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PRACTICAL

UNIT #16
FIRST LAW OF THERMODYNAMIC
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The pant of upiverse w ich 1 under consider

Tees<NOREN!
lh%btﬂ wm=
In an

system, both hewt and m Mg

AN g

yuem, only beat can he exchanged wit
©) Isolated System:

OR
An isolated syster s e one which has no surToung
heat in o out from the system and hence, the system
AQ =0
And AW = 0
From the first law of Thermodynamics.
AQ = Al + AW
We have 0 =AU+0
ORr AU=0
m U: = U;
The shove resul; Proves the luw of conservaton of
$Y¥em Canindt he changed any process taking
2) bmternal B,
The sum of ot ypes



P M= %lﬂ : L
z ALl = (constant) AT (
m OR AU=AT b | )
| 16.2- Work Done in Thermodynamics | 1 B
(Work done by a Gas): brrad SO |
U Conssder an  ideal enclosed in @ 7L Y ml‘hw
cylinder. fitted withy e movable piston of -
d cross-sectional are ant pressure on tlrmfﬂ'l
: gas 1» applied by placing a load on the piston Let tf
< mitial volume of ., and the cylinder § 16.4
placed on & heal | AQ amount of | (1)
o flows mto the systet s expands by pushi M
) the piston upward through o displacement hY and t Thbl
h | Volume of ' ' '
_ EEN ‘ v
o) A Exp
. ) F=PA Con
< Waork done by e X lacemer eyl
AW = P(Ah) o
: Where Ah = AV, the change in volu
“ v [AW=PAV] 1) AQ
Where AV is increase in volume of gas at constant pressure ::
16.3- First Law of Thermodynamics: ‘*
'_Tllﬁ ﬁm |il"|' o{ thermodynamics is merely the statement of the law of conservation of energy when
it is stated with reference 10 heat energy and mechanical encrgy. It can be swted in the following al

“When heat energy is transformed into mechanical L |
converted into heat, the total amount of energy | mm' nr when other mechanical
OR

“The change in internal ,
e et e e v e ot o f
AU=AQ- AW
OR
; : ; =AU
e Sign Convent AQ + AW

%:: e ; mh“f 4



oWy RN TG
AW is taken po
Gif) mﬁmmwhenmhdmpymm“
(i) AU is taken positive when internal energ:
decreases.
A cyclic process is the one which starts and
artains its initial state:
U=,
u.?_—Utl.=
OR AU=0
From the first law of Thermodynamics,
AQ =AU + AW
OR AQ =0+ AW
OR AQ = AW

llmmslhatdwwu{kobtmnedfmmac

supplied to it and no 1 y uumb:r af cycles can
gained by the maching : MOLON MACh] el
imaginary machine whie | more work than :

the first law proves that it is lnlpl:lSS.’lhlE to construct s

16.4- Applications Law of
(1) | ISOBARIC PR

cylinder provided with a l'nmﬂn]v:-q; piston. Let
the system be placed on a heat reservoir and let |
AQ be the amount of heat supplied to the
system, due to which the kinetic energy of gas
molecules increases which increases the internal
energy of the system from U, to U,.

AU = U, - U,
also, the piston of the cylinder moves upward
which means change in the volume of the l
system from V) to V; but pressure of system remains constant.

AV=V:-V;
Hence, some work is said 1o be done by the system against constant pressure
AW = Force x Displacement
AW =F x Ay
“ E=PA
AW = PAAy
W AAy=AV=V;-V,

AW = PAV o
S



.‘,,,L_,;‘l"-‘h, "
AP . AW=P(V:-V)) Sy
| According to the first Law of Thermodynamics,
AQ =AU + AW OR AQ=AU +F(‘V=~v~,.; i
The above result shows that in an isobaric process, ﬂlwwgzvcntnhm !

two ways one in increasing the internal energy of the sysmmnnd the second mduing

T (?l-:: T Py Ve 1y
Graphical Representation: AL
On PV-diagram, the graph of an isobaric process is o IPL
straight horizontal line called an Isobar.
(2) ISOCHORIC PROCESS: :

||
Consider a sy\vFu‘n ideal gas .in a & n. l. .
provided with a gist ch is fixed. Let th -
be placed on a heat reservoir and AQ be the “““ 7 - 2. Vi, Ta _
of heat s hich increds At'
o <] 0 IR G oo e e [ 8, C
internal energy of the system changes from U i« Sou 1hat Souree

As the piston cannot move, there will be no cl
AV =0
Hence, there will be no work done by the sysif
AW =10
According to the first law of thermodynamics,
AQ = AU + AW
OR AQ=AU+0
AQ =AU é"‘«;
The above result shows that in an isochoric process, |
the heat energy given to the system does nothing,
but only changes the internal energy of the system. Pl
On P-V diagram, the graph of an Isochoric Process
is & vertical straight line called an Isochor.
(3) ISOTHERMAL PROCESS:
Definition:
s The thermodynamic process which is carried out in such a way that system
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wl . '
Consider a system of a gas in & cylinder, whichis =
mm-&hﬂﬁquanwm
“‘hcylhdﬂudﬂﬂunmmwlymg-
WCMHMMI heat ¢ |
Im-r‘ mw“:ww ;
decreasing the losd on the pison and (he
mﬁ:muwwwﬁ
some  hem l:ﬂ!“y 0 the system m g

Emﬁ-.
As U:= U,
= AU=0

From the first law of thermodynamics
U+ AW
+ AW
The above result shows Ah | .
energy given 1o the sys verted all into dbing

iy EllI

: ---
On P-V diagram, the graph of an i1sc

(4) MTHZ PR
Definition:

The thermodvynamic process during which no heat
| adiabatic process.

