CHAPTER - 11

THERMODYNAMICS

(FHATTAH)

Points to remember:

Thermodynamic state
variables

State Variables

Adiabatic wall

Diathermic walls

An insulating wall that
does not allow flow of
energy (heat) through it.

A diathermic wall is
a type of wall that
allows heat to pass
through it.

Thermodynamic state
variables describe
equilibrium states of
systems.

e.g. pressure, volume,-
temperature, and mass

State Variables: Quan-
tities such that their
value depends only on
the given state of the
system, not on history
i.e. not on the ‘path’
taken to arrive at that

S. | Thermo- Introduction Work done
NO. | dynamic
process
1 Isothermal | Temperature re- | Q=W=uRT
mains constant lOgez_?
2 Isochoric | Volume remains | W =0
constant
3 Isobaric Pressure re- W = PAV
mains constant | = P (V2 - V1)
= u R(T2-T1)
. ) ) T
4 Adiabatic Heat remains — (T1-T2)
constant 7o
5 cyclic System returns \F/)VV= é\,rea under
to the original -V Piagram
state
6 Reversible | System returns | W = Area under

to initial state
by following the
reverse path

P-V Diagram

7 Quasi-stat-
ic

An infinitely
slow process
such that the
system remains
in thermal and
mechanical
equilibrium with
the surround-
ings throughout.

* All reversible
processes are
quasi static in
nature

W = Area under
P-V Diagram
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etc.

State.

Important
terms

Definition

Equation
of state

The connection between the state
variables is called the equation of
state. PV=uRT

Indicator
Diagram

Graphical variation between P and V
for a Thermodynamic process. Area
under the P v/s V curve gives the
work done.

Isotherm

The pressure-volume curve for a
fixed temperature is called an iso-
therm.

One calo-
rie:

The amount of heat required to
raise the temperature of 1g of water
from 14.5 °C to 15.5 °C.

1 cal=4.186J

Thermal
equilibrium

When two systems are brought in
thermal contact with each other and
when the heat exchange between the
systems stops. This occurs when tem-
perature becomes the same.

Heat

Heat is the energy transfer arising
due to temperature difference be-
tween the system and the surround-
ings. Heat is the energy in transit.
Heat is not a state variable.

It is a mode of energy transfer to/
from a system resulting in change in
its internal energy.




Second
law of
thermody-
namics

1. Lord Kelvin Statement:

No process is possible whose sole
result is the absorption of heat from
a reservoir and the complete conver-
sion of the heat into work.

It is impossible to construct a heat
engine which extractall heat from
the source and converts it into equal
amounts of work done and no heat
is given to the sink.

2. Clausius Statement:

Clausius statement No process is
possible whose sole result is the
transfer of heat from a colder object
to a hotter object

Without the performance of external

work heat cannot flow from the cold
reservoir towards the hot reservoir.

Work done | Work is energy transfer brought
about by other means, such as
moving the piston of a cylinder con-
taining the gas, by raising or lower-
ing some weight connected to it.

Work is not a state variable.

Internal Internal energy of a system is the

energy sum of kinetic energies and poten-
tial energies of the molecular con-
stituents of the system. It does not
include the overall kinetic energy of
the system.

Internal energy is the sum

of the kinetic energies and

potential energies of the par-

ticles of a system.

U=Uk+Up

Uk: It depends on tempera-
ture only. Up: It depends only on
configuration.

U is a state variable of the
system.

laws of Statement

Thermody-

namics

Zeroth law | Two systems in thermal equilibrium

of Thermo- |with a third system are in thermal

dynamics |equilibrium with each other.
The Zeroth Law leads to the
concept of temperature.

First law If AQ is the amount of heat supplied

of thermo- |to any system, then this heat will be

dynamics: |utilized to increase the internal en-
ergy of the system and in the work
done in order to move the piston.
Mathematically, AQ =AU +AW
FerT-11 (ifady

S. |FsAT gR= FRY

No.aﬁééﬁa
The

1 |gFEad |aaa @aa ®ar §1|Q = W =uRT
HshH logeﬁ

Vi

2 |gH - |3add @ad War gl |W =
GIGED
gshd

3 | gHCH |a g wEar gl W = PAV
R = P(V2-V1)

= n R(T2-T1)

4 |wErH  |FwAT g @A d | (Ti-T2)
ushA P

5 TP ey 7o fEufd & (W = Area
UshH dile 3mar gl under P-V

Diagram

6 |3 farr faadid 9u &1 (W = Area
Fofrg 3TEROT ek JRIAF |under P-V
ekl Tgfa & @lc 37ar gl | Diagram




7 | T&h IEH FT I W = Area SSATIMIHT | Th
wifas | el q@q@% ﬁ; under P-V Fr fageT:
=S Di
e m@:uﬁ%ramgﬁa agram SsAREMTAT | a7 A ey @6y & gy gus
e & | YT HIfS martﬁumﬁ%a’ra‘waﬂ
/T §
. T giadt ﬁ'q?:l' FrrCﬁ'J g H gianl
gfshare yepfar F 3¢ gg fge agAT $r FTUROT $r 3R of
e gl ¥ ST
ssARNTaRT [afe A%W aﬁiﬁr& & 3qfd @ aTg
T Ugell | FCAT AT Shl FSAT & 39T
Hecqqul | gRe IGRE:S R &7 HARE FaAT Hr For 3R
9 O¥esT Al TUHAIRT A & fov fFe
IAEAT FT | GEAT WY F AT F G B IGEAT H e Frd A See|
FHOT | FHROT Sl ST §1PV=pRT IO §9 4,
T T e AQ = AU + AW = AU + PAV
IR ST FT ATH| P vis V as & &F e SSANETIASDT | 1. d1S shfedd HI TS
AT S HY g2 B Uil maﬂéwmﬂﬁ%ﬁﬂ
THAT | PREd a9 & T ge-3mdae A TROT SOHT SN H ST
& AT R FAT & FF A Ut
ar gk I FHAATT IWT gl AT ¢ SR 2|
T el |1 A 9T HT d9AsT 14.5 =Bt 2. FANTATH HT Jhda:
gﬁ%@ﬁvmﬁw.sﬁvfr@mﬁm 15 off T Hora 16T § foraenr veATT
3T FEAT T AT qRoTH TRl 38 Rz & FSAT F1 TUT-
1 Her=4.186J RO AF IRA U3 d& g T |
ardr 59 a fAsrt #r & gry qa
aFg %:;o H o7 ST § G!HE?IW%? MULTIPLE CHOICE QUESTIONS:
SCHAT &l HGIA-9GT &G gl Sdr gl .
T Fl%:q’ BT § JI9 d9HT U A &l W Rt
SiTdT gl
ST SoET BT 3 gREer & & aroEE 1. Internal energy of an isolated system is :
& 34?-1? ¥ FRUT 3cTeeT aleT arelt FalT a. Increases b. Decreases
%mw%f EX IR c. Remain the same d. None of these
7E RREll P QA Sl EATeATeRoT T quF A A AR s ¥
% Teh i & T aRome wasy a. Sedr g b. ®edrg
ST RS Foil & gRad=T giar &l c. o war R d. =8 & S F&
G2k P 3 JlH A ﬁ?&Tﬁ EF’WT Rﬁﬁ g&dl- | 2. The Zeroth law of thermodynamics leads to
%WT%;H?@?;‘E ;-?W aaja# 3y the concept of :
3ISTAT T am:r EI-T{FIJT‘I 2 a. Internal energy b. Heat content
SR Ueh IaEAT =W A Bl c. Pressure d. Temperature
ﬁmﬁ? W%mﬂﬁ%% FAEIAN F YT Fife e Feafaf@a @i
3o ! REER YR A HX o AT B
gm%yﬁmﬁmﬂﬁa a. 3dR& Far b. fafed zsar
AR Far el e & Form & aifas c. o« d. dr9ATT
Rl ﬁhu Ukt Tﬁ 1 AT 3. First law of thermodynamics leads to :
UK_?Tsk' aﬁ; S Sa— a. Conservation of mass
2l Uk T8 Fad earg 9T R &ar B b. Conservation of linear momentum
U [T &l Teh 3aedT W gl c. Conservation of energy
FefT-11 (A




