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1- Introduction

Thermodynamics is the study on the field of physics. The central concept .
of thermodynamics is(femperatur® Since temperature is not expressible Ly
in terms of basic mechanical quantities such as mass, length, and time, it is evidently ¢
a fundamental notion that sets thermodynamics apart from other - . -
branches of physics. a2\ Us alet
\;:J Definitions , s sle s b
g System: some portion of the physical world. The system could be a ¢ontainer of gas, . -
: . . 5 a2 aales .S
a piece of metal, a magnet. The system must notinteractchemically with the vessel
that contains it. A system may exchange energy with other systems, which constitute e
: g P <
. the surroundings of the given system. N —a
. _— . . . -
5\-’.’[}mverse: The system, together with its surroundings, comprise a universe. q,%]ld ,'\,._:_J \.\‘o,;\\
—- Open system: The system can exchange mass and energy with its surroundings. . ' .
PERSY Y & & £ Sph sy oo
=+ Closed system: It cannot exchange mass with its surroundings but can exchange . e -
energy in other forms. ce2 Y o

< - Isolated system: It cannot exchange mass or energy in any form with its

surroundings c . ’J’J ) LZQM S
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- Properties (thermodynamic variables or thermodynamic coordinates): The \I . PR
quantities we use to describe the chroscoplc behawor ofasystem (V,P, T....)

‘-W@It is proportional to tﬁ-‘ mass. An example is the yolume V: if the
mass is doubled, the volume is (jm;hlcd(assunnng that the density remains constant).

. S, s saiasy o
- Intensw'e propenty: It is independent of the mass. Temperature T is an 1nFens1ve P . Q‘. esSuve
property;its value is not affected by a change of mass. Pressure P and density p further
examples of intensive properties. \perl

- An extensive property can be converted to an intensive property by dividing by the
mass. This is called a specific value:

- L]
-S == ) ﬁ-"". lue = Value of the extensive property
s, ~le = 2= mass of the system

- The state of a system is defined as a condition uniquely specified by a set of
properties. Examples of such properties are pressure, volume, and femperature.

- The thermodynamic state of a smgle component system is also spec1ﬁed by two
independent variables. w...o ML‘)\ J.ol L.‘,....D ,_,,£ > WL, P O S8 Ve
- An equilibrium state is one in which the properties of the system are uniform.
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- A pon-equilibrium state characterizes a system in which gradients exist and whose
properties yary with time. was O .ae

- State variables are properties that describe equilibriumstates. ¢ =+ = -
— '_-’-.J*T-“.a;” wa Labd B2 LN

- If the pressure P, the volume V, and the temperature T are the state variables of the

system, the equation of state takes the form
fP,V,T)=0 | 10

1 > 1mniti 4 - ° ! ¢ -
1 - Cyclic process: the initia] and final states are the san'_:(:‘? | W g0 ¢ WI I ‘
~3 - Quasi-static process: at each instant, the system departs only infinitesimally from an
equulibrium state. seA3ds 3

—\ _Reversible process is a process whose direction can be reversed by an infinitesimal
change in some property. LS us< ol

— - An irreversible process involves a finite change in a propertyin a given step and

includes dissipation (energy §oss). All natural processes are irreversible. ‘-ﬁ ( P
AN

=~ - An isobaric process is a process in which the pressure is constant. 7/
e

—— - - N - - .
- An isochorig process is a process in which the volume is constant.
— - An isothermal process is a process in which the temperature is constant.
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3- Units

In international system, the unit of pressure is the pascal (Pa), equal to 1 N.m>

Other units of pressure in common use are
= 1 bar = 105 Pa, .
1 atmosphere (atm) = 1.01 X 10° Pa. Pl - U ¥ N e v
=~ 1torr=133.3Pa. fosle LGP
The atmosphere is based on the use of a manometer to measure pressure.
. - e 2 1
4- Temperature and the zeroth law of thermodynamics G"“‘:' *u!".;:‘:;"” L a (|

If two gystems are separately in thermal gguilibrium with a third system, they are in Lo
equilibrium with each oﬂ%‘?’r\.f \g".ﬂ:’ \B \:5 :JC—\‘G): Less 3O !-g".r:- (;:_“";6(“5\ 3

P= ;’j—-— = M/m*_ Mem© Pa

Nl = N/m*= VR

Pa 10 bor
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5- Temperature scales 'f 4

To assign a numerical value to the temperature of a system. we chogSe as a - -

thermometer a substance that has a so-called y thatchanges with <o, A ~Z,

temperature and is easily measured. An examgle is the volume of a fluid that expands
on heating © BNFY Sl 5301 Yooy Cetb o 1 £

We choose a thermometric propert)@hat is linearly related to the temperatureoveras 3 s\eo - 'v:-a \
wide a range as possible: [X =aT +b ) &=\ )

- . ) 7 aneL=5')
a and b are constants ot N T as 4

L)ELP}U s -5,\}‘&9 (:.le..’ ?’Lm:.o q“";\ 5_.,@(5\ LL:S’-\'_,\C,-‘?. l’\’_\_-:' d_f,

We choose reference points to define the scale. Prior to 1954, two fixed points were
used, the jce and steam points of water. The scale was determined by assigning the NUNY
A T

numerical values 0°C ( C for Celsius) to the ice point 5 f\
s Les yPr @M 1ueldt 0. At e Sale___ [ @
An excellent choice for the thermometric property 3 _T \e”
is the pressure of a gas. The constant-volume gas
thermometer, shown in Figure , is a practical _ ) i .
. e P ;’,_' .
method for measuring the temperature of an ey Lo 3 ur/y
object. - ]/3 AMS o9 _-JLa>j-') reservoir Y :_)‘J:"
Several observations were made when this method was - (S ASten
%.S.E-dr““"‘ wb’:‘* RIERY u-'- u@\cf",h Bath or /L”“.p".‘.‘p
a The P- T curve 1s veg eg;lz lmeg,r over a wide M—lﬁ“’e“: od _E)gm
Ir)anrff;,rhe of te temperature h bs) e
’ e curve is mcreasmgly inear as t e pressure Simplified constant-volume
ecreases. : ) ) B gas thermometer. The
f[: _Al;n7e3a; 5e‘jc(t:rapolatlon of the plot gives P =0 at pressure is s oS
e o R given by P =hpg, CosD M
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Figure: Pressure versus temperature for a
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thermometer. The ice and steam points of

water are fixed points. The temperature at

|

I
zero pressure is obtained by linear w ‘
sropress Pl @
cxtrapoliion. 2273.15°C °C  100°C

For a gas thermometer, then.

P.r al” + b. P o0z (’243‘15)
The zero pressure pointgive: () = —273.15a4 + b. T="27317 O
Thus P = a'7(°C) + 273.15). P= a (Tr2#325)

We can now choose an absolute scale such that there are 1 00°C between the ice and P= cL —'—Ct)
steam points. We want P = aT (K).

where@is_ﬂm;ﬂaﬁm_ﬁqm. the unit of temperature on the absolute scale (no B O
degree sign ). It follows that

THLK) — T(*CY == Z73.15. = Ia+273-‘5
283.15F
o
\/\-/“D k
Cenv 30 30 dope
degree >
([N VS NJ}-&AJJJ-Q-\MQ{-\DAJ [-

Now we need only one reference point to define the slope a in Equation P=a.T(K).

The reference point was taken to be the triple point of water. the pressure and

temperature at which ice and liquid water coexist in equilibrium with saturated vapor.

The triple point temperature of wateris 0.01 °C. thatis 0.01 deerees above the ic _m)mt .-

at atmospheric pressure. We obtain T(K) _ P co ::5 S
273.16 5" oot 2. %
where Prpis the pressure at the triple point. S b

Another temperature scales is in use. The Fahrenheit scale is related to the Celsius scale

by the equation

9
T(°F) = gT(°C) + 32,

2?‘3\\§ Kﬂ Pf
22316



T (co) T( ) 1) Cawvenheit
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TCL) = TCC)+A731S ()= L TCc)~32
5
T(c) =T(k) —273.1¢
% Convert  50C° to Fkelun T :‘_;;(7“(;)..32)

T(F)=50+2%3.s
= 3J3.Is k

€x Conuert 33C° +o(F)
TLFD = g. (37) +32

= 92.6 F



6- Equation of state

c N AU S
6-1- Equation of state of an ideal gas éCJ.,\ ,\-") J>

The equation of state of a system composed of m (g) of a gas whose molecular weight
is M is given approximately by:

m
Py m —RY.
M

where R is a universal constant having the same value for all gases:

J
kilomole - K’

R = 8314 x 10°

Since n=m /M is the number of kilomoles of the gas, we can write
PV = nRT.

This equation is called the equation of state of an ideal gas or perfect gas. It includes the
laws of Boyle, Gay-Lussac Charles and Avogadro. S Ul ,\al)
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V=n RT
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R= 831UX10° &/ kmsle, k

7 = 8/\?‘ x9/ > K 2,052 D/y\(’.;)\’/d\ =

‘V = mMm
[i=nkRT V= KT

T S

. )-;-d\,\.’n.k) d\-’.r-”L’:N'.:L-.’
6-2 Van der Waal’s equation for a real gas g -
The characteristic equation of an ideal gas represents the behavior of real gases fairly

well for high temperatures and low pressures. However, when the temperature and

pressure are such that the gas is near condensation, unportant deviations from the ideal ,
gas law are observed - () u_(u WenS sl g W\ 7> 6o a2 Sk lois

Van der Waals derlved his equation from considerations based on kingtic theory, taking
into account to a first approximatiopthe size of a molecule and the cohesive forces

between molecules. His equatiog B
Sl rrstls Qs P+—2)(v—b) = RT) b PY =nRkRT
- v
~

. GV e "
where a and b are characteristic constants for a given substance. Fora=b =0,
precedent Equatlon reduces to the equation of state for an ideal gas. .
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7- Expansivity and compressibility

Suppose that the equation of state of a given substance is written in the form

ZF ~v=vT.B). *
\_, e
Taking the differential, we obtain

" ;
i 25 (fil- dar + {22 up.
F

We define C} ( _The expansivity or coefficient of volume
aT / P expansion.
Jv
= C} . —( o Is the isothermal compressibility
| - T
Foranideal gas, v=RT/P.and B = | p T
and
1 ( RT® ]
K= ——| ——7 —

For a liquid or a solid in contrast to a gas, P and K are nearly constant over a fairly wide
range of temperature and pressure.

From precedent equation equations we have

dv = Bvdl — xvdP.

We assume that the volume change is small when the temperature and pressure are
changed so that to a first approximation, v=y() (a constant) § and K are constants. Then

dv = Bv,dT — xv,dP.

Integrating, we have
T P

dTl — Kvof dP.

Pq

fdv = PBv,

Yy To

Then
: w(l + B(T = Ty) — k(P = R)]
= \"J)/\}-‘M S o2 j\ae
This 1s an approximate equation of state for a liquid or a solid.
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