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CHAPTER

HEAT AND

THERMODYNAMICS

STUDENT LEARNING OBIECTI\"ES

\tter studving, lh1.~. ch.‘lph'r, the students \\‘:H be able to

Discrilye the basic assumptions of the Kinetic theeny of gasses [Including understanding the temperatyge

pressure amd density conditions under which an ideal gas s a good approximation of a real gas |

“tate that rewions of aqual temperature are in thermal equilibnum

Relate a rsean temperature of an object o an increase 1o its nternal energy

I
]
]
I
I
]
1
Apphy the oypuation of state tor an wdeal gasfexpressed as PV = BT where n= amount of substance (number 1
o moles) and as PV = NGT whene N =number of molecules] I
State that the Boltzmann comstant ks pven by k= RN !
Lse IV = PAN tor the work done when the volume of a gas changes at constant pressure :
s nibe the ditterence between the work done by a gas and the work done on a gas I
Detine and use the test law of thermody namics [AU = Q - IV expressed in terms of the increase i interng) !
ey the beating of the svstem (energy transferred 1o the system by heating) and the work done on the !
syslem| 1
Eaplanqualitatively i terms of particles, the relationship between the pressure, temperature and volume of
v s [Spevitically the below case

> prossuee and lemperature at constant volume

1 volume and temperature st comtant proessure

e pressune amd volume ata constant temperature

Lo the evquation e tudmyg a graphical representation of the relationship between pressure and volume fora
pas At constant temperatun
Tustity B the st Lo of thermodynanmues expresses the conservation of energy

Relate o rse i temperature of a body 1o an increase in its mternal encrgy "
State the workug prinaple of a heat eogine
Ihscnibe the concept of reversible and rreversible processes

e and en 1] ACLOMd law ¢ AW TN NaAMes
Stat tesplain th oned Law ot thermody nan

State the working prinaple of Carnot's enging .
s b that refrigerator is a heat engine operating in reverse as that of an ideal heat engine

Faptam that an increase in temperature, increases the disorder of the svstem
Faplain that increase inentropy means degradation of energy

Faplam that energy s degraded duning all natural processes

[dentitying that system tends o become less orderly overtime

Paplaim that Entropy, S s a thermody namic quantity that relates to the degree of disorder of the p.'lfll,(ll,i na
shslom

=tate that the Camat oycle sets a limit for the efficiency of a heat engine at the temperatures of its heat

(=

—_— —_— —_—
HEAT: )

[t 15 e energy wiich flows from a body at lugh temperatire to a body at loa temperature of both are brought i thermal
contact

OR

wThe anonnt of thenmal energy that flows from ene matersal substance to anotdier 1= called wat. "Heat is not the
energy that an object contams in it Heat s regarded as a form of encrgy assodiated with molecular motion *In
<] units, heat is expressed in joule (J) Q= m C AT

THERMODYNAMICS

1415 an mportant branch i‘lfj"!.'_:;-q.- It es all iobonet nderstandong hove feat viergn s related to ol forms of e o and
hot it can be converted from one forn Lo anotivr

Example: How a car engine works =1t burns fuel (chenucal energyl, which produces heat, and that heat i< then
used to make the car move (mechanical energy) Thermodynamics helps us understand these processes It deats
with big-picture properties of systems ke temperature, pressure, and volume

1< ASSUMPTIONS OF THE KINETIC THEORY OF -GASES
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xplain its assumplio

The Kinetic Theory of Gases'1s a basle idea that helps us understand why pases behave the way they do It

explains how the tiny particles (molecules) inside a gas move around and how this movement atiects tunps

like pressure and temperature

The main assumptions of this theory are

1 Gas Particles are Always Constantly Moving Randomly: Let tiny balls constantly zipping around inside a
box Gas molecules do the same = they move in straight lines until they collide into another molecule or the
walls of their container

2 Volume of Gas Particles is Negligible: The actual size of individual gas molecules is so small that we can
almost ignore it compared to the total space the gas occupires. We treat them like tiny points with no real
volume.

No Forces Between Particles (Except During Collisions): Gas molecules don't attract or push each other
away. They ondv interact when thev collide. .

4 Collisions are 'erfectly Elasticc When gas molecules collide with each other or with the container walls
thev bounce oft perfectly. This means no energy s lost as heat or \l\\ll'ld dunng these collisions, the total
Kinetic energy (energy of motion) remains the same

5 Large Number of Particles: A gas contains a huge number of molecules. This ,||Imn us 10 use stahistics
{averages) to descnibe the gas's overall behavior, cather than tmvng to track every single molecule

o Average Kinctic Energy is I'mpnriiun.‘li to Temperature: [he laster the gas particles move the hotter the
gas s Simply put, the average energy of motion of the gas particles 1s darectly related 1o the absolute
temperature of the gos @ = <K 1%

!

Pressure Comes from Collislons of Gas molecules: When pas particles hut the walls of their contamer hoy
push on the walls. This continuous pushing creates the pressure we measure

P=F/A
8  Collisions are Very Quick: [he ime it takes for two particles to collide is extremely short compared to th
time they spend moving treely between collisions This simplities calculations

Q: What are the limitations of The Kinetic Molecular Theory? When do real gases not behave ideally?

LIMITATION OF KINETICMOLECULAR THEORY

What are the imvitations of The kinetic Moleeular Theory? When do real gases not behave ideally ?
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[he assumptions above are perfect for ideal gases. However, real gases (like aie, oxygen, etc) don’t “I"‘:}:‘:
tollow these rules perfectly. They behave like ideal gases mostly when
®  Pressure is low: At low pressures, the molecules are far apart. so the
forces between them become very weak and can be ignored
e Temperature is high: Athigh temperatures, molecules move very fast, so
their kinetic energy s much greater than ony small attractive forces
between them
In simple terms, meal gases behave like weal gases when their molecules are far
apart and moving very fast, so they don't “leel” vach other much
Q: What is the Equation of State for an Ideal Gas? Fxplain its components.
Lquation of State for an Ideal Gas
A gas that perfectly follows the kinetic theory is called an Ideal gas. The relationship between its pressure ),
volume (V), and absolute temperature (1) 15 given by the Ideal Gas Equation:
PV=nRT (Fquation 6.1)

For your lntwm@

Reoalgases poproach idgal
behaviour under

1) low pressure
(1) high temperatura

————

—————

Where
® P = Pressure of the gas (in Pascals, a)
s V= Volume of the £as (in cubic meters, m3)
e n= Number of moles of the gas
e R~ Universal Gas Constant (its value is 83145 | mol-! K1)
o T+ Absolute temperature of the gas (in Kelvin, K)
This equation tells us that for a fixed amount of gas, the product of its pressure and volume is l.’lr(:(ﬁ)'
proportional to its absolute temperature
Q  HOW 1S THE NUMBER OF MOLES ('N') UNDERSTOOD AND CALCULATED IN THE IDEAL GAs
EQUATION?  Ow -
Wiy REAL GASES OBLY GENERAL GAS LAWS AT LOW PRESSURE AND HIGH TEMPERATURE?
Real Gas to Behave like an Ideal Gas
Ihe number of moles (n) tells us how much gas we have. It can be found using;
Mass of Gas
e Molar Mass of Gas
s m = Mass ol the gas
e M = Molar mass of the gas
We can also express the ideal gas equation using density (p):
PV =nR

m
= M Where:

pV="grT
M

m -

M = —R1
» v

PM = pRT

o
L]

.
v
= Constant

=|Z
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Q HOW CAN THE IDEAL GAS FQUATION BE EXPRESSED IN TERMS OF THE BOLTZMANN CONSTANT (Kp)?
DERIVE THIS RELATION,

We can also wnite the ideal gas equation in terms of the number of molecules (N) instead of moles (n)

We know that the number of moles (n) can also be defined using the total number of molecules (N) and
Avopadro’s number (NA)

nes — |
A
Substitute this into the ideal gas equation (PV = nk1,
N R
PV=—RT=N
N

- -

1 )

The term k, =-NL is called the Boltzmann ronstant (ke)
A

ky = B, (Equauon 6.2)
NA\

The value of the Boltzmann constant is 1 38=10-2 | K-
Now, substitute ke back into the equation .. 2.
PV = NksT (Equation 63)

This is another form of the ideal gas equation in term of Bollumann constant, very useful when dealing with the
number of individual molecules

Q WIIAT ARE THE VARIOUS GAS LAWS? EXPLAIN THEIR RELATIONSTIPS BETWEEN P, V, AND T
These laws describe how the pressure, volume, and temperature of an ideal gas
are related when one of them is kept constant
Statement: For a fixed amount of an ideal gas, if the temperature 1s kept constant.
the pressure (P) is inversely proportional to its volume (V). This means if you
increase the pressure, the volume decreases, and vice versa
Mathematically:

oy

Pe ‘14'“ {at constant T)

Or, PV = constant
For two different states of the same gas at constant temperature
PiVi = PV;
Graphical Representation: A curve showng pressure decreasing as volume increases
Q What is Charles’ Law? State its mathematical form and graphical representation.

Statement: For a fixed amount of an ideal gas, it the pressure is kept constant,
the volume (V) is directly proportional to its absolute temperature (T). Thus
means if you increase the temperatury, the volume increases, and vice versa
Mathematically-

VeI (at constant 1')

v
Or, — =constant sewan= & v
T "L
For two different states of the same gas at constant pressure
v, V,

N

Fhis shows that the density of a gas s low at low pressure and high temperature. Tlus makes sense because at
low pressure and high temperature, the gas molecules are spread out (large distance between them), making
mtermolecular torces negligible, which is why real gases behave more like ideal gases under these conditions.

Graphical Representation: A straight line passing through the origin (if temperature 1s 1n Kelvin) showing
volume increasing with temperature
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Q What is Joseph Lussac's Law? State its mathematical form and graphical representation.

Statement: For a haved amount of an 1deal pas, af the volume s kept constant, the pressure (1) |-._|||_—,.:;'&;
pm]mrliun.\l to its absolute temperature (1) Thas means it vou increase the temperature, the pressure
and vice versa
Mathematically:

PecT (at constant V)

M reaseg

P,.T)

r
Or — =constant
e
For two different states of the same gas at constant volume.
B_F
s A

Graphical Representation: A straight hine passing through the origm (i1
temperature 1s in Kelvin) showing pressure increasing with temperature

Q WHAT IS THERMAL EQUILIBRIUM? PROVIDE AN EXAMPLL.
THERMAL EQUILIBRIUM
Thermal equilibrium s a state where two olyects or systems mocontact have reached the same temperatyr,
When this happens, there 1s no net flow of heat energy between them. They are “balanced” thermally
Example: If you puta hot metal spoon into a cup of coffer

1 luhally. the cotfav s hotter than the spoon

.

