
&0 sieme) Fiflemenr (m,=m,) EETMIL 60T 66ITM)
&e0&HGLCUTE, 8nigl aeuliL Heneo Sevuelresor
eeuliLblemenserfledr Fomaflm@Lp.

T +T, 3234303

T, 5 = 313K =40°C
e aeuliLBlemeouiled (30°C) 2 _@ierm

@nevoiy, B wnSfleemer  eedTMIL 6T  66OTMY
&e05&LEUTE seupnleor &nifl aeauliLblemneow|n
30°C @, Fembs  mMd  snibgl
e\&meTeug eTeoTeoTOl6UEOTOMED @eveNTetory BT
wrdlflaepd  eeulussiofleneoulsd  2_elTemeor.
aeoTBey  @revoram@SD  HhBeu  eTeuaHLoMeoT
euliLiLfliombmpLd HeWL OLIMEN6b6mED
GTEOTLISTELD.

EUMWL &6 S16DE0 G|
SlTaurhisenen 60T 60T 660TM)
H0&HGLEUTE Si5H&e0emeuuTleT

@mniFssrhlemed

aleUnhensderfledr  Hlemmaer, SHeoTelauLIL

eeulILflemed

aMUSSHDEOTSHET LHMID QEULILIFEmE0SHE6TSE
NS (HSSID eTeiTLend ShiG Hlemevraied
esmeemr  Geuetor(bld. GOEYID FLoSiem6Y 66T
QGT  QUNBETHEMET  GEOTMILEOT  660TM)
@mniglaeuiu

&0&HGSLLEUTE)
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eleulil LoMHMLD

(HEAT TRANSFER)

BMD  SfibsUg  Geulud eTTUF  QIHEUDS
uflonbn SpOHMEOTSID. SieueumbDmed EeuliLflened
GeaumiumiqedT SMTeTOIONS 6B ELMaflefmhs!
WLOEODNTH  OUMIHEHSES  LOMHMLILIHLD.
rHob  cpern auflsafle) HePLOUMID Sliemeu

QeI

QIS SL SFH6D, QeulILF &F6D6UTLD LoHMID
eaILssSieiss oelb.

QeallusaLS56 (Conduction)

eeuLILflemed GeumyumL_iq.eor SHITT600ILON S

euNmHeTaEhSHemLGW GhIIqIITs eeUlILMMHMLD
aDUGLD HSPEFASHS EULILSSHLHH6D 6T6OTMIGILILIIT.

Bretory  OUNIBHETHEMeT  QETMIL 6T 660TM)
CIBITL (b E\&HTEVOTIY (HSHGSLOMM)] mEUSGSLLELING),
o wy eeuuflemeouleerer  QLMBefledBHE,

GMMHS QeULILBlemed 2_6iTam QILIMIHEHEHE SVGULILILD
LIHOLILGEDEL. OeUILSNS eTaflenas HeoTeuflGul
sLH&IGUTS SO S&HSID QLINTIHETHEHHES
QEULILISSL HEHSH6IT 6TEOTMIEILILIT.

eeuliué sLS&ISHmeor (THERMAL
CONDUCTIVITY)
QeULILSEDH5 HLSHGID s
QEUILSSL SHISSME0T 6T60TM)| QIILLIT

nprlemed HlLbsemeTuiled Qred auliblened
Geumun1q.6d, QIEEG SHLYLOEOT C\SBMTETOTL. GLIMB6Ifl60T
afiCw  eIeE
2 dren  Hlemaulled

urtnmh&& QEHIGSHHTEH

SLSGSLUGBLD  eeuliLgdHleor
siemBey, GuUNBefledT QEUILSSHLSHGISSM60T 6Teor

SIMLPSHSLILIBEDS).

eaulubaL58I5S e K
6\BTE00TL. GILIMT(H 6T

ugiy A

. | -

o
| d |

I T,>T,
LLID 8.1 Q&UILSSHL SHSHE060TTED eIMLI(bLD

LOTMTElemed G16ULILI 6L L LD

Q!
eeuluflemed  Geaumune AT LOHMID  GMIHE

wnprflemeouied, OeuLESLSSH 685D
Qeulopluriy A Spdlweunmnise Cnissseieid,
sLsuler  Fersdhe (L) eadissseigud
Bm&EID. UL sLSFID 6ig5Hems LNeoTeurHonm)
&MICSL_eomid.

Q KAAT

t L
@i, K eTet1Lg) QaILILSSL 556D 6T600T Sh@&LD.

(Bzement aBeLN60T GleULILBlemed K 6T60Td SHeummsLl
Ufibg16\&meTend&n LTg))
ealiussLHsHHmeoflleor S| 0@ Jsim!K!
sieeog W m' K.

onmmflemeo: (Steady state)

6hg Hemeouled, SieMETHE
8L msefl@Id eauiLflene b

LoD HILIemeor SiemLEDESHT LOHMILD 6THS
BL5HOmhHEID  ereueislomneoT  GleuLIL(LPLD
ufllomHoUuLmoed 2 eTen@an SibHlemeoGul -
LOMDIT [Fl6MED 6T60T HEMLPSHSLILILSM&l.

il Leuemeotr 8.3 dleo eLmgleunenT eLNBeTsefer euliLssLS&iSSmeor (W m~! K!) @6d 1 atm

ewImn 6T QLSS S5I5S D6 eWImp 6T QeUILISEBL 58155 meoT
6M6UTLD 2300 Loeuflseofleor &l 0.2

Geueerf] 420 LOTSH &L ML 017

ST 380 amnedlwid 0152

SiIO6oflLid 200 GILDEOTEMLOWLIME0T @TLILIT 0.042

TS 40 S600T600T [T 0.56

Leofl&aL 1. 2 SO 0.023

& 600TEUOTITL. 0.84

61&ThIGHED 0.84

z
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ULILESL HSHISHMEIT  CLINHET60T  HEOTEMLOHILIF
EMTHSE. Geueafl  LOHMID
sigIfleoflid 2 wiihs CeUlILSESL H&ISHDEn6L

T(bSHEISSML LTS

QUDMIETENHTED SiEWEU  FeWIOWIED LITSHSITTRIS6T
Q&I LIWedTLI(HE6dTM6DT.

eeaulinsgeoeoto (CONVECTION)

HT6UrkISH6T LOMMILD 6UML|&HE6T GLITEITH LIMLILOMHIS6r 6D
266N CLPEDE:Tn. M6 2_600T6mLOWITEDT Has(TelevTmed
Qeulill SpHMEL LMMHDLILIGLD HSDe) QEULILIESFE060TLD
6T60T SIMPSHBLILILENG. @bHS QEULILIEFSF6060TSHSHI6D
sLbUNGETH &b
8L 55 mHaE LHODT®H SLS5SHDS HaTEHerTmenT.
@niplse SunenswnsGeur Siebeng Lnelens

CD&EMISHET  eTeualls

SHMTE0OTONSE6UMT eIMLIL6DMLD.