d. Conservation of angular momentum

FSAFIAA &1 8o aw e & ¥ fFad
IR & ST 82

a. GoTHATT T TI&TT
b. & HIeT H EIETT
c. il T TIETOT

d. Iofig HIIT HT FIETOT

In an isothermal process:
a. Temperature is constant
b. Pressure is constant

c. Volume is constant

d. None of these

of water = 2256 x 10° Jkg'. Standard
atmospheric pressure = 1.01 x 10> Nm=2 :
a. 1087.3 KJ b. 2087.3 KJ

c. 3087.3 KJ d. 4087.3 KJ

100°C 9 10 el 9rlt Ft A agHse T
AW 3arerY 100°C 9T o9 & gRafda fFar
Jar g1 IR gl &7 3aad 1 x 10%cc @
1671 x 10%cc g ST af A&/ i 3aiks F<Ir
A aRader @l AifSw) gt F aedisgor $r
Icq FEAT = 2256 x 103kg’ & A T HeTE
AT g™ = 1.01 x 10° Nm?

a. 1087.3 KJ b. 2087.3 KJ

c. 3087.3 KJ d. 4087.3 KJ

TH THATHT THFT H oo I 8. In isothermal process, internal energy is :
a. aYAE foad @ § a. 0
b. & fagd wdr & b. 1
c. IIdd fad W@t g c. Between 1 to «
d. 3IH ¥ HIS 8T d. o
In adiabatic process : AT 9% #, JaRE Fa7 gidl....... gl
a. Pressure is constant a. 0
b. Temperature is constant b. 1
c. Volume is constant c. 1d&dTw
d. None of these d o
$SH YA & | 9. In adiabatic process, internal energy is equal to:
a. & fAaa g b. dYHAE ua & a. Positive work done
c. 3dd g g STH ¥ FIS A8 b. Negative work done
In isochoric process : c. Bothagd&c
a. Temperature is constant d. None of these
b. Volume is constant TEISH YA H, JdRE Foll....... F WS A &
c. Pressure is constant a. TR IRAT YeATCHER T
d. None of these b. fRar AT HUMcA® FA
WA AT YA | c. @dla3Rec
a. AYHE ford g d. 3oI& & FI$ AL
b. 33aa F¥a war & 10. Which of the following options describe
c. T g war E Maeyer's formula ?
d. st F ;S A a. Cp+Cv=R b. Cv-Cp=R
c. CvxCp=R d Cp-Cv=R
10 kg water at 100°C is converted into
steam at 100°C by boiling it at standard famafafaa & @ #la @1 fwer AR & L ERC)
atmospheric pressure. If the volume of water gelfar 2
changes from 1 x 10%c to 1671 x 10%cc a. Cp+Cv=R b. Cv-Cp=R
find the change in the internal energy of the c. CvxCp=R d Cp-Cv=R
system. Given latent heat of vaporization
PeT-11 (A —




11. Isothermal equation of an ideal gas is : b. g AT IABT fF FsAT A Fdsr AET T
a. Pv =0 ﬁ qﬁaﬁa W %‘
b. PV = 1 c. 39 TYfa & e & 7 gav Fas 3yT9d
c. PV = constant FAT Fot A aRafdd gt &
F Irget AW FT gEATdT FHEET 15. Reversible process take place :
a Pv=0 a. Very slowly b. Slowly
b. PV = 1 c. Fast d. Very fast
c. PV =faua IHACIT THA g 7
d PV=T a. d§gd e b. #g
12. A gas having volume 4.0 litre at a pressure c. ad d. ag?f st
of 1 atm and at temperature of 300 K is 16. If WA and W is the work done by the
compressed adiabatically to a volume of 2 adiabatic process and isothermal process,
litre. What its final temperature ? then choose the correct option :
a. 3954 K b. 5954 K a. W > Wa
c. 7954 K d. 6954 K b. Wa < W,
& AW ST Igad 1atm F g TUT 300k c. Both aandb
g WX 4.0 ofeX § 300 K & AMMAT & TEISH d. None of these
;Iq ¥ W.;" o 2 et ’;_" e B men e Wa 3R W w@rsH gEa SR wHardy
Fa AT 4T YA @RI AT ar w1 2, o wE Rwew o
a. 3954 K b. 5954 K a. W > Wa
c. 7954 K d. 6954 K b. Wa < W
13. In an adiabatic process, work done is c. a 3R b et
negative : d W _\q. El'ﬁé Hﬁ-
a. T1>T2 b. T1<T2 )
¢ To=Ts d None of these 17. Internr.=ll e.nergy of a molecules of the gas is :
) a. Kinetic energy
gm yHA A RIT I FF HONcAS gdr 82 b. Potential energy
a Ti>To b. T1<To c. Kinetic energy + Potential energy
e To=Ts q T | d. None of these
g . o "
14. Which of the following is the limitation of the RLA 31'013;? S Al 7
first law of thermodynamics? a. )
a. Don't tell about direction of transfer of b.  wad Foft
heat c. dfast Far + Rufas san
b. Don't tell what quantity of heat is d. 3 ¥ #g AL
converted into work 18. During reversible process, loss of energy is :
c. Don't tell about the condition under what a. Low b. High
heat energy is converted into work e Zero d.  Infinity
d. All of these
) IHAIT UHA & SRIeT, FaT FT g1 gidl &
Tﬁ?ﬁ#mma:mmﬂ P . I
e’ _— c. T d. 3d
a. AT TUHATROT $r feem & Ir &7 =g ~
qdrar g 19. When temperature of a gas increases,
FerT-11 (ifady (5nal




pressure will be :

a. Increases b. Decreases

c. Remain constant d. Both a. and b.
Ja A FT YA Fear §, A ST ...

