


d o  L n'o n~iu?ouad~uo~nis~dduufiniu-. 

n$nus~nisn.~~~uo.~w~.~iunaiu?ou n'o 



i'm~ini.sriinaius'ou 419 

AQ/At = -kA AT/h 

tdo K do nniwriinaiuiouuotqx 

UR: AT/h 40 ~m.nnima~duodqfllwr~ijsiow~3~n3iu~i3 

0"nsini.s~inqiufou iio 

AQ/At = hA (T, - TI) 

[do h do ~ruurls:t?n$niswin~iur'ou 

i'm5ini5uwfi8n~iuYou iis 

R = kA (TI." - T24) 

tdo k do ciindBijuedni5uifi8 

Qnmmiunaiufouuo~3"nq 1uta~i t do 

Q/t = K (TI - T,) 

miunqniad7.iuhrs4iaiVod tm: K l iuni i  tTullr:tin&o~nlr~tusiia 

2. npuoctYirqarml do 

PV = nRT 

do P do n3ium"w v do f i ~ i ~ 1 5  n ;o ~°~u~u%uR 

lm: T do qarnrJijtTuq5duo~hr 

IRU R do riincdninauo.rctir = 8.314 x lo3 ~ l k g - m o l c . ~  

rmufigiuuotoiIaniI~r nriiaii f i i rdi i f iuim5tr i i~~d~~nrJi j t~~:naiu~u ~ 
~Fiuanir ozii~iuaulutnqntviiti'u h n l i a u ~ o l  do 



N,, = 8.02 x 1020 luloqn/ilnnL-lun 

!do N ~0uiiuaulu~oqn~~~umuO~Ki~niu1uflui~~ v 6ih 

PV = NkT 

bu k l o  ~iifl4si?~ahn6?1rJ"~M' = R/n, = 1.38 x lo-.r J/K 

3. nqutjonu'uo4fira Ro 

PV = 2/3 N &  

1 - J ldo 6 = +mv2 I ~ ~ ~ ~ ~ Q ~ ~ u Q ~ w ~ ~ ~ I ~ Q Q ~ u Q ~ L ~ ~ o ~ ~ o J L ~ Q ~  

v J d r 
4. flQQtMHw01FflflOrlTUQVlMM4 

du = dQ - dW 

&nciiaii irll~!'naiu%u d~ arirruun'ilfildduuoinflniar 1 IdUY~niar 2 IIPZ~ZUU 

n'i41uIi' dw 6izu W R ~ ~ J U Q J  d~ IM:. dw ~ d i n t ~ m u o , ~ i 1 n ' u w ~ ~ 4 1 ~ n 1 ~ 1 ~ ~ ~ 4  
J J s:.uunmdnuuId CIU 

&nauaunisQtMtcqu"a4d .riunsm'Qmus~uun"ivqmun5 iio 

W = -nRt In (vf/vi) = -*Tin (Pi/Pf) 

hnnuaunim?iu6imd ~iunsr~ilmusruuKi~qmun~ l o  

W = PAV 

d U  d' n~iuQnnu5ouluoi5uo~~i~qmua5n"naiu~un~~~~~::fluitMn~du'naiu~uw"u~m~u 

C, - C, = R 

1un.rru?uflisn?iu~oua~dd1~5"u~ivqmua~ n'o 
i 

PVY = i iawk 







0.1 a ~ i r r ~ a u i r a z q m ~ ~ 5  

n~i~f3niouiinrtbui~un~iufijnn"~sifutnun"u~ofi~id: srKuuo~n~iuiouci 

ndiqdonii pcunrJri (temperature) 3'mQCliin~iu~ug-a liuniiiiq~m~rip 4 p d  
n~iufouriou 7 liuniiiipcunrJri6i / 

idori13'~p~ii~olnr~ri~~niiuin"uw"nn"ui~pn"~~oln~06ini qomr~riuotQp 

iouozamnc iinrucuri~u~fiQol~rJ~vo~iapdiiiuoriduu"u suIudqmiap&aodar 

polnrJi?inif%d Itndi~Ai'iiiimmqnn3iuQou (thermal equilibrium) nthuniul 

uo.rimc)usna:nmo~ imrn&~iun~u~uuo.rim~w&i~uu"u n~jdiuidiuinainia~nidl 

~~flimQnidtniimnnn~iuiian~idu~dQolwO~ idliunii n?iu%u n?iuiousr"iuinsi 

~ ~ i o r i l d u j ~ p i l d u t n u ~  ~lmiiqacwr~0a~iiin"uI4wqmn'iutn 
d v  d 

9.1.1 g~ngiil6a:nqgolnnaa1n~1a11an~fdd tn~otdodI~imQcunrJri ?fund 
t J I  ino6aritaoi (thermometer) ninoiul6uumoiuorialaf iio pacwr~riuo~sruusii~ 

n"oyIunuqnn~iaioun"u~noiuoriimoi cu ~tuwr~rih 7 
V J  s~nGon3~uu'idmunndi3n"d3'aq 2 &iiqcua5sii.mh uolrriiuirllw"nn"u1 

t~rnwd.r dooyIumqnn~iuiouti4ia ndi3lKii ctisruu 2 sruudwiioyhrmqnnm 
t: ioun'urauirnu szuu z .~ruuuueroylurm~nnaius'ou~~n"~dit~::n'u u'ona~u~tflun 

gcunnamani$adcpt d (The zeroth Law of Thermodynamics) 



2. 1118$~8$1l)8$liivv~nIP%uil)~~1a~a (constant-volume gas thermometer) 
dJ v v  iduiwoftloglnarnIaqernq1un~1~~~04~1~. i ~ o d t l 1 n ¶ n 4 ~ i ~ o l : ~ 0 1 ~ ~ u ^ i d d ~ ~ \ d  lilu 

ifi~o~ijodu'nq~ur? uriud-ilun7.j% 
I 



s. maiuaii ~claidail~n-aiuBfr~un~u (resistance thennometer) ifluinoiuoijimo/ 

4. ma~ran'udn (thermocouple) i~uinofuoiiimo#dI4n"uuinIu4iu?o"u mu' 

flupmi~unmnou (test junction) d n ~ # ~ o ~ i o ~ ~ s < u ? " n ~ d & o 4 n i 5 ? " a ~ a ~ ~ i j  uns 

d n i ~ i ~ o ~ d o n i r ~ n r i i ~ ~ i f ~ i ~ ~ ~ ~ i ~ u d i 4 8 ~  (reference junction) (h~f"diuq01~pfi 
ImuoirTufiuiolmjldfli iio i i a ~  1n douId~i (emf = electromotive force) imImutfl4o.r 

add 0.4 u ~ ~ I Q ( u ) I Q B ~ ~ L ~ ~ L L ~  (Optical ~ y m m e t u )  



d dszfleu67un0fodln5n"m' T f11dlu3 filter F v~idui~iuii~7i!un~ nnoddfll L naon i 

?dd1piolfl~3dosn"y111~~1 LBIU? B IIRZ rheostat R iiazJiio~Oimuf A lil0401fl in~oddoi!h 

1mss'uau^imo~diiu~14n"u1iwinn1uoz~u1~~ awn ivni3un i~n~ i~~~~~a~nad~~sulud 
t:Y .I d 

~ J I I ~ I C I I B ~ ~ ~ L I P I  (' C) B I J U U ~ W O I ~ ~ ~ ~ U  ~~~~filioulnoft~ ivn~3ua (Anders Celcius) $ 
I 

(Gabriel Daniel Farenheit) 
I 

[do zc iflugangiiimi~ua tin:: i~ I J ~ u Q ~ I ~ ~ D ~ I I ~ u ! ~ ~  ~ ' . i t ( ~ ~ l q ~ l ~ ~ f l i i ~ ~ l n ' l f ~  

Celsius or 
centigrade. Faluenheit, Kelvin or 

'F absolute. K 

qnlflf~n (BOW) r. 219 3 73 

! 

pndonugs (Freezing) 
I I 

32 273 



c&'  4 qrunprilrnciaulotllo iio nmonniu 14 K 8lulnaiu muuaolilutn'ur8t~6tn~iu 

(Lord Kelvin) dgrungii o K r-diCu - 2 7 3 . i d ~  ttw 273.15 K r-tiinYU d~ 
I 

I 

naiu3uriudrrnii.~n~n~tnaiu~t~=:n~n~~~o~Qn nil6~ingflr I 

I 

g.1.2 mgr aian'? (expansion) 
I 

. I v & '  
1. ni~raia&niu~h (linear expansion) na~uuianduuu ni16Qin~mr' 

d a iie Ldarhsrs~rngraiaganiu~du (coefficient of linear expansion) d.rij~iuiuij 
d s ' a  ~ ~ u n a i u a ~ a m m r r u ~ d s ~ a i u a i a ~ ~ u ~ ~ ~ ~ i ' 1 1 d ~ ~ ~ ~ ~ i 3 1 d d a ~ 1 d ~ d ~ ~ ~ ~ i  I 





rlid~z~nko~niruuiu01"a~iu~#u~u~uz~u'1iluu (a,,) = 28 x l o - G C  

bd.rz~n~uu.rni~uui~01"am1u~~uuu~~~ifn = 11 x 10-6 P C  

A ' A  
2. ( ~ ~ Y ~ I I ~ I ~ ~ R I U ( I U ~  (area expansion) ? Y R ~ ~ O P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U H " ~ U Q C I Q ~ ? " P ~ ~  

Arrrimruuiusi? ~ ~ o ~ n f i m i u # u ~ u o t t j a ~ h ~ ~ u a n " ~ ~ i u ~ f i  rzl#mmr+i'-'-d' 
A, = A(1 + p ~ t )  ........ 9.8 

d o  P d u ~ ~ r r ~ n ~ u o ~ n i r u ~ i u d i a ~ ~ i u ~ u ~  A IIIU#U~BQM(IJO t lmz A, ~fJu#udd 
qarwgi t, I 

4- 4' 4 &~4"Yniruuiu~auo.~uo~~tIi~nu luarnuan"~ odCiii 
P = e a  



w = naiun?i~uo~#i~duudiiuuuiu 
x 4  

A = wunuo~#i~iluuki7uuuiu 
= lw 

4 ' 3  
Al = naiuuianlfiuuu 

4 ' 3  AW = n~iunfidnifiuuu 
-4 ' J' At = Q W H Q ~ ~ I ~ ~ U U U  

A, = (1 + Al)(w + Aw) 

= lw + [wAl + lAw] + AlAw .....,.... (1) 
x 4  

WA LLRZ uw = ~undiiuUY7~ 2 UY74 
x 4 

~w = vtuntln q flyu 
A, = ( l + l U t ) ( w + w U t )  

= IW + w l ~ t  + I W U ~  + lwa2 ( ~ t ) 2  



3. nir~oin~amiuuird (volume expansion) rzl&mnirkff 

v, = V(l+yAt) ........ 8.7 

area 

mruuiuoJ'~~iuui f t~uo~uo~~~n~ (volume expansion of liquids) r :If 



scld asn 2 nifudszilll~uo~m~~u7~m"adsin~ r i l ~  

Ya = Yi - Yc = 136 x / C  
4 ' 4 '  Inuifu6iifioonui ilao ilsuimmfiu~udnn~uoth wiltiuin 

AV = VyaAt 



Temperaturn 

0.7 rnuwu~m~uu~un'u~~~wg~ i 

-- 
I 

9.1.8 J j u i ~ ~ a i u f b w ~ ~ ~ ~ w ( l k ~ i w n a i ~ Q a w  t~odg inn? i~3oudwwf i~ iu~dw~4  

w njdiun nnui-iotdifuufluw&nun?~ufouI6oin t~u?naiu ~muo4 count von ~umfoid 

ttRzdiu8inni5wmR64Uo4 James Prescott Joule ~;rn"lwumnd?uu~4nalu5'ou~~5zYY $1 

flu ga pi4i5~lflunuauuo~~aiufou wfi~.riu unzciu unznd.run?iaiou&ntp lllu 
B l p  (Btu) I 

&n?u& J 2 ndau Ao 
I 

I 

d 0 wow u 4 
1 ii~almaed (One kilocalorie) fia ~aiuQawnnilwu1 1 ~ ~ a n r a u ~ o l n ~ ~  

s ' d '  
IWUW 1 O ~ H I L S ~ ~ I ~ ~ W  

I 

d wow 
1 (One British Thermal Unit) ae miuQwnnilnui 1 Jawd 
sa 'a  qtunquirturu 1 s~cnrhmawlari 

1 kcd = 1000 cd = 3.Q68 Btu = 4186 J 

1 Btu = 262 cd = 0.262 kcd = 1066 J 



u 4 - 4  4' ~irnarmiuJard~s~ni'1n'i1#?"~1~ 1 tlan~uuqcunguiauuu I s ~ l n  (imiJun) 
h n i i  mupclnuhu6iimr: (specifc heat capacity, c) i~uu~guffa~ni1l6ii 

ailluaijun c ii naiuieudiiair ainnii  ~~ iuqnnaSaui ia i :  
m igua7nuod'mp AQ ~ ~ ~ a i l u n ~ i a % u d f m ~ d ~ a ~ ~ u ' i d d u u " 1 d  At 

c dnci7ui0u i1kg.1~ H Y ~  14g.O c 
ci1ua.r c ua~7YRp imcljl.nuri~i~d 8.2 



mmr (9.1 1) f iu imnaiu iou ~~d*lrlnlu'iw'iooon01n3"i~n"n"1'1fl~mn~ii~diluu~11 
v 

At ii mc Gundl naiupnaiuhu (thermal capacity) n'io 6iauya (water equivdedt) 

u o ~ i i q  ~ u n 1 ~ ~ ~ ~ 6 1 u a m n i ~ u 1 f u n a i u ~ ~ ~ 1 d ~ 3 " i ~ o ~ l u n o 1 u r ~ ~ u 1 1 d d ~ m n ~ i i  
I ~ $ U U I I ~ R J  

ldo~~dd~an~i i~wmn"u3"i~n"d~mn~0hi  na iu luar r i iuaa~n~~dd~mh-  
rlii~jld~3"iqddQmnQu'hini~ouni~QmnQ~~r~nin"u ttiainuu~'i~lridn&~iu~~unS~) 
~ q n i u l d ~ i n n i u u o n  nk~1un1~1~cfn~n~uo~3"i~~if~0zdio~1vi1n"u~n"~~1~n1~'1~d1i~ 
&uac8ninqn& n n ' n u o ~ r n ~ n ~ h u o t n n ' ~ ~ ~ ~  tr1Kdi 

I 

naiufouner 
1 

= na1uiou1su 



htn i~dduwaniaruer~~~ inv84 i1~"4 ie~~ve~ ikaa  n7seinue4ina2iduha 
~~e~~n~iut8ud~atn~i3n4d ~#odunii ni.rd~eulraiwr (phase change) 

f l i 3 d d U ~ ~ f l i u ~ ~ i f l ~ 8 4 1 1 ~ 4 1 e ~ ~ ~ 8 4 1 ~ ~ 2  dun41 ni3naaumaa (fusion or 

melting) uor dbn qatnqil$uil gcmaeumaa (melting point temperature) n a i u h  

dlie41~lwnl3diewu8411~4~i:4~da~u2ad~n~a8u1~aail donil n2iuieuad~ua4 
nmwasurnaa (laterit heat of fusion, L) 

...... k Q/m 8.12 

~un'iuo.rdua6u n i % d d ~ u l m i ~ ~ ~ i m 8 4 1 ~ a a i f l ~ f i i e ~  Aunii ni~naiaiflwls 
(vaporization) iinrpacnqi?#u #o QR 1 8 8 ~  (boiling point temperature) erltfnaiu 
~ e u i i d ~ u s ~ n ? a f l a ~ ~ i f l ~ ~ ~  (latent heat of vaporization) 



- 

miris 0.8 Latent heats 

Substance 

oxygen 

ammonia 
I 

water 

mercury 

lead 

aluminium 

copper 

uranium 

tungsten 

Melting 

point, a C 

-218 

-76 

0 

-30 

327 

6 60 

1083 

1133 

3410 

Latent heat of 

fusion, kcal/kg 

3.30 

108 

80 

2.8 

5 ,O 

o o 

32 

20 

44 

Boiling 

point, a C 

-183 

-33 

100 

367 

1763 

2460 

2300 

3000 

6000 

I 

Latent heat of 
I 

vaporization, kcal/kg 
I 

i 

6 1 
I 

327 1 

640 , 
I 

70 I 
I 

206 I 

2720 I 

I 

1211 I 

454 I 

1160 I 



s.i.4 n i~d~dium~iufsw niadewiunaiufouu' 3 31 80 niaGinaiufbu nirwi 

naiufou nn=nirrrw'ii?+ (naiufou) 

I. n i ~ ~ i m i u f s u  (heat conduction) nirdc hun~eciunaiulwd~?im#u 
b 4.l 

i u ' ~ ~ ~ i ~ P ~ ~ I J u ~ Q ~ ~ ~ 4 Q ~ n l ~ ~ ~ l ~ ~ 3 " ~ r l ~ d 1 1 1 ~ ~ ~ l ~ n ' ~  fiunii niniinaiufsu 
M Y - 4  Y " 4.l Y U e %oiroli~\ciu%q~ui AX ununnuiVin A ~wngunnuimnne~mhu~u'~vii 

v u B '  n'u 8o T, un:: T, 16o T, > T, imnaiufau AQ dInnciiu~ainCunuimmn~ao~~ul~i 
At nnmmslnoewuii MacQanrgi7drii~nir - AT driinum~fl ediY41 AQ tfldanid 

~mum~eCu AT un: A imr61dinum~t Cu A W o z i i  AQ ~fludfininlnunrcn'u AT/& 

61& AT 118:: AX u'fiiiiou &ifu 

4 ' 4  dc d ~ / d r  - o'Rrimr~nnuoenaiufou wiuwun A 

dT/dx F d l  lnrl#uuc(uoepac~gii (temperature gradient) - ~ I U ~ ~ ~ M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ H ~ ~ J ~ ~ ~ U ~ ~ I ~ U I ~  

k = dinqd &ni l  un i~~hna iu fsu  (thennal conductivity), 
4 r  e aimuni k uin o::rfjum"?~in~i~foui!8 rdairdfhii k w'ou o=Ww 

fiu'inaiufoudln? n~orflunuaunaiufoud# 

~m~~malnnuo~~~iufo l iZf l~~nnicd x d u & ~  idoccinniikrn 
r r  4 ~ ~ ~ n ? 1 ~ f ~ ~ 0 : ~ ~ n ~ l n ~ ~ d ~ ~ f l l ~ ~ u ' ~ ~ ~ d ~ ~ o l ~ ~ ~ 6 l  94lJlfl3o4HUlUQYl €ldHlhln8lJ 

d ~ / d x  l u m n i ~  (9.14) [ d~ /d t  \flu + od d ~ / d x  1flu -1 



REPRESENTATIVE 

VALUE OF 

METAL k, J / S . ~ . * C  SO k, J/s.m.' C GAS k, J1s.m: c 

Ahlmhum 206 Insulating brick 
Brass 109 Red brick 
Copper 386 Concrete 

Lead 34.7 Cork 

M e ~ u r y  8.3 Felt 

Silver 406 Glass 

Steel 60.2 Ice 

Rock wool 

Styrofoam 

Wood 

0.16 Air 0.024 

0.6 Argon 0.016 

0.8 Helium 0.14 

0.04 Hydrogen 0.14 

0.04 Oxygen 0.023 

nnqksi ro l i f iur id~  (~dnwnmon) uiq L d~~iuu'id~nfu'll~iuaum 
rtx 4 ~ o ~ t i u n i ~ ~ ~ ~ w n u o ~ r n i u ~ o u  uwunuu'il.5d~imo A ttioglu~ni~zn.rh (steady state) 

P o l u O ~ P ~ ~ d ~  7 9zn~dmno~~j~i-1 fi&~ d ~ / d t  iriitiuyn q uu'iKi ~ ~ d i ~ ~ i z 4 i  d ~ / d t  - 
4 W E  -LA(~T/CIX), d ~ / d x  rziriiniryn q ~Civi'~6v.1 jii k unz A ndn muu T rznclnq 

o~iddi~rmonian~iuui~v8dt~nd.r'n~ do -dT/dx - (T, - T,)/L i~itzl& 
dQ/dt kA[T, - T,)/L] ...... 9.16 



PP niiinai~T~u~0~11i~kaG7flunuau 
I 

hsdw 0.6 ~mq~~wu~i~~ifiau~nqno~riimdInaiunui L, un:. L, InmwiinaiuSbu 
-4.. L, un:, fipamgunwauonlflu T, un:. T, r.~~i6mridnaiuTouriiu1niiufm~~~iu~i.~u" 

dQ,/dt = LINTx - T,) 
L 1 



2. ni~nicl~iw&'ew (convection) m~d~wiun~iuibulmuni~win~iuf~uluinqn 
~ ~ ~ ~ ' ? ~ ~ i ~ ~ ~ 6 ? ~ ~ 3 1 ~ f 6 ~ ~ ~ ~ ~ ~ ~ i ~ ~ 6 ~ d ~ l ~ 3 l ~ s ' 6 ~ ~ d  iliu doioi~oojmiioim-l~~ 

azflnfou iwnz~uaqnuo.roimnif6uuuiu$3dfl~iuwuiiiuu~mn ucr?nouptriui 

nrmuu'o ~ ~ d ~ l f l ~ f o u  

n i s w i n ~ 1 s ~ o u i ~ ~ ~ 1 u % ~ m n 1 ' i ~ n ~ o u d u 6 ~ ~ u i n ~ n ~ ~ n n 1 ~ ~ 6  2 vfim Zo 
I 

I 

2.1 n7nr7ng7uibuod7~bnr (free convection) iO~ni~~~~iufoudluidqn 

uo~&nni~mdou~\diw' i~~dn~iu~ui i idu~~~n"u iiu nisiiimnu unzni5~~uiuoil)in 

i~uuo~~~.jaiu~iaddo~\d 8u6u 
I 

2.2 n7nr7n~7ufbu&nu%% (forced convection) $ u n i ~ w i n ~ i u ~ ~ u ~ ~ ~ i n  

qnuo~~'?nni~~n~i~ i i indoud~mu~i~ . jn iuuon iliu n i r n u i a n ~ ~ u t b u u ~ c w ~ " o u " i ~ ~ ~ ~ ~ ~ ~  
~mnu flu iinzin~oqdj~~inin $u#U 

I 

~~nni~d.r~iunnuf~u~m~ni5win31u?6u ~o AQ/A~ = h~ (T, - T,) iu'o hlgo 

~ u d s ~ ~ ~ ~ n i ~ w i n ~ i u ~ ~ u v ~ ~ u o ~ ~ w n  I 

s. nlr~ldkil ( ~ a i w f 8 ~ )  (radiation)~qqnaijm~iiiPNwrJ~~~~~~d6~~l~u~3ru" 

azniuwoj~iuwiouwi~~~on~inw'~u~~u"ulu~du0.jn~uiiu' i~i i f~d~-I%u3~~ndu61~ qn'u 
d 4 %aid w n ~ i ~ f l i ~ m n ~ i u ? ~ u ~ ~ ~ u ~ ~ c n ~ i u ~ ~ i ? n w  ?"mainn~uaa~C(~imuo~n~u?n~ 

(wioain 8 x 102 $4 10 x 1016nm) l ~ u n i i  ici?5udnnm 1ja5udnnm8uneuidiw~n~dfli 



R kA(T14 - T24) , ...... 9.16 

tdo k t~udin~Riuo~mattd?~if (radiation constant) 

. . T I 4  - T 4  = (TI - T2)(2T2)(2T,e) 

= 4TZ3 (T, - T,) 

mms (9.16) t~uulnli'l6ii 
R = 4kATS3 (T, - T,) ...... 9.17 

6ipcunpriue~~~ti~mdoudfii T, n ~ t m n o ~ t a n i t t f i ~ n i s t t ~ i k a  

. . Q/t = K(T, - T,) 1,...9.10 

mrn& fiunii nam~tducl'7rs~Oa1 (Newton's law of cooling) unzdi K fiunii 
d i'~da~anliuasniardu6'a 

388 PH 111 



9.2.1 ~ ~ V Q J U Q U ~  (Boylevs law) lug n.n. 2203 uoud (Robert ~ o y l k )  

~Riiini~~maoailmi~inaiufuw"ud5=~ii~naiunm6un"ufiuin5~0~~1 i ldo 

...... . PlVl = p2v2 
I 

9.2p 
dl I 

rue P = naiunm6uuoafig , 

9.2.2 n q r a ~ n i a  (charles9 Law) lug n.n. 2330 n i a  (~acqubs 
J Charles) 16~munoa1~u1~n?iunm~uuea~i1nan' nuii fiui~5eriflud~nin~nupll5anp 



0.2.3 ~ I Q I I Q J ~ - I % ~ I U ( I ~  (ideal gas law) 

ainnpuotvoud v = I/P 

ainnpuotnfn ' v = T 

fiu"u v = TIP (1dou3nntd) . ...... . . P,Vl/Tl = P2V,/T2 9.22 

mmr (9.22) Gun51 npuor6ia ~io~i/uuIwitfIu 

Imui  P = na~unmd'u ~ ~ ~ U ~ D C ~ ~ ~ ~ I ~ U J B I S  

T - Q O ~ T J P $ U ~ , ~ ~ ~  l n a ? ~  

v = LhJ1915 Q"lfldl~913 

n = biu3ulua ;Inn fulu a 
, 

R = d~ntdnnnuoafi~r ~nsio7Innfulun.mniu 
w e  .I 
R~UU n STP (Standard temperature and pressure) ddd "l' = 273. i s  K, P = 1 atmosphere - 1.01326 x 106 N/m2 kr 1 8Innfu1un s=dd?uicm 22.4 ~nv1fldlu/l~~5 



0.2.4 ~ ~ ~ f t ~ i ~ ~ ~ a a i h n i ~ 6 1 ' 1  (Avogadm9s hypothesis) oihnilclr (Arnedeo 
u d Avogadro) u'ntnuimnmim?8miii wuii ~ i ~ ~ d ~ u ~ n r i d i n u n ~ ~ ~ ~ ~ ~ ~ ~ t : ~ ~ a i u n n ~  

R'uiZaan'u c::iliiu~ulumqnriiu ~iu~uluinqnlunif~~lnns'ulun dunii mroihni~ 
k c l ~  (Avogadro9s number) ltnuhu No ~dikd , 

I U H ~ ~ U  SI N, = 6.02 x loee Iumqn/iilnn%-~un ~ 
fiiIH' N duiiuquh inqn&num~u~rsuimrn"w r̂i~cui &$u 

/ 
= (N/NO)RT 

. . Pv = NkT , ...... 9.26 

do k = R/N, I'ionii din.rfiroJ7un61u"uG (Boltzmann9s constant) 

9.3 ~ ~ ~ ) Y Q I Q I I ~ ~ o J J C ~ ~  , 

I ~rimifi i~diu~un~~9~da::n~u~~uo::~1oudd~::nouu'u~~ufii~ ni~oiuiu~ 
u .Id wqlrnnuuo~o-moaln6id ni'bjiilduliotdro::mou~n q rrmuod aricrl#n~ua4?n~ 

dY1 nnma~faiuiuw~iina~u~~61u'~umil~r'u~w~ou 7 n'ulu134dti ~unnqqu?inqufisnlln$ 
-4 d umfiiall (kinetic theory of gas) fiddiuiiln~wqlnr~1~rii4 ila fiirpmu~ar~u~ 

~nuolrliludu.ri~uu41no~ro~irialld~1i~6~~~~ 1de~H'~nmsiroa~uiuqolnuu~ii~ q1 

uo~firl&~nl~miu%nrno~'16 1 

uuu~inowe~rTi(lrqwundiclun8 I 

1. f i1al lQ~~~~ldufi1~4w5::~i14~~lnq~ ii~'ilrau~ln~fid~'16 I 
" L 

2. riinur1~umqnuo~irir~munl~fluu~nn~~n~uuuim~~nuin ~ ~ u u w a j ~ i u  
. n i u ~ u ~ ~ i r ~ a l l ~ m u n l ~ d u w ~ ~ a i ~ r n d ~ ~ ~ u ~ d ~ ~ L i ~ ~ ~ ~ ~ ~  



3riacuiluinqndinaiuli? v ~~i~unldunaiull?daclmiu11nu16 v ,  V, llnr vZ tda 

'IdruplC4ni.r ttnu x aruluiuu.iidniaunu x idu mv, 1mrldanr~aunor'utd6tflu -mvx 
~ ~ u n i ~ t d ~ u u i i d ~ ~ ~ ~ u l u u ( ~ l " u n i ~  ilnu x tau 

APX = mv, - (-mv,) = 2mvx 
ti la~nnniarutbmuZda~da~nnari~oi fi% ~t - nrn~u~uu~'uua~~ic11indau~'Id1inr 

n or'u 



une I'iunii nndno~uo.rdi iaduvo~n~iu~~n' i6~10.r  (root mean square spec( 

'l~n'l~od~4~9n"' pV = N m v  I 

I 

pV = N r n q  

idatrilmqnflamrmw~& s Qn (x, y, z) ~rii 7 n'u I ~ u d  



7 '  6 vx 7 -  7 
116 P ' v+v+q 
&u"u 

- 
vX9 - 6 - (1/3)9 ...... 8.28 

PV (l/s)NmP 

= (2/3)N[(1/2)mq 

PV - (2/3)N.& ...... 8.28 
- 

4 4  Q = ( 1 1 2 ) m ~  rfluri1rabuuo4rrn-J~iuu nduo~rroin~1urnqn 
0ltl PV - (2/3)N.q 

1lRz w = NkT 

u. wn'~~iuiaifudoozolou 

fl. V,, lJ048ZQlElU 

4. v,, hpmat~0rriiSu - s d ~  
0. ~ l f l ~ ~ ~ Q ~ f l ~ ~ ~ ~ ~ l l ~ ~  ifl'l v,, lJ84 ~~o l8d31~f l l l l IUd~1H~d 2d C 

?#dl n 1. 2 mole , T 273 + 27 = 300 K 

R = 8.314 J/mole-K , k - 1.38 x J/K 



n. v,, VQ.JQz~Qu 

M 1~1uUril~u"n1:~1 lotlm~4'ilau~ 
I 

, = 4 g/mole 



w ~1rnnnflflu~diwuva4~ f i~iun~iufau~^s~w ~ij~iunlnlnu010a:1Ilu~iim1n~n~u'~~1'sa 
rufasnir#4na~aiim n 1 ~ c d ~ u u u ~ n ~ y n ~ ~ 0 ~ ~ ~ ' ~ ~ ~ ~ n ~ i u f 0 ~ ~ 3 a ~ f i 1 u n l n  dasazi wln 

iawfi.siu$:uuiio~ wti'-~~idnmuauju5:uu fiunii wfi.nuniuIuc~~ntema~ energy) 
, 

, 

396 PH 111 



- 

t'i'ilflnaiufau Q  iihsruutt~ase~u~n7~ tdduutidn~~innniari 1 ld1~unniard 2 

imrrruuii.sid6 w nnmmnnowuii wnoiiduod Q i r  w ijtiind1rmeliiiI:fi 

nianisidduuud n~sr~i i~nniar i  1 unr nniard 2 or illuodijlr Q - w Griidin'u Air 
1 

idduuttdn~uo.rrrnj~iuniuluuo~s:uu iia vckaiu~nrmo~?ur:uu~dtfluwnsauuod 

nKwiuonu'rrfi.riu#n6 uarrr~'~~iu~ddu q rlna~nuodr:uu sinnniard I ld&nniard 
4 .J' 

2 &lflufi~nluuun"~nsruauni5vo.~nis~dduul~da~ 

AU = U g - U 1  P Q - W  ...... 9.132 

rtis=uuu'nisldduur~dn~~uu7n I I 
I 

d u  = dQ-dW ...... 9.133 

Q d~R:o~~uiutfIu uan 1donaiufoul~at~id5ruu 
I 

I 

w Gin$owuiuflu uan 1dorruuii.n~ I 

v d d  nun15 (9.32) ~nrnunis (9.33) Gunii nquennu~ue~gatnnamasi (the first taw of' 

thermodynamics) 
V J  4 n ~ u o n ~ u ~ u o ~ ~ o l ~ n n ~ ~ i n ~ ~ i ~ u n ~ ~ t ~ u a n " u n i s ~ ~ ~ a u o ~ w f i i u  ndialiiii lu  

u 8 
m ~ t ~ d s u d a . m i ~ ~ a t ~ w a a i a ~ f i m  7 n&~iu.nunun~nrrmdauiidin.sd earid 

a n6~iugncl~i~uuuin~8gnn"i~iu iiuidsry ndn"urnuun'u'oYnin~~ui~uauui k16 
wC~ij, iun~uuon~=uua~ott~n~il~no~pia~~o ~iunvY~k~iunaiuCou 

u u 4 fiinrruaunisl~u~tuuagonr (cyclic process) i lo 1uoihrqnnrzuauflirt1Ii3rr'~u . u l: nn'uuidnniazdu6u n i ~ i d ~ u u ~ i d n d r r f i i j , i u n i u ~ ~ o r ~ d i t ~ ~ ~ u  nauu 
I 

0 = Q - W  
I 

W = Q  ...... 9.34 

~iudauunsriil6 din'unnulbuflauuqnn6u~u'i"1d I 

K i ~ = u u l n i ~ . r i u l f l n ~ l i g ~ n ~ ~ n a ~ u s ' o ~ ~ ~ o ~ K . ~ . ~ ~ ~ l m  7 mu ilo Q = o l iuni i  
flsruauflisuoiiiuuu~n (adiabatic process) ~~onrr~auf l isdi i~a iu~ound~ 





A *  uinflummmiana~fi(~~~mu~i PV - nRT srR'iuaw~ia~u~~uuo~n"~nm::~a~n 
c4d 

I. n a r u a u n n q  (isothermat process) HIP~U!GYKJ~ 
w = Ipdv 

11~1:: PV = nRT 

a. n~tu?unia~aiunRR'unJifm (isobaric process) fiifidununrruenqu!df 
naiufbu~uuwti(Qnguu'claiunm~~~~~d f i . d ~ u t i i ~ t ~ ~ g C ~ ~ u u ' u w ~ a u n ' ~ ~ u i u ~ a n ' i ~ '  

v A riuQnqlrhmnoudld 

...... = P ( V ~  - v,) 9.1 

3. n a o ~ a u r n a ~ t m m a c ~ i f  (isometric process) dam~rillirl~u~u"1fl1rsui~ 
idduu hrer?~muirnuuiuliiaaonn'i~iu?di GJU ~ i u ~ ~ ~ f l u p c f  = 0 )  

0.3.3 ~ a i ~ p n a i ~ J b u 1 ~ 1 1 i I r e ~ K i ~ q m u ~ A  
c1?1ugnaiu%ulunii (molar heat capacity) uoadm 7 fia flu1 

~aiuiaui(nrCu i Iun q ~ f l ~ ~ ~ ~ l ? d i d ~ l ~ U ~ W ~ r 3 ~  1 a m  f ihf i imr 1 Lnqmni 
naiuiou d~ 1daidup~~g~$u d~ 

c1aiuqna1utbul~oii C = (i/n)(dQ/dT) ...... 9.4 



hmeu?unis8uuuufiui91)sntd s~u~i~d!nirdduu~td~t s&!nisfitiu 

IARU'U dw = o 
" 4  4 oinnpuonnwuotqtuuwn~ia~f 

dU = dQ-dW 
. . dW = 0, dU = dQ 

oinaunis (9.4 1) dU = nCvdT ...... 9.44 

chnseuaunisltlulluun?iunm~untd oinaumr (g.42) re.6 

dQ = nCpdT ...... 9.46 

oinnpdbd i uotqoluwnninsli 
dU = dQ - aw 
dU = nCpdT - PdV ..... 9.46 

ldmoinnin~~uuu~dfl~wfi~iuni~~~U'un'u~tu~~u'~vii~u idu6unseu?unp 
wR'Jtiuniulurinnunir (8.44) ituiifimms (8.46) o=Y6ji 

nCvdT = n$dT - PdV 

\ n(Cp - Cv)dT i. PdV 
mnisuotflilllrqmuni 

PV = liRT 

~dan?iu<untd P ~ V  = l i ~ d ~  

. . n(C, - Cv)dT = nRdT 

Cp - c v  = R 

mnis (s.47) I#diuQAlllrqmani 



TTT Hd 



hedw g.g nifiaoan)nu 2 n i t  Ium~nnnptunqQ d~ i i~ i o d ~  k o  n. fiuiman.rd 
unr u. n?iunm~n.rd n?iuiou#Ifl ~iu~6~~ttnrniaiddouttdn~w~~iuniu1uuo~ 
tidnrnadarlduodiih KioonSiauddi C, 21.1 ~ ~ g - r n o l e . ~  I U ~ ~ J ~ Q I ~ ~ O ~ U  
9 L I  0 win1 ~&m~rniii pomq~~diounn 273 K ijlu 373 K 

n. fiuimatwd I#icuma (9.41) 

dQv = nCvdT 



I =  4.22 - kJ I 

orifluii AU &noanrdiri~n'u km u uo~fiila~~un8#un'u T nii$u tin: 

Q p  Qv+wp = AU + Wp 
n?luQn?lu~oukum~u~4fi1011Q~un~fifi~rm8u  id^? (monatomic) ido4oinku ia 

qnuotlliriduiaiiou3"m~iifin~uadnr~n[1u ~ri$iir~mo~irrnii4kuiaqn uonrinido 
iiifinirvun'uivii$u ~najaiufn6niuIui~'Idil na'~a~uniu1uknu~uo4Kio11~4o~1r)~d 

rrriluld~iunpuo~Kio11~fiu~18orii4~ iidfii~~%Cfin~~nnnoui~n~orijfildrinn~u"p~n 
aiulfioi?ind (J.D. van der Waals) l~~rirtuiiifiud%d~4mnirIfl#hns"11~im~4 
84u" I 

[p +an$] (V - nb) = nRT 



d v d 
0.4 i ~ ~ a ~ e u ~ ~ a i u C u i i a r n g ~ ~ ~ w ~ ~ a i a r n ~ u ~ n a ~ ~  

0.4.1 nxuawn1.r w'wna'JlrIi.8 (Reversible process) Ro nrru3uniriauu 





add 0.14 u~~uniwrnda~uudnnuiou 

t n d o t u u d n a i a f b ~ ~ ~ l l i a i u i o u  Q2 9 l f l t l M d ~ ~ 1 ~ S b ~ ~ O ( M Q ~ t J ~  TI i - 1 4 1 ~  
4  4 w ttkinuiunaiufou Q, tjlmdtnai~fbupcuHIJO T, 1~untnratuudiitiutflu3'gIns 

w 4  4 rojtiuniulu$dintdv (AU - 0) AI?U ~ianguomru4uotqcu~ra~i~oilf~ - w &uh 
- 4  4 - 4  4 1RaicunaiaYou~antnro~uuds"u~5~riin'uIrruicu~iuqnan tnrotlfl 1138 

W = Q z - Q l  

JrrI?n3niw t3tn?iafau (thermal efficiency) q umtnd.otu~dnaia~fb~ riiiuiaji 
tdu~~nrl?uuowiup~~on?iur'oud~n'tt~ tndotuud 

rl - W/Q, 

tndotuuhaiafbusd~rt:an3ni~~ttdo Q, goo husrrilln'fiaiomai&u 
Q~ - Q~ ~.ll#iitiupn3$u$uin q $riiQunii 1 

0.4.3 T~r'nmrnChtd (Camot Cycle) 1 ~ 1  a.cr. 2367 niilud (Sadi Camot) 

tlluy'uurrii?'ghsttuu w'unti'uld' i iuni i  ~ inrn i f lud  dtiflu3'gs'nrdJsmou~iu 



k%iu k~ Q, 1HSiu YWIU niu Q, YU~IW 
I 

fiiwuoiafi T nqd . finmiufi Q n ~ d  fiqgngfi T nJii fiirgnh Q mil 



tUl1 

:h3d = Aq~Q 

e EY p ULL~UII 3 EY q ULB punqnLtugLuntnaw 

p~pd = ahad ",u 
q~gd = 'A'dy~tl P EY 3 ZUll q Eg B ULL ~EY~~HM~LLU~LMLUN~~JRO~E~R~U#~ 



&ad14 8.10 l ~ ~ ~ ~ ~ ~ d ~ ~ 1 ~ ~ b ~ 1 1 . 1 . j 1 ~ ~ ~ ~ ~ 1 . j l l M d ~ ~ 3 1 ~ ~ ~ ~ ~ W ~ ~ u '  300 IAR'JU URL 500 

inniulutidn:fg&r ~dotuu&~~naiu?ou 200 i~nno~~init~d.jnai~CoudYounii  twi  

n. ds=~3niwuot~n"so.juu~ 
u. tiunndn"ilslu~n~o.juudutt~iozsou 

-4 e anwi n. T, = 600 K Tl = 300 K 

Q, = 200 cal W = ?  , q e ?  

q  = 1-T1/T2  

= 1 - 300/500 

. . Wm*, = qQ2 

= (0.4)(200) 

= 80 cal 

I 

8.4.4 $ 8 ~  (Refrigerator) ~tuilo~n~otuudnai~~oud1]~u~nisu'oun~'~ 
1~uii~~1]rznddo::~~1~aiuYouoontinu'rta(~du"~(~n~u'~iniu1uf~~u~~~aniuoon~ 
~3iadi i~ol~~u'gtniuuonf~i iu I 



I 

szuudioP&?ueiunn w ido!flflunim'iciu iio mrqmn?iufba Q, rinwcic 
Qang~6i Tl idoltldiuivn?iufou Qz ~$i6n'unricp~mgfip T, 

don~iun:~~nlums~~ni'~iiciuu~cf~ilu ~inumlii~mnthuuadnPauia Q, d 
d aruuq~ain!mddddqa~g~Xidodiuna W nr~uu~sdnia!d~~fluniaiidiu 8s 

d da:'mZniwuad ni~ol"idiod ~~eR'udariinsr 04 auaanwr (coefficient of performance, 

COP) ~ivluG?u E 





.jiuniuuoni~i7dd~uiriiu"u 
lnaiu (Kelvin) un:. mid (Planck) ndi~l.jnQbdno~3n~cuunif.j6.jijnaiu 

nuiuotii.jdu~nir ~ j a  ni5 l ldn . j Idnf i~ i~~~8~f lwn4nf l1u i~uni5~~n. jn3 i~~ou~f i~u  

.jiu&nunoinu~d.j (source) ~.jiiQwnrJiidinirmnon~ouflu~~1;~6 
donaiu~~r~'~n?iud5:a.j~uni5n~i.j1n'5~~uu&n3iu~oudau~5d d4s=fifi1~iu 

i i i ~ i i u i w i  1 n u a d t ~ u . j 6 . j n ~ i u i o u o i n ~ ~ n d . j n a i u f o u i ~ u  
nif.juo.jn~iu~udR'.juii8117d11ri11nd.jn3iufou3n11~.jnif..jd~mn'~u'~inii76 

a 8 . l  J ~ e u l n d  (entropy) nguannu~uo~Qmnnn~inm~~ilu~~uo.jwC.j.jiu n~odnoc 

uo.j~mnnnninmiillungvo.j1~~1n5fl ilornr-u~un1rii.j 9 d l i i n ~ u s n u a i ~ ~ :  
Yt: nonaKotn'ung&no.jun.jftu 

n~iufuHirft:nii.j1~~1n~1111~=n3iuiou nilnro~~eu~&iilun5=u3uni5w"unR'u 

mnrdduui1ln~u~ciou1n5il dS ~ 7 1 ~ f b ~ d ~ ~ f 1 8 ~  dQ ~ I ~ : Q B I H ' J O X U ~ ~ ~ ~  T UOJIZ~U 

ija?iu~iu?~o~n'wknuni~ 

dS = dQ/T ...... 9.64 

~ I Q  iinri-aulilugn (J) T l ~ u  cnniu (K) AW rou~ni~ d~ a.jijnu3u1ilu ~nriolnn3u 

(J/K) 
1do5euu wiuoinnm 1 7dGnnia: 2 tmu?3n~~u-auni~w'unCu ni51dduuiida.j 

us.j~aulnsil iie 
I 

ni51dduuudn.jua.j S, - ~,fuo~~nni~rli'u6~i1n~nni3t:~nn'iu1~iiu"u~~u'un'u nszu~uni5 
U U 

ni.rddauad orcnuna1~~8un40\3wun~u16 (Reversible adiabatic process) 

dQ = 0 t 

...... S2 - S~ = 0 9.66 
S = constant 



~dct~ulnailuo~a::uulu'td'nuuiid~~ l iun i i  maiidn~iiuuloiaunr~~n (isentropic trans- 

formation) 



Caad-14 0.14 o~u~m~ii~unt.:uaunisw"unKu~Ci AS > o 
ad o asni ~oi.rolinisldduuuo~~ouln~flIun.~:uaunit.iinaius'ou 6aCIunsruaunis~r"u 
tl tYuldl6 

rnai9flfmii.c) 2 o"udpolnq0 T, 110: T, 

W T, > T, rii?'~q&nou~i#~ w"~n"u 
v t n ' ~ a i u I u ~ d u o ~ n ~ i u Q o u t i o u d ~ u ~ n ~  T, Wd?nqprunqil T, 
(C1 Q I?lu~iuitu~aiufbuC(ciiuln 
ni~dduuuo~ iouln~iluo4?m~ T, 

AS, = -Q/T, 
nirldduu iaulnillua~?nq T, 

AS, = Q/T, 
andi?'Rqpru~qn T, ~iunaiuLuoonui Q nnzinqqolnq0 T, ~mniiunaiu 

%uiu'i~d&num 80 Q 

&I!+ nirnlir'uuiouln5fluo~5:uu AS 

AS = AS,+AS, 

= -Q/T, + Q/T, 

= Q(T, - T,) 

TIT, 
> 0 

I 

o:liluii1un~:uauni5w"unR"uIIjI6 AS uinniigud toulnriluo4r:uul. q 64  

~iiun5+llauni5%~mw"~n~il~d1~oz1~u~~inuu 

qJ  



VIQY 0.0087 K - l  
I 

VIQY 0.088, 0.070, 0.060 

PH 111 





0.0 ~~ri~~uRnntluui? 40 w. 1lnrriauna~~~~nnuui3 36 ru. $~aa~lrnn~iJlfipi7u 

adnr~d~ldudiI~ d l d ~ r ~ d u o ~ n i 7 u u i u a ; l " ~ f i i u ~ # u u a ~ ~ ~ i i n ~ ~ n ~ n a ~ m  gain 

4 4 1  
40° c ~ m ~ ~ l ~ ~ i n ~ i X l f f ~ ~ i n n ' ~ a ~ u a ~ ~ i f i ~ a ~ ~ ~ i t u u a ~ a o n ~ a u  wuni 460 lupsr/ 

4 4 iuin nqolupil oOc ~ m u r i i u u m ~ ~ u ~ n u o ~ I u ~ n ~ n u o ~ a ~ n ~ ~ ~ u ~ ~ n r ~ ~ i i u u ~ ~ u  b2 

I 
I 

0.13 320 lnaiu U ~ Z U U ~ ~ J Q W M ~ ~  260 
J 0 d l  mniudqtuupil mo lnniu ~nfo~uudgmn(iun?iaiou soo i n  ~iunniunidil~ 