FeWWOWE LUMSHHISSD CHTHSGSID H600T6v0r T
eaIILEFOTSSNG I FINbHS 2 HNTETOIONGSLD.
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glowneot eeuliLflemedeml SemLID. QHeor LedT
Cabfledlmhal HPRbGaT Sieres &Welelmbhsl
GabmsGa aeuliu LflionmHmibd ermuLTg). GaBHHLD
GLOQID GeUILFFDEleneen HeDLbHE el Lems
885l M. bFDE.

8w Si6WLOLIL|S6IT 6E0TMISHE\SHTEOTM)
eeuliL&siflemeoulled 2 eiteng) erevfled Sieueimevorch
SI6mLOLIL| & (6THLD &G eleuliLBlemeouied
Bm55Ceuctniphld. Coeid o5 CrIsHemsll

QLN S&I LMD E([HHe GeUTOT(hLD.

empdlredlwed swflemeo (Mechanical equilibrium)
uLLD 8.17 &eb &nLiqujetareunm) el gniL 60T 2_aiTer
UM SIMLSHFH 6MEUSSLILIL(bETET  ESHTETSHE060T
QETemDS  HHEHIS. ifsvLefledr g Hlewm
KQ6Tenn eneUSHGSLLELITE SpGHTHAL LefuTiiiy
eflemaulledr enmevorons LeioLedr SpBHTES HSHE
dleo erHm BméaSH DS HIHGLD. Li6vL 60T 65
g QL Hema StemL . eureledr Goed Grmédi
eflems, SpCmHreAL yeluiTiy elensemwl &oedr
QL. @hhlemeouiled SeleuemioLiemL el HlTeilied
soiflemeouiled 2 _6iTeng 6T60TE:SnMEDNID. SieWLOLIL]
&e0Tm) erhlimeiluied sioblemeouiled o _eieng erevfled,
eTeUENIFHLONEDT FLETOFLILINILLTS eflemaud eeulil
Buisseiiwed sienwolifler &) OFWOLIL &H8n L&)

erhFlredwed swflened

HeomaGerh

| — Blewmaer

BBT&HEnIqLI
196foL_6dr

LLLD 817 empdHlrediLied Foblemed
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Geudlasiwiflemeo (Chemical equilibrium)
QETMIL 60T &60TMI OFMLTLIeTen @metory Qeulil
Buisseiwed SiemLLSEHHHMLBW  ereueis
aan@Uwer Geudleflemertyd HemLILMeebemed
eTeufleb Si6uedl(h SemLoLiL & @EHLD GeudlFaiohlemeouied
©_6iTeI gy 6T60T6DILD.

L Quisseilwed &woblemeo (Thermodynamic
equilibrium)

8retory SemlysET  eeull  Suissedled
goblemeouled o _etemeor  erevfled, SieueNlTevorch
Si6MLOLIL|SETHLD 6E0TMIHESMTEOTM) Q6L
empSlredwed wHmid Ceudlé siblemeouied Smés
Geuetorhid. eIl Suibseiied  gwohlemeouied
Blewe (Macroscopic) —ommileenen  SiRSSLD,
L@BL60T  HMID  QeuliLflened  pEiemer
Blemeowinmeot HLNTemeotll OWDHEHS Beuetur(hiD.
Cueild Siemeu SMEGHMSL ELNIHSHE LOTMTLOED

Bm&a Beuetur(hld.

el Suisseilwed Hlemed
nmlser (Thermodynamic state variables)

Buindreiwiedled HensGeusHbd, 2 HHD LLOHMID
(WSS GuTeiTmemer SWIRIGLD CIMIHE\ETTEOTN60T
Hlemevemil eXlemdaLILLIETL(LE6OTD60T. (AFT&SSH 1
8¢ Geaubemmlt uHM LfibgIOSTesoTq BT &6T)
Buwisseluusdie, Buwssefwed

eeTHledT  [FlemevemiL
onlsefledr  OBMTGIIHEG 66uin SuisbsHeilied

GeuliLl [N

SiemLoLIL| aleurflé @b
LOMM&6IT 6TE0TM)| GILILIET.

TbSHESSML(HS6T: (PSHSID, AeuLILFeneD, LTHLO6DT,
318 PMHmed GUTETnEmE.

8nhg wmMsefldr wLHI el Suisseilled

(P(QEUSIOTE
efleurfl&Sleormenr. QeuliLd wHMID Ceuemed Semeu

SiemLoLifeor FLoBlemeDemLL
eeulil @uisSsedled Hlemed LMMIGET S16D6D LOMMITE
@emeu QFweNMISHET SH&W. (Process variables).
eeuliL Buisseiliued wnnlaeT Seoorth euemaLILHLD
Slemel: Slemeyd amiueren mml (Extensive variable)
LHMID Siemeyd smiLmD rr (Intensive variable).

SleTeys anguyeer oM, el  Suwissediled

ey BlemmemILIE

SiemLoLI9leoT
SIS HSHSLD.

SiLEVE
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ST(bSHEISHSML(b: LI[BHLO6DT, 6LoMSS Hlemm, ereorGmmiil

(entropy), o5 b, Geul  @pLSSDe
GumedTmemel.
semeyd  Fmgubm Ml eeuliu Suissedled
siemolifledr  Siemey SiIEDEVE) lemmemwi&
EMIHS (HEHSME.

TbSHHSSHT(b: QUlILFlene, SiRSSID, FHeoTelaulil
ahSSImedt, SILTHS GuTETDEDE

flemend &edrunc (Equation of state):

Hlemed Blasemer & GOIILL  (wemmuiled
OBTLILUGbSSID
6T60TM)| SAMWPSHSBLILIGLEDE. BbIHlenev&sIoeoTLIN(D
Bwsselwed

FLO6OTUM(H,  I[FlemEdEFFLOEOTUIN(H

aeulil SlemLOLIG\LITEOTM 60T
goblemeoulled [Hlemed MMBEHHS emL Gl
o _eem QHMLIemU (W(ReuHIoNs  efleuflsEns.
eeull @Qusseilwed Siemwll Foblemeoulled
Ehbiblemeod
siemwlifledr  Hlemevenw  eeuflssng).

Bebemen6ilLieofleD, FLD60TLIM(h
Qleuliul
Bwsagsohleneouled 2 _6Tem  HeDEOILIEOL  6umy

(deal gas) eeormi PV = NKT ereoim [Hlemeos

gwerumliqeormed  GSOIUALOUGEADE. 8
mreot® Guperey wrlsesd (PV,T wpmib N)
HlemEDEFFIOGTUMLIQE0TTED  6EOTMIL 60T  660TM)

QSMLILUGbSSLILL (b6Terer. EE&FL060TLIMLLq QI6T6IT
ag@seId &b WMMlemws WL G WIHD Suieors).
ET(bS SIS LTS eumy [HIToLueTer A& el e e06ufledT
UL emeor  SiRSHIDEUNGI, eumuelledr LHLO6OT
GEDDUID. SHEOTTED iGN (PSS AHFH&IflHGSD
Si6be0E euMemel QeULILLLGbLSSHIDLEUTE Sige0T
Geuliublemed 2 _wigHd. eumeledT Si(RSHSLD HMID
LICBLOEDILD 2 _WIT6DILD.