a. §gdr gl b. @edr gl

c. faua Ear gl d. a 3R b Mt

d. All of the above

TEISH YA H :

a. P FSAT G F o o gaw v o &
TR Aholdr Bl

b. I FT IYAH T &

c. 37dRe Foif & gRada v v Iifds
F & R gIaT &l

20. When a gas is compressed isothermally, the
change in internal energy is : d. 3I90Fd @h
a. Low b. High 24. When the gas is heated at constant volume,
c. Doesn't change d. None of these the heat supplied .......... the internal energy
Y NI NN e @ EdRE R of the gas :
ST, & AR Sof & TRad .. . Y a. Increases b. Decreases
a BT b 3T c. Remain constant d. None of these
c. o8t d. s @ S g a9 | B AFaT e W e A Srar §, ar
_ . I A sals S ... St gl
21. First law of thermodynamics is given by :
a. dQ=du+pdv b. dQ = du x pdv a s °- EE. .
c. dQ=(du+du)p d. dQ = pu + dv ) :00 ﬁ_qj ® d sﬂf il ET’; TT
5. of water is heated from °C to
FeATIaHT F1 wer forere foe o axfra feam 50°g. Ignoring the slight expansion of the
aram water,the change in its internal energy is
a. dQ=du+pdv b. dQ = du x pdv ..(specific heat of water is 4.148 J kg k)
c. dQ=(du+du)p d. dQ = pu + dv a. dQ=du+pdv b. dQ = du x pdv
22. Air in a cylinder is suddenly compressed c. dQ=(du+du)p d. dQ = pu + dv
by a piston, .vtlhich .is then maintained. at 100 IMA g F 30°C ¥ 50°C I I AT
::::ame position with the passage of time Smar ¥ qwh Fag WIT F ATHET FG
’ W, S HAR® Far & IRade ....g | (e
a. The pressure decreases #1 RAfse FSAT 4.148 J kg k' B)
b. The pressure increases a. dQ=du+pdv b. dQ = du x pdv
c. Pressure remains same c. dQ=(du+du)p d. dQ =pu +dv
d. None of these 26. If Cp and Cv denote the specific heats of
& fAAsT # g1 A R¥ves gann sa=s ThfEa nitrogen per unit mass at constant pressure
frar Srar 3, B9 o www aw 3@ Rufa & and constant volume respectively, then:
AT T@T ST ar a. Cp-Cv=R/28 b. Cp-Cv =R/14
a. @9 %A g S & | c. Cp-Cv =R d Cp-Cv =28R
b. 2T ¥ ST & | Ie Cp 3R Cv =Hew: g oW 3k @Awa
c. T gHT B & | AT W I SHIE gedAT ABeiae $1 fafdse
d. S8 ¥ S AT | FoAT Y geifd §, ar
23. In an adiabatic process : a. Cp-Cv=R28 b Cp-Cv =R/4
a. No heat enters or leaves the gas c. Cp-Cv =R d. Cp-Cv =28R
b. Temperature of the gas changes 27. 110 J of heat is added to a gaseous system,
c. Change in internal energy is equal to whose internal energy increases by 40 J.
the mechanical work done Then, the amount of external work done is :
a. 150 J b. 70 J
FerT-11 (ifady (209)




c. 1104 d. 40J

s AT P & 110 J FsAr & I §,
S 3al® FaT 40 J 99 ST 81 Y, e
T Il FF Hr AFT N |
a. 150 J b.
c. 110J d.

70 J
40 J

a. increases b. decreases

c. remains constant d. becomes zero

g A9 H et FA qRafda fFar smar & ar
e Y 3alR® FaT e

a. ¥edr g | b. wedrg |

c. FAAIw®NEl d FIA NI

28. In the case of a hot cup of tea, heat transfer 31. A gas expands under constant pressure P
takes place from volume V; to V.. The work done by the
a. From surrounding to cup till equilibrium gas is:
establishes a. P (V.-Vy) b. P (Vi - V,)
b. From cup to surrounding till equilibrium c. P (VW -W) d. PN - 1V,)
establishes H 3 AT g P W 3as Vi @ Vo dF TR
c. In both ways Hﬂ?ﬁ%lﬁﬂ'aﬁmmwmmﬂ
d. No heat transfer takes place a. P (V.-V) b. P (Vi - Vo)
;1; ; T F7 f By & FvAT FT FYEHIGIOT c. P (W -W) d. PN - 1/Vy)
: 32. If Q, U and W denote respectively the heat
a. IREY § FI TF qFY T gl a added, change in internalp energ;’, and the
b. &I ¥ A INAY dF FFT TAUMIT gl T work done in a closed cyclic process, then
c. adl allet & a. U=0 b. Q=0
d. IS FEAT EEARYT g1 giell & c. W=0 d. Q=w=0
29. The specific heat at constant pressure is I} Q, U 3k W FaA: & 7§ FvA1, 3aRks
more than that at constant volume due to Foil § IRadeT 3 oF §¢ 9hT T F FT
the fact that: AT FE F A §, A
a. molecular oscillations are more violent at a. U=0 b. Q=0
constant pressure. c. W=0 d. Q=wW=0
b. add|t|-onal work peeds to be done for 33. By the Zeroth law of Thermodynamics, the
allowing expansion of gas at constant . . .
thermodynamic variable whose value is
pressure. equal for two systems in thermal equilibrium
c. there is more intermolecular attraction at IS o,
constant pressure. a. Mass b. Pressure
d. There are some reasons other than ¢ Volume d. Temperature
those given above. 5 e B B & srerar. ard
Praa z@ o AR swr @aq e | AT B B & BT o, TR R S
Afdrse AT @ HAF g &, 39 929 & FROL.. JR—— b @
a. 390 g W Ivifas e s g gl ' '
fad g9 W 3 F waR F fav afaRed “ ¢
FT T FT ERIFAT T 34. Which of the following variables is a
o g @ W NGO Eser s thermodynamic state variable ?
arar ¥ a. Work b. heat
d. I T 7T HROT & 37eTar FS I c. Internal energy d. None of these
HROT o7 gl fAmafaf@a # @ sla @1 9 ssArnfad e
30. When steam is converted into water, internal WE?
energy of the system a. &4 b.  FeAT
FerT-11 (ifady (570)




35. |If a system goes from initial to final state
without changing internal energy, then the 3g
heat supplied to the system..........