Heat tlows trom the hot coltee o the cooler spoon

Eventuallv, the cottee and the spoon will both reach the same temperature At this point, they are 1
thermal cquilibrium, and heat stops tlowing,

MULTIPLE CHOICE QUESTIONS

12

. * Thermodynanics primarily focuses on: l:
| {a} | be study of indivadual atoms and therr motion i
i {h) T he conversion of heat energy into other forms of energy ”
| (€) The chemical reactions that produce heat |
[l {1y The properties of hght and sound = '
| Answer: (b) The conversion of heat energy into ather forms of energy )
t Explanation: As stated in the mtroduction, thermodynamics deals wath relationships and conversions between
| heat and other forms of energy. especlally at macroscopic scales |
‘e Under which conditions do real gases behave most like ideal gases? ‘
| (a) High pressure and high temperature |
i (¢) High prossure and low temperoture i

]

(b) Low pressure and low temperature
(d) Loss pressure and high temperature
y Answen () Lo pressure and hagh temperature

| Explanation: At low pressure, gas molecules are tar apact, makiny, intermoleaular forces negligible At hugh |
temperature, moleculos move very tast, so ther kimebc energy s much greater than any small attractive s
Ltorces Both conditions mimmize deviations from ideal gas assumphions

L]
I . The Boltzmann constant (kB) relates:

i () Pressure and volume of a pas (1) The universal gas constant o Avogadro's number
| (€} Phe mass of a gas oats molar mass () The work dome by a gas toals temperature

v Answers (b) The wiaversal gas comstant to Avogadro's nunilw

| Explanation: |l Boltzmann constant 1s detined as kB=R/N A, where Kas the umiversal gas constant and NA
'is Avogadoo's number (Tquation 6.2)

I -

L}

L}

L

When two objects are in thermal equilibrium, which of the following is true?
(a) Heat flows trom one object to the other al a constant rate
(b)Y Therr imternal energies are necessanly equal

O s

(<) There s no net transter of heat betw cen them
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_________._..._'._'.'_-.__..'_-_-_-'_-_.I

r e T;lp-()m: object 15 always hotte ‘than the other :
' Answer: (€] 1here i1s no net transfer of heat between them
1-'\plan-ltion: Thermal equilibrium is defined as the state where «\l-|chs.m thermal contact have the same
femperature, and consequently, there is no net heat flow between them: Their internal energies might not be |
1 equal it their masses or specific heat capactties are different '
. For an ideal gas, its internal energy is primarily due to:

(a) Intermolecular forces.

(b) Potential energy of its molecules

(¢) Translational kmetic energy of its molecules

(d) Vibrational energy of its atoms
answer: (¢) Translatonal kinetic energy of its molecules
; Explanation For an ideal gas, intermolecular forces are neghigible, meaning potental energy 1s zero sy
[mtcmnl energy is mainly the Kinetic energy associated with the straight-line motion (translation) of 1ts |

-— e - =

1 molecules '

o ———

—— - -

erature of an ideal

- — i —— — - — i ——— - — - — i —— i —— - —— — —— — o —

What Is Internal Energy? How related to the len

Ansd

The internal energy (U) of a substance 1s the total energy of all its molecules This includes
e Kinetic energy of the molecules (due to therr motion: translational, rotational, and vibrational)
e Potential energy due 1o the forces between molecules (if any).

For an ideal gas, the molecules are considered to have no forces between them (except during collisions) So
the potential encegy is zero (P.E = 0). This means the internal encrgy of an ideal gas is mainly the translational
kinetic energy of ils molecules

Relationship between Internal Energy and Temperature:

Since the temperature of a system is defined by the average kinetic energy of its molecules, for an ideal gas, its
internal energy 1s directly proportional to its absolute temperature

Ihe average kinetic energy of gas molecules is given by:

. 2 1 2
<KPF>= kT or <—mv'>==kyl
3 2 3

This means af the lemperature of an object rises, it's becavse the average kinetic encrgy of its partichs has
mcreased, leading to an increase i its internal encryy

Tramalacon

2~

Rotaton Vibranon

[ -

[ 2%¥ ] ;
o9 '
.
e ;
L]
L - ¢
i v v g .
. .
. .
" o H ' '
A diatomic gas molecule has both ' iy
a - -
translational and rotauonal energy. It . "

has also vibrational energy associated
with the spring like bond between its
aloms

AU, = AU Intermal ¢ noerpgy dhas
not depend on path
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A diatomic gas molecule has both translational and rotational energy. [t also has vibrational energy
associated with the spring-like bond between ils atoms.

Explanation: | ranslational energy s movement of the molecule as o whole Rotational energy s due to the
mwolecule spinning around s avs. Vibrational energy 18 due o the atoms within the molec ule oscillating relagy,,
tov e h other, ke aspring

Tidbit (Page 121 Text Book):
Diffcrent processes can lead to changes in interal encegy and temperature, such as heating (adding hey
adiabatic compression o1 expansion {no heat exchange), or phase changes (where heat energy changes the
state of matter withoul changing temperature).
Eaplanation: Intermal encegy von be changed by heat transfor (Q)

Diflgrent processes €an ead (o changes n irlgny
or work dJdone (W) Ilv.mnr. adids energy, mcreasing anterinal

energy and tempadalure. such 33 healing [M‘.}nq oty
adabalic compression OF eapans:on (ng heal exthangs)
of prase changes (where hoal energy changes the s,
of mater wilhout changsng lem peratura i

ey il tvpically tempeniture. Adubatic processes involve
worth without heat eschange, changing mternal energy  and
wmperature Phase changes mvolve latent heat, changig the
state fe g sohid W lguid) without changing temperature, but still altenng internal encrmy
; For your information (Texi Book Page 118):

Internal energy is a function of state. Consequently, it does not depend on path but depends on initjy
and final states of the system. Thus, internal energy is similar to the gravitational P.E. So, like the
puotential energy, it is the change in internal energy and not its absolute value, which is important,
Explanation: leing o function of state” means its value s determined solely by the current state of the

svstem (e g, its temperature, pressure, velume), not by how that state was reached  Just as with potenty

eneryy, only the dun e m internal energy is measurable and physically siguficant, not an absolute value.
—_—

| =~ How can we increase the internal energy? Explain. (RWI 2021 GI)

1 Ans: By ancreasing the temperature of the system internal energy can be increased Reason: Because they

SLO BASED SHORT QUESTIONS & ANSWERS _

internal energy of an ideal gas is generally the translational K E of its molecules, thus for an ideal gas |
system, the \nternal energy 1s directly proportional toits temperature Us T = <K.E> !

GRW 2017) (LUR, DGK 2018 GI) (BWP 2018 G1I) (SGD 2019 GI) (LHR 2021 G1) (GRW, FSD 2021 cu:i

(FSD, SGND, RWP 2022 GI) (SGD 2023 GI) (GRW, DGK 2023 GlI)

Yes, converting internal energy into mechanical energy 1s a very common process. In adiabatic expansion

internal eaerpy can be converted into mechanical energy

Example: A classic example s a steam engine In a steam engine, internal energy of the steam is used o

run engine

What is the similarity between inlernal energy and gravitational P.LE? (LHR 2017 G11)

Internal energy and gravitational petential energy (GPE) share some similanties

Stored Energy: Both represent stored, polential energy within a system

State Functions: Netther internal energy nor GPE depends on the path taken This means both depend

only on the initial and final states.

Energy Transfer Both can be converted into other forms of energy

Difference

Source of the Stored Energy: Internal encrgy arises from the microscopic motions and interachions within
e it (0 he obiests prastion ins graviiational feld.

MULTIFLE CHOICE QUESTIONS
Internal c-;;:gy— of ideal E;:q)-_sh;m_i's;;;e:-‘ll—h!;h? )
(a) translational P E (b) translational K.E
T'he formula for internal energy is

_i_l:}__’-E{EI-'.I;

Ans:

Ans:

- — i — i — i — -
-

(c) rotational I’ E (d) rotational K.E

— LOMORY) (@) Bothaandb_ _

1
AU=W |
1]

!
|
|
|
|
|

Is it possible 1o convert internal energy into mechanical energy? Explain with an example. (Rwr,| |
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(b) Potential encrpy (d) All of these '

' (a) Kinelic envryly fc) Feats nergy

| . Which is called the internal energy of an ideal gas? (Grw 2012, 2015) |
' (a) Potental encrgy (b) Translational kinctic energy ;
| (c) Vibrational kinetic cowergy (1) Allof these ;
: °y For an ideal gas system, the internal energy 1s directly proportional to (Mnt.17) I
! (a) Mressure (b) Volume (c) Mass (d) Temperature :
| The sum of all molecular energics of a substance is called: (GRW 20231 GII) |
- (a) K I Byt (¢} Internal energy (d) Chemical energy '
|+ The internal energy of 2 mole of an ideal gas depends on: (DGK 2023 G1) |
' (a) Volume Ab) Pressuee l¢) Temperature () Potential encrpy '
o —— —— i  —  —— il = —

6.3 WORK AND HEAT

What are Heat and Work in thermodynamics? Explain their sign conventions.

9

poth heat (Q) and work (W) are ways by which energy can be transferred imto or out of a svstem They are not
propurlics stored withan a system, but rather processes of vnergy transfer

Q What are the sign conventions for heat, work and internal cnergy?