Hl6mE0&FLOEOTLIML LG HETE0T LOHEDNIH 6T(bSHHISHTL (b
6UMEDTLIT6UTEDED FLOEOTLIM(h Sh&LD. QUi QuisHss
ghlemeouied 2 _etem SuiebLeumysaer (Real gases)
B&F1060TUMIgM@& 2_LLi(hLD.

SeMD  QETMIQIETET  SMDOMI LSS MIEHET
QUMEOTL [T QUMELED BlemeDFFLOGTLIML LG MG
Wpeugons  sLGUUGSTDeT. @wUilenid

siemmeeuliLflemeouled  GemmhS ST HIleTern
SMOMN  CPOHInMGEmeT  HID  CoHmumuions

HevedlebL eumeun&s (Ideal gas) &b sEmLD.

C
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ey uisseiweder &l

ell$ (ZEROTH LAW OF

THERMODYNAMICS)
eeaulin Quisselwedleor &Y eNdluledriig,
A wpmo B,  eteorm  @pevory  SewioLiLser C,
6T60TID CPETTDMEUS] SI6DLOLILL 60T

eleuLiLEsplemevuie upLidledr, A wmmid B ereotm
&yrevorc
SleuLiLIEFIBlemeviTeD SB&SELD.

SI6WLOLILIEB ETBLD 69607/ E6165ITE0T M)
ABML&HSSHe0 GleueiGeum| aeuliLiflemeouiled 2_eier
A, B imitb C e160Tm eLp6OTM)] SH6mLOLILISHEmETESHEIS.
UL LD8.18(a)ellevsmLiqujememeummALopmi B Smevorh
SIEMIDLILSEBHD GETMIL 60T  660TM]  eTeueilgLomeoT
QEULILSOSTLIT 6mLIL|LD eumMléseledemen.
SHEDTITED, SieMEY E6)EIUTITMID C 6T60TM CLOGOTDITEUS
SemolLL 6T  FeofldHe G  CeUlLGESHTLITLIE
o _eeneor. Avlg CrosFHNGLIEIDG A wHmId B
eTeTn @mevtorh SemWLILBEHL SHevflGHeuf G C
WL 60T QleulILESoHlemeoulled QHEHELD.

@iCungy A
SIEMLOLIL & EMEITILLD

ereon  @Jetuith

asnLiLfled
818(b) &ev
o _eemeumm| &mlLeombd. @UGung A woHmid B
G
eeulul  uflomdmupo  Sedemen.  er6levTenfled A

wpmwpw B
(A[STNT:;
uLLD

meUHGD  [Flemeoulement

SiemlI&HEHSHmLBW  eTeueiigLomenT
womi> B Seueiimetory GeuLILESIDHlEmEDEIL
SiemLHHGLLEDS B& SMibEng. Sbepeitn)
SIEMLILSBEBD  QIHEDD  QULILFSOHlenEDemIL
SiemLblleony SieupmIndSlemL G  eTeueigLomeot
ufllombmLpd
sibewetnd G Gauliublemeouie SHEHEID.
Bz ement &eooflselLomsluden
Ui eomd. T, = Tyommuo T, = T, erevfled,

QL Bm&eng  aeerenfled

LledTeuBLOMm)

T, =T, s»&b. 8w T, T, womib T, eredrLemney
A , B ommib C eredim epedTn) SiemioLi|serfledr
QAU ILIBlEMEDHEITELD.

SIEMLOLILB6IT 660TMIL 60T 660TM)] Gl6ULILIESLOTEleme0UT6b
2 _eiteneoreum  EeDemEOIIT ETEITLENSSHSBML (LD 66
LetorGU GleuLILBlemeDWIT@SLD.
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KB2UFR

uLLD 818 (a) A ipmib B eredtm mevorch SiemloLiL|se Hevflegenf i@ C eTedTn eLpedTImeUs SHemLOLILIL 60T

eeuLs esTLTllaeeneot. (b) A HMID B siemwoli] retoreld euliLgasmLiiiied pLideor

SiemeuUTTETOT(bLD 660TMIL 60T 660TM)| Gl6ULILIFSLDIBleme0UTE) E([HEHSLD.

Buwisseuedleot
QeuliLhlemeDemILId

Qleuliul &l  elglwmers
&600TL MIWILILILIEOTLIGED &)
ST(bSHEHISSML LTS

Siquied
eeuliLflemeoiomenf] 2 L el 60T Gl6ULILIESLOHlEmEDEmILI
@nHlunhgemeTuileoTLig
eeauliLfblemed 2 Led
Bms&e Bz
sigliuenLufledsnedr mog 2 Ledledr eeuliLblened

eaulLblemeoionenfl  6etTEMM
IHT&El60T MEUSHFIHEISTETEBLOGLITS)
SlemLW|LD.

eauliublemediomenfluileor
eauliuhlenedsH&HF — FLONS

&60oTL MILILILIGSM &l.

GILIM(HEEMME0TEmM & BMLbLLMT&HGSLGELTE)

SILELMBET  6eTeeuaTe)  &LM&  SieDEOS)
GefiTgfunes @luend ML eeulILbBlened
glemevorflSmg). HD 2 _evoniey 2 mILi|semerL
LwedTL(bSSH  eunpefleor  GleulILblemedemiLIs

&600TL LI (LPLGU|LO?

bOg  6eumID  STev&efled  66iTemD
seorelflifledt 5HD LHODT®H ~ HTEDED
6)(Lp6Y(LPLILITETT 6XbS6IT ugléaL

semguilesr (Tiled floor) &b emeud&LEUTE,

6)(Lp6Y(LRLILITEDT SHemuied MEUSGI6T6T
aned, seonelfllifedr & emeudbsLiul herer

HMemed el FHHH GeflfFdlemil 2 _60oI(HLD.
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| opemed @hi® sewr whmid  seorefifiiy |
: Bretor(hld &G siemmelaILBleneoudled i
i Omliuens SHeueflss Geustorhld. SFEMSH i
1 snreooid Semmedfiieny ef a6 !
E SHMIHSLD BLD HMIGHGSWemLBW L& GeusLons E
i QeutiLiiflomdoid  gpUlLEHWNGD.  HOGI E
| &neSletr Bzmed QUMHeTledr ©_6BoTemLOWITEDT E
i QeulLflemenemll  HeoolldHellebemed  LOMMTS i
1 ereleueney Geusions eeulLiLfonDHOD erHLL L&) !
| eTdTLEmEGI  Hevollédng. GeuiLfleneoionesf] !
i QeTemD ST LHMID  SewTedfliifensg i
i mausH UMTSHSLEUTEH  Smevorpd  GT i
i Qe ILBleneduNed ©_6TaTemnad SATLLIEDMLD. E

au(geu(gLiLITeT
SbE6T
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215 0% (U

el Buiss Siemoll] GETHIET & SPHOMED
eTe0TLE|  SiemLIlET  [HlemmEmLOWISENSLIOLTIHSE)
SiMDLIIQIETET  JNMEDTHH  CLPEOSHEn MIS6rTleoT
Bués Homed OHMID Hlewed  SpMHMevS6ledT
& (bSNESE FLOMSLD.

