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:The Heat Capacity io)| y>31 daudi 5-7-1

Ayl LY sLés allg heat capacity La et )l yodb el o
Lao o conalill Jrale (e 53lie o (C) yurfall damomy (g 5maleniy]
STa,dl cila jn 2 &l ! 25U oua Guxi gl yuailly (Q) 5,1,
ol

Qo (T, ~T;) (5-15)

237 e



Ao 4 ladh ety 5add

final temperature il @t ) ) i)y -2 (T;) O &>
.oy cinitial temperature i\ a3 @uand) 35l ) )y 2 (T.)

Q=C(T,-T)

Y
- 5-16
(T, -T:) 19

LUl (Q) 5y ponll Lpado o ¢ (5-16) Ll 2Dl (a dam3hig
o gyl pubide e susly Layy (T, = T) @l 3y A2 ) a2
(C) iuylyol iasall e 35kie

Sl (cal /K)o« (cal/°C) cluimss BlinT Ui oad Mieds < 2uial] U
(J/K)
. Thermal Capacity iwe 331 doyl yo3) dawd) 5-7-2

o ¢(5-8-1)3,3al 2_ale J&= by L)l daiull aggal Liane Of aas
s W 12 Ty L coemg Rl yond] Lgias 2 a5 31511 of Lol sl
3ag ¢ Ll pad! dncall 2 ggdn e Laydlig sl g Ulwe HLae W ona 350 o
se o Faegll gyl yndl Bncad) 5 aegll Aol naall prsgin ) asi Lo
a2 LL‘AB.‘, . heat capacity per unit mass €=l s ol L) yo!! daudl e
lia g ¢yl pod! dacsall e Lajasatl (€) il (g3l 2yl L
2AE W Lawall ((5-16) Lo byt 3L NEQ v o

Q=cm(T,-T,)
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___ 9 :
c_m(Tf_];) (5-17)

(Q) LaydUl 5l ol Luasn 5T (5-17) iun 11 L3atl ¢y dam Dl
oulde e Bua by Loy Hladay (m) bl sus g 55l Ao ys o)
(€) kegill 55yl e 5 jlue b (T, —T, ) Gugs s

Bl Lot (il @il ¢y il ol ey s Lgie
((cal/gK ) usly (cal /kgK) syly (cal/g.oC) ooy ols
teball Bue gill 5L podl ¢ JEL Jurew lad

c=1Ical/g.C°=1Btu/Ib.F =419.J/ kg K

:Molar Heat Capacity (4.3 g11) i 2 9l die 931 351 3! 5-7-3

It Ll 3311 Aao (1525 Lautie yglal L8Ljual Luaall oiia o
ey Sl jadl of 1 (e g yales g8l sue a2 33U (e aslglt Sl g mole
e psiagh¥l ¢y oo gl Jgll (g gty JLAT i o -La (53 s 3
posias¥ sl cya Tamly Ve o Less catoms sty opa (605107 fmol)
sde g cmolecules il jadl (e €ty duwdh suall Lo (g gimg aluminum oxide
e Gglon 59 L5l ol e a3 9ol gai

Avogadros number N ; = 6.02 x 10% / mol

L5l 3ol (e A gaand ue gill 3y pndl yaslie it g3 (5-2) Jgutandls
Sl g ol b ¥ 1o ey (i il 5yl po iy 2 wlly, PRES D
o Aupdoll e gl 5 panl] b
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(5-2) Jgusd) 1 (J/molk) ol (cal /mol.k)

Characteristic Thermal Capacity Molar Heat Capacity
palluas! rWRRUE PRI [ WONTE WG E TP
Substance 3Rl cal/gK J/kg.K J/mol.K
Elemental Solids dduall juoliall
lead ool 0.0305 128 26.5
tungsten ol 0.0321 134 24.8
silver iaall 0.0564 236 25.5
copper okt 0.093 386 24.5
aluminum psiagt¥I) 0215 900 24.4
Other Solids >} 4l jolic
brass oW puledtt] 0092 380
granite el palt 0.19 790
glass zlaY 0.20 840
ice (-10%) @L‘J\ 0.550 2220
Liquids 5 gedt
mercuy Ay 0.023 140
ethyl alcohol AN Jymsall 0.58 2430
sea water 2oedl sla 0.93 3900
water LU 1.00 4190

o (e Aralie AL g Akl gh1 (o i gand duss 301 Byl (s (5-2) Jgmind!
Aiall 3lgbl (pe Acgant Ayt oll Zue gid) 3y pntt (i Losa ciluan ol
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Bl Aasy b al Aoy A aualia 1wl Juadl)