Sign Conventions:
For energy translers, we use specilic signs T

For your infarmation I

Heat (Q): Hea

o +Q (Positive): [Heat enters the sy stem (svstem absorbs heat) :’hv—s“m- *0

o -Q (Negative): Heat leaves the system (system releases heat)

Work (W): b (e ep—

o +W (Positive): Work 15 done by the system on ats surroundings (e g, Seghiree
expanding gas pushes a piston),

o W (Negative): Work is done on the system by the surroundings (e g . piston Wi:__;__s'ﬁ._] o
COMPresses as) regitve ————

HOW 15 WORK DONE BY A GAS AT CONSTANT PRESSURE CALCULALTID? ors

Imagine a gas in a cylinder with a movable piston 1f the pas expands and | S p——

pushes the piston up, it does work. PO

The work (W) done by the gas when its volume changes by AV at a constant
pressure () 1s given by
W =FAY =PAAY = P(AAY) =P AV

L 1
A
Where .
I’ = Constant pressure G e
AV = Change in volume (Vi =Viane) = Areax Height = A AY Pred A = 2
Q How is work done represented on a P-V Graph> -

A gt 3 mmmt 8O By &
gees el peace
el e e R

1

: |
If you plot pressure (P) against volume (V) on a graph. the area } .
\ e enean OA pm wtes e

under the curve between two pomts (inbal and final volumes)
represents the work Jdone during that process For a constant
pressure process, this area s a reclangle. :

]
\

v
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SLO BASED SHORT QUESTIONS & ANSWERS

- . - e e W e = - =

- e — W S —-

. i _—
s Explain the difference between “work done by a gas” and “work done on & gas® in terms of gag
| expansion/compression and ¢nergy transfer.
' Answen

Work done by a gas: Occurs when the pas expands and pushes agamstats surronndings (v gL o pistan
arerio i the form el wark Thas s

moves outwards) The gas 1s transfernng encryy oad of Hwe s

5 Work done on a gas: Occurs when the kllrfnunsliflj':\ COMPress the: gas (eg . A piston pu '.?l' sinwardsy
s s considered negative work (W)

- — - -

Enerpy s being transierred imto the systemon the furm of work

- — e e AR W e — —-

> 6.4 FIRST LAW OF THERMODYNAMICS

—_—

- —— e — —

'

| .
M considered positive work (#W)
|

'

'

State and explain the First Law of Thermodynamics. Provide an example
g _ ———_——_—_—————______—_—_—_—_—_—_—_—

The First Law of Thermodynamics [o cesontalls the Law of Conservation of Energy applicd
thermodynanue systems I states that cocen connot v o atedd or destroved, ondy transferred or translormed
from ome torm to another
Statement of the First Law: '
“In anv thermodynamic process, when heat Q s added to a system, this energy appears as an increase in the
internal energy (AU) stored in the svstem, plus the work W done by the sustem on ity surroundings ”
Mathematically:
Q=(U~U)+W
Or, more simply
Q=AU+W
Where
Q = Heat added to the systemn
AU = Changean the mternal energy of the system (Ui = Uia)

W= Work done by the system on its surroundings YT o
Examples: Virdin
i Bicycle Pump: Consider a bicycle puinp with a blacked oultlet connected

with thermocouple to monitor the arr lemperature. When piston is pushed rapidly, then push force
does work on the air and thermometer shows a temperature rise. Thus internal energy of the air also
INCTeAses

AU = W

il Human Metabolism: The process by which energy transformation aecurs within an orgarism is callod

metabolism. Human beings and other amimals require energy to do work when they walk, run or move
hpqv)' r}h]n_xls I'his Cnergy Q comis from the food. From Diest law of T!l""‘l"lllll)'nalrlllr %, we have,

AU=Q- W
Ihe work (W) done results in the decrease of internal eneegy

Q. What are the key principles underlying the first law of thermodynamics?

1 Conservalion Principh-: Ihe total « nergy inan 1selated system -I[W.'I)"- stays the same 1 energy ‘|z.,u-’-‘| Y
form (e g, chemical to heat), the total amount remaims constant .
Wide Applicability: This law applies to all kinds of encrgy transformation:

reachions, electrcal systems, or even biological processes like human metabolizm

whither e chomaral

Lo ]

ailiabany process
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*—_
e ;
Q. What are the main applications of the First Law of Ihermudynamics?

m—
]'wlhﬂm.!l Process

pefimtion: A prroscess wheere the b Trjarat T J ) oof thar wyslognn petriains Cemalant
for an ideal gas: Since the internal energy (AL of anowdeal gas degernds only on ity bmnperature, if G
pmperature 15 comvdant, then the change inonternal eneregy s pra P < 1
frest Lav besr cveni
Q=W ini v A1 U
o Isothermal Expansion: In an isothermal e e jor . all the hecat adided to the pas s cotmverted indn work

done by the pas Far thus b hapipan, the process must aoeur very slawly, allowonyg best W flow in or out (o
mainbann coanstant b rmpeeratun

s Isothermal © ompression
("“"’"r"'lfﬂ if the A% 1% COnpiress o virTy '-J'—h]_{ Ir_r' '1'-”-.‘.»‘r virstk "W’ un
it, then an amount of heat Q st be allaveed 1 leave the yan o procdure

wothermal compresson. Hener, the first Lawe of thermeadynamaes redures

tey,
f) - ',’.'

GRAPHE
o Nhecurve represaenting an st beemal progess omoa =V diagram s called )

an isotherm (10 a by perbola) Slope of Lutherm © <17V ’

() ]

o As Boyles lav 15 applicable duning isathermal hange wo, f PV are A i

inthal pressure and volume where, as P,V are final pressure and valume, 4 V=2 /

then,
V= 5V,
0. What is an Adiabatic Process? How does the First Law apply (o it? Give examples,
ADIABATIC PROCESS
Definition: A process where no heat () enters ar leaves the
perlee llj.* insulated ar the proces
Fiest Law becomies

system s happens evther when the system s
sercurs very rapidly

Gince Q= 0, then 0 = AU » W = W Al

Fxplanation:

% Adiabalic l.np.m-.mn: If tha P (upgnd-,!'.'.' 18 praitive ), ot deas vtk By oue Ing 1% o internal enerpy. This
causes the internal coergy 1o decrcase, and thus e b mperature of the zan falls W A5 Flercds e can

sy |]l!ll|h|lhl L] (fi-ln'-]'lfl Cala S L tn JI“q{,
o Adiabatic Compression: If the g i compressed (VW 15 nepative, meaning work 15 Jone on the gas), the
work done incrcases s anternal enerpy, causing thae 1 mperature of the gas to nse =W = AL
Framples:
Pulllld cuaper of air from o brurst vore (anr o xpands il kly, conls down)
Papid expanaion and compression of air as s sound wave paswes
through i
Cloud formation an the atmvsphere (rising air capands adiabatic ally
and coals, leading to condensation)

Equation for Adiabatic Process: t : ’:._,_‘
Lot an adtabatie process, the relation l»llnh:'.----u‘r[- vsure and volurme i . : T 3
Ve vonstant ™ Py
Shere g Grammia ) v the ratio of precihic heats of the gas at constant " '-:“—.-‘ " hy
pressure (C ) ta constant volume (C e,y = Cof Oty = 111 ‘ — -
Adiabatee Modulus of 1 Lt II:.'/ Adhiabatic Maodulus of Elastirity I
P

GRAPH: The curve reprresenting an adiabatic process onca 12V diagram s

tallead an adiabat  An adiabal i st per than an asatherm because the b mperature alo changes dunng an

Nvading to a faster drop i pressure for a grven volume increas Slope ¢ Abmabat = -y PP/ V
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' Brain teaser! (Text Book Page 121): i

Why dovs the internal energy of an ideal gas remain constant during | i Teaie
isothermal expansion?

Ans For an ideal gas, mternal energy s solely dependent onats temperature In
an tsothermal process, the temperature is kept constant. Theretore, 1f the
temperature does not change, the intermal energy of an ideal pas alse

Why does the nlerng)
energy of an ideal gas
termain constant dunng
isothermal expansion?
remains constant

- — e — e e e — e e = = —
- —

— — - ———
s —

For Your Information

MU LTIPI.E CHOICE QUESTIONS

|..._._.__—-_..._......._._- ——— -— -

In an isothermal process for an ideal gas, if 501 “of heat is supplled; the syslem. what is the work"

Type of Gas C - _ﬂ{_ c R y=Cp/Cv
Foy-1 I
oy = ~ = —
Monoatonmic 3 R 3 R 5 &
2 2 3
Diatomic 7 3 7 Sy
’ -R R —-=14
2 2 5
Polyatomic (Gases 9. 7 9 . e
whose  Atoms  don't 'I,_‘I‘ ;R ?z 1.29
vibrate) i &
Polyatomic iR iR 1 —
—==1.33 ]
3

! done by the system?
| (a) 0] (h)30} (c)-50) () 100 s
, Answer: (b) 50 I

Explanation: In an isothcrmal process for an ideal gas, the temperature remains constant, which means the |

i internal energy (AU) remains constant (1¢, AU=0) According to the First Law of Thermodynamics (Q=AU+W) d,
| AU=0, then Q=W So, if 50 ] of heat s supplied (Q=4350]), then 50 ) of work 1s done by the system (W=+30]) |

e Which of the following is an example of an irreversible process? 1
| (a) Slow compression of a pas in a frictionless oy linder |
' (b) Melting of ke at 0°C t |
| {€) An exploston ||
i () Evaporation of water at its boiling point i

. Answer: (¢) An cxplosion

Explanatior. An cxplosion is a rapid and highly dissipative process involving a sudden release of enerp
v and a sipruficant increase in disorder, making ttimpossible to reverse without leaving changes in the
i surroundings The other options are considered prachically reversible if performed slowly and ideally

‘e During an adiabatic compression, work of 250 | is done on system. What will be the change in interna!
| energy?

i (a) +250 ] (b)-250) C. 4250} DO0]J

s Solution:

| In adiabatic compression work done is done on the system which is taken as negative so

' W 2250 ] =W =-250 | so AU =-W =-(-250) = 4230 ), system gans internal energy due o
| mechanical work bemng done on it

.

| . A fixed mass of an ideal gas slowly absarbs 1000 ] of heat and as a result expands slowly, at a constan!
4 pressure of 2.0 x 10¢ PPa, from a volume of 0.050 m to a volume of 0.075 m'. What is the effect on the
L. — _ internal energy of the gas?