@Lieuwie Suwssb, &pnd SwssD HMID
SiFHTelISsH0 SyAweunHemmn 2 6iTemL el
Cpe&Enn SUSHSHSHETTED LG SHHMED, Sis
Buiss e (E,) erevriLipid.
erhLI(bLD HeuT&d
wHMID 6levsHE eflensIned enLIbD SHDMED, s
BlemeolImhmed (E) GTEOTLILILD.

CLPEDE: B )| BH(ETHE Sl 6L BLLI

eT(bSEISHSML(b: LlemevorliLmmbmed (Bond energy)

TetGe 2B pDmeormeotd  LledTeu(BLOMM)
STIRBLILIGEDSI.
U=E +E,
*  heEDEOILIGDL UL ELPED & Fn )| 5>(ETH S 6L GLLI
ereueigonesr  QemLeflemetiyb  Sebemed

6T60TN)| S(HEHIEUSTED SUDNETT Sis%  SHDMED
peugin 1% Buiss gpymmed algelGeGW
8méen. B eeulubene, Hl&eTserfleor
6T6v0TE00T 1&6m& SpEIUDEDDE FMIHS[HSELD.
26016 &) LI(HLOEWEITE SMITHSHSHED6D. Sh60TITED
GUMEOTLIT 6uMeb6iy eumu&b&eT Gumetm Suieby
UMLSSHEHHES &g OLNIHHSTE).

c 25 PO G Hemeowns HEWw. B
el Buiss  siemwlifer  @miFlblemed
LOHMID EFTLESHeme0 SeuHenm  OLbEWD
EMIbHSHHHSLID. eTbSHISHM LTS 60016001 fl6dT
eauiuflene 30°C@e @wha 40°C =&
QeulILLIL(bS&IEUSHE0T  ceonHEeur  Sibedg)
HE0SHGS6USHET CLPEOLONSEEUT 2 WIT SSLILIbEDS).
g6t @miF B QHHMEOTENTS, SH6voTETOTT
ereueunmy 40°C aeuliLflemevent SiemLbSHE)
6T60TM  EULP(LPEMMEDU! EMIHH(HSSHMLOD SHGH60T
8mniF aeuliLflemeemi oL (bGLD FTHIHSHSHELD.

eauiL Quissewied SiemioLidleor
318 SHHMEVITEDT &) SteMLOLILTI6T6T
CLO6D S o M 60T

66UE1EUM(H
(pMsHD SUISSS5SH60TTed abLbD Suiss

syhmemeowd,  seunpledr  Geudlufuied

@
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GMUGBLD  Hlemeduimmmed
Beaumemm WL bGBL FMIHEHHHGSLD eTeiTLIENS
meoT® Lflibg esmemen Geuetor(bld. SiemLoLiy
(PREUSDHGSLONEDT CIMSHS BUiHs SHDHMEd
Si6be0G| SiemwLIdledT FHILL [Hlemed SphHmed
GunetTmemeu StemLoLITE0T 18 SpDHMEDEIT (B
UGS eT60TM) SHEUDNTSHS SH(IHSHSHEn LS.

SiemLoLI9leoTTed

(@) @G @euiuBlemed LHMID
318 SpMHMeYIEHL W Qrevorh eumy
BITOLILLC L 6\&M6T&H 6060156061
SHEISH. SuDrled QM SeMITUIID,
wHeorern  SuéssSlaeter  @ruied
euetoTQUIID  eMEUSSLILGEDE. Sruied
eueOUTIqUIED 2 _6Tem  GUMWEBEEHT6TEHEDE0T
Snuiedleir Geus &b @WIrhiSeoTTEYILD Sig60T

2 _61@er 2_6iT6r 6)TlL| CLOEDSEn M)&H6T 60T e

S HMEDl6L eT616S 2_WITEYLD TDLIL 6Xl6D6m6D.

(b) &G LOMHMILD
SyDoienLW @Tevorty eumy| Bt
OSTETHEETHEMENTS  HIHHIS. Sieunniled
QETD)
2_wirsFHeid
2 wirsdlevleten  eumd  O\BHMeTEHE060f60T
FTLYBlemed SpDmed SiFl&eIesilenid Sbs
aidlaifllL, eumuyeleor o1& pHMEdleL eTelells
LOMHDSHEMSID THLILSSTEI.

ThHHEHSTLB 8.10

&b eunerf]l (P(QEUSID 2 6iTem EMSMTETOT HIBL 6T,
QM Geuemer &bHenT SHe&GDLELTE eeulilD
erHHlemauied LTeyD?

eeulILblemed 3%

seoruigidb, wmemretm  h

mEUSSLILIbHOTmE.  h

2_eorgl lemL&@ 2 [flul 6enssD SHs.
euneflufled o _eiten  FnBMIeTOT  HEMITHBMLIGQILD,
Geuemernuiied o eftem gyLmeor [Bifledr GeuliLIBlened
sl QLI Geuenatulsd 2 aer &bibifleor
218 aphmenevediL eurer] Bifledr 218 SyHMEd I BLD.
ET6160T6UTI6b S18 SHMHMED 6T 6Ty FMTLETET Q6ULIL
Buisseiwed Ll SELb. 215 SiemLlifledr SieTey
316b60 G HlemmemWE EMTHSSTSLD.
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aurefl Bifledr <& OO SiHsD  erevflgob,
Geuemeruied o eer GbBfled QphE 66D

aumefl  BmHE  umyd. SeMHE&SSHSMTE00TD
eeuliLd erliGumgId o wii eeuliuflemeouleysier
eunepeflediphs  SMp  QeuliLflemeoulgieern

QUNHEBHSHESL LMy, Guepid &g Siemwlidler i
SHDMENEDEF  SFMIHBHSHEVED. CILINIHEDHHES 6 VGULILID
wMOPUULL 2 LeT Siedeeuiubd  ewumherleor
315 Hnmeons  mhleflpd. ereor@Geu  QUIMIHST
eeuliugems ELMHMI6TeNs) eTedTLemSerlL "aurr@sh
66 GO L 166 318 SpDMemeDL Glurj)gjehmgj"
eTe0Tm)| S MIEUGS SIflLIMEDT (LPEDDWIMGLD. SiemLoLIL]
QeTNl6lT 1% PDmened AFHSHILSDHE &b
dnbs auflpenn eaulLLbSS6Ns SHGD. 88
edTeU(BLD LILSS16D STLLLILIL(b6TETE.