a. Is fully utilized for doing work

b. Is partially utilized for doing work by the
system

c. |s partially utilized for doing work on the
system

d. Not used for doing work

afg A Aem 3als Fa1 N 9ga e AT

& 3ifas rawyr a& Srar @, o e wr swgfd

# A qrr FEAT F ...

a. F W & AT QX We & 3TAT R
ST g

b. fHFT GaRT FF H & fow 7fs &7 &
3931eT foRar ST §

c. fAF W FF & & Qv i s a 39
39T fRar ST § |

d. #F¥ X & AT 39T A7 A Frar gl

36. In an isobaric process.......

a. Volume is constant

b. Pressure is constant

c. Temperature is constant

d. No heat flow

a. 3Idd g W@ar g |

b. & fAad w@ar & |

c. duHA Fad war g | 40.

d. g FAT yaTE G & |

37. “Heat cannot by itself flow from a body at lower
temperature to a body at higher temperature”
is a statement or consequence of
a. second law of thermodynamics
b. conservation of momentum
c. conservation of mass
d. first law of thermodynamics
“FH d9AT R AE & 37 a9aa W & [
¥ AT % IuA W9 yafed @€ & FHRA" 44
e YT AT FATawT ¢
a. FSANNE &l giadg s

PeT-11 (A

c. 3aRe el d. 35 ¥ HIg g0

b. 9T FHT GIETOT
C. GSTATT T TI&T0T
d. FSAFEMAS &1 97 FTd

The second law of thermodynamics implies
a. whole of the heat can be converted into
mechanical energy

b. no heat engine can be 100% efficient

c. every heat engine has an efficiency of 100%
a refrigerator can reduce the temperature
to absolute zero

FEARTIAR FT gfadT e aarar §

a. YO FSAT A ARE Foft ¥ IRafIT Rear
ST Fhel & |

b. @S off AT 33T 100% &7 wIgi & Heh |

Cc. YUcda FSAT Soldd &l galdr 100% gl & |

d. T PR dYATT & WA YT deh HH
FT THT ¢ |

In a cyclic process, work done by the system is
a. zero

b. equal to heat given to the system
c. more than heat given to the system
d. independent of heat given to the system

TR gHA A, e @ R o sH
g g

e

AT #r & 95 FAT & TSR

T &t & 9 FeAT ¥ Afew

T & & 98 FeAT F T

Which of the following processes is reversible?
a. Transfer of heat by conduction

a0 oo

b. Transfer of heat by radiation

c. Isothermal compression

d. Electrical heating of a nichrome wire
farafaf@a & @ <l @ ghar sewaohT ¥
a. Tl GaRT FSAT I TUTHATAROT

b. fafeRor ganrT FsAT & FATATAROT
c
d

FAAET TS
ATShIA dR &I faegd dra

Which of the following processes is irreversible?
a. Transfer of heat by radiation




change?

Yes, in an adiabatic process the temperature
of an isolated system changes. It increases
when the gas is compressed adiabatically.

F1 el quF PF F1 A aad Thar §7

b. Adiabatic changes performed slowly
c. Extremely slow extension of a spring Ans-
d. Isothermal changes performed slowly
farafaf@a & & i @ gwva sgewaoiT 32
a. fafor garT FAT 1 EATATERoT Icat-
b. #He TgsH IRadsT
c. o9 & 3caf®s A TR
d. e FAATIRT oRadH 6.
Ans-
ANSWER OF MCQ QUESTIONS
3eal Fell:
1c. 2d. 3.c. 4a. 5d. 6b. 7.b.
8.a. 9.B. 10d. 11.c. 12.a. 13.b. 14d. 3
15.a. 16.c. 17.c. 18.c. 19.a. 20.c. 21.a
22.a. 23.a 24.a. 25.c. 26.a. 27.b. 28.b.
29.b. 30.d. 31.b. 32.a. 33.d. 34.d. 35.a.
36.b. 37.a. 38.b. 39.B. 40.c. 41.a. 7
VERY SHORT TYPE QUESTIONS: Ans
A 9Y ScallT wea:
1. Does the internal energy of an ideal gas
. . o
change in an isothermal process? =
Ans- No.
Fa1 el ameel W A waRe FAT wEATdE g
UHH A dEerdt §?
3cd]- gl Ans-
2. Does the internal energy of an ideal gas
change in an adiabatic process?
Ans- Yes.
FIT TEISH UHA A F AJ1ge A7 & 3als Fa1
Feodr 87 3ccRR-
3. What is the specific heat of a gas in an 9
isothermal process and in an adiabatic :
process? Why? Ans-
Ans- It is infinite in isothermal processes because
AT = 0 (C =AQ/mAT) and zero in an adia-
batic process as AQ = 0. Jcdl-
FAATIR YA AR TgroH ywA & dw fr RAfdese
FEAT F4T gt §? FAI? 10.
3ceR- %wﬂumﬁaﬁa%a—a’rﬁsm- 0 (C
= AQ/mAT) 3R F&IsH YA HIE YT 8l &
ER:I’I‘% AQ =0 grar g |
4. Can the temperature of an isolated system Ans-
hET-11 ("ﬁﬁﬁ rﬁ

g, TEISH Yhed H Ush JUH A &1 d9aH
deol Sfar gl T8 Iz d9 §¢ o & o9 g @
TEISH & § gqfsd forar Srar g

What is the nature of the P - V diagram for
isobaric and isochoric processes?

The P - V diagram for an isobaric process
is a straight line parallel to the volume axis
while for an isochoric process, it is a straight
line parallel to the pressure axis.

FACER 3T HImafa® gkt & @ P-v
@ # vFfa F4r 872

Ueh GHASET Ufham & T P- V 3RT 31adeT
38T F FAGR UTh W W7 § Adih THh
gaNdAe ufehar & T, Ig g9 38T &
AT Teh Gl I@T &l

In summer, when the valve of a bicycle tube is
removed, the escaping air appears cold. Why?

This happens due to the adiabatic expansion
of the air of the tube of the bicycle.

A F S wEfFa oga #1 areq ger R Smar
¥ @ ITEX Pherer arelt gar S8 @) o ¥ F4?
T wEfhe T TgF T gaT F TErSH TER &
HROT gIeT &l

When the air of the atmosphere rises up, it
cools. Why?

When air rises up, it expands due to a de-

crease in the atmospheric pressure and thus
temperature falls. So it cools.

I agAS T qY FW 354l § o aF 33 @
S ¥1 F=1ie

S &AT 3T 38T ¢ o daGHASAT i H HaAr
o HROT T JAR BT & 3R 5 JehR ATTHTA
HH & ST &1 o Tg 38T & ST ¢

Why does gas get heated on compression?

Because work is done in compressing the
gas increases the internal energy of the gas.

T 9T AW I F4T g AT 72

If & B dNfed s 7 SR fRar S g,
SATAT G T HARF Foi ¢ e T

Which one among a solid, liquid, and gas of
the same mass and at the same temperature
has the greatest internal energy and which
one has the least?

Gas has the greatest internal energy and a
solid has the least internal energy




HHAT gedATe ik HATA dATIHTT arel 31, @ 18. What remains constant in an adiabatic
IR A F ¥ g als FoT ged wfRw § process?
3R m qd W.%? Ans- Heat contents of the system remain constant
3ccl- 3 & FId HRE IidRs Il g & 3R 3 in an adiabatic process.
H HEH FH HARE Foft e TE™H YA H FI1 A¥a @ar §7?
11. Can two isothermal curves intersect each other? z-gv. TgsH ysr & Qe & AT A1 Aga wdE
Ans- No. gl
FIT & FAGTHT 9 TH GEY & HIC THd o7 19. Can heat be added to a system without
3caR- 8. changing its temperature?
12. State the conditions for irreversible processes. Ans- Yes. during isothermal process )
Ans: The following are the conditions for irreversible F1 R AR 1 AR See @ sEA seA
processes: g'f‘ﬁ ST el 82
1. Rapidly carried out the process. 3call- B WA F5HA & aNIT |
2. Dissipation of energy by any means. 20. Eo Y?va_lt_el;l a:d iceI have the same specific
5 . eat? Tell their values.
S % fow o : - Ans- No. For water specific heat is 1 and for ice,
e JfefehAvi v & fa fefafed od & it is 0.5 in C.G.S. units.
19537 TSl T gl anfee F47 It 3R 9% N AT FwAT FAE @ ¥
2. 5t off IreIT @ FST HT UST BT ART | 3d% Hed adT.
13. How can we cause heat to flow from a body 3ccR- &161, C.G.S g1 # Ul &y faflse Fvar 1 §
at a lower temperature to one at a higher AR a% #, fafdse FsAr 0.5 §
temperature? 21. What is the amount of work done in a cyclic
Ans- This can be caused by doing work on an process?
engine that works in a reverse direction. Ans- The area enclosed under the P - V loop gives
TH & dAYATT arar AT @ FF 99ATT drer [N the amount of work done in a cyclic process.
# FOAT FW yalRd F FFA §7 TF TRT THA A T T A A feae
3ccl- I8 faudia e & #1H e ardl ol 9T HIA G IR
FIA F FROT & Tl T 3cR P -V g% & 3cX O &7 wh usha & e
14. Can water be made to boil without heating? How? AT SR T AET Gl g
Ans- Yes, by reducing the pressure on the water 22. Can the temperature of gas be increased
its boiling point can be brought to room tem- without adding heat into it? How?
perature. Ans- Yes. It can be done by compressing the gas
FT gt F foaT T fRY 39re ST "@ddaT 27 adiabatically.
a’?? . 1 34 F FAT ST a1 3HFT ATIANT T ST
3cR- 8, Uil W I F I 3Td FaUeTish hl HAY THdT 82 FA?
& AIIHATT I AT ST Hhel &l 3cck- g A F TEreH w9 § gifed aF e
16. How much is Cp greater than Cv? dIHATT Scell ST Hehell &
Ans- Cp is greater than Cv by R i.e. universal gas 23. Why can’t the engine of a ship be operated
constant. using the internal energy of seawater?
Cp, Cv ¥ forderm 31 &2 Ans- It is because a sink at low temperature is not
3cR- Cp, Cv & R 3ndid adeilfdss 3 fwas @ available in the sea.
37aF B el SteTer #1 o WHA S Hr AalEw Fer
17. As Cp - Cy is constant for all gas, is Cp/Cv # T AFT T ST -
also constant for all gasses? 3cci- UdT sEfaT § it A #H A YA W &h
Ans- No.If in defferent for different gases. U T T
¥ Cp-Cy Wit It ¥ fw fa §, F=w cp/ 24, Is meltln”g of ice an adiabatic or an isothermal
Cv sit wsft 3t & e frra #2 process?
3ccR- 18T, Ig fafde et & T Bet g 2 Ans- The melting of ice is an isothermal process.
hET-11 ("ﬁﬁﬁ rﬁ\




3t
25.

Ans-

3ceR-

FT 6 FT N TEH IHH § AT FHANT
g 82
g% &1 RO TF AT YHH

Tell the main features of the first law of
thermodynamics.

It tells us about the conversion of mechanical
energy into heat energy, in to work.

FwAmEfad & gaa7 s fr ger Ravan
Tasd|
ggaﬁmé;mﬁwa?mﬁam
|

SHORT ANSWER TYPE QUESTIONS:

oY 3ca{ld TR

Ans-

Ans-

HefT-11 (IR

Distinguish the formulae Cp - Cy = R, Cp -
Cv = RN and Cp - Cy = 1/J.

e Cp - Cv = R is used for a mole of the gas
when CP and Cv are measured in joule.

e Cp - Cv = R/ is used when Cp and Cv are
measured in calories.

e Cp - Cv = r/J is used for a unit mass of
gas, Cp and Cv are in calories.

AT Cp-Cv=R, Cp-Cv=RNJIHT Cp - Cv
= r/J. N T R

eCp-Cv =R & 3909 T & & AT &
%ru?mm%aacpaﬂwcva#agﬁm
ST &l

e Cp - Cv = R/J &T 39T a9 fhaT ST § ST
Cp 3R Cy &I Fer F AT JTcT B

eCp - Cv = r/J & 39T 3F & TH &S
geg AT & ToIv fohar Srar §, Cp 3R Cv ey
g &l

State second law of thermodynamics.

It states that heat itself can’t flow from a body

at a lower temperature to a body at a higher
temperature.

FeATIfa FT gl fas Tasd|

Uz & 3= duAT gl U3 & yarfga «1g &
Hehll g

Kelvin and Clausius statements of the Second
law of thermodynamics are equivalent.
Explain?

Suppose we have an engine that gives a
continuous supply of work when it is cooled

Ans-

below the temperature of its surroundings.

This is a violation of Kelvin’s statement. Now
if the work done by the engine is used to
drive a dynamo which produces current and
this current produces heat in a coil immersed
in hot water, then we have produced a ma-
chine which causes the flow of heat from a
cold body to the hot body without the help
of an external agent. This is a violation of
Clausius’s statement. Hence both statements
are equivalent.

T s & &feas Ik Faeaw
¥ FYT FAJET ¢ SATEAT FX |

AT AT o AR 919 T So7eT ¢ o aRaer &
AT ¥ AT 387 @ W TR FRT T gl

Ug hicdel & HUT & 3oodd ¢ | 39 IfE S
carT fhT T H & 39T SFAAT H Tl
& T frar Srar § S e der ar § 3R T8
o I el H gl FHeell H FAT YeT T &,
ar g« U U ALl S fAATor R § S 33
oo & 7 e & FAT & varg F FROT
oI g1 Ry a1l vole i @grIdr & foar. g
FANTAT & HYUA F Sooided gl IHd: Qi HYUT
AT Bl

State and explain thefirstlaw ofthermodynamics.
What are the sign conventions?

It states that if an amount of heat dQ is
added to a system then a part of it may in-
crease its internal energy by an amount dU
and the remaining part may be used up as
the external work dW done by the system i.e.
mathematically,

dQ = dU + dW
= dU + PdV
Sign conventions:

1.Work done by a system is taken as positive while
the work done on the system is taken as -ve.

2.The increase in the internal energy of the
system is taken as positive while the decrease
in the internal energy is taken as negative.

3.Heat added (gained) by a system is taken
as positive and the heat lost by the system
is taken as negative.

FSATTAR FT 997 Agd qqay ik aosmsd)
e aRurdy Far §2

A el 1T ¢ foh afe et e & a7 dQ
ST AT ST AT § d S9hI Ueh fgear saehr
AR Folt @ dU Y AT T §6T ThaT § 3R
AV RE I 39T fedepry garT fohw a0 amgdr
WﬁgW%wﬁmmW%mwﬁ?ﬂw
®7 {,

dQ = dU + dW




= dU + PdV

RIgsT gRuTer:

1.758 e garT fhar = & edTcAs AT
ST § Sefe e W R W 7 woncas o
EIcIN

2.fawra &1 3aRe FoT & gig o YeArcH S AT
ST & SEf 3dRE Folt & FH FT KUMHS
AT ST &l

3. frd AT &1 &Y 315 (ITT) FSAT Fl UATCHSD

mﬁﬁmm%ﬁ?ﬁmm@éﬂé
AT Y KUNcHS & &9 & forgr Sfrar B

3ecX-

conditions, then dQ = 0 and thus dU + dW
= 0. So the gas does, on external work for
its expansion at the cost of internal energy
due to which temperature of the gas falls and
hence cooling takes place.

;ﬁh@mmm%a’r%ﬁaﬂamm
?

9 A A Fgred aRfEufaat F var e §,
ar dQ = 0 3R 57 9#R dU + dW = 0. safaw
AT 39 TR F AT 3aRE Far & FEd |
I R Ha § oS HRoT N T AT
R Srar § 3R safew fges gar &

5. If an electric fan is switched on in a g  whydoes an engine working under isothermal
closed room, will the air of the room be conditions produce no useful work?
? ?
cooled? YVhy. . Answer- We know that
Ans- No. It will not be cooled, rather it will get T
heated because the speed of the air mole- =1 - T?
cules will increase due to the motion of the For the isothermal operation of the engine
fan. We feel cooler because of the evapora- B ’
tion of the sweat when the fan is switched on. T1 =Tz
afy frelt 97 FA F Roreh &1 g@r ger R Son =0
ST ar FAT FAT FHT gaT 331 & ATCIN? F41? Hence an engine working under isothermal
IccR- 718, UE BT & 2 afesd I & e FAifk conditions can do no useful work.
99 & el § gaT o U3 I AT To S| FHANT TR # FH 6 qTeT ST FE
wwmﬁw@ﬁ%m@w%wgﬁ 3TN FF FAT AT FIaT £
5% AEEE el B SeR. 2 aE S &
6. State the conditions for reversible processes. ] T,
. . n - T
Ans- Conditions for the reversible process: T .
golel & AU HdTeld & fow
1. The process should be slow enough so that ’
at each stage of operation the system is in: T =Tz,
a. Mechanical equilibrium with the surroundings. dan=0
b. Chemical equilibrium with the surroundings. mtfﬁéquw mqh %‘i;m A W%W dtefl
2. There should not be a loss of energy due : at I
to friction. 9. Why is Cp greater than Cv for a gas?
3. Energy should not be lost due to conduction, Ans- When heat is given to a gas keeping its
convection, and radiation during the process. volume constant the whole of it is used to
raise the kinetic energy hence, the tempera-
ture of the gas. But if the pressure is to be
IHACIT UFA & AT od Tamw] kept constant, then an additional amount of
SC- SN S & AT Ak the same amount of gas by the same extont
. u y X
1.953 3 gt g 3 _ﬁ; SEICCEEY as the gas has to do work against pressure
T T i§|a|;’2:| et 3 T in the expansion (volume is now increased).
a. gRAY & Y JifFs qey| Thus according to the definition of Cp and
b. gRAYT & T TS T Cv, Cp>Cv.
2,590 & HROT ST $T glfey A&7 et a1y 3w & fav Cp, Cv ¥ sfaw =i &2
3. YA & R dred, gagd 3k fAfkor & 3% 19 Rl 3 @1 e fFad T8 gV 38 FA
FRUT FaiT A AL @l AR A S & sEeR 3T S S H
Jeel & o foram Srar &, e 3 &1 daaare
7. Why does cooling take place when gas gedr g1 Jfhe afe a9 o g w@ar &, ar 39
suffers adiabatic expansion? Y AT ATAT HT ATTATT 38T AT doh 9T &
Ans- When a gas expands under adiabatic forw 3faRed aAmr F FeAT T FEIHAT gidr
BET-11 (Ml hz 5




g, FIfF T & yaR H g9 & Ovg F1F T
gsdl § (3Tl 3§ §¢ T §) . 50 YR Cp
3R Cv &I gR#T & 3g@R, Cp>Cvl

10. What is the difference between the internal
energy of an ideal and a real gas?

39 9HhR (1) 3R (2) ¥,
T1 =Tz

g@AWBme%m&WW
|

. . 2. Derive the expression for the work done
Ans- The internal energy of an ideal gas depends during Isothermal process.
upon K.E only while for a real gas, it de- Consi ¢ P )
pends upon both K.E and P.E Ans- Consider one mole of a perfect gas contained
) in a cylinder having conducting walls and fit-
et et S qur aRafaw dw A AR ted with a movable piston.
Feft & T Far HR %? Let P, V be the pressure and volume of the
3cR- T 3MeeT A\ & 3aRke Foif sad KE W gas corresponding to this state.
e wedr & m aredfas A9 & faw, @ Let dx = distance by which piston moves
KE 3R P.E gl W feR ol & outward at constant pressure P so that its
volume increases by dV.
LONG ANSWER TYPE QUESTIONS: te;‘j \7\/ - areako; CVOS_S-SeCtIO_n oft h’the pltstonB
= work done in moving the piston by
Qe Icady wea: dx, then .
] s ; dW = force on piston x dx
. tate and explain the zeroth law o
thermodynamics? $Pz, Ve, I2
Answer- |t states that if two systems A and B are df
in thermal equilibrium with a third system C,
then A and B must.be in thermal equilibrium A P1, V1, I
with each other. —a
Explanation: The three systems are shown in = P a dx
the figure. Let T1, T2, T3 be the temperatures — PdV (i
of A, B, and C respectively. - (i)
Systems A and C, B and C will exchange Where dV = a dx = volume
heat and after a certain time, they will attain Let the system goes from initial state A(P1,
thermal equilibrium separately. V1) to final state B(P2, V2)
o T T ) c If W = total work done from A to B, the
ie. T1 = T3 .. B v
and T2 = T3 ... (2) W = fdw = dev .......... (ii)
Thus from (1) and (2), A B A Vi
T1=To Also we II;r_ll_ow that PV = RT (n=1 here)
i.e. A and B are now in thermal equilibrium P=~ (iii)
with each other. .. From (ii) and (iii), we get
FAFAH w1 T PR fEA sard ik h v
FAATZA? W = RTf vav = RT[IogeV]V1
3co- SHH el T § & Ife & @ A 3 B W = RT (logeVo - loaeV
e C & ary arh &g # & ar A 3R B _ (ge‘% 9ot
P TH qEN F Y I9E 7 3 AT " G =RTloge v+
i £ S I =2.303RTIog1071
AT A, B 3R C & dma# e s Tq, T2, T3 &1 mqa;%a;mammma:m
A A 3R C, B 3R C F&T &1 3Me=-yerT cHetd Hred 11
F 3 TF AT T F A€, § FeEaeer | 3o Th oSt A fAfed vk e AW & v Al
T G ST FEE ’ W e F THA Fareerehe e g iR s
gol fO¥esT em gl
HATT T1 = T3..(1) c AT P,%\ll SH AT & IHTET G H @R
IR T2 = T3.. (2) A
A AT dx = 98 gt foad OEes ad g
A B
hET-11 ("ﬁﬁﬁ rﬁ