I
|
L]
|
|
|
I
|
|
|
L}
]

Physics 11 (Subjective, Objective and € onceptual Questio

™) =7
- - '------—-—-------.--._-_-._-._-_-_-_-._-.___.-_-_-_
[ A. Itincreases by 500] B Itincreases by 1000] € Jt decrsanes by %0] 1) 12 reroacrs sarre
[l fam: IAQ 1000 ], Py = Ps= P et ant = s
tion: W . 3= | [ siar L1
ISOIU W= Vo= 0075 -0 (F fi s 1
! Y 1731 50 ) 635 m 5
I Applving st law of thermody ramics |
' AQ =al - W ’
| AU =AQ -~ W = 1000 - PAV < 1000 - (2 - 10#) (0 025 <, i - 5 2 )
L}
i = 1000 - 500 = 504 ) [
L}
S Two blocks of ice when pressed tagether juin to form cne block because '
| (a) of heat produced during pressing (hj of culd prodoced Suring |
4 (¢) melung point of ice increases with incresse of pressurs .
| (d) melting point of ice decreases with increase of pressure |
! golution: When pressure increases, melting point decreases so we in tontctr e A Ve :
IJ\U/ film between blocks of ice intact, now airin surroundimg b2k Post away fron f
L
llownu.rl itinto ice 2gamn rnm.an,v two blocks a single on {
ocon - — == _...-_-_-_,_._...._.-...-__._-....-_-...-_.__-_.

SLO BASED SHORT QUESTIONS & ANSWERS

- — D ———————— . ——— . —————
s Whv does the temperature of air decrease when it rapidly esespes from a bunt tire? What type ot
' |hcm~od\nam|: process is this?

I‘ When air rapudly escapes from a burst eire, it undergons an sdubat pumoe ] e

i expansion happens <o quickly that there is ver fi » - - s pmk

i s surroundings (AQ = U) Asthe a respands, it does work on | Sl rrLarT Pty !

| away ) According to the Fust Law (W = = ALY this work i3 Jom af 07 e T 4 3 —a

' energy, causing its internal co=rpy to decresse Su rral v olag

| temperature, the temperature of the escaping are

1, Why can’t we use the vast heat content of the oceans 1o power ships indefinitely, even thoszn the totul
I energy is enormous?

' We cannot use the vast heat content of the ocva P . bescaicne. accordsn b

I Second Law of Thermodynamics (Kelvin's statement), a hoeat on2ire fegoites & b perarur feren

! operate and produce work While oceans contain a buge amounrt of thermal ener . s

! reservoir avallable to which heat can be repcted Without a temperary - . .

| convert this heat entrrely into usefu' mechanical work

e What is metabolism? How first law of thermodynamics explains it? (LHR 201% GII) (FSD. BWP 2027
| 21 (GRW 2017) (BWP. MTN, DGK 2015 GI)

1Ans:  The process by which encrgy transformation occurs withim an orzansm o calied metatoinm Humar

| beings and other animals require energy to do work when they walk, run or move heavy obwets Thes

i energy Q comes from the food From first law of thermadinamics, we bawe

| \U=0Q-W

! re. The work (W) done results in the decrease of interna! ene er gy

Ea What are isothermal and Adiabatic Prarec-cs" (SWTL, RL\P 2019) (SCD 2m9 GI) (MTN 2015 G
| (GRW, BWP 2021) (GRW 2022 GI) (LHR 2022 G (SCD 2023 GIT)

yAnst Isothermal Process:

[ A process 1in which the lemperature of the system remains const w b pressute and S

. change 1s called isothermal process It s a slow process In this pr the Boyles low on the gas

| applicable Therefore, the product of pressure and volume of the gas rermams constant durnms .:;--

] orfﬂlﬂpfl"y‘jl\]n 1e,

| PV = Constant

! Adiabatic Process:

| A process in which no heat enters or leaves the svstem while pressure and 3t mav change s called
! an adiabatic procoss. Expenmentally, such a process can be achuned cither by insulats gihes ™ froen
! surrounding or by performing the process guickls

. Q=0

-—-._.-_,—-—-_-—-—-—-—-—-—-—.-_-—...____. —— - —— —
- - - - - -

T

i
;
|
|
|
|
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|
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18 " “Aswe know PVY = Constant. W1 ot (o Mion? (SGI

As we know l'\" = Constant. W hal |.Io you l.umv abuul ' lramnm] ln lhl.q relation? {b(..l} °tl’1 (4“
YAns: Y s the ratio of the molar speainic heat of gas atvonsky ant pressure to the molar speattic heat of gas gt

L

comstant volume y

Ly

B
1
'~ !
l |
i Fxample: Tor moneatomi gas Y =1 67, for diatomic gas ¥ =14 and tor polyatonne pas ¥ <133 i
e What would be the heat lostif internal encrpy decreases by 10 ) and 20 ) of work is done on the sysey
| simultancously? (MTN 2018 GH) (BWI' 2019 GI) |
' Ans: AU Change mnternal energy (negative since it is decreasing) = -10] i
| W Work done on the svstem (negative since work is doneonat) =-20) 1u3
: Q. Heat transter (positive for heat enterning the system, negative tor heat leaving) =? 1
| Appiving the first law |
. Q= AU +W |
! Substitute the known values |
| Q= (-10) * (-20) = -10 - 20 i
. Q = -30 ) negativ e sign shows heat lost by the system |
|* Give two examples of adiabatic processes, (DGK 2019 Gl (MTN 2022 GI),(LHR 2016) |
v Ans  Examplesl: The rapid escape of air from a punctured tyre is anexample of an adlabatic process :
i Adiabatic 'rocess: In .m adabatic process, there is no sigmibicant heat transfer between the system and 'hl
' surroundings le . Q =

| Rapid Escape = No Ilmc for Heat Transfer: The raprd escape of air happens so quichly that the ru.[
: mummum tme tor heat transter between the escapimg, air and the surroundings Therelore, the gt
| pressure drops adiabatically as it expands. This can even cause a slhight cooling sensation near the |
: puncture due to the work done by the expanding air agamst the surrounding pressure X
! Example-2: Cloud formation is an example of an adiabatic process

| Adiabatic Cooling: As air rises in the atmosphere, the pressure surrounding it decreases This decrease i
H prossure allows the air o |-\|\.md and it does work agamst the surrounding atmosphere This work comes
| trom the internal energy of the s atsell, causmig it to cosl down (adiabatic cooling)

N Cooler Air and Condensation: If the nising an wools enough due to this adiabatic process then the waler
; vapor present i the aw condenses around tny particles like dust, forming, visible cloud |
Ve Prove that W = -3U for adiabatic expansion process. (SGD 2022 GIl) 1
| In which process external work is done at the expense of the internal energy of the gas molecules? |
! Explain it (SWL 2023, G111 2018) [
| Anst  Since we know that Q = AUSW In adiabatic process Q =050 0 = AU+W Shufting "AU” on left sulc“v!\||
i AL = Wt shows that W = AU

L]
|

I heretone, we have proved that W

|
|
|

-AU for an adiabatic expansion process This means the work dnm'
ot the sureandings by the system duning the expansion (positive W) is equal to the decrease in nternal !
cinorey of the system (negative ALY In simpler terms, the energy lost by the system as internal energy s

]

L}
| eyqual o the work done by the system dunng the expansion |
.. If PVY = constany; prove that TVY! = constant, (GRW 2022 G1) i
| Ans:  Since PV constant and PV = nR1 i n -l[r;mlq then PV =RT = I 1‘_[_ s |
[ 1
R1 I
1' —\'" = constant . x
| ¥ ' ' !

L]

; v constant ) 3 :
| B :
' V' = constant . 1
| - Why adiabat is steeper than isotherm? Explain. (Lhr 2013 Group 11) |
' Ans:  Since aduabatic process is faster or quick than isothermal process which is a .
| slow process that s w hy 'V diagram (adiabat) of adiabatic process 1s steeper I
g 1
: (having more slope) than isatherm S -

Srreversible

i -
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6.5. "REVERSIBLE AND IRREVERSIBLE' PROCESSES-

——
What is a reversible process? Describe its characteristics and provide Examples.

[Ausd

pefmition: A process that can be pedectly reversed, meaming itcan go back toats anginal state by retraang the
can b same steps in reverse order, without CAUSITI any permancit c El.!lll;v- in the surroundings
o Asuccesston of events which brings the system back to its il condition s called a cycle: A reversible
evile s the onean wlhuch all the changes are reversible
Characteristics:
o Itmust ocour very slowly (quasi-staticallv) so that the system s always incguilibrium
Noenerpy s lost due to fnction, resistance. or other dissipative forces
Thermal and mechanical effects are exactly reversed 1 heat was absorbed an the forsard process, at's
released i the res erse, and vice versa
Examples (idealized): Slow liguefaction and cvaporation, very slow compression or expanston of a yas In
realily et tocthy reversible Processes don't exist

Note: No actual change is completely reversible

e e — —————
What is an Irreversible process? Desenibe ils characteristics and provide examples

Ans]

Defintion: A process that cannot be retraced i reverse to restore both the system [ I )
and Its surroundings to therr imtial states There is always some energy dissipation or -
mcrease i disorder in the umiverse
Characteristics: .
o They ovcur naturally and spontancoushy and suddenly
o They otten imvolve friction, heat conduchon, convection, radation, or rapid :

changes Fint pracical ssam-engine was

desgred by John Brathwate

Examples: An explosion, burming fucl, nuiving hot and cold water, a ball rolling to a | and John Encsaen in Engtane
stop due to Iriction, heat flowing from hot to cold AL real-world processes are #round 1629

Ansd T

r

A heat engine 15 a device that takes heat encrgy and converts some of it into medharucal e

work. It works ina cycle, meaning it retums 1o ats onginal state after completing, a senes NG

of steps Fa

WORKING PRINCIPLE OF A HEAT ENGINE L':'L “_:

L ITeat Absorption (Qi): The engine absorbs a gquantity of heat (Qi) trom a high- f\“'“"r
temperature reservoir (also called the heat source, ke a boaler with hot steam) at "}
atemperature Ty N ——

2. Work Output (W): The engine uses some of Uns absorbed heat to pertorm usetul -

mechamwal work (W) PR ———
3 - Tie . e

Heat Rejection (Q:): The remanung heat (Q2) that couldn't be converted into  2n8 00 oe tw mee

Wt T s m—
"

P S P T R g ——

1 %%
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work 1s expelled 1o a low-temperature reservoir (also called the heal sink, like the atmosphere o 5
cooling pond) at a lower temperature 1

Ihe net work done by the engine in one cycle is the difference between the heat absorbed and the heat rojected

W=0Q,-

The goal of a heat engine 1s to convert as much of Qjinto W as possible

Fer Yeur Information EXILANA LIOY:

Heat entering a syslem 15
positive and leaving a sysiem
15 negative. The work done
by the system is positive and

Foamwve -
the work done on the system

v Q
Haat
Hegare
15 negative, as shown in the

Wi
'—m(—‘— -V figure.