& LIT60T GIMB6I

SiBSHDHDED
SOOI

[—— NN
Qeuliug —

R (3L5VNE)
QST

LIMLI&eD

GeflyFfwimeor
e (e
318 SHHMED
18 &iflH L

OnG M)l
H6U6TSHH 6D

(WSHHLIDOTS
Q\&ITeTer
Beuetoriq g QeuLiLID erLIGUTEID

3% HOHMewed iHHif5s Geuetorhld 6T6dTm

seufllp Bebemed. GleULILBlemEd  LOMMIT
Hlspeled (Isothermal process), mHebedluwieoy
eumyeledr o 6T1Gem  GEULILD  LIMLIHSTEYID
3HEOT S5 HpDOMedled erelelly 2 wiTeyD
gDLILITS 6T60TLemS [HMD LledTenrmed &M
9_6@eMmLD.
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grredletT QleuliL @wihSrelwied
giomeotib (JOULE'S MECHANICAL
EQUIVALENT OF HEAT)

QUNIHEEMTEOTET  GEULILFlemEDEmIL  SiGHEm60T
QEULILLILIhSHSIEUSHEIT CLPEOLD 2 _WITHSHE0MD Si6D60G)
sieunmefleonss Geuemed OFLIEUHET  ELPEDLD
2 _WIT$SH60MD. LUFIO6OTL LMD MIHMTesoriq.ed Ggglbsin
e76b eredTD Sifleflwied Sirflebi QuIHET SpHMEMED
Si& YPODEONSHEYD, SiH ApOMened SuwihHlT
SHDDENSHEYD MDD WD 6Tt HleBESST.
sieurfledr piieNledT LLLD 8.19 @6 SLiIqu|eTemeunm)
Bretorh BlemmaeT sHulm eeotmleor eudlGul il
&&51 $&|L60T(Paddle wheel) @emevuré SLILIL (heiTeT6T.
yeluiiiy elemswned @metory Hlemma@hd h
arsHne ECeumbGUTEH 2 mgh ierey Hlemed
hmened Bretory  HedMEHEHD SLpHETDEDT.
Blemmaet EGL eumGLTg BflsnieT 2 6o &bl
&SI &OMID. eretTGeu &Il &F&HBISS DS
Bpé&&D SemL G ef 2 _rmiley elenssEsTedTmiD.
@& Bifledr QeauiLBlemeenw 2 wiIfSHHID. QG
LY [Blemed Spmmebd (Gravitational potential energy)
Bifledt o8& SyDHOEOTS LIHDEOLENDS B8
o ool H&EImE). yefuSilielenawimed gL
Geuemeouileoried [Bifledr OeULILIFlEMED 2 _WIThHIETETE).
2 _evoremouied QILILGHEmS G\HMbLILIGTED eImL(blD
285 efemeremer QuIhHTHemSHH 6\&HM600T(H
Qe Geuemeoulleotned eMUBSS  (LPIQUILD
eT60TM)| ggoeb [HlerpLiSgiemen. 1 Smid HlemmujemL i
Bifleor @aniubflemeosmw 1°C 2 _wiiss 4186 J
SHMed CHEWOULILIbID 6T60TM)]| 276D &HEVOTLMIHSIT.
Lprhismeorkisefled Qeuliionenrs &Geontfl (Calorie)
6T60TM SIE0ENEVTITEL SiETESLILILL &l.

1cal=4.186]

85nE& sgredletr Geulu SQuibdHreiiied &lomeorid
6T60TM) QWLILIT.

Ggibev  grelledr BMEOSHH MG
(o1, GeuILD eredTUs &Geomflé
(Caloric)

eTe0tn  LMiIBbEsm(blD

& JlTeud eTedim) L&HSET SHIHS 0TI SET.

S5FTaID 2wy aauliLblemeouiled
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o_eiterm e perfledmba, &EODHS
eeuliLflemeoullepeer  OLMIHEHSHES LIMWLLD
eTeotelld SHHHleoTnidHer. HGeomfle Hlmeusd
SHHHe0TLq 2 W eleuLILFBlemedLIeIMHerfled
aflas &Ceonflsd Hoeuwld, GerfliFdwimeot
eunpefled Gemmbs SCGeomfls  HTeupd
©_6iTemenT. Erel6uTeufled GI6ULILID 6TE0TLIHI 69T
i) 6TE0TM)| SiGUTSHET SHIHSHIWECHWITSLD.
SHEUIMED  HHSHTEOHHD  HMD  QeuLILD
GTEOTLIE| 6T Siemey Sieved gl LfllomHrls
e&meTanliLibld 6 LIflionbm SpMHMed 6TeoTm)
L& e\smevoriq h&H&EMmMLD. ereor@eu "QeuliL

Bwikslreuied SLOMEOTLD 6TE0TLIZ| 6T SEUMMTEDT
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Gomeoniy FedTeleULIL eI EH medT&H6iT
&leo
anLSHDETHEETE (C,, C,). H6001SHEbevE), HloSHS

Gmrriserfled Guomeory SHeoTE\eULIL
LOl&ELD LWIED)IETETSTE SIEMLOILD.

oMMl HLoefled 1 Glomed SiemeyeTer G HerleoT
eeuliLflemevemi 1K Sieveng) 1°C 2 WwITSH&IeusnN&S
GaemeuliLbld eeuliLGSleor Sien(ey, LITHLOGOT LOMMIT
Gomeomyy FevTeeULIL LSSt (C,) SH@&LD. LA
S(P&SSH6L QauILEleneenl 2 _WITSHHUSDES
Caemaulipd QQUILSSET Sieme SH(IRSSHID LOMmT
GomeonT GedTeleULIL eIMLSHSImedT (C).
omoriLboestled |1 Gomed Siemayeter eumyein@&d
Q&EMb&ESLILGL QaIlILSemns Q 6reiTmID, iGHEDTTED
gnuobb eeuliuflene Geumunienr AT ereoreyb
E\BITEOOTLIT6D

’7(2: UC AT.

6TE0T 6T(LQSHEDMLD.

(818)

@b wrpruEw Hepeing el Suisseiuiedlsr

LwedTUbSHleormed (W =0,

(819)

(818) HMID (8.19) Beumemm eLISIHIDELITE)

waeo  eHlemuils
aeeorenfled dV =0),

Q=AU-0

6T60TS SHlemL&HELD.

. 1 AU
AU=uCAT sieve0g C = ———
p v g'l v “AT
AT uWler erebemed aflufement  SiemL OGNS
(AT—0), mmb
1dU
== (8.20)
udr

6TEDT 6T(LOSEDILD.

8 aauliLflened LHMID 1% DML ETevorbGLo
Hlemed MM&H6T. eTeorGeu, GLOMESBETUTL.  FLOGOTUIM(H
SIMETTH &) HHLPESHEHEHESID OLIMIHSSHLONEOTSMGLD.
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Guwir asmLiL (Meyer's

Relation):

L GLomed SiemeemL Ll [heDEOILIGOL| GUMTLL] ESITETEHE060T
660160
sieueuneNledr LT V, SipsHSHD P dHmib

SiMLS&| MEUSSLILIL (6T S
eeuliuflemed T eTedTa. LOMMMLILIHLO6DII6D eumeXledT
eeuliufleme dT siemey 2 WITSSILIGEDE. b
eumujeurned ereuedls Geuemedlld EFLWLILILIL 656D606D.
eTeoTB6u SiemLININGSH OSHM(bSHSLILILL. S6ULILLD Si&%
ypmemned WLGGEWL SiF&fEHGD. 245 SHpHDEdled
UL ommm&Hend dU ereors.

C, etettugl LB60T MDT GOmeon) SeoTeleuliL
amLSSmedr erevfled FL060TLIM(H (8.20) &3 LN6edTeU(BLOM M)
6T(LRGHe0NLD.

dU =puC dT

oMM H(P5SSS6L eurijemer QeuLILILILIbSSIbELITS),

(8.21)

sieueumeledr GeuliLflemed 2 _wifey dT erevTeyD,
SemLLUIINGS BMbEBLILULL eUliLGHT Sieme]
Q eTeoTellD, @bflslpedleormed LiHLO6ufled erpuL
onHmDd dV' 6T6UTEYLD E\BTETOTLITED

Q=uC,dT (8.22)
@bhlspeieotmed LWL L Geuemed
W =PdV (8.23)

S60Tey, GleuLIL Buwisseedlsr (pgHeveliSlliLig

Q=dU+W (8.24)

SOETUTb&HET  (8.21), (822) wwoHmId (8.23)

@beestremmud (8.24) &b LT HlufphoGLTS),

pC,dT = uC,dT + PdV

6T60TS HlemL&H@ELID.

(8.25)

U Guomeb mebedlwied] eumueiing MHlemensaLo60TLIM 6oL
LledTeuBLOMM) 6T(LRSHEDILD.

PV = uRT = PdV+VdP = uRdT  (8.:26)
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B Si(1pssLd Lmong), eTeor@eu dP = 0,
PdV = uRdT
-.C,dT = CdT +RdT

~C,=C +R (or) C -C, =R (827

@sasMLiinE Gwil OSTLITL eTédTm)] GILILI.
LOMOT SH(RSHSSHe0 MHevedluiedL| eurwjeXleor GLomeomy
FHeoTelaUlIl  ermUSSMeT, LIHL6T mmm  Gmeon
seoTelalll eSS meot wHMId R péwieunmeot
Bn(bBRSSE FLOLNGD 6ETOTLMS QSHOSTLIT
BL0&GS SN (b&HMDE.

Goaid BsasmLildmbhs, Si(RSHSD  LLIDT
Guomeom  sevteleuL  ebUSEDEsT (C)),  LEHLoedT
mmn  Gureony Seoteeull  enUSHHmemeotail
(C) eliGungzib SiFl&D eretTuems BMD  Lfibs)
C\BITETEITEDITLD.

8.8

eeuliu uisseilwed &6 6T
(THERMODYNAMIC PROCESSES):

eeuliuflemeo MO Fl&Lpey
(Isothermal process):

@nphlspaile aauliLblened eI DT WwHlllemeorL

uDHMHEHSLD.

SiemIOLIT60T SiRSS(LPLD, LITHLOGDILD LOMDMLOEML LD,

gheotmed Gl @uwisseiiied

QeulILflemeoLmmiT

eflfley
¥

(@)

BIOMIHSLILG. HEDEOILIEOL| GUITLEFLOEOTLIT(H

PV = uRT
@niflspeieo T i wmiledl. ereorGeu GauLILFlemed

o Hlaspelinh&neor [Hlene&sLo60TLINh
(8.28)

PV = ionnfled)
@b EL06TUN(H BLO&E 26001 SHEI6UE)
amy &wm sofleoe Heneouledmba (P, V)

oHEDN &wihleme Hewes&s (P, V,) eseaid
Gung) LNetTeUHLD ASTLIL| AUMIBHSID 6T6TLES.

PV =P)V, (8.29)

@i PV = onpfled). ereorGe P, op 6018 V WL 60T 6T ST
eflflsSOSMLTemLL QLDM6Teng). SiFmeug (Poc— ).
BFHedmhg PV euemruLDd 6T SiFluTalensriDd
(hyperbola) ereor oinflieomip.

ror  eeulLbBleneouied eueTWILILI(BLD SH(PSSD
— LB euemTULSHMS 6leuliLblemed  LOMMT
euemITLILLD (isotherm) eTedTGMm SHEMLPSHSHEDILD.

Bewg eeuliuBlensd wrom efifley wHMID Wews)
euliuflemed MMM SiWP&SD eunmihaner PV
QUEMTLILMBIGHET LILLD 8.25 @6d &ML LILIL (heTeTeT.
BD SflibsLlg  HEdEOWEOL 6um] 6edTiledr i
SHHMed Sieueumeledr GeuILFlemevemw! L (bGLD
&NMIHSIETENS).

P A(Pf, Vf)
P,
s
N
T 9, QeuliLBlemeoommm
@%) S(P&H&HID
P, B(P,,V)
Vi -V Vi

(b)

uLLb 8.25 (a) eeuliublemed o Wewg eflifley (b) eeulLBlemed LMD LBELOE) SKLPEHBD
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aeniGey, 6B Geuiflensd DT  [HlEpedld %
SyhpEId G Medln@id aeeTefled GeuiLEene
@rhi@ Lommmoed 2_6iTeng;). eTeoTGew, AU siebengy AU = 0.

eeuliufflemed DT Hlapelihaner Qe
Qusseiwedler  (Wwsed elF  NedTeuHLOMM)
ET(RELILGEDSI.

Q=W (8.30)

&Lo60TLING (8.30) @6d iH& euliLflemed LOIMT
Hapeile aumuein@s &MbeHSLILGLD QeULILD
UnGeuemens@ L (bGL LW6EITLhESME 6TedTLeNS
BO&S 2 _OUISHHME. SiemoLL]| GETHlEnIeT
QeuliLb umubGUITg Sieueusmiolifledr eeulILIfleneo
6TLIGLITEILD & _wiHLD eT6dTn Heummeot Liflged 2_6iTerns).
QeuliLflemed MM [Fl&LpeNl6d &8 2 6T0TemLOIEED.
aaiLblemed amUGLEUTS)
2 _(pemeruiedr 2 6m@arm Ll6L60T FHeTEMLILbSME)
85 o5 yHDoemed FHlsflEE. peotmed Bibhs
a5 Homed  SiFlsflly  eeuluSaSTLTLeTTed

LIOT  S(LP&HSLD

siemlIfH@ eeueflGuw aFetn) eflbéng. &g uLLb
8.26 @60 HMLLLILIL(b6T6NE.

aulILflem LMD Si(PSSLD
Q<0,W<0

eauliuflemeoompm eflfley
) Q>0,W>0

KBEOHE

uLLD 8.26 6euliLfleneo ompr efifley Hmb
eleulILl [FlemeD LoMMIT SI(LPSHE&BLD

ST(bSHEISSHML(HSH6I:

1  SeooreooiemI OeUILLILbSHID Guig), SiHeor
andlblemeouled  HeooTeooT(Héb@  6TEUEUETE)Y
QLSS sieflSSTeId &H600T600T [T

Weugions Brmefluins IMIDeNEDT SiGHeoT

eeauliLflemed 2 uieudledened. SEsELMETM)

2 _emmiflemeouled 2 _eten  UevfldBaLly 2 [H

Sevoreooi e MM  GugId LeNSs 1 ES

QEULILSEMSE ST (bSSTRID SiG60T GleULILElemED

9_uHeudHlebemen.
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2. mog 2 LT emeuTHH U Hlend
LOMODIRISEBLD 6 LMD AeulLfEleneoulGeGu

(37°C) memL6Wm)SHledTment.

eeuliuflemeo LMD HlsLpeled QI
Beuemeo:

BEDEOILIEDL]  6UM|  QEOTIleMenTS  &HIHEIS. LMD
eauliufleneouied, Sewg Hepeie (P, V)
Beneoulsdlmbs (P, V)
aeotn  @miFHHlenensd Sisemert  eflifleuemLul

aeTm OB
S F&&6D. Sbhlepexleb 6umeuTed QIFLILITILILL
GeuemevemiL HTLD LN6ITEUIHLOMM)] SHETOTSHEIL 6DITLD.