Ans-

HefT-11 (IR

P X §TgX &I 31X ST § difer 3T AT dV
g¢ U]

AT a = T & IFIET FIC FHT &0 |

Th| I dW = fOFesT &) dx & o & fHar
IRT FR, drl

dW = e W do x dx

a P2, V2, I2
B
dx
A P1, V1, 1
— a —
= P a dx
= PdV ..(i)

[dV = a dx = volume]

A NST 1 g IRfFS aedr A(P1, V1)
¥ 3ifAH 3raEAT B(P2, Vo) dF SITdT &

IfE W = A& B ash ohar arm el &, of
B A
w=fdw=dev .......... (ii)
A Vi
Also we know that PV = RT (n=1 here)
_RT
P="y (iii)

.. From (ii) and (iii), we get
V2
W = RTf 1vdV = RT[logeV |}
Vi
= RT (logeV2 - logeV1)

= RT log e%

= 2.303 RT log1o 74

Derive the expression for the work done
during the Adiabatic process.

We know that an adiabatic process is repre-
sented mathematically by the equation:

PV" = constant = K

Or P = %=k1f’

V2 V1—Y Vo
. = Y =
SW fKV dv K[1'Y]

Vi Vi

K . .
- 1 -Y[V21 Yoy Y]
y

= 1_—Y[KV11'Y -KV3 Y]

= 1:I—Y[P1 V1YV11_Y - P2V2YV21-Y]

= 1—[F’1 Vi - P2V2]

1-Y
= 1J[RTi-RT:| (-PV=RT)
W= T T

TarH YHA ¥ e e o w1 F v swew
gred #

3ccR- §H IAd § [ TEISH UshA &l GHIHOT garT

aifordh &9 & geffar ST
PV' = faadis = K

K kv’

'«’JITP=W:

Ve VY e
SW = fKVYdV=K 1_Y]
Vi \%1
= 71 }-<Y [V;-Y'V11_Y]
1

= W[KVJ'Y -KV3 7]

= [PV - RV VY

= ﬁ[ﬁ A P2V2]

1 -
= _Y[RT1-RT2] (PV =RT)
R

NEY-T

[T -]

Numerical Problems:-

1.

Ans-

A certain volume of dry air at NTP is allowed
to expand 4 times its original volume under

a. isothermal conditions
b. adiabatic conditions.

Calculate the final pressure and temperature
in each case y = 1.4.

Here, let V1 =V

V2 =4V

P1 = 76 cm of Hg

P2 =7

y=14

T1 =273 K

T2 =7

(a) For isothermal expansion,

P1V1 = P2V2

or

P2 = P1V1 / Vo= 100
= 19 cm of Hg.




Since the process is isothermal, therefore the
final temperature will be the same, as the
initial temperature.

=273 K
(b) Adiabatic expansion Using the relation

PV = PVy
V;
S
1.4
=76 X (Z) =76 x(0.25)"*

=10.91cm of Hg

Using the relation

V,
a—a(@)

1 1.4
=76 % (Z) =76 x(0.25)"*

Using the! Qeidtsn of Ha

e TV =TV &l 39T e W
V Y-1
or, T, = T1<V1 )
_ 1_ 1.4-1
= 273<4>
273

= = (4y4 = 156.8 K.

Y-1 _ Y-1 2, A liter of hydrogen at 27°C and 10° dyne
TV =TV, ) . g
cm? pressure expands isothermally until its
o T=T (V1 )Y ! volume is doubled. Find the final temperature,
’ 27 V. pressure and work done in each case, y = 1.4
1 \l41 Ans- Here, P1 = 10° dyne cm?
=273\ 4
V1 =103 cm® = 1 litre
=213 _ T1 =27 °C = 300 K
= ape T 156.8 K. 1 :
V2 = 2V4
NTP & o & £ = B S — = 2000 cm? for isothermal expansion
T HIGT F 4 T TER T2 =7
(a) FHaTT TR P2 =?
(b) TErs gRFEufAEY & Fwat ¥ For isothermal expansion: Using the relation
s aRfeufy & sifes g 3k awaw P2V2 = P1Vi,we get
AOTAT FY | y = 1.41 P2 = P1V1 / V2=108x10% 2x10°
3c’- Tgl, AT ool V1 = V = 5 x 105 dyne cm?
V2 = 4V for isothermal expansion T2 = T1 = 300 K = 27°C
P1 =76 cm of Hg Work done during isothermal expansion is
Py = given by
y =14 W = 2.303 RT logio(V2 / V1)
T1 = 273 K = 2.303 P1V1 log1o(V2/ V1)
To = ? = 2.303 x 10% x 10°% log102
(a) AT 98X & forg,(For isothermal expan- = 2.303 x 10° x 0.3010
sion) = 6.93 x 10% erg
P1Vi = P2V2 27°C 3R 10° dyne cm? arq' W TH aieT
or TSNSl FAATNT ¥ ¥ a9 de $haar § 59 a&
_ 76 X v ﬁ gaa;l AT el m of 31 < 1Lyl| qcaa; iiaiil
P2 = PiV1/ V2= = — r?raiﬁwmtmm are 3R R T F A
= 764 = 19 cm of Hg y=14.
o wohA FFANE §, $Hfov dfad e 3cdk- Tgl, P1 = P1 = 10° dyne cm?
IRAE aTIHT & T & grem Vi = 10% cm?® = 1 litre
T1 = 273 K T4 = 27 °C = 300 K.
(b) TETSH YER, HaY V2 = 2V4
PiV3 =PV 39T ol 0
DET-11 (H %alg) rﬁ




= 2000 cm?® FAAYT 98R & fow

T2 =?

P2 =?

AT 98R & fow dey

P2V2 = P1V1, &1 3011 &l W g 9Ied gem
P2 = P1V1 / V2=10x10% 2x103

= 100 x (40)"7
= 100 x 474
= 474 x 10? K Pa.

TF TS AT 347 FT 20 m? 12°C 3R @100
KPa W 3aA& 0.5 m® a& WO & siar &
FHHT AT ANAT HR T FAT 8?7 TF WAF
N FRATY =1.67.

= 5 x 10° dyne cm? 3cck- I8, P1 = 100K Pa
FAAYT YER & GRIeT foham arm & Vi = 20m?
W = 2.303 RT log1o(V2 / V1) T = 12°C
= 2.303 P1V1 logto(V2 / V1) 5 T1=273 + 12 = 285 K
= 2.303 x 10® x 10°% log102 v = 1.67
= 2.303 x 10° x 0.3010 Vo = 0.5 m?
= 6.93 x 108 erg =12 m?
FHAATIT 98K & fow T2 = T1 = 300 K = 27°C Py =?
AN YER & GRIeT foham arm & T, =2
W = 2.303 RT log1o(V2 / V1) a. HEY & 39T R 8T,
= 2.303 P1V1 logio(V2/ V1) TV =TV we get
= 2.303 x 108 x 10% log102 20 \L67-1
= -1 = =Y
= 2.303 x 10° x 0.3010 T2 = Ta(va Vo™t = 285(0.5)
= 0.67
= 6.93 x 10¢ erg = 285 x (40)
3. 20 m® of a monatomic gas at 12°C and =285 x 11.84
pressure 100 K Pa is suddenly compressed = 3374 K
to 0.5 m3. What are its new temperature and b. T ¥ gaer
pressure? y for monoatomic gas = 1.67. PV = P,VI
Ans- Here, P1 = 100K Pa YT T TRYR, STERT BT W
Vi = 20m? P2 = P1(V1 / V2)
Ty = 12°C = 100 x (201/2)"¢7
= 273 + 12 = 285 K = 100 x (40)**
Vo = 0.5 m? = 474 x 10? K Pa.
Py =7 4. 1 m3 of Helium originally at 0°C and 1
_ atmospheric pressure is cooled at constant
T2 =7 pressure until the volume js 0.75 m* Calculate
a. Using the relation, the heat removed molar. Sp. the heat of He
TV =T,V we get at constant volume = 3.1 cal mol'K".
50 |61 Ans- Here, P1 = 1 atm = 1.013 x 10° Pa
T2 = T1(V1/V2)'' = 285X<E) Vi=1ms
= 285 x (40)°¢7 T4 =273+ 0 =273 K
= 285 x 11.84 P2 = 1 atm
= 3374 K. V2 = 0.75 m?
b. Again using the relation Let T2 = final temperature
PiV{ =P.VJ, we get
P2 = P1(V1 / Vo)
1.67
— 20 )
- 100 = (5
FerT-11 (ifady (5710)
{219}




VaT
V_T
Vi T
=1}

Olﬂst

ev29%1 Klkg K
AV =(0.75-1) md
Using equation

T

According to first law of thermodynamics,
AQ = AU + AW

For an ideal gas, AU = p CvAT

AQ = p Cv AT + PAV

Also at S.T.P., one mole of a gas occupies a
volume= 22400 cc

or
1 Kmol = 22.4 m?
.1 m® volume contain

Cv = 3.1 KJ/kg K

=(0.75-1) m?
THIHIOT & 3T AT
FeAEAR & 9UA @F & AR,
AQ =AU + AW
T 3Me 3 & v, AU = p Cv AT
AQ = p Cv AT + PAV

g% 3fodr STP W, TH A I FT IHAAA
giem &

= 22400 cc
IJr 1 Kmol = 22.4 m?
1 _ 1000

L1 m? m?rﬁr = o4 Kmol =557
o aQ = 20«31 (205 - 273) +

1.013x105(0.75-1)
4.184-9.11x10%-6.05x10°
=( - 9.11 - 6.05)x10° cal
= - 15.2 fFalr Farr

_ 1 _ 1000 gl - ve TIeg g ¢ F feprenr 1S &
= mK mol = mmole - _ _
1000 : 5. The specific heat capacity of water is 4200
L AQ = 294 X 3.1 (205 - 273) + J/kg K. What is the change In the internal
500 TE_ energy of 5 kg of water when it is heated
e e
- X - X
' ' ' gt v RAfrse g s\ar 4200 Jikg K &1 5
=( - 9.11 - 6.05)x10° cal frel ot Fr 20°C ¥ 80°C aF T FA W
=-15.2 K cal AN ATARF FaT A F4T IR gar g2
Here - ve sign shows that heat is removed. ~ Ans- Here, C = 4200 J/kg K
4. BRTF F 1 m® qF T F 0°C 3R 1 agFET m =5 kg
aa W P aa W 331 R o ¥ 99 a% T1 = 20°C + 273 = 293 K
A js 0.75 m® 7 & Jme| ATl a5 FOAT T, = 80 + 273 = 353 K
orar F| R Iaae W He #r Ao RAfdse 2_
AT = 3.1 cal mol'K. AT = T2 -T1
3cak- Jgl, P P4 = 1 atm = 1.013 x 10° Pa =353 -293 =60 K
=1 ms AU =7
T4 =273 +0 =273 K If AQ be the heat supplied to water for its
P, = 1 atm heating, then using
Vo = 0.75 m? AQ = mCAT, we get
Let T2 = final temperature AQ =5 x 4200 x 60
Vi T Let us ignore the slight expansion in the vol-
V, = - T ume of water,
K ~ AW =PdV =0
=Y, ST |
1 . AQ = AU + AW, gives
Oﬂx273 AU = AQ = 1260 KJ.
— 9205k 6. An ideal gas in a cylinder is compressed
adiabatically to one-third of its original
FerT-11 (ifady ==




volume. During the process. 45 J of work is
done on the gas by the compressing agent.
By how much did the internal energy of the
gas change in the process? How much heat
flowed into the gas.

Ans- Here, AQ = 0, AW =-45 J, AU =?
According to first law of thermodynamics,
AQ = AU + AW, we get
AU =0 - AW
=-(-45)=45J .
As the process is adiabatic, the heat flow is
zero.
% AT # e et A9 F 39F AT IAAw
¥ T faeré a@ sard T9 § TR fhar e
¥ whA & R FIRT woie garr dF W 45
J F R STaT 81 39 wEA 7 3w A saRe
Foil & e aRade gam? AW & o swa
3ck- TgT, AQ = 0, AW =-45 J, AU = ?
FSAREIAHR & 997 @F9a &
AQ = AU + AW
AU =0 - AW
=-(-45)=45J .
Yfeh TohH TEIEH &, FSAT T JaTg e glam |
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