Energy can be added to a sysh.m when no heat Imnsl’u takes place. ls this statement true? "Uppun p

your response with an example. (SGD 2022 GI)

That statement 1s true Energy can be added to a system without heat transfer by work done on the !

system |

Example: when a thermo flask is shaken rapidly then temperature of milk inside the flask rises due to the i

work done in shakung process Work #»<KEs2 T »2 U i

Justify! Work and heal are similar. (LHR 2019 GI) (LHR 2019 GII) |

Work and heat are similar, but not quite the same Work z< KE>= U =Q 1

Similarities: I

Energy Transfer: Both work and heat are mechanisms for transferning energy from one system to .

another They are not forms of energy themselves but ways to transier 1l |

Path Functions: The amount of work or heat transfereed depends on the specific process or path taken, :

not just the initial and final states of the system !

Effect on Internal Energy: Both work and heat can change the internal energy of a system. which is the I

total kinetic and potental encegy of its molecules ’

A heat engine works between 327°C and 27°C. Find its efficiency. (FSD 2022 Gl) (See Numerical 11.7) |

Temperature of source, Ty = 327 C°+ 273 - 400 K and Temperature of sink, T~ 27 C* + 273 = 300 K i

Fd
Using the relation, o [I- I-? J-Jun 3N ! | TW"'"‘ 3 0 [.. I ] Yot = S ."_ff‘_"L| i
U Ry ? .

1
How can the efficlency of a practical heat engine be increased? (SGD 2018 Gl) l
Flficiency of a heat engme can be increased by increasing the emperature difference between source and »

[ ] - Ty |
sink. Reason:n - | 1. —= |00 —— 0 '
I J [ |

What will be the efficiency of an engine if it performs 100) of work and rejects 400] of heat energy to i

the cold reservoir? (MTN 2023 GI) i

An engine absorbs heat of 10 ] and rejects 5 ] heal, what is the heat being vsed by the engine? (LHR |

2019 GII) '

Since we know that \V = Q, Q 0 \\ ID 5= 515 the heat being, used by enpine N ]

m ['hyblu 11 [Subjt:hw, Objective and (uncvplml Questions) 257
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MU LTIPLE CHOICE QUESTIONS

i e -Kn':I-;i g_a’s_h:;l: ;E;;:;p.er:;e; F;: ar;c_!—c; ('[-;;hn-(h—wor;-_bf:;r;l me-l:n;ﬂ-::;rc—! 2-.2.7?(-111_6 .l
| 127°C. It absorbs 6 kcal at the higher temperature. The amount of heat (in keal) convened into work is |
' equal to: I
| (a)489 (b)35 ()16 ()12 :
L]

i W §._w 1 6 |
| n: ¥ oh Wt —zl-=m—=—-=w==-K_=12K
y SR Q, T, 6 ' 6 5 65 3 !
Lo = = o o e = ——— - ——— - — = —— e e ——— e — - — - —

6.7 SECOND LAW -OF THERMODYNAMICS

D

The First Law tells us that energy is conserved, but it doesn't say anvthing about the Jirect
the conditions under which heat can be converted into work That's where the Second Law of Thermodynamics

comes in

Lord Kelvin's Statement (based on Heat Engines):

“It is impossible to devise a process which may convert heat, extracted from a single reservour, entizely into

viork without leaving any change in the working system ” or we can say a heat engine without sink 1s not
possible.

Explanation

let us analyze briefly the operation of an engine. The engine or the system absorbs a quantity of heat Q. from
the heat source at temperature T,. It does work W and expels heat Qu to low temperature reservoir at
temperature Tz, Hence, for the working of heat engine there must bea source of heat at a high temperature and
asink at low temperature to which heat may be rejected

Example:

It has been observed that petrol engines convert roughly 25% and diesel engines 35 to 40% available heat
energy into work remairung 1s wasted due to friction between parts of engines

WHAT ARE THE SIGNIFICANCE OF LORD KELVIN'S STATEMENT OF THE SECOND Law OF THERMODY A AMICS?

n of encrgy flow or

. You cannot build a perfect heat engine that takes heat from just one hot source and turns all of it into
useful work.

« To get work from heat. you must have a temperature difference Heat must flow from a higher
temperature to a lower temperature. Some heat will always be rejectad to the colder reservorr

. This is why oceans and the atmosphere, despite containng vast amounts of heat, cannot be used to

produce useful work unless there's a colder place to reject heat

- Tidbits (Text Book Page 123): HE ———m

. According to the Kelvin statement of the second law of thermodynamics, the
process pictured here is impossible. Heat from a source at a single temperature
cannot be converted entirely into work. (Accompanied by an “IMPOSSIBLE"
diagram).

Explanation This emphasizes a core imitation of heat engines you cannot achieve 100°

effiaency by extracting heat from a single reservoir and converting it entirely into work

Some heat must always be rejected to a colder reservorr
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CARNOT ENGINE ANS CARNOT’S THEOREM

.ﬂ What is a Carnot Engine? Describe the Carnot Cycle and state Carnot's Theorem. :

CARNOT ENGINE
The Carnot engine is a theoretical, ideal heat engine that operates in a perfectly reversible cycle (called
Carnot cycle). It is the most efficient engine possible operating between two given
temperatures. While it is an ideal concept and cannot be built in reality, it sets the
maximum possible efficiency for any heatengine.

DESCRIBE THE FOUR STERS OF THE CARNOT CYCLE.

The Carnot cycle uses an ideal gas as its working substance and consists of !our

reversible processes:

1 Isothermal Expansion (A to B): The gas expands slowly at a constant hugh [
temperature (T}). absorbing heat (Qi) from the hot reservoir !
2 Adiabatic Expansion (B to C): The gas continues to expand, but now |
without any heat exchange. As it expands, it does work, and ils
temperature drops from Ty to Tz
3 Isothermal Compression (C to D): The gas is slowly compressed at a
constan! low temperature (T3), releasing heat (Q2) to the cold reservoir.
1 Adiabatic Compression (D to A): The gas is compressed again, without "‘""JJ-“»;.”'“‘

heat exchange. Work 1s done on the gas, and its temperature rises from Tz
back to Ty, returning the gas lo its initial state.
Q How is the efficiency of a Heal Engine defined and calculated?
The efficiency of any heat engine is defined as the ratio of the useful work output to the heat energy input:
Outpul(Work)
et |
Input(Energy)
w

ne =—

Qi

Since W = Q1 = Qu, we can write:

v—»

Q, "Q: Q,
B —— ] - —
L) ; ; |
For a Camot engine, the efficiency can be expressed solely in terms of the  of e '
absolute temperatures of the hot (T;) and cold (T3) reservours: v—>
I T ) 713 69
S T _
: : Intetesting informalion
To get the percentage efficiency, mulup]y by 100: (Text Boak-Page 124
A waterfall analogy for
Percentage efficiency "{ }"IW"""“'_‘)":W"” Y lh::r:: :ngme. %

Significance: The efficiency of a Camot engine only dcpcnds on the temperature F:‘::m:-:;':s ](:::.,, ‘:
difference between the hot and cold reservoirs. A larger temperature difference | higher clevation 1o 8
means higher efficiency. However, efficiency can never be 100% (or 1) unless the | lower elevation, doing
cold reservoir is at absolute zero (T:=0 K), which is practically impossible. Therefore, | work (eg. turning a

all real heat engmes are less efficient than the ideal Carnol engine due to turbane),  heat  flows

; L g from a lugh-
unavoidable energy losses like friction i _

emperalure reservour o

CARNOT THEOREM N low-temperature

Start CARNOT'S THEOREM. reservoir, and some of

1. “No heat engine can be more efficient than a Carnot engine operating

between the same two temperatures

m Physics 11 (Subjective, Objective and Conceptual Questions) 259

2 "All Carnot engines operating between the same two temperatures have the same efficiency,
irrespective of the nature of the w orking substance "

Q. _ Whatis the Key Takeaway regarding the efficiency of a carnot engine?

Efﬁﬁmqr of a Carnot Engine

The efficiency of a Carnot engine only depends on the temperature difference between the hot and cold

reservoirs. A larger temperature difference means higher efficiency However, ethaency can never be 100% (or

1) unless the cold reservoir is at absolule zero (T3 = 0 K), wlich is practically impossible. The =o4re all real heat

engines are less efficient than the ideal Carnot engine duc to unavoidable energy losses like frichon

SLO BASED SHORT QUESTIONS

| Gl

hl
I
'
|
1
|
'
|
U
|
L]

[

,' What is the effect on efficiency of Carnot engine, if the temperature of the sink only be decreased?

| (LHR 2019)

t ans:  If the temperature of the sink (cold reservoir) in a Carnol engine v decreased while keeping the !

| temperature of the source (hot reservoir) constant, the efficiency of the Carnot engine waill increase
Reason: the formula (or the efficiency of a Carnot engine is i

i =1 r_j 100 = ( 1, Since efficiency 15 a rabo, it depends on the difference between !
1
! the hot and cold reservoir temperatures (T) - Tz) So when T; 15 deceased then T - T; also increases and !
I hence efficiency increases,
. Under what circumstances the efficiency of a Carnot engine will be 100%? It is possible? (BWP 2017) i
(BWP 2018 GI1) (MTN 2023 GlI)
Ans:  But it can be 100% or one unless cold reservorr is at absolute zero temperature (ie T: = 0 K) Since culd
reservoir at absolute zero temperature 1s nol possible, hence the maximum efficiency is always less than

one Reason:

T =T
E e I}Ioﬂznqxll-
L]

2 1100 (D12 11100 NowifTy = 0.2 n= (1) 100~ 100

T n 5

. Carnot cycle provides the basis to define a temperature scale that is independent of material |
properties. Explain. (BWP 2019) '

Ans:  The Carnot cycle plays an important role in defining a thermodynamic temperature scale which 1s |
independent of the material properties of a thermometer. Because the Carnot cycle operates on the !
principle that the efficiency of a heat engine depends only on the absolute temperatures of the hot and |

1
|

1)

|

!

|

'

I e = (1.
]

|

]

|

)

]

i cold reservors and not on the working substance. This concept led to the development of the Kelvin scale, !
'

I

]

|

!

|

!

|

1)

L

|
|

the standard thermodynamic temperature scale. The Kelvin scale assigns a zero temperature to the point
where a Carnot engine operating with an ideal gas would have zero efficiency (absolute er0) Un known
temperature is determined by