FLOGOTLIM(h (8.17) @60 S([BiH& eumLeUTed OFLILILILILL
Geusme,

vvztﬁ? PV 8.3

Bbiflspey 6L g) [FlsLpeuTs: 2 _6TemgTed 66Ua6UN(H
lemeoulId euMLEUTEOTS| G5Ol 60T Flofblemeouiled
BmsED. @@ euny Heedlledy
&eeleuT(H Hlemeoulleuid &sLpevIL 60T
O _GTENSHTEID  [HELEOIEOL  6UMWE
@hi@ BIb LWeTLbSH HRSSHHWS LIIHLOET
LHMID eeuiLElemeoulledT FMTLITG 6T(LRSEONLD.

” RT (8.32)

goeotuny  (8.32) & (831 @e

Wy SlufpoGug)
Vf MRT
URT f (8.33)

FloedTun(h (8.33) @b T Qg,neo:&,uSLLqm@ eeuerf G

SUMLEUTSHEYLD
globlemeouiled
FLO6OTLIML 60

FLO60TLIM(H

UGS (HHSSHSMTE00ILD Q6ULILIFIEm6D LTI &6
(WP(RMO&GSD B8 omledimGLID.
FLOGOTLIM(H (8.33) & O1BMeMSLILIbSSHILELITE)

= uRT In ] (8.34)

@@ apullL uwwer efifle] eF eeaiuflenen
oo eflifleurn@&Lo

Vf
7 > 1, eredTUSTED [11

1

Guoepid

0
> D.
V A&

1

si60@ 8 QeuliLpb el Suisseiwgin (HEAT AND THERMODYNAMICS)

10-09-2018 14:36:51



®

www.tntextbooks.in

ereur@ey, GeuliLBlemed wmmm efifledled eumujeured
eElwtuC L Geuemed CHISHGSM ShGSLD.

FL060TLIM(b (8.34)6\euLILIHI6m6D oMM S(WP&HSHSHSHMGLD

QLIMBHSILD. S} 60TITED ealILblemed oMM
. e Vf Vf
HpbesHe — < 1aenGeuln |—| <0
v, v
ereT(6), eeulILBlened Lommm SNPEHBHH 6D

eumyeileonsg) et L Geuemed eTHITH@SN Sh@Lb.
PV
efliflefleor@Gung  eumyeumsd QFLWIILLL  Geuemed

aUEMTLIL SH5H6D, GeulILTflemeoLonmiT

auemIULSHHGS SCP 2 eren UTIIDGE &ob
6T60TLI) LILLD 8.27 (a) 860 &ML LLILL (b6TeTg)).

P
A(Pi s Vf)
Pi ........................
Blpedl L LGSl = aauliLElened LOMDT
efiflelevrmed FLWIILLL. Geuemned
T N QeuliLflemed

2,
27 o eflifley

Blpedi L UGS = QeuliLflened DT
BA(P&BHHeotmed OFLWIILL L Geuemed

Qeulublened
LOMDIT SY(LPEBLD

uLLb 8.27 @euliuflemed Mo Hlapeed
aawiu L Geuemed

@CsGuneiTm) G6ULILIFlEmed LMD SK(PHHSHS6L PV
euemIULSHH&S EBL 2 eer Ll eumwelledndg)
BeUeme&H&HFFLODMELD. @s
i @Muiled GO LILGD. & UL 8.27 (b)&ed
ST (b6Ten&l.
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eeuliuflemeo  omom  Hlaspedled
Geuemenemuis

&eouI&HSHEUTG, HH6)] 6@
bewg| ey eTeor HTD &HHGeord. Q&
QO Wewg Hspeuns Geene6ieiled

RT
Blemed& FLo6oTLIMh P = ——— emll &loedTLIM(b

(8.31) 86b NTHui Bwieons). ereleoTenfled
mebedlwied]  eumy  eXlgl
Blspe)sEboGL

goeotunp  (8.34)

LOMmIT

Q&L L

FLorflemedihm
QUNBHSTE.  Sh6oTITed

bewgeuns  Hepns
Blap6)sEBH@LD
OUN@BHSID. eT6leTeufled SiRSHSD  LLOHMID

eeulILblemed

LBLoeoT BumedTm [HlemedLonmilaeT HeEDLEOILIEOL]
aumeledT ST &&LoMHMILD SmIH Hleneosemner
wLBGL sMIHSlHESD, Snidlbleneoeml
SMLHES UPl(pedDemW!  EMTHSHEHSTE.
go6oTUnGb (8.31) & FMTem&LILbLSSHIEUSNE

1oL bBLo BMLD L56LOE) [FleLpeuna &S Geotib.

ThHHESTLH 8.16

300 K eeuiLflemeouligieem 0.5 GLomeb eury 6e0Tm)
OBML&SLILHL60T 2 L B Sbibs SmislliLimLoet
6L &@ eeuliLfleneo ommi Hlaspelsb efifleusmLSms)
6160fl6D, L6OTEL(HELETTEUNEMME HTETITE.
a.  eumyeumed eFLIWILILLL. Geuemen?
b. aamueln@sd &SMLSSILLL  eeuliLgdleot
aiemey?
c. eamyeier @misl Sip&sID?
(eumuommiled, R = 8.31J mol! K1)

Siey

a. BHMb oMby  eumeNTed  GFWLILLCL
Geuemep g QeuLiLBlenen o efifleun@Lo.
@i = 0.5

8.31]

mot.

W =1.369 kJ
O Geauemed CHISGMUID 2 sTaTemssH

6L

W = 0.5mol x x 300 K x In [—]
2L

sHeuevilde  (Beuetur(blD.  eT6levTeufled  eUMU|EUTED

Geuemed QASFIILILILIL(H6TETS).
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b. aauin BSusselwedleor (WHed g,
eeuliLflemed Lomom flepeded siemwuiinGs
Q&M(b&HSLILHID eIl Galemed & LIISNHESLI
LIWI6OTLI( SSLILIGbSM &.

aeiGey, Q = W =1.369 kJ

Bmni® Q ayb CrISGSMIWLINGLD. ereieurenfled eeulILILD

SiemLINNG6T O&6LEDE.

c. eeuiuBlene LADT HEHDINES
PV =PV.=uRT

8.31J
mol.K

300K
6x10°m’

pP.= HRT _ 0 5mol x
Vi

=207.75 k Pa

TOHHEHSTLB 8.17:

ECp a&m LUl betem PV euenaULLD GleueiGeumy
Srevorh
eeuliLflemed LMD Hl&LPEY&HEM6NTS GSM&ES0TDEDT.

eeulILIBleneoserfled HEmL OLMILD
Bretor(h eeulILBlemensefled 2_Wifhg eeuliLblemed
6T8)| ETEUTLIENGS SH6T0TL 115.