Explanation:

Consider a system of a gas, 0 & cvlinder, provided
with & movable ficuonless piston. Let the system be
initially = tempersture T;. Now, let the system be PV, T,
placed on insulator while the gas expands and cools
off adishatically and s 1emperuture falls 1o T, Thus,
some imernal energy of the system is convented W | S GEE

m‘-.&thaw
0O =AU + AW d B
- Al = AW " . ‘




pature, MAass, temperature

the temperature of the substance changes : -
‘ ature of substance. rnpe _f-

~ which changes ¢ : )
which chang | f substance, 15 c““ . of the su
substance changes.  m—

hstance chan ges, i

remains the s

5.1 Unit of Specific Heat Capacity 1s

Molar Specific Heat Capacity:
As we know, Specific Heat capacity of a substance depends upon the mass of the substan ’
addition to the nature of the substance, which is given by: ‘

_AQ
mAT | )
But, for gases, their heat capacity is independent of the mass of the gas, therefore, if “p™ i§ah
muks::fagasmd“hl“isdmml:culmnmssnfﬂwgas.men ' . I-f’ -
S~ |

Ne. of snoles 6 Gas 4 —— st B2
Molecular mass of gas

n=—
M
OR m=nM

- Eq)> Cu—22
nMAT
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Where MC is the product of moleculnr mass of the gus il the e ifie howt o) o S -
which i called the molar specific heat capacity of u g, which Is given by

MC=(

Thus, molye ¢
raise the ¢ M:'h"-'"' Capacity of 5 Bas can be defined w “the amount of hea V5 ggir nd Gow

The S ﬁni: u:l"m ™mole of a gas through one Kelvin or one degree ( ddas™

o molar Specific . . gl i
Molar specific heat “; hn?: ::pmty :;j.n:l K
Py types which are

(i) :’rg:rwm heat Capacity g constant pressure (

throygh e amount qrh"'whliu&: :

ugh one Kelvin ar CONSIant pree. e lemperature of ome mole of & gaw

Pressire,
JOIN. .=
nAT

()  Molar specific Pagity at constant ve
It is defined as Wi nt of heat requirdy

gas through one Kelyin q nt volume."
MORENT::. -
5 |
Latent He.
Latent heat of a sum . ned as tHe amoun

mass of a substance. Mathematicall ¥,

PRACTICAL

g 29
m
OR | AQ=mH

S.L unit of Latent Heat is J/Kg.
Latent heat is of two types:

1) Latent Heat of Fusion:
Latent heat of fusion is the amount of heat required to melt unit mass of a solid. H; =
OR |AQ=mH;

2) Latent Heat of Vaporization: N o
Latent heat of Vaporization is the amount of heat required to vopourize unit mass of a liquid.

. N
"Hv= _g'
m

or [sQ=mhy]
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‘ . . t the Difference of Molar
16.6- Q. Prove tha "1 Universal Gas Cons

and that at Constant Volume is Equal to
- OR
Prove that C -C, =R ¢

Let us consider *n™ moles of an ideal or perfect gas, enclosed in 8 cylinder ﬁ“r‘:l_:::‘ :mw
movable piston. The cylinder is placed on a heat reservoir, the temperature © be,
or lowered as needed. From kinetic molecular theory, molecu
random motion and collide elastically with the walls of cylinder an
exerting pressure on the piston which is balanced by the weight of the piston

on the piston,

d with its piston,

At Constant Pressure: - s by AT, then heat
If an ideal gas is a1 constunt pressure so that its femperature nses by Al. -
transferred v

AQp = nCpAT
Since the gas expands to keep the pressure

EDH. >
As we know thara'i ic process the amouhl

the increase the enthalpy of the system that is

MORE!!E-~

According to general gas law:
PV =nRT
At Constant pressure P, amount of the work done due to expansion AV caused by the nse in

temperature AT is given by
PAV =nRAT

‘Now eq (1) can be written as:
nCpAT = AU + nRAT —-—-—-(2)

At Constant Volume: N
If an ideal gas is heated at constant volume so that its temperature rises by AT then heq transferms

&vagvmhy*

AQy = nCyVAT
.Anwdmg to first law of thermodynamics
AQy =AU + AW
nCyAT = AU + AW :
since volume remains constant therefore work done by the system is zero (AW= ()

les of ideal gas always Mi

mu.‘llhc]nﬂm
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