L)
|
L}
Team 6~k |
Q '
Q and Q be the quantities of heat absorbed or rejected by the system !
» How efficiency of Carnot engine increases practically? |
Ans:  The efficiency of Carnot engine can be increased practically by increasing the temperature difference 4
]

between hot and cold usenmlr



200 Chapter b [Heat and Thctmodrmmk‘l

- ———————— o T

N T 1

s
' Reason: *eq =it -5 =100 = ‘—"‘h\‘ saxT-Ty |
|

MULTIPLE CHOICE QUESTIONS

- - R e e e W T — e — = ——

(2) Low temperature reservoir is at (°C

(1) When both the reservours are of the same temperature
(<) Low temperature resenvoir is at 0 K

D Low temperature reservorr s O°F

e It the temperature of source equals the sink, the efficiency of Camot engine b

| (a) Increases () Remaums constant (€) Dexreases (d) Becomes zero |

' Solution: It “Ty = T2™ then no heat transfer takes place or efficiency becomes zero \

| T, ) |

' “n L‘l l—'l\h\l—k .

| ' |

| = W 100 = (1-1)x 100 = 0 .
Y - = - ~ _

! \L 1 { |

| =0

Ve The efficiency of all reversible heat engines working between same hot and cold reservoirs

| (2) I« same {b) Depends on pressure (¢) Depends on fuel used  (d) Depends on volume

; . The efficiency of a cannot engine can be made 10075 if

L]

|

L

|

L}

|

T
Solution: ‘.nnli-?—] =100

i I, = 0Kthen

' %n = (1-0)%100 = 100% -

I . The turbine in a steam power plant takes heat from a boiler at 427°C and exhausts into low temperature
resenvoir at 77°C. The efficiency is:
(2) 5% (b) 500, () 5% (d) 100%

Solution: T, = 427°C+ 273 =TOK
I=777C+ 23 =30K

T, 3
".I:=L‘«I-1—_']~100-L _32
v/ /

= (1-0.350)x100 = 05100 = 50%

|

|

|

i

|

|

|

|

|

|

|

] |
=100 '
' |
|
|
|
1
|

} . In a Carnot cycle, heat is given to the system, its temperature will:

| (a) Increase (b) Decrease (¢) Remain constant (d) Zero

1 Solution: In a Camot cycle when heat 1s given to a system then it only be an isothermal expansion, so, T
| must remain same.

‘e In a Carnot cycle, heat is neither given nor taken out of the system, its temperature:

! (a) Increases (1) Dexreases (c) Remains constant (d) May rise or fall

| Solution: On contrary lo previous guestion, if no heat is provided or taken away from system dur‘mga'
, Camot cvele it must be either adiabatic c\p.msmn (resulting in decrease mn “T” or “U") or it may be an,

[ adiabatic contraction (resulting in increase in "1 or “U7) |

Ie A Camnot engine works between a hot reservoir al temperature Ty and a cold reservoir at temperature !

| Ty to increase its efficiency

A (a) Ty and T: both should be increased

| (b) T, should be decreased and Tz should be increased

» (€)Ty and T: both should be decreased

| . (). T should be ingressed and T: should be decreased

[
|
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T s &
[5o]ulion:n x]- T which means it depends upon the rato of “ — 7, smaller this rate. T; (Temperature of 4

! wnk) must be decreased and Ty(Temperature of source) must be increased
For which combination of working temperatures the efficiency of Carnol’s engine is highest?

(A I0K 80K (b) S0 K 60 K () 0K 20K (d) 0K 0K
. “inwill be highest for one for whom%‘is minimum.
T. 80 T, &0 T. 20 T, 40
Loee=z0 2=e=075 —=—=050 — - —=06s
@ T, 100 ) T, &0 (”T, 30 (d) T,

T
So clearly (C. option has surumum value for T, 1o given us maumum %N

In a Carnot heat engine 8000 ] of heat is absorbed from a source at 400 K and 6500 ] of heat is rejected to
the sink. The temperature of the sink is:

P o —— e m— — — — m—
-
= - — e T S S W O SR W S e e e w e e e

(a) 325K (b) 100K (©)OK (d) ZBK
Solution: Q, =8,000),Q, =6500].T, = 400K.T, =?
Ty 1Q, Q, 6500 65 -
_ = == T.==xT, =——x y = — = 325k
T°Q =T, Q. «T, — 300 T, 5 10 =325
. A Carnot engine takes 300 cal of heat at 500 K and rejects 150 cal of heat to the sink. The temperature of
the sink is:
(a) 1000 K (b) 0K (c) 230K (d) 15K
! Solution: Q, =300cal.T, = 500K
| Q, =150cal, T, =7
; Q, - Q. 130
———-—xt vesT, -—-T-~—-— 500 = 30x5= 250K
! R

- — — i —————— i — —— — e — . — e — e —— -

What is a Refrigerator? Explain its working principle.

@

REFRIGERATOR

A refrigerator is a device that works opposite to a heat engine. Its main job 1s to keep a

cold space (like the inside of your fndge) at a temperature lower than its surroundings

WORKING:

A refrigerator operates in a cyclic process, but in reverse of a heat engine

1 Heat Absorption (Q.): It absorbs heat (Q.) from the low-temperature reservoir
(LTR) (the cold compartment inside the fndge) at temperature T, —

2 Work Input (W): To move heat from a colder place to a warmer place (which

doesn't happen naturally), external work (W) must be done on the system (usually

by a compressor).

Heat Rejection (Qn): This absorbed heat plus the work done 1s then released as

heat (Qu) to the high-temperature reservoir (HTR) (the warmer surroundings

outside the fndge) at temperature T;.

The heat rejected to the hot reservoir (Qu) is: Qu = Q+W

So. the work input required is: W=0Qu-Q:

Coefficient of Performance (COP) of a Refrigerator

The efficiency of a refrigerator is measured by its Coefficient of Performance (COP). It's the ratio ot the heat

removed from the cold reservoir to the work done to remove it

Fgiewm

w

B g Sy
—
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Subsututing W=Q;-Q«
= Heal Removed From Cold Reservior L Q.
Woark Done of Refrigerator Qu-Q,
For an ideal refngerator (Carnot refrigerator), the COP can be expressed in terms of absolute lemperatures
TT sinceQ x [

E=

A higher COP means the refrigerator 1s more efficient, removing more heat from the cold space for less work
mput

MULTIPLE CHOICE QUESTIONS

— e — — — e S e e — — — — . — . — - — - — = — .

I' . A refrigerator’s coefficient of performance (COP) is a measure of: . "I
. (a) How much work it produces :
1 (b) How much heat it generates. [
' () How effectively it removes heat from the cold reservoir for a given work input. 5
| (d) Its overall energy consumplion. |
1+ Answer: (¢) How effectively it removes heat from the cold reservoir for a given work input. .
| Explanation: The COP of a refrigerator is defined as the ratio of the heat removed from the cold reservoir (Qc) to the |
' work done (W) 1o remove it (E=Qc/W). A higher COP means nfore efficient cooling, i

4

SLO BASED SHORT QU ESTIONS & ANSWERS

§ o —— — — —- - ————

" In what fundamental w.ly 1y does a refrigerator operate in reverse compared lo a heat engine, sand Whil is ) I
required for this reverse operation? y
A heat engine converts heat flow from hot to cold into work A refrigerator operates in reverse by forcing heal to

flow from a colder body to a hotter body This reverse operation is not spontancous and requires an input of external |
uork (e.g. froman rln:cmc molor) to move | l}'c heat against its mural direction of flow

[
| Ans:
]

6.10- ENTROPY

n What is Entropy? How is its change defined?

L=

ENTROPY (S)
It is a thermodynamic quantity that measures the degree of disorder or randomness in a system It is a way to

quantify the Second law of Thermodynamics,
The concept of entropy was introduced by Rudolph Clausius in 1856. It is a state function

CHANGE IN ENTROPY
When a system absorbs a quantity of heat (AQ) at a constant absolute temperature (T) in a reversible process,

the change in entropy is

AS=AQ/T
. Positive AS: When heat is added to a system, its disorder increases, so entropy increases
. Negative AS: When heat s removed from a system, its disorder decreases, so entropy decreases,

Suppose that an amount of heat Q flows from a hot reservoir at temperature Ty through a conducting rod toa
cold reservorr at temperature T:

m I'hysics 11 (Subjective, Objective and € onceptual Questions) 263
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As the hot reservorr loses heat, so decrease in entropy of hot reservoir Q
i
(
As the cold reservoir gains heat, so increase in entropy of cold reservorr =
4
0 0
AlsoTi> Tz, thus LT
0 0

Hence, net changeinentropy = . T Brain teaser! (Text Book Page
_— 20 128)

That 1s positive. Thus we conclude that change in entropy 15 posiive when Why does a deck of cards

heat is added .md. negative when heat is removed from the system become  more  disordered

GCOND LAW OF THERMODYNAMICS IN TERMS OF ENTROPY, when shuffled?

