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carne b2 a/ef/'/u’d as the Science af er 6-733 .
The rame toerpodyramics Stems From the Greel wordls
therme ¢ Heat) and a_’ynum‘cs t Power) .

Aplied thermodynamics: is #e science of yelationship
bebween fueal, work , and the properiies of te %stem
Z#t /s concerned wil. fhe means necessavy to converl
heal energy From aqw’/ab/e Souwvces such. as chemical
L Afuels ev aucleay ptles into piechanical wovik.

« Working Substance:- .

e wavk/nj substances aye ., in 8ene.m./ f/w'Js
cohtch are C‘d,odb/e' ot defermation in Hat ﬂ‘zg Cau Yea.-
arly be expanded and compressed. Gmmon examples of
edery /(/‘y Substance dsed n Mermodymmfc Sastem arr
and Steam.

. Pure Substance:- ,T.s . A Su‘njfe Substance ox mixtuye of’
Subsfdnce..‘w/z'jcill has He Ssame Consislest Compag:{w'on
Bhrorighouct - Stk s o, Mgy, Heliom cundl Casbon diocide

: T ofter wovds, £ s a hamogmnous _

Substance and FPts  roleculny Structuve olose neot Va’fj.

For gxample s Steawm o waley or riatuve of both cam

be Cvns.'a’ered as a puré Substd-nw- T/u’s 'S because

Tt has e same molecular er chemical styuctuw

f/»mujl\ ils  mass
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=+ Dimensions and Units %=
Fny ohistcal :7mifJ can
be Chageter!zed Zy wclimensionsy The :mé:frur mfjmﬁudes
assfjrwd to fe olfmensions are Ca//zc/ @ Un/ tsw
Some baslc dimenstons such as maSS(m;,Le
Ly, et . and fem/wmzfa/e (T3 are selecieed as ,ﬂl(mmp]
ar Fundbmental clinensions . (Ohtle otlers @aclu as veloot
T s energy Ey and  volume ¢V, are. ex,arzgseaf n Leyms of
e /?nmmj dimenSlons and are ca//ef [ Secanoé&ij] difmenslons
> or derlved climensions . LN .
Tioo Sels of onits are S,fz'// n Common (LS€ fooéqu;
I+ TRe £nglish System- | 2. System Internstional
\Ll (ST ) Uwiks
Ut

e B2 ) O’ - OO 6 B B R T ey GO ST, e Sl e Sam -

Dz‘mm&:’on 4 | Y |

Lenaﬂu | (m)
mass §ofibg lilogram ( kg)
T tme.— _Z) = second (s )
Temperadure | Kelvin ¢ K)
Electrie current Ampere  ( A)
Amounl of Lgkt Candlela ¢ C)
Amount of matter “ mole ¢ mol)
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Quﬂtffﬁ’ ST Untts j/rb:n .»’-*. bl 4> c\)_ T Uitk
< :
rea mt | 1 ft-02048m
Oeﬂ«Si'éj lg/m; | £ I/n =z 0.02B4 m
éu'gJ o ! Z Ibm SO Y536 /43
1,-....3‘; per uni't T/ kg {85 Slag = uf 574 xa
mass ,
Force N ) 1 Ib; . 44{3/\/
Heal Flun W /mt ' -
Heal +ransfer W I 8- joss.06 ¥
ralte Ydiecal = 4.1863 J
| 2 Btu/Ibm -2326 T /kg
mass Flow rate g /s 4
Lo 1 hp-FYs.F W
Power W (Trs) H
Pressuned Stress|l NI m* | 1 Tbelft =57.88 Nlm
Specific heat || Tlkgvk | 1 pst =1 Tbgltnt= 68948 Nig
Surface tfeasion || MNilm u
Veloc i m s | 1 Standard abmosphere = I-0i22
Viscos :'%c Kn)l| m*/S * 10> Mim®
Volume : Asmg igdl. = 0003 FFS m3
Velume FHow rddi m* /s
Speufre Volume| m’/la 5
N |
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— Heal E'ryfne 2w AN
LS Fhe pame giten to a..'%siém_
obl/ch égj ofzemtly Vo ‘éj’c,"c MArney .}dé‘duces NN
el coavk Hom a u’-;ab( of heal . : :

- Heal, work, and fle Sys&mgo - V A

Hadl /s atorm of <nerpy which is tansferred Avnf“'ow
boa((j Yo amoller baoéj al a /OWW-&"T’PWM? ba ?/%Ytue
ot He L‘em/&emﬁnf? ot %ofence__-.})é-fwee n. the bodies .

niote Hat #e heal and ok ave a #ransient

Fuantites s nok f/of’erz‘les*

SN 0y T At e 7 g S e S
I a ég}si&un exlsts (');_’.LOA("CA a fovce al fhe bomadahg
-of e Sdsftm. :.-1"& moved /flw(uj/\ a oistance, flen woxk
¢S5 olone @ ¥ on He é}ﬂ‘gfcm-

i Wm’lz = [Fovece ﬁd‘&bﬂ&i’ i I

A sashn;mg be defﬁ’@c}( as a coffection of maler
Lo;'}f(.f(g.., p/&;(,ﬁbe:[ zmi{ fdemb;z)'ab,é‘ Loundayies .

a 7uanfafg7 of maflev e a rfé'?z'on ‘n space
Chosen ov Sfa@ .

The. mass ox fté_jf'on oulside He %sfcm 'S
alled - 7‘/?.9 Surroundc'pg :
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A<y s - —
® r‘ 3 s WAL
P st | =
PR ) I
X 3]
g S 13
> =

e yeal or /'mqyf’nar;ju Surface fhat Sefadfaf.'es Hee
Scy.sfem f'}vm rits Suxrround:‘yczj S Ca//eJ fLe. Lou.ndo.r .
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fiﬁ%ax

- Closed and Open S'ystun.g'b

5 Ys Lem WJ be mn.s:'aéreu( & be c/o.seﬂ( oy O)Dt'-w

Space s chosen for d’f«{y i

c/e/oerw/:y on wheiler a /’:'pt:ec{ n.g;,g .o*;"a ﬁ’,.'x.ga( volume [“n

A closed .S’datlau’cazso Keowon as a conlrol mass) cemsists of
a freed a moond - of ‘mass . and ns mass caun CNo8S rs
bouudlryf. t‘:’qf’ 73 -—)ao rnAss CatiL &-Lf?vr oy LQ(VE a dcs«ol

._S:f.s téu«y ot
Eed «t’.atarjj S Ao’ Sy o f heat
o wevlk . Cau. CYoSS  fhe &awda,rccf ; [

dose ‘npl have o be Lrxced.

anj( AA:’ u'a/a(?ﬂe 0/ a C/D.Sed ._%erws

e
C.loSeol 1| Wmass (s}
System |

ey Yes
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ZF > as a;s})ec/a/ ase s even -ene’é:zy s not allowed 4o Cross He
bowwér.:fy, /Zat ‘E’S&M A Cd//a{ Ty I:SO/dteo( .Sy,stut-‘ .

An Open S]‘s‘te/n, or a cwnlrol volume ,as It s
often Called . /s a /0/0/95(/7 Selected reg fon 1/ Space. P ko o
ustally encloses a deurce Hal involves mass flows such as

a Con/areé_SoY, ﬁ.‘r[)//z,e,or /2022/6 &fL nuss am.al en.e\gg
Carn. Cypss. f/\,e aou.ndm:j of Qa Ccmfro( Uo/wne wluck )5 Ca//ec{

{ Conw\ Swaloce

a cmtrol Surface .

[ Aa open System (acantin) voluwe)

Hot wadef= = =
e
| W
| (romkn \
volume ) | #
|
| Cold wiaded -
- - “\ |

valt. one :'n/e?'t. Land énl 'ew Mt _7

R i = il

i, |
Bn 1

‘"\)’L

wnss YCS

'thq-—'-———r

—

Encrsy Yes

[ Botle rmss and energy can
cross He boundarfes of q

Contyol volume ]
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_J/(Dro/oeftfes of a Sysfmo’v

ﬁy chavacterisiic o{: a System i's Od//m{ @ propeﬂéj
Same Faml/llay examples ave pressure B l‘a;aefafure T, volume V,
and mass m - )

The list can be extended to include less f&whmf ones
Such as wstthj Hermnal wno(u_ct:wcj moelulus. afe/a.st/c:{.j
Hermal expansion coefFiclenl, efeotyic res',stlu‘td and. even

Ue/gc:fj and elevation .

Net all  propesties axe ‘adepencleat , Some ove olefined
in erms off oller ones, sacl\a,sml{j £ Spectfic Volume (v,
Specific gmw'ic‘y A N
Properties ave cxms:a(efed to be elfler fnﬁnsMoY exgwl;e.
Intensive propexties | ove Hose fat are independent of Hoe size
of a S;j.stem:,..Suclxa.s temperatuye . presswe, and
desshbgl
Extensive pfbpodles ace these whose velues Wm«. e Site
A -ox extent- of fe Systewn . Such as mass, volume ,

and ,}/n{hl. eneygy Ej .

m ‘_ [ m l‘s‘_"‘ }'-fx,iens»‘v Sokaint

\'J IV :-}.V ;npwéus ’03,
P— N ; >

; ; 7; Intensive cksha

; i | £ |[reei [ty

Intensive properiies ave

Pndependest o e si2e e f
v SHs ten
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h:.Nn.x
Date: [/ (212

/s the Free exerted by a //u/d per onlt .
@req - (e Speak of pressuse — on J tihen we.. oleal Wil
a gas or a Liquid . The comnterport of pressure a. solipls /s
Stress -

At
P _=laktm ;
221 - 1o < , =
ﬁl'r n) - = . \
i S {77
) o SR ST o
In a contalney filled wif agas b The preguse of a flud
Hoe vaviatlon of pressure witl- .~ . @l pxt tucvesses wih. et
QL 164/ 4 A4 3 el
fteéj/z‘ s neg :_7/:5/? , H Cas a result oF addeol wo :C’l\'t)

Sice prasare; s defined as force pev unit aveasit
has Hee tnlt oﬁ new dons. per Squave meter ( Nim >, whkich is

cated a/aascal qoaa.
18 == -

I N=1 \fa-w\lsz

1Pq= 1 Niw?
1 Mpa= \o Pa
lkpa= 1o Pa
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Jwe  otter common Fressuye ondts are  bar andéfzmdard

almosplrere ¢ i
1 boy = Jor/oq =0l Mpa = toe K pa
1 atm = (01325 pacz 10]1-225 kpaz I ol22s bavs. |
I,

In He é'»g/:fsk Sdséem » Hhe pressuve undt 7 [pound - fryee-
fPer Squave fnch ] Tbg/h? or psi .
d atm = 14.696 P.Sa' = %omm ’5

the actual pressure al a given position is called
The absolute pressure. and /'t is measuved relatfie
1o abswolule (acuum . i-e-, abslide Zevo pressure.

He dtderence betuwen fhe absolute pressuve and He locl
abmgsSpheric pressuve s called Hhe Jafe pressure .

pPrassuyes #e?owyaéwspkw ic pressure are called Vacuum
[Pressuve awd ave maasurec é;( Yaclbhwm §age-

,d b‘;o lutes gaje.-,éad vacuum pressuye are all Po‘sftfue
7'644/71‘1%'&5 and ‘ave yelated to ecacth other ?_7 oo

, [@3:&3; E.th ( Fov pressua@ above fftm)

[ Rac,.-.: fa?‘en-'f&'?bJ/ ¢« ~ ‘ below 4
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S O SR SO Yy

e S G G ST OO 65 B ET W0 T by GO SO A S Sh S -

T A
Fs)agc - A
S e e e T PR
P\MC SR Ebs
Rom Rt |
Fawes 3
Absolute B =0 Absolute

Vacuum NS Vacuum

Exgw A wacuuwn ga9¢ Corvecled ¢o al c/;q.m(:ey ‘-._\lrpat/s 5-8 psi
ka_\g: a lpcalivn wheve Ke atmespheric pressuye s 14-5ps,
2 ?ﬁ@e&m}m e abslute pressure fn the Chambey.

Sol 2o NS
- WA
= /4.5-.5.8 . , L/é)"

= 3.F PS;

Zx S The pu‘ﬁm. ofa /wsfon CJ/t’n.der device - amfafrurg aaas
fras anﬁf af 5013 and a crpss- Sectltonal areq of 004 m?
as Shount be/bw e local atmogpheric pressuye /5 0:9F bar
anel f‘-egmv“iaftanal acceleyation 's 9.3 mig.

A- Delesmine Hhe pressure Mnsiole the (;ylmder

b- If Some heatlt s Eronsferved to :‘Lega; oud. L Es
Volume oo ubles. oéyccl(ou. expecl the pressure fnside
tie C.y//'iza/f’r E7? C/uzaz €.
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.50539 Q.- E7ccf/"6r!wu = 2 FE-o /=92 mis*
2wz 247 by
i X
A= A+ W - wzmg "f
P = Pq,fm gy B A..ﬂ.:a.oqh‘l
;3 AT
- :.7 !
= 0.97 bar . Gokac9e B I N b

0. Yt [hq. m* 155 Aflwd
:I-//? bars C o o. W

A /ﬁ’w{cf wc e Lo/ liay Lot Ifznfomfmé
as —a measuve of * hothass” oy *coldness” sE is ot easy tccqa'\/(-’
an exacl oletim/tlon ,ﬁir\.{;f, =

Lascd on. o ,o/gffo/g,‘ca/ Seagc;f:b;'.s, We  express He level
of #emfﬂe-raﬁ;:ﬂ ‘gua (fi.‘taf/we{j wi' K words |the He a’g,/':g cold,
Cold, coarm » hst; mw/ red=Hot -

72; mv’l'af/qm of an easz'é( measyable pw,oey{_] of

@ Substa“ce' @;‘XL &m/atrzfalg Cai. be Lb'ev/ ‘o ,ofaulde @
tﬁr..w/amétré— »w.fk'//‘/(zj Snslrument - Jox mmp/e , The /¢gﬂ~- oF
& ok o mexcury vl va WK Lemperatuse die to the
)ﬁj e meycury ov oncllier Liquid,

- em/oemtaregv—f ff-,.f".“l_.,.,'.

2o prinkin. ancd natmclion e
gass and  Slid
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= Jemperature Scalesgo

The iar}aexzzfu/e saales wsed . He Sf and ntle
Ey/zs/n Sysdem dodley are He Celsius Scale tagrmer{j called f(g
Cmfgmde Scaley and e Fahvrenhett Sctle .

On He Celsius Scale , ice an.d Stedm pamf
are assigned fle wlues of 0 amdd. Ioo,"C. fes}nc.évegj e corres-
Pond{zy calues on the Fahvenheit scale are 32 and 212F

| /a‘}

In ﬂw«m;uﬁl/wmcs L s very olesirable to have aizu.,Oemfure
Scale Zhal 5 rrzc/e/:ezu/eni of Ha <,orv,«;e.«.{/es of ay substonce
or Sudsstances. The //wzmaa?za/mc (z/.v/iemzu/? scale fa #e 8L (s
#he Kelvin scale . The temperaluve unit on tis scale /s e
Keluin , which s o[e.séy(nw&c/éy K tnot'Ky - The /owest écwvfcda'}qu
on Fe Kelu'n Sca,{e /3 0.K .

The! %o’moc‘(yrwxlt {e/ti/?éfafuo’e Scale n te E’J lts h
sysiem Fs fe! Ra.nkmc Scale » He fempemfure uall on ﬂus
scq/c /s /Ae /aydon,{, which /s c/&SjAaieo( bcj R .

L EP versus T p.lots at tee ap&rmaﬁnl
data obtat'nec{ from a consTant -volume gas > ///
o T1C

Mz/momefe/ Ll.s:'g 75(4-')’ dlﬂpﬂ’nt amc o 'l:

-

ak deferenl p/cssurerj z‘;} *
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eS|

Tekrs =
TR) *

T—é co -9-273 15

T_CR) = |.¥ TU‘J

B i )

T LT By
ATRY = 1.8 AT

AT cky = AT¢T)

P———
ATcR)Y = AT CF)

W*_

S °ov Dwn'g a /watly process , Hie

Femperalure of a .E,Jstu'«' 17588 b&) Gaol

10 € Exp/m”.s s r;'Sé dn fem/?efature

. K. F, ard /2
Solse i 4l g'
ATeky = ATCe) = 16C
ATcR) = [~8 alck)
=1Zxloz 18 R

6~ K \E ,
' Nzz2c vz Yeti67 g;f"“,
» OF Wﬂl"t'?
at tatw
27206 32.02 L H4q!. &9
. —459.¢31fHe  Absohude
L) Zexo

AT (Fy= AT (R)Y=18F

S

Cad = Q)‘-} -’L:vﬂ,v.' -n*-c' r.\»,l,x’, (y.»)

o w’) LAJJ

e 2

TCES e 459 6F . e

log

-2%3:15

T@ TU Pckpay

aq4
Abssiuke )

Vacuwun

N SConsamd

- Z?”.

A constant =Volume Sns,ble/mcfcr
woq/c{' lme’ =292 all absiufe

i ’

Comparision of +temp orabure
Scales

rf ’l{/l @JL G}? L'f“'_'. f_),o/.l{f)b‘
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- Cb(ume )
velne /5 a prv/:erfctj, benéj ﬁmf Pnpeﬂg
tohieh s associated w/ K cublc measuve.
The gn't of volume ts #He cubic mefefx tm"u&mdﬂues
He liter L may be used . i
1 Liter = 1 Cubic decimeter ( idbf tu;.m].)'
TA He volume of a Subslance increases Thew' e Subftw:a:’ (s
Sald to tave been Expanded .
If Hee volume of a substance o@cre@ges-,ﬂ\ca\. He
Substance /s sl o have beeun Compressed.

5/060'/;’(2 Volume s Cg.(.'ven ;‘L&..%mbo‘ (V) \_/gd

Vs Tt s Ke rec /?fo(af ef o/ezz.fz'{y and /s olefined as te

Volume per it s .

Dmsiy cleted as  mass pey unit Volume .

[#)
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buws’gca&wﬁe«vma:ﬁ;;g-

= I![]

Spcc:'f/t Jﬁlv;td or relative ob«&'{y LN '

s clefined as He ratte of He dmsf{a of a substauce
Co He alens’t 3 of Some sStandird Sulostance ot 'gpea’rf;;"rz{
berpreratioye, [ usually waley at 4¢) for which .ﬁv,, = 1000 Ky/m? ]

7|

Consloler a Sysleam Hatl /s nel
uno/e::/gohg clxmage - At His ponl Lall propeclies can be imeasured
o cadcwlated /Llacglwcd e entive System » which gives asasek
of pPrperdes Hal Cef?a/p/eieic/y desc prbe e tonditfon .or
7le Stale of He 4‘335-&«0.-

. S’ta.b aa.a/. Er«/:bnum

ﬁsdsttm at two

Vi /Aam%/um daals witl. eyw/z‘buu.m States. The word
equdfibrium /mp/,es astate of balwce - In an equi by ium
Gtale » Here ar® o unbalaiced pal‘za.ifafs (oY dv'nfmé favees)
o ¥in /Z.e z_%.szemn =
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buveﬁxcas—v*q»matﬁa;m:

et M ?w'//Zn'um e IFf He t‘cp/ewdwr&' ’s fi& Seme

Types of Eqw'h'ﬁm‘um fo

ﬂ(fmfauf The endlve ._%:,_sfm 5 fl—eu Hoe Sj.s Feu
D s - S AL /L&’)’ﬂm/ A U brfusmn N3 ) '

20c 23t 3T 2> '
3o'c 32 Actosed (%ﬁtﬁl“ mcldna
e He'C B2C 3¢ Hosrnal qw/:ér/u,m
42¢ 32¢ '
“A- B‘&r boﬂ"“!Y =\ e

ra Mechanical Equdlibrium 3 7s wéded o pressure 5 and aSyton
flg s mechan/cal tyu/'//brz wwr ¢+  fhere s ng C‘u‘uge 'n
pressave al cuny pornt of #e .%’stuu wit. Eme.

ay Phase Eqw'll'Bn'uM: I¥ = s?j.stcn invslues Twea phases it
s pxm;e W/ én’ww whes e mass of each. phase
mac:Aex e -e7a./‘7/‘bnd_m fevel and Sfaqs tHheve .

/‘VACWCJ fqu'b'&'rium'. A .Sl’stau. 5s fn Chemical eqw"lfbri‘um
(A e Clemical aompas/ffon dese nol Chaunge w) Ml
ti'me (no chemscal raactions occuy')

ASystem will ot be In equilibrium wumless all
Ae  yelevand efu//é';r/um cyvitecia ave sittstied.-
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v Focesses  amd C]c/cs 0

fny chunge tatl a System wwégoes Frem
one eyw/raucun stide to anolley 15 called a Pmcess  and Fhe
Sevres of Slales 7%"5"7/" wWhER a %sfem. /oa.&s'es oélyutj a .
[Process 15 calfed fhe falh of He frocess, -

JFro Cesy a’&jmms Hat poioHed b J
enya/o j f/wermi{jnanuc propeciies

as  coovolimles ave very ¢ usetl /n ] A process. betlween Stubes
wsw//gug e procegces. L and 2 and He porcess
pPak.

Py
Some Commen properities Hal oge
I

used as coopralivates are tez»)oemﬁwér | I
Pressure B, and volume N Cov Specibic | Iz |

tolime V) ﬁ%
X Trakal
Stete

|
' ‘ '
The /o/e'r/rz is0- s  offen used : |

4o o/e_s‘gm)fé a /a,\ruc:dns for which q l ey
Lndy

/a:wbt’u/dfr pm;?&xg vemains gpesdaid . ‘
/?n. /&/‘cﬂml PIOCESS s fo ex ample. ‘i:l = E:; =

s e orecess olwyc’ncj which #Hee éenyoaf-
ature T rewains ) conslant .

t2s )

The [V dr'gmm of q
ComprEssion. Process
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on P-U cz’/gmm.

Ans. L 3U660 N.om]

Q220 - )£ B
O.05 i’ of 45 al 69 -bar ﬁx/oands revefs:‘bb
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