:Heat of Transformation J 9231 5\ )~ 5-7-4

Sl of Cbwall @ cuadl (13 0 5] padl ol uaial @in Lo i
9l glas,l Ut 3ol o Lasls S9!l e purd 45le cabsorption of heat
U a5 D (ye ’Y.Ju.)_j «change in temperature i )| y>J) i 3 2 olasal
9f «phase i3 deaiVl de i g3 Mg c4d ual g It Helall gTasLLY
constant 5y >3 Loy ,dnS Gf Ges (Adle (Bl (Ll s) (state)
sl sla J) ice plill Jomet JUU s a2 .femperature transformation
45, Aoy by ps )yl Bl (0 Laso oluataly LU Hlsn )
o ElIS 58 g Hladl Caligmtng f U semes D e umall e g A0S
VO N RONRPPIY JPOR PN POTS-TE IPRVE P JPR [ UN P PP
53l Liifmy

RS PENE P PE S ) RE NP PRIE=N | B NESR S PEN W=
heat of transformation Jg=ill i) ) e SHlue o 3T ] ek (e Lol
Leuie 433 «pud5 Las abitiaaly (L) el (6 5alemidll ooy L o509
Ok A sl iy Jals Joomi dulend () Laylaie 53U (pe i punde
o Wil 3yl ol drasio

(5-18)

heat of : e i gzill 55) adl o Hlaw S| L Jooes Lanie Lal
sball judedll 551 p (golusiy «(Ly) i)\.ld:l.}‘j vaparization

Ly =539 cal/g = 40.7 kJ/mol
= 2260 kJ/kg
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Al 4130 el il

Jladl yodatt J) solid phase salsd! jslall cpe 33U Joms Lasie Lal
«(Lg) LL.A:&‘, heat of fusion e idsxill i)l y>dl (Lo liquid phase

Lr=79.5 cal/g = 6.01 kJ/mol = 333 kJ/kg

ZéjLu:Ij

3yl > éa}-_) (5-3) Jguadly cdibigh of oo wic clell dcadls clidg

o ial] et 523l
Melting Ligadt Boiling sLdas
Substance melting f‘::ito‘:{ pl::;lt";i) va : ;,‘Z :150 .
point (K) (kJ/kg) Llat) Alag) . (k:’/lfg)

sty | A
hydrogen  (po.gya] 14.0 58.0 20.3 455
oxygen  nmeuss gVl 54.8 13.9 90.2 213
mercury 331 234 11.4 630 296
water Ul 273 333 373 2256
lead ol ! 601 23.2 2017 858
silver Lnall 1235 105 2123 2336
copper owloeddt 1356 207 2868 4730

wansd vaporization ywi3ty melting Hligil! 3> B Jgonid! 3yl (s (5-3) Jauimnt!
21gb 60igl sl Byl pon Amyg Lagildt Byl pm Am )3 (s Lo ¢ pualiall
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Ayl pat | Lgebiadt B Jo¥1 3e0La  5-8

1 First Law Of Thermodynamics

0o Juag G 3lall 5 ¢yl padl Lmualioall 2 Al M) oy3lall 1 &)
L{G;ﬂél:!).” u;Ca:QM.an 4.4&).:.4.'3‘ Lu&.n.‘_j ‘SJ‘)"'”JJ"‘:"J‘ Uau‘y

AEi = Eipyf —Einsi = Q - W (5-19)

s L) Zaealls of

dEjw = dQ —dW (5-20)

e J&= Jadd Cos

Ll e gl b9 ¢ psaiall 5l @ wuel] L5} 33U By,
(el cdnianll (30l L) Lblo3uall

Aalal) Gyl ol 13Ual iegs ()

Jolalt iglae IS5 ic gamtl of ymiall ddacul gy omill Jacddl: (W)
2 Ll e gand] soad Ula 2 Lin o 01500 0 Zall oo « gl
Lebass Ul

L Jarw lad T Tola ciladas o gilall

@l (950 Lgudg adiabatic processes i )| yoll iaghes cilidac -1
o3 (e pandy gyl pdl JoLa 1551 e g5 (6T Eaoomy Vg Lale Ygjan
il 35Lally Alld!
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AE = W (5-21)
T o pdeall Luslous 2yl pondl DU Zuakm o s ol a9
0=0
@=> Ol gl constant volume processes st g5 ol ilee -2
SL e g Ll i (gl yandl Jabiall Lbead pning 61 sl
il a5 (6T 1o ol nll 008 3 T gamndl (6533 Y g < Hlie
ries Lyl 233l D! o0s (e yual

. *
Ol

A

AE = Q (5-22)
laglone (195 Luleall ola P jorill Jidll Luaso o it Tl (a9
10l T pauall
W=0

Legaxnll 3ga3 Lgadg ccoyclic processes S L) puea pa5 ilidee -3
Lueo o JoLll 18 iwy S Lganiiy Jf Sl islead Zas L)
101 3Ll Lot yladg ¢ Jaddly 5,1yl

O=Ww (5-23)

Ol g1 duall ?L..m s BUall 2. y bl L o sl gl (a9

AE;,, =0

gl 1aa 29 «free expansion processes |yt sueil ilidee -4
Leie iy ¢ Jaddl (e sludia (6T Lo Jreams ¥ ipylpondl lobeal oy
sl Il BYLIL

AEim =0 (5-24)
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3 ) sy 3 ) adl da s B saalia 1 ualddl Juail)

553 ol 008 2 Ja iy 55l pomdl isan (e S o) e 5l (a9
o T« pdeall Lygloe
0=W=0
(5-8) Sl Jals «dngy Y1 Tal ) ¥l €035 L gl

The Law: AE;y = Q = W (g4 5-23)

Process Adealip gl el Consequences pitd|
Restriction

adiabatic Lyl daglads clilee 0=0 AE = W

constant volume et @gd olbdes W=0 AE;,, = Q

closed cycle Glhe oldee AE;,, =0 Q=W

[free expansion L_.g_)‘)a.” KNP FLANPYS og=w=0 AE;; =0

Byl (Seolinnd) 2 Jo¥ 1 (g3al Aelag dols O¥ L ayl (i (5-4) Jguant!

Example (5-7) Jlia

Byl L g5 -t Lgaiots a1 551 yonf i Lol sl
Ul J] (—~10°C) 3 )t yoondl &ny3 (a (720 g ) Loyfusia lid] opa Ak
(159 ) 55yl iy e a5l

:Solution |

Jo podic duleg (Jol e &M 0y 900 way by Jiliw ) Bl Jomo
il ghade &M Lle ATl sia

(0%C) I (=10°C) cya syl yondl dom ys gLyl -1
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QI =Cicem(Tf—Ti)
= (2220 /kg. K) (0.720kg) [0°~(~10°C) ]
= 15.98%J
Eatod g M iy ooF 1 il (g @haes Ay 0008 2 -2
sl Tyglons A5 G 03yl i B e 0
0: =Lrm=(333kI/kg) (0.720 kg)
= 239.8
SLCOC) 5yl oy cron SShaadl JLEH @3 Lang I Ton L1 -3
(15C)
Qs =Lugm=(T;-T:)
= (4190 /kg. %K) (0.720kg ) (15°C~0C)
= 45.25k)

Q =01+t0:+0s
=300 kJ

1 The Transfer Of Heat )yl yadi JLal 5-9

3y g 3yl ol JLEBY 3yl L5345 wllin o gt Laglla o
IS Uacuse Teeads potieng .51 yonll JUESH Lduo dualy (ole Lale Tiuay
B! Ly ytice LT Lao ¢ Lgale Lo yailf Caugs M G pdall 0agy 5,0yl
Jramlls Jaso g3l 2 Gyl o g Ll -y 5 ] sl
.tLa.a.:Zv?‘_g
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: Transfer Of Heat By Conduction J..og¢3Ls 5y 31 Jlaisl 5-9-1

JEi OF 95 &y thermal energy & 5| y 1 JLEDN (pa g 9l 1308 o)
e Lipo 1l e Yita BasT 5l dais ya pa 45yl caslayl s peund
S Lia) 5513 agg LELS cZiinn Ainle 4 Linis gg Tt &Ll 553l
ey (Ll o 43 y3aall el Laalll iyl oo puall Lasylagy s
Sl eamdl J) Gagall) oinbaall @ cund! ¢ya kil 350 ol o S
23 o 5 a1 g g el yud oy all il ing i Limnyyu (alll)
@l & 3ok I (g5 Adalll mbigasally calyd JI Jaas 5,y
5200 L gyiEnt¥ e asbeadll Gayls ope JA15 @5 ¢5ypeill Lalail! Lyl
g5 18 o 6T ) gl Telly sy @& AT Caylall Jaas o (] 59kt
gola dacug I grlims )1yt LSl ya

rate of heat  (g,) )=l Goa A Juae ool il ceus gl WA
o Jo g Lanylo ey (He ) 30yl 4al] s |yluastinly conduction
ilaie Llghy Ll 5)l )y Fyo i 3yally «(A4) Juo 5l plada danbisa
LaeSo 4l I Hleull i lon pa cocslit Less «(Tyy =T ) Jaso 53l
s bl ML wlls J& e yrasg o L) Aanill 5]yl

T, -T,
H, =&=kc[(_1f_.~£2]14 (5-25)
t L
) S
Rate of heat conduction Jo ¢l B L3l 1 (He)
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A & ath ey 5l

Transfere thermal energy Aaull 55l yodl Less 1 (QOc)
Duration time U a U a3 2 (1)
Conductivity constant Syl Juo gill cali: (ke )
Conduction area Jo o) dalaia inliwe i (4)

Hot resevoir temperature dads b 551yt Ay 1 (Ty)
Cold resevoir temperature Lnadeil) 5yl yodl iy (Tc)

Conduction path thickness $olpadt JLE¥l Hls dsslaw (L)

i O s 5301 i yliy Uikl 5, pmnll jlutin 5 ¢ Jgl] Ao
a9 4yl o Byl A y3 2 -l s Lusylo Leaal Cosali (o
Ayl o L g dalazia G linag JLESY!

ol S 5381 il (B0l o Liigma (5-25) Ao Loyl 23l (e
Y gmill e (k)

LN 2 S 53l Gaylo e (Q) Losgee oS Gl 55yl lde 5o
(L) Lgialows ppe yia damly Laylade (4) inloss P> (1) saslyl
ALLEL Loagng o (AT) 5l pondl &3 2 ydll (s i 50 g
pag il pulida o suatg )y

o 3ylue g4 rate of heat conduction g\l Faaill Juas Lal
Ly Bl e yundy «papll Sumg JOAS A 5,1 ponl] Zpan
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thermal resistance (g )| y>Jt JLEEM Laglaa 34l 5 dale ddayg
:Q_,SSN il e I__ual,u Lg.l.c):u.)d to conduction

(5-26)

ther

_L
kC

Ayl Laglall ot (R, )

a6l JUEL Laall Jolo s (L)

ol oo il ks« (k)

il MY s e Chyasll ayaly (53 Y dske e i ay

2 (3-26) ipud oyl BMall (e (ke ) calil) Hluda yasatng < (5-5) Jauall
tOf das (3-25) il 31 2350l

_ 4T —Tc) (5-27)

ther

H.

cllas of (ALl 2 (R, ) iyl pandl Laglall Hluze s5le o tasss
il 13 el all Glaslall SO ¢pe Laston]

(5-5) Jguand! pal
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Aaubul 4830 ey 5udd

Substance Conductivity R-Value
tglt PLIEL] 2yl o3l daglat!
ke(W/mK) fP.h.F/Btu™

Metal $aladl

stainless steel Y gall 14 0.010

lead ueba 35 0.0041

aluminum posia Y 235 0.0006

copper owledl! 401 0.00036

silver Lanall 428 0.00034
Gases OijLad

air (dry) Blonll o1 g1 0.026 5.5

helium P oS 0.15 0.96

hydrogene o gl 0.18 0.80

Building Materials ¢34 g

polyurethane foam Ot youdl 39 ) 0.024 5.9

rock wool Srio Do 0.043 33

fiberglass ‘z,a,.d.l o=y 0.048 3.0

white pine oanl pgiall cudis 0.11 1.3

window glass RUIPHIFAES) L0 0.14

(R) asyl st daghilly (kc) Gobnd) Juuo gl Cualgh yuslie (s (5-5) Jguand!
sLidt sigag Dfjladig Oalall (e dogont

399 Laslou| yEaesg . 4uo g3 unlg Lisolan Aoy pid Lgualid @5 L)) pot! Laglat) of dasdhs (D
(0.147k) H1aatls Lyl podt Lagladl juslia o yuiny (ST) ‘a\.!b.ﬁ‘
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Example (5-8) Jlia

inlwisg (25 em) Ldglo i dinan iy & e (5-4) JEa &) 5 hay
Lol gl Ui (125°C ) 3l 5,1yl i 53 Lal ¢ (90 o) Lgalaizia
SLEL Al J) Ul g5 o gyl JLEYI Lubee &yl «(10°C)

bl gy D (H ) lpondl 3503 Jotas Llean s

|-L]

oxludl oLl
TH e

3Lt Caylalf
T, e

Ty>Tc

(5-8) gt ((5-4) gsat
:Solution >3\

10T aad (5-25) byl E3LY aluseiuly

H, =&=k0(——ﬂ” _TC))A
L

t

(401 W/ mK) Golud palomill (k) gyl Jaum 52l s

He =(401W/mk) (90 x10%m?)(125-10)°C/(0.25)m
=166 x100J/s

251 cooe



Loty 4y il gyl

: Transfer of Heat by Convection Ja>3Ls 5yl 31 JLaZ5) 5-9-2

e il o yai Leaie Giamy convection Jueslb s ) It JLant of

A3y L3 (950 Emomy 3T @i pa puadlill s g ) o7 sl (Lol

dazm ducaly 45y Ay eyl ] gase Les JAladl 355 A s (e (e
Jamdly 551 yott JLE ¥l @lhae 2 clidg

sy oLia ol T Laoyd YUhe Taalill oiis 2 oy of Liiaasy

Fin s o sl 353 505 ¢re I Jeondl Lol g syl anndl

i yaas Lingi g cunyild (53526 093l I3 (0 Sale @iy yalsdnll oas
to Ao byl didis g o3)l podl (ludB Juss

H_ =k AT-T) (5-28)

ilwn sus g J<2) convection Jasdt &Gy pdas 551 pdl Hlage Juae o

)l iy oo (T) :0f Ca 5)adl o & 3,8l s et laill e
-y celacall (pn Limlaall Addall 51y Ay ot (7)) 5 el
ST ¢(1.25) GuS Legbya )l ol il 53 2 35all iy 5 hmy (6301 51l
¢ e JEm iy 5yl S35 Laie Lmgmans (5-28) Wolall 2 (T-T,)"
AL p (g il (B La 593 5505 Copany JE15 i 13 L
iy S Lestye (T-T)

oyl el Sl Gy a3 s LT (5-28) Uslall (e dilig
Y pill e (K, )

d.ﬁ.&.) tt!‘).n‘):l.n »\,&Luml_!a_‘.u‘j)b. 3.‘3.3.4.“ 3_)‘):«” Z:m&j.b
cougarulin pubiBe e susdg dayn 3 ) el 4oy 30

oo 252



SJ\)M\MJSJ\JM\%JJ@HA“A:W&\M\

ooy 3L da gl 3T o0e 3,1 o) JLESH das plo M3 cpe dan g
e 55 sl LY fag ¢ 3yl oleall J) oabadl oleall e s Jeaide
uyEn L) 2ty Sl yesal! LA @bl (el

Example (5-9) Jl

Gt elgd1 B sgaga (40°C) &5yl y> i y39 (100 m” ) il mlac
Jramtls 351yt JLaw) Jalas dacugia hs 13 .(22°C) 1o 8l 55l pom iy
(10W /m°°C ) Gyl o159 placall

ol 3 Jurwa Lisbu g

:Solution (=1

Heonv. =keonv. A (T—T;)
keoww =10 W/m’ °C
A =100m’
T =40<C
T, =22¢C
Heomy, =(10W/m’ C) (100m’) (40 -22)C

= 18000 W

: Transfer of Heat by Radiation ¢lai¥ s 5, yo31 JLa0) 5-9-3

leA_g cLLALgﬂidl 3)‘)_7..” JLEI:‘;%;_EJ_)JQ.” 0..’—6&.,«_3_).330&4.1‘0.&
e B3l ¥ola (B) Sty (4) Jo¥ crasiicus (e Uiygaat 13
O glail of electromagnetic radiation —wdolisegyeo pla i) J== &
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L) Ay Jalh g1y 5

s 9sall o> Ul Jgtall (ua 2. ultra violet radiation ¢ ya>l 355 Lalaill
(100 pm ) 3| (1 pm )  ya visible light (:,j)i‘

e Llsliva g pg6o zlgal Loie juuas O (pSme abua ¥l ares o
g Of Lesm ¢ 3llall jauall 352 Lgyl > dapy cilso Le 3] plad) S
393 2 5yall L 5855 La 13) cilebe &Vl oia (aiad of Lt (rSmes alan V!
Tl g 551 yeld Joball Lo o 350l il ys 2 3,all ellingng plais¥l
o2)¥1 3yl Loyl alall Jucall e Dolasl 2 G0 Luaal L1 oda pladyl
Uls 2 bty calall Lluaa 2 (300 K) Luyds oot ally shumll a3
o sl olo 3 5esa 0l 3 et a3 250l ol Hlualdl 6T J g
5 )yl JLEH & ] dosiidl e ¥ g il olia crbalenaiY 5, Sl
)bty o3 bl pracaandt o ok dawg ) i ¥ 250,k 00

Lalu L.u:- Aey good radiator susd) addl @l Hlo dele Loy
Lo W J el pat s 3N el e Gy «good absorber L\_p.
O 41 e «black body 393 @) dode UaBleadl rcndaliagyg<all
3 aly 3Ll ilays 39yl Las iy Lelasf o900 Jauya 0 5l
39! @cumdly B jlia ele &Y Lbilensy Laag (o,a 91 alua ¥ Cayins
S slo ¥ ppannd da il Ll LBUAN o plad¥) e moand] 35050 O
b Jssd dmbai e ua g e i St @l (e 5 poball Lol
el ¥ (gl ydt JLETY Jorna oy Lin 52005 oof o gl (e
:0f g1 cdanyl Gudld e g8 0 Gllall ) o oy o oeal iy 3500¥ ] @azell
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H,, = -Q-;i =€ oAT"* (5-29)

Lgie puuaill opEma duaiell 13U of do usbiydl 23)Ladl 0a (a9
A0V Lus byl 3L
OQrag-0At T?

5yl iy« (T3) 5l madl s e o il el Gl 135

9o daiugll ] @l e Blall LS Juas Ol (T) 4 dagadl daul!
H,, =ec AT/ -T")

($9uas B JLEGH Jotwa 05 (T, = T) il 1] Lyl da s
el

Olazilss = Ol 95La) Cayay La o (5-29) syl Adalall o)
Stefan- Boltzman

4
) RLITN

e lad ¥l &lai¥ g5yt JLEEI Skns : ( Hyaa)

‘."1‘:'\‘ céj‘ ‘u..\.":)‘ Aﬂﬁ—‘)‘;-{: FTI a} .\B:(O')
ekl 6ol JEBYY Gl cyls ga4 (5.685 x 107 Wm™ K)

i) el Zallall 5|yl i y3:(T)
flai o pall @il ey danleva 1 (4)
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Lpnalaa) Ay i) oLy 5ud)

o e calidg g a9 cemissivity ) yolaia¥l Julsa:(€)
39 vl Taailly Lal (0.7) (gbaus Hia il putall Al 2. 50 159
(0.9) g3l

e v LS ] Linyalls 2 &mdlit 5 3 all Jibeall g
036 i ¢l ymiall 2 (g iaay (a5 )0 o ¢ aladl doan Ll
39l tyn Gy a0l Sl udl of £ lsgaadl O oI il Gan L] 203 ya 351y
i 4512 5l poell duoLuaal caresy 3581 0501 0 ¢ ¥1 0l (e Yot
g e 0lagia dagndl daauglly oeandl 3 3ol iy 2 L350
S9N gl 352 M OV e o ¢4l ol st (67C) e yaill
ool dacgl 551 Ao ya s e T a3l Bo s (5525 451D 8l
S s e g elgdl @l s G a5 Les cdagie wila s o
By Ell Aaeiall (e diaigal @y Luadly Sinlind ity La 1tag LI
g e pmiall 2 L1 Jam siras SSl5a 5L Gaple e il Jauid
Sl La Jaag cdewns o b yaie Loay HUL o1 31 LS oy 30950
EPURIPUgRETY

Lauyhay J335 5,0 ol o ) ALl 128 2 5,590 e o ¥ usnly
Tylyad! 23Lall o Less ¢ JLEDYI 130 ke daug J] Talonll 093 pLas!
ol St 5T J 5 ygpualls S35 be 102 (5> ool e calind Liatall
A il e Jalal! 1 (@i oo palatiediy L pali! Lelalas

M‘ Un.w‘,._) ivaiall Aaliall C e
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Example (5-10) Jts

(BOW) Sobluw quur e adlodl Luwa k) D3N Juias oles 1)
poliaia¥! Jolaa Lubes aaf (AL Gutmasg dad (30% ) Lgia yales

:Solution I

1T s (5-30) dus b I 23! ye
Hrad
Hi
H,, =80W
H - 30x80
100

(=

=24W
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solved problems

3yl yadl iy e g (0.1 liter ) Lgazes mercury 3653 (4o iess 5-1
(35°C) et I3 by 451y Ay cuadl )l (10°C)
03343 Jalaa QL_: Le-‘c c,j_u).u NENEN] P_z.a.” Hlada L_u\_m:s .Jc_-ji
(18 x107 K) sobuus (pameanl

:Solution (>3

1 liter = 1000cm’®

V, =0.1liter = 0.1x 1000 = 100 cm’
=100x107° m’

AT =T, -T,=[(273+35)~(273+10)]
=25°K

AV = BV, AT
=(1x107 m’ )(18x107° K™ )(25°K )
=0.45%107° m’

av=v, -V,

V, =4V +V, =(100+0.45)x 10" m’

«(1.1mm) oylady (130 cm ) ddsb steel 39 il i5ka o g giuna bl 5-2
) 4l e 53 € & @S (101°C) 3ylyandl i ys ] disdessd 3
(20°C) 3, ol don y> i 3ped ALl 55 &5 (nsmilatio Graus
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gl Ay D ¢ 5

coale 13 (bl 2 oyl Lo oo ioulill Wil 593 Lol dn gl
(11 x 10K ) Ggluw 3¥5all olall (g5l yod) suaill Jalas oof
:Solution J>J31
Al Jobo 2 Juolod! adill e s LST ULull oia 2 das S
s fg pa W a2 Tautly caabiydl s
Db 3 BN e dabeus yEmas (AL) Gl Jolo i Hluda of

AL=q, L, AT
Dya 8 clbeadl o oo s lling

AL =(11x10° K™ )(1.3m)(81K)
=116x10°m=116cm

52 Jualas O Luluall sl gall Lo ilendl ailiasdl e elel oo
e stress slga1g strain Jlais¥) e M day 353 Young's modulus

t A goeill
Y=(F/A)/(AL/L,)
F=AEZL
La
10 S

(200%x10° N/m’) gglumg 3¥sall grigs Jalan 90 :(E)

ALl dazie iolesa :(4)
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A=m2=ﬂ(QJ _(1.Ix10 -
2 2

F= (200x 10° N

)Q[uxw-%]z (1.16x107m)
m

2 1.3m
=1700 N






BN Apasy 5l ol Ay A padlie 1 Guaddd) Juaid)

owald | Juadd! odyhad g Jiluae
Chapter Five Exercises & Problems

Lgeud 32 530 1 o g3l (oo 2 an 31y oy 6T i
g yiludly caled yeall 1

OAleally colg yeall 2

Oadeatly ugsyadddt 3

Lallal (g5l (329C) 3yl Loy i ddglo Y5 all (e crogmiiad
Laic ety corcadll Jolo 2 Juolodl ,uiil! ke ol « (20 cm)
(50°C) ) i)y n po i3

Laylad jlude ity caguiagl e dmido 2 Joa Al L5500 intd
(0°C) 3,50yl dxys Sie (2.725 cm)

S iomiaall 351y Loy i3 Lankic Zmtill ol ylad Lulias asnf
(100C)

(10cm) LA)J‘BMCL.‘;'(‘&"‘.’JS"UJMU‘;)&'

o Laiyly Domy cape 13] ¢ Lgaman 2 Juo ol yeiall Lisbean g
(100°C) 31 (0°C)
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At 4 110 ey il

e cya it 53Las o3-de @3 ¢ (100 cm’ ) s pgsingt¥) pa sley
Crantlid] as le gl 30 pon Ao y3 ceadiyl @3 ¢ (22C) 35yl Aoy
(28C) S
Lote Ll ctly o g Sele gl 75l papeandidl (0 25 i S
(5.1 x107/C) : 98 a peaslill ozt a3l Jalaa oo
(b) s yey (a) ddsbo Juliwus Jod e Liuas Ladad doliue
Lyl s cadiyl (@) Slslall Lasua Jales ¢ (4 =ab) goluss
e (4b) (4a) yslall g Jobo 133l ooy (AT) Hludes
Ll 2 Jeobodl ittt G sl gl

Ad = 2a 4 AT
solaall Lileal 13 eltyg

Aadb
ab

o cisleatt i eall wagl @3 (Al i Laall Yol wn gl 5ucliue
Lagio 3all us ol

e Lagwie itigall Ll (Lieseatl 1lisall of) Lolicall (o) a8
o) e pludtiay Lol e oeatl (40 J o Gl 1300 e ol
conlually (4p) Dleall 2 Juolodl dagudt a3l of colT 03,0yl
LBl die yuaill mes (AT) opludia 5) )=dl dn jn 2 pind
iy !

dp=-ppAT

5-5

5-6

5-7
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Bl Anas g 5 ad A 3 (A il 1 udld) Jaadl)

el saaill Jalas ;o (B) Eo
IS il g S 3HLAYT Lias 1aLa

et Lga it = 9oLy 5yt iam 55yl e dues JBT Lulium umgl 5-8
LY gyl iayd «(130g) Layluie iumdll opa Ahs Culs
‘éjmwifcjﬂ‘ 5)‘):..” uiduo.l.c ‘_Sl 4(150C)

(2367 /kg. %K)

S eleg B yad (200 W) Gobois 43,05 puiun Shiyelo plines 5-9
A yeall 59030l yucammal ellyg s Ul s (100g) e
om0y el (a5 y9Zmiil] duagaall et a3 cpapll Loslean ol
il 550 A3 ) Yo (239C) Laylazie 2815 550, on s
(4100 /kg. K ) : goluad sLell dueyill Lyl yond! il il 13

(90 km /b ) oyl adie e yous yuus « (1500 kg ) Lglics 1 uzia 3,Les 5-10
Loy Lalose IS BV (gu 2ol 5l aluset ol Lgaliyf o3
(80m)
Tee IO LeEoMgid 5 Gl il yondl ABUAN Jotne sl g
5l ol

iy39 (50 cm’) amla i isl s black body Il sg—cal @i 5-11
(1000°C ) iyl >

(305 ) 0)ad a3 IS din Barill Tue Lyl BBUAN (ol o]
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5.67 x 107 Wm™. K (ggluws Olayilgs — Olasics cols :ilas e

(5-29) dws byl DM kil s5aebous
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Summary

g f Uacul gy @rusdl ciliio (e 35l500 Lasal (ulid (o B pmtt dyo
solasil of Lyl LIS oe jad ¢ cuetall 3yl cilanys pulda
dias Lol JLE el e cdagandt daugll 31 pond Leuilly 4550 >
AlEal sam g (ST) ol allaitl 2 ulisg cadly

zae o2y iyl Bllall e Slo pllawsi Lo o 5yl A
A5 g uad) L pomdly Lo Ul el L alally iy ol 13U (s
ol JLETYI ol ;3T oty ¢t @liia of @l)ad Lpiil
el il pEal 48 gdiall 260 pondl o 33LU IO Ll 3L
il g3 b g 5,y duess o Ayl padt BUall (g gl jundill 5o
Aol allast] 2 2lL|

(4) pUaill poe Jo Ol 13] oot ISaalinud) 2 (g yduall OgLRT
O5Ema (A) allaitl ol «(C) I allad pe )l 0151 Ul 2- (B )y
2 yiiall GSLEN paan ga laag.(B) ALt e Loyl Li52
ot LEaalial!

oy aatall ubdll g (AlEo (ulude yudias :Bylpnd) Aoys ualde
olasld oy T olalia utlin of ¥ ubaall Joudl aldaddl 20551 )=t
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Aol 4 i e il

29 55T 1 Guliie o sl gl

T.-0 T,-32 T,-273
100 180 100

plean S otall suaull sl Lismay saitalf abus S0 PO (W]

AL=a; L AT
saeill Jralea (@) ¢ Jodadl 2 Juoladl yiatl J5a3 (AL ) 1) s
Juolodl @3all (AT) cad Has¥1 Jolall (L) codiall gauml 1okl
Syl et alayn2
%wgybJ*AL};;ﬂﬁchj&Aadeueﬂigahidhm4m|
23l Loy die Sy cnalad]

Ad=ay A AT
il Jalas () clabcdl 2 ) aolodl it (A4) 53 e
LS do ] (A) (A lall suaill Jalas Can s 5 a (omaall
5oLl il 2 Juolondl Byall (AT) cubiall eucel!
S & ol el e )lae 5o :J5igully algndd ool siail]
Bl Loy die iy cilalo

AV=ay V AT
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siatll Jalas (@) oot 2 Jaalondl a1 (AV) J a3 &
Byl (AT) ¢ S5l o cubuall @aumll ¥ @l (V) ¢ oz
9l ramanl saaill Jalae of Liagf Lis das Dy ¢35l il p3 2

otslall sl Jalea CalasT 2305

wd a3l () ) ponll e (e 35lie oot spumaaand Fylpond | Bl
cougaylos (o pulada e Busly A (T, —T;) mendl 551 4250
LI sl Lgie yaang < (J/K) of (J/ C) samgs ouliig

c._ 0
(Tf"T')

g2 L (Q) 55l Lueso (e 3)lie (o e gl Ay pantt dacad|
ovladie e sl da s Hludes (m) il su s g 5Hl = La)o
rinag «(J/hgK) 31 (J/kg C) somsy pal g « (T, =T) usaiuls
a3l Loy Lgie
C T T

s a3 I BT B3l 9 syl pand ISCeabinatd) 2 ™1 (1g3LaH
3yl Lesmg (W) add (e 9T g1t alladdl e oot Ja il
(A ) L\ 53Uo 5ui5 Hladiag ¢ ( Q) Lgrainy ol Lausiy all
aglas i8lg gy T Dla ) Laglea Ll Ul (e dills 5% Lenie
23Mally Ly die asy

AEi=Q -W
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Al 4l ey 5l

Tpao allaill ool 13) Linge 1yliie 553 ( Q) §T e Lin usayis
5ol e Lpako allasl] as 13f Lllew Tyliie 58 Lass (3,1 panll oya
e 335 13 Llliug ca0s ALttt ality 13) Limge () JA1 (35509

Sty Jiao 50l 1 g ¢ 3k 3y 31yl S35 13y o) JULAZSH (3l
Y1 Zas ol o3Il Lasly Lt yadg cplasilg

H, =k, ((—Ti’—;T—C)jA A
HCO”V = kConV A(T - ]-; ) (M‘)
H,, =€ AT’ (glaa¥N
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D raalsl 3 11 2 I glts (5 A1 280 50all ilpasa

WAl Buimg LS eyt AeaSH gl
K T Temperature Byl ia s

°C Tc Celsius scale owg ks ulida

°F T Fahrenheit scale calgl yga (elida

K’ a linear expansion coefficient Aokl §aaeidl Jelea

K a, =20 surface expansion coefficient g.w_la.ud‘ suaidl Jolaa

K -1 a;;:;" volume expansion coefficient e §aaeil Jeleas

J Q thermal energy Lyl yadt daUall

J/K o heat copacity gyl ot dacudt
J/kg. K c heat capacity per unit mass e il Do)l pandl e
6.02x 10% / mol N, Avogadro's number gyl gnl sue
J/ kg L heat of transformation Jeedt alls

w Hc Juo g3l iy poudt Dalalt JLES June
W/m.K ke S 53l &1l B3N S ol
(fi.h.F/Btu) Re Ll i aglall
w Hoomy ool 2aball JLE Jose

W /m?°C conv lall gl el

w ) glad L Blall JLEDH Joas
Wm?K™* - gLt Gl JLam! culs

po il fa 2 L 1glt @ Gl il pall olsagally 2atl3 Linisy tolall e Sagus (1)
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