/If a system undergoes a natural process, it will go in the direction that

causes the entropy of the system plus the environment 1o increase * Wiry does w ceh of carts

This means that in any spontancous or natural process, the total disorder of m"" e

the universe (system * surroundings) always increases or stays the same

(for ideal reversible processes). It never decreases

RILATIONSHIP BETWEFN ENTROMY AND DISORDER

Natural processes always tend towards a state of geeater disorder

. Heat flow: When hot and cold substances mix, heat flows from hot
o cold. increasing the overall disorder because the organized | on
separation of hot and cold regions is lost * | Shuflling introduces randomncss

- Gas expansion: When a gas expands into a larger volume, its NN U k| mpgslier of

Am: Shuffling & deck of cards
increases the number of poss

arrangrments of the cards A
;V"ﬂ tly ordered deck [
sorted by suil and rank) has unl

sprilin ATTAN prment

lecules } . possible dsordersd
molecules have more space lo move around, increasing ther arrangements. making i highly

randomness and thus increasing entropy umprobable 1o return b the
ENTROPY AS DEGRADATION OF ENERGY: ongnal ordered Stals

spontancously  This increase o0
the numbes al posuble

micrustates  corresponds o an

Wien heat flows from a body at lugher temperature where more energy 1s available
to low lemperature where low or no heat is gvailable then energy s degraded

IntYcase in |'|"|f<‘;|r!,

An increase in entropy means that energy becomes “degraded® or less
available for doing useful work. For example, when hot and cold water mix,
the total encrgy remains the same (First Law), but you can no longer use that mixed warm water to run « heat
engine as effectively as you could with separate hot and cold sources The energy hasn't been lost, but ats
quallly (its ability to do work) has decreased This concept is sometimes referred 1o as the “heat death of the
universe,” suppesting that eventually, the entire universe will reach a state of maximum entropy (uruform
temperature and maximum disorder), where no more useful work can be done
Entropy as times arrow:
In all real processes, the energy available for doing useful work will decrease When all the systems are taken
together as the universe, the entropy of the unuverse always increases. So it is regarded as Time Arrow
Law of increase of Entropy
Entropy of the universe during any process either remains constant or increase AS_ .20

L — e —

SLO BASED SHORT QUESTIONS & ANSWERS

B s
fe Wha! does the concept of " 'degmdalmn of energy” :mply in terms of entropy? l.
An: ¢ “degradation of energy” implies that as entropy increases in natural processes, the quality of energy |

i

! dt'( reases. While the total amount of energy remains conserved (First Law), it becomes less available for
| domg uselul work For example, when hot and cold substances mix, the energy 1s shll present. but the |
! temperature difference (which dnives useful work) 1s lost, meaning the energy has been “degraded” to a e
| less useful form. This leads towards a state of maximum disorder where no more work can be extracted |

o
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l's What 1s negative entropy? Give example and ils unit. (GRW 2019) ‘
' Ans:  Instrict sense of thermodynamics, there s no such thing as negative entropy Entropy 15 @ measure o1
| disorder i a system that can only Increase or remains constant over bme in a -c!m-nl system [accmdmg 1 |
. the second law of thermodynamics) However, the term "negative entropy 18 sometmes used m g, !
I departure from randomness or decrease in randomness or how close a system 1s to a petfl_.'ct order [y
; not a negative value of entropy but rather a measure of how far 3 system's entropy 15 from ils maximy, !
L] AD
1 possible value as«-— <0

T

! Examples:
I Melting of ice 18 an example of increase in entropy However, when heat is laken out from water and it
1

Ans

! converts mto ice then we can say that entropy change 1s negative
Units: Entropy itsell is measured in units like Joules per Kelvin (I/K) Negative entropy, as a measure of
departure from randomness, has no specific unit as it is a relabve measure.

Does entropy of a system increases or decrease due to friction? (LHR 2017 Gl) (SGD 2017) (SGD 205 !

GI) (BWP 2018 GI1) (SWL 2019) (MTN 2019 GI) (BWT 2019 GII) (MTN 2022 GI) (LHR 2022 GII) (MTN, |
DGK 2023 GI) (MTN, LHR, SGD, RWT' 2023 GI) .
aAQ
AS=s——>0
T

Increased Disorder: Due to friction the randomness or disorder within the system increases,

Energy Dissipation: Friction also leads to the dusipation of mechanical energy into thermal energy

(heat) Since heat 1s a more disordered form of energy compared to organized mechanical energy Tlml

conversion also produces overall increase in entropy i

Examples: i

Rubbing our hands together: The friction between our hands increases the random motion of molecules, |

making them feel warm (increased thermal encrgy and entropy) 1

Give an example of a natural process that involves an increase in enlropy. (AJK 2019) (MTN 2019 Gy |

(GRW 2019 GI1) (BWP 2022 GI) (SGD, GRW 2022 Gil) (SWL 2023 GIl) '

Melting 1ce 1s an example of entropy Increase Ice has a very ordered structure, while Liquid water has |

more freedom of movement for its molecules, making it a more disordered state. This increase in disorder !

reflects the natural tendency of entropy to increase i a closed system

Why the entropy of the universe always increases?

Because according, to Law of increase in entropy “Entropy ol the umverse during any process ﬂ!her!

remains constant or increase” I
AS,ne 20 ,

A system absorb 200 ] heat at an absolute temperature 200K Calculate the change in entropy.(DGK |

2019 GI1)(DGK 2021) !

Due ter friction, the entropy of a system always increases

) 200 200 -1 !

A ¢ — & 8 ——— n —— = 052V
T W2 4M |
What is a negative entropy? Give example and Define entropy. Write its S1 Unit (Fsd 2012) '
Negative entropy indicates the decrease in disorderness 1 the system or more order in the system |
Entropy itself cannot be negative. However, negative entropy is a concept used to describe the departure!
from randomness in a system. It is a measure of how much order 1s present in a system compared toa I
random distribution i
Example ‘
(1) If the heat of the syslem is increasing then the entropy of the system will be positive and entropy |
change 1s positive ¢
(1) If the heat of the system 1s decreasing then the entropy change is negative |
Definition 1
A0 |
Entropy 1s the measure of disorder of the system 1t can be expressed as a8 < — H
The Sl unit of entropy 15 | K! Sl _!

______ — i - — e — — . — A —— —————— -
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MULTIPLE CHOICE QUESTIONS

In an isothermal change, internal encrgy:
(4) decreases (b)increases

(¢) remains the same  (d) becomes zero
Explanaion. For an ideal gas, internal energy
depends only on temperature In an isothermal
process, the temperature 1s kept constant, so the
internal energy of the ideal gas also remains
constant

First law of thermodynamics is based
upon law of conservation of:

(a) mass (b) energy

{c) momentum (d) charge
Explanation. The Frrst Law of Thermodynamics 1s
o direct statement of the principle of conservation
of energy, asserting that energy cannot be created
or destroved, only transformed

A device which converts mechanical

energy into heat energy is called: -
(a) heat engine (b) Carnot engine
(c) refnigerator (d) turbine

Explanation: A heal engine 1s the general term for
any device that takes heat energy and converts a
portion of 1t into mechanical work through a cvelic
process. A Camnot engine is a speaific, 1deal npe
of heat engine

When two objects are made in thermal
contact having same temperature, then
they are at:

(a) thermal Equilibrium

(b) chemucal Equilibnum

(c) mechanical Equilibrium

(d) physical Equilibrium

Explanation: Thermal equilibnum s the state
where two objects in contact have reached the
same temperature, resulting in no net flow of heat
between them

When the system is expanded by adding
heat energy, then the work done will be:

(a) posttive and on the system

(b)negative and on the system

() positive and by the system

(d) negative and by the system

Explanation. When a system expands, it pushes
against its surroundings, meaning it docs work on
the surroundings. Dy convention, work done by
the system 15 considered positive

Entropy of a system in reversible process:
(a) decreases (b) increases

() 1s Infinste (d) is zero

TEXT BOOK EXERCISE WITH SOLUTION

Explmation For a truly reveryible process. the net change
in eatropy of the 5ysiem and 1t serroandmgs combined o
zero The entrops of the vwstem selfl can change. but if the
process is reversible the change o cntropy of the sysiem &

exactly

balanced by the chanpe in cntropy of e

surroundings. leading to a net chasge of rero for the

UnIvErse

6.7

69

6.10

What happens to internal energy of an
object when its temperature

(a) decreases  (b) remauns Constant

(c) increases  (d) Auctuates

Explananon The Boltomasn constaes (WH) o 2
fundamenial physical constant reixtng the average
kinetic energy of partecies m a gas wath the
thermodynamic temperature of the gax s valse o
138~10 ® Joules per Kehim

The value of Boltzmann constamt =

(3) L38x109) KA ®)138X10 K

(©138X107 ) K () 38102 K
Explanabon. An adizhatic process o defmed by
the condition that no heat enerpy emers o leaves
the system (AQ = 0) Temperature, mernal eneriy.
and work dome can all change o an adbanc
process

In an adiabatic process, there is pe

(a) change in temperature

(b) exchange of heat

(c) change m internal energy

(d) work done

Explanation For an 1dcal gas (and geoerlly for
most substances), intemal eperpy i doeah
related 10 temperature As TompeTIIST IDCTERSSS.
the average kimet encrpy of e molecules
increases. leading 1o an mcrease i the obects
intermal energy

Thermodynamics mostly deals with

(a) Measurement of quantity of heat

(b) Transfer of quantity of heat

(¢) Change of state

(d) Conversion of heat to other torms of

encrgy
Explanation  Thermodynamics s the branch of

physics that speaifically studies the reianonshaps
between heat and other forms of cnery . and how
heat can be convenied wio meochanscal work of
vice versa While n mmvolves measanng and
transferming heat, its core focus 15 on these enery

transformations
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SHORT ANSWER QUESTIONS

What is meant by thermal equilibnom?
Explain briefly.

(Two or more than two bodes aresa:d to be
thermal egquilbnum d they have same
temperature
They all have same thermal energy whh =
associated wath the kanebe enengy of the
partcles So there s no dmmg force to
transfer heat among them and they remam m
lbermalethbrrm)
we put a metal spoon ;o

ige lrunally, the cofiee

Overtimz. heat flows

Evenruzlly, the

Al thes point Do heat
and spoon and they are
equbbrum
What is meant by internal energy? How is it
related to temperature of an ideal gas?
Ans Intemal enerpy s the toul energy
contaned within 3 $ysiem dus o the motion and
migraction of its mokecules. It mcludes the kinetic
encrpy (translationsl, romtional, and vibrabonal)
and potental energy (das 1o micrmelecular forces)
of the molecules.
For an wdeal gas there are Do wiormolecular
forces, so 15 potential energy is comsadered zero
Therefore, the intemal energy of 2n ideal gas 15
solely due 1o the translational kanctic energy of its
molecules. Smee temperature 15 @ measure of e
average kinetic energy of molecules, the intamal
energy of an 1dzal gas 1s directly proportional 1o s
absolute wemperanure If the temperature moreases,
the miemns) ensrgy increases, and vice versa
Uz <KE> '
State 2nd law of thermodynamics in two
different forms.
Lord Kelvin's statement
It 1s impossible to devise a process which may
convert heat extracted from a single
reservorr, entirely nto werk without leaving
+ any change in the working system.
Clausius statement:
It 15 impossible to construct a device that
transfer heat from cold to hot region by a
cychc process without the expenditure of

energy.

Is it possible to construct a heat engine of
1007 efficiency? Explain.