P

T, Lt

<Y

Siey:

21T QleulILBlemed auemaTBHML6mL & HTe0oTLSHDE
UL S&6D SMLIGU|ETETEUTT) X SH&F&EHES Semevoring
HemLHFerd GoHMLlqemedr euemTl Geuedor(hlb.
851 o SIPRSSSDEHNET C&HMNh HPGSLD.

P A

T, L1

4
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1
wHmid V, spdlienel, G sipéssHed 2 _eiten
LI(BLO60TEH606MTED (GHMéeledTm60T.

oMM, SI(R&HSS BaLiq emeoT

QEMHIGSHHIS CaMbeHEHHSHTET  LITHLOITSET

oMM S(R5SSHS6D a1 LIIBLOED)I6IT6IT
eumyefled euliLflemeow|d SHsonE EHHGSLD.
u_gHembg V, > V, aeGey, T, > T, ereor
SIMWEOND.  GLITHI6UTS

eeuliuflemed  LOMMT

Hapeysafld QeauLblensd Gemmeuns 2_eiern

eUemeTBBM(b&6T S SILILeTerl 5@ Si(HESH SiemLoW|LD.

eeutiutiufliorhmidledeor
fl&Lpey (Adiabatic Process)

@niblslpeed ereuegionest aeuLILPL SiemoInE
2 _6TCanGIIT 160608 eIl L0 HHSI SleverfiBLIGeuT
615660 (Q=0). HeEDTTED EUML| SHEOTEDIMLIUI &
SyDmemeoll LWIedTLIbSS  efifleuemLiujld  Siebeod)
Seuaflliyn BeuemedulleoTmed GUMLL Si(LPEHSBHLOEMLLLLD.
Hlspeled
SiemIOLIN60T SH(IPSHSID, LIBLO6IT LoPMID SleuILIElemed
Seunmled LoMHMLD GMHLILEDITLD.

A Eq(EDY eeuluLfiiommmLdlebedm

&m eeuuiLfiomhmiSiebeon  BlepaiinE el
Buisseilwededr (psed eld AU = W erenr er(p860MLD.
BFHeO\HHE HTD SINTHEIEETETELS 6TEITEITEIEUEITDITED
6UML| SIFHEOT SIS SHDHMEMEL! LILIeOTLI(bSHS Cernemen
e\FLILID Siebe0g) euMellednSg Beuemed G\FLILILILIL (b
SIFHET 18 HHHDEL SN &Ifl&ESLD.
eeutiuiuflompmisleveon  Hlapedlement  LedTeuHLD
(Ppemm&emeLI LWETLIbSS Hl&0655 SuIeID.
i. Siemioliy HDDENED  FLPNHSS
SLSSHTSHEUTMILD 3i6DE0G) &sLp60le0I[BIh S
eTeueiBLomeoT QUL HHDEID SiemoLIIDEGeT

eeulil

C1F6LEOMHEUTMID SHeMIOLITEm60T  ClEULILISESTLIL
(Thermally insulating) egiiuw Geuesor(hib.

T(bSHHSHMLLTES, Q6uLILIGESTLIL
eFw L o _[memanuiled o _gitem
eumy eeuliuliLfiionHmLslededt
(pemmuiled B(PSHSLILGEDE 316D60G)
eeuiufliommmislebeor (wemmuiled
efifleuemLdmg. D&  uLbd 828 Qe
SMLLLILIL (beTermeoT.
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QLIS

(a) @euliu ufionrbmiflebeor Si&sd (P Hmib T iflsféEI) (b) @euiu ufiorbmisiedeor eflfley (P oHmib T &ewmub)

uLb 8.28 eeuliL LfllomHmidlebeor Sip&sid HmIb eXlifley

i.  ereuals OQUILGSTLILLD SHM [HlemeouTled &5Lpe0I5E
GaUILSHEDSS HL&HS SuieongHeurn) Lls&HSnsSiL
Crrsdled e Ceuslons H&PeY  ermLLLTed
SiHeD 615 QeuiLLIflomhmLSledeO [FlELpe).

ULmagseT 829 (a) womid (b)) Beupemm

el é@HledTm60T.

TbSHBIBSML(b&eIT

UL 829 (c) e niledlhibg! &5LTeoT SThm)

GoBev 61560TM) Gl6ULILILT Liflombmidlebeor Hlemeoudled
elifleuemLib. @seor eflemereura Bame Geflimba)
S(W&BILL (b B Salefliung wnhmoLoemnL b
LNedTevTy Lo6mLp BLosLONS: LOTMISMS.

ULLD 8.29 (a) LW 66uq&&LEUTE) SLoaHE
QaUlILSemSS HL S GrIe L[hHéHe 2_et@ert

eeutiuiuflompmiSleveon  Hlspefibeneor  Hlemeod
&LO60TLIM(H

PV = 1onpledl (8.35)

> 8niE Y eTedTug eeulLiLfilommmLolebeor
SIbEGSHGH HGWD (Y = CP/CV). 85 eumweledr
BwiebemLLl OILN[HSSHSMESLD.
goeotunp (8.35) Qe QmHa HMD  Sineug)
6TEUTEOTE\6UETITED, eumy 6 FLorhlemed
P,V)

o _eitem &MHM) 1618 CGeusslons exlifleuemLujd

HlemeoulledBih &l LMHEODIIH  FobHlemed
Flemend & (Pf, Vf) eeuliufliomhmLslebeor (Wwemmuiled
LLLD 829 (b) eT6L6XIELOMENT O1GULILIESTLID aFeLaUbGLITE Sisueumy NeTeumd HLbHSemeTéHE
SMmiHlemeouieId eumLieme Lils Geugions © " LihLD.
SA&5G6uT Si6be0g) eXifleuenLwBGeur O DELITE),
o . . e PV'=pPV' (8.36)
MLEUTED G5LOVIES CIEUILISENSS HL5S SIS it '
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el ufiommidledeon efliifley OHMID SiLPHS
Hapeinsrer PV euenIULSemSWD Q6L
ufiompmiileveon  euemen@smh  (adiabat)  eredtGm
SiMLPSH&E0MLD. &) LIL LD 8.30 &6 SMLLLILIL (b6TETE).

ULID (8.25) 860 SMLLLLL(beTem 6leulILBlemed
wmor  Hspeibsmeor PV euemIuLd  LOHMID
ULl  (830) @6 SMLLUU (beTemr  eeulull

uflormisleveorn  Hlaspednasnesr PV euemrLL(LpL0
ALss L oCr wrHiflung o _eTeTer. pevrmed
eeulutLfiionmmLdledeom Hapelihsmeor
euemen@a(h, QeulILflemed DM  [HlspelihHasmeor
Fn@m

auemenGamemL el CFTRIGSHHTSH

SHMTEUOTLILI(HLD.

T wHMID V gl QUNHSS F6TUNDb (8.35) & HITD
FHBM  LIHMILIEDOSHSHEDMD. HEDEOILIEDL  6UMLE
SLOEOTLIML 1. 60l[BIH S Si(RSSLD -
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