The cfficiency of heat engine cannot be 100%
according to second law of thermodymamics

A
<

EE

The ethoency of heat engine ©

ns | Je== v

i

Here T, = the temperature of source and 7.
the temperamre of soik
For 100% ethaency T: =0 Kor T: = =, wiyze
s not possible o acheve o )
s impossible for heat engmes 0 achues
100% thermal efhasnny
Differentiate  between reversible a4
irreversible processes.
Reversible Process
(A reversible process s one which can b
retraced n exactly reverse order, withoy
produang any change in the surroundmgs
For example
Dxqudication and Qap. rabon c{ 2% ':‘5'!'.'._';_1
Smmilariy, the slow c"r;"ess:'*n of agus o
olinder s reversble process as -.,
compression can be ch..ns-ed 1o expansion by
slowly decreasing the pressure on the paton
to reverse the operzbon. \
Irreversible Process
If a process cannot be retzced » the
backward diechon by reversing  the
controllmg facters. 1t 13 an  wTeversitie
process.)
For example
All changes which occur suddenly or whch
mvelve fnction or dissipabon of enerpy
through conduchion. convecnen or rzdiznon
are preversible An ‘example of hughly
irreversible procansanqﬂcs on
Why adizbat is steeper than isotherm®
Explain.
In both process PV diagram represent thes
respective relbonships among  pressure
volume, and temperature
The admbabc equation for an ideal gas »
grven by PV = constant and for isothermal
process
PV = constant. where y 5 the heat czpach
ratio and it 1s greater than 1
The steeper slope of the aduababc cune
compared to the wsothermal cune on a FV
graph shows the greater sensithvity of
pressure changes to volupe changes o
adnbatl: processes
S-nu‘l.he temperature aes falls durmng an
adiabatic expansion but the pressure drops
more rapidly than it would in an uut"aermﬂ
expansion for the same velume change Ths
makes the adiabat cunve appuar steeper than

@?“um— [Subectrve, Omecsie and Comorpraa Questnme x

sotherm o 2 P-V Sua £ramy

;re-mz‘vnﬁ-:‘m‘uz“m.v-r
hot bocdy. Does this violse the secoms Lrw
of thermodynzmuas? fustify voor anewes
No 2 refnperator doss not vaolate She secomd
Lbw o Dermadirames I s m acoocdece
with e serond bw o ShemodTunas
winch s statad 2¢ the heat cormo flow &=om 2
cold hodv o 3 ht hody withow! e
epensme of eoaemal ewn he
remperaloy demonstates s by usmyg
et energy for the fow of Dest et 1
natm2! flow
Explain briefly heat dexth of oorvewe =
terms of entropy.
Ans The "hest death of the covewe” s 2
sheorencal concept based on She Second Liw
of Thermodimamus The Secomd Law stves

hat the ol entopy (dsorder) of & salated
srstem (Ghe the mnvesse) alwavs s ©
mcrezse This i=plhes Shat over 2o extemely
og e all ey = B owmvese wil
eventzally spread oot odormly. and &l
temperature dofizrences will Siapperr Whes
evervining reaches the same teoperature and
maamum disorder, there will be 20 meoee
available eneTy o do usefnl warl, and a0
more SPONIANAcUS processes wil oon The
gnnverse would efectvely reach & state of
thermal equiiibrium, 2 "has! Jeath” whee e
further change s possihie
Is it possible for a cydic revessible heat
engine to absorb heat & consam
temperature and transforms it compleely
into work withoo! rejecting some heat =

low temperzture? Explain.
No, #t 5 mpossible to constract 2 heat enge

that will not expel heat =i the atmospinere

H heat engme doemt expd hest s
atmosphere it will become 100% effioemt Sae
1s agamst second baw of thermodvrazus

Q.

n=l-=—x100%

If Q:=0then n=100%

How does behavior of real gasss d&iffer
from ideal gas 2t high presszwe and low
temperature? ldentify the reasons behind
these differences based on lanetic theory
of gases. )

Ans  Rezl pases deviae from ideal
behavior a1t high presswe aad low

?ﬁ f

sisrne W foross oo modcogies
Houover, @ hurt srocseT (TaviecHies e
ST EnS ow wEDeIEET Joss kmens
Snemp L aomactnve foroes hetwenn el o

e onsevad pressoee

Volume of Gas Parades loos oo
oEne neghsdie pECE wimme A2
bnpt errosre. the actual valume accipaed
oy T OB ARSI DhoThastuss Moo
: sibcEmal pornee o W cortamer's
el vaizme Sacmr 3 "o e

Show Sxsaoooc-igaprsepmi
ok Same

Amxs o i g CWOOSSI B3 Ve wellh
: movahe ™ & OOunSS ™ 3 s
\ 2 consy prossarr T fhe vl oo
T the gps s PN

naPN oo Frmsas s

ar B s
&£ Sl 2 reaansc Il e P gt wad AN

TR

vagme L

volume b 3

Theoioe, The = anas Be &\ gt speoens
T Lok w0 Jofg ™ X 0 Do o SOy 2
Dema TG PRess

= ala "

N "
- L ]
L [ . |
ol & 3
-~
N — .

How swark dome Gl dvages Siom 2 g’
Calcalate
Mok sdore vags s tounds aaC 2
= dome o0 2 gas whes @ ¥ Comrmessed e
STVONE 2 TRENDT D VOLCIW NS FTYSSOSE 4
the work dome cam be Galosieand oy The
formalaW = S P
—

73 Work dome by 2 g Whem 2 o=

agunds Swn work 5 Some v a o

agame: otermal peossome o o0
sarroundmps and valome of She gas
SCToases

it = caloulated 25 B coenamt pecmoe
203 e 25 mesitve
W e=.Ta\
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(i) Work done on a gas: When a gas
compresses, then work s done on a gas
by external forces and the volume of the
gas decreases
It is calculated as by constant external
pressure and Laken as positive

W=+ PAV

CONSTRUCTED.RESPONSE
QUESTIONS

6.1 Explain how thermodynamics relates to the
concept of energy conservation.

The law of conservation of encrgy and first
law of thermodynamics are entangled with
cach other The first law of thermodynamics
basically a speaific application of the law of
conservation of energy to thermodynamic
processes

The fist law  specifically  applies to
thermodynamics systems, where energy can
be transferred from heat to work or other
form of energy as beat and work The internal
energy (AU) of a system 1s equal to the heat
added to the system (AQ) minus the work
done by the system on its surcoundings (AW)
Le AU=AQ-W

6.2 Explain how thermodynamics applies lo
biological systems, such as human body.
Human metabolism also provides an example

Ans:

Ans:

of energy conservation Human beings and

other animals need energy for their growth
and to do work. During their growth new
cells are formed to replace old dead cell The
process of energy transformation  within
orgarusm is called metabolism The first law
of thermodynamics (AU = Q - W) can be
applied to orgamism of the human body.
Work done will result in the decrease in
internal encrgy of the body Consequently,
the body temperature or in other words
internal energy Is maintained by the food we
cal

6.3 A gas is expanding adiabatically. Explaln
what happens to lemperature and pressure
of the gas.
Ans:  When a gas expands achabatically, it
means there is no heat exchange with its
surroundings (AQ = 0) According to the First
Law of Thermodynamics (Q =AU+ W), ifQ =
0, then W = -AU

L Temperature: As the gas expands, 1t does
positive work (W > 0) on its surroundings.
Since this work s done without any heat
input, the energy for this work must come
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from the gas's own nlernal energy (A
becomes negative) §As the mntemal energy o
an adeal gas s directly proportional to
temperature, a decrease in nternal ener
leads to a decrease in the temperature of the
£45)

I‘rcssum:(lh'c.ws» the pas s expandip
(volume ncreases) and its lemperature g
simultaneously decreasing, the pressure of the
gas will decrease significantly) The combiney
effect of ncreased volume” and  decreasey
temperature causes a more rapid drop
pressure than an an isothermal expansion,
which 15 why an adiabat s steeper than g
wsotherm on a -V diagram.

A coffee cup is left on a table, and overtime
coffee  cup copls down.  Explip
thermodynamics processes occurring during
this process.

Ans

Heat  Transfer (Conduction, Convection,

Radiation):Uleat energy from the hot coffee

transferred to the cooler surroundings (the table,

the air, and the room) through')

© Conduction: Heat flows directly from the
colfee to the cup and then to the table

o Convection: The hot coffee heats the ap
directly above it, making the air less denge
This warm air rises, and cooler air moves in
to take its place, crgating convection
currents that carry heat away.

o Radiatiorl: The hot coffee and cup emut
thérmal radiation (fn{rar_(l-d waves) 10 the
cooler surroundings 9“1,‘?‘ oo

Internal Energy Change:(As he coffee loses
heat, 1ts internal enerpy decreases, which |s
reflected in Its decreasing temperature,)
Enlropy Increase: This s an irreversible process
Heat flows spontancously from a region of
higher temperature (coflfeo) to regions of lower
temperature (surroundings)’ This natural flow
increases the overall disorder (entropy) of the
universe, as the energy becomes more spread
out and less available for useful work The
decrease i entropy of the coffee. is more than
compensated by the increase in entropy of the
surroundings.

Ne _Work Done (negligible): Iny this simple

cooling process, there 15 no )\ significant

mechamcal work being done by or omthe coffes
system
How we can explain different weather
patterns through thermodymical processes
like wind, rain, elc.
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Ans:  Weather  patterns  are  driven by
thermodynamuc principles
o Wind results from uneven solar heating.
causing Warm air to nse (convecton) and
cooler air to move inand replace it
« Rain involves water evaporation (absorbing
heat).  moist  arr  nsing  and  cooling
adabatically  (due lo expansion at lower
atmosphenc pressure), leading to water vapor
condensation into clouds (releasing latent
heat), and finally precipitation
s Cloud Formalion occurs as moist air cools
adiabatically  while nsing, causing  water
vapor to condense around tiny particles
All these atmosphernic phenomena involve continuous
enetgy transfers and entropy changes, governed by
the laws of thermodynamics.

COMPREHENSIVE QUESTIONS

6.1 What arc the postulates of kinetic theory of
gases? Denve a relation for ideal gas equation
in the form PV = NKT from general pas
equation

6.2 State and explamn various gas laws

63 Explawn first law of thermodynamics in detad
Give an example in support of your
explanation. Give its two applications

64 What 15 a refrigerator? Explain its working
Denive an expression for its co-efficient of
performance

65 What is Carnot engine? Describe Carnot cycle
State Carnot theorem and derive an expression
for efficiency of Carnot engine

6.6 Define and explain the term "Entropy”.

SOLVED EXAMPLES

EXAMPLE 6.1: One mole of an ideal gas is at a
temperature of 300 K. If the Bollzmann conslant is
1.38%10-2 ] K-, calculate the volume of the gas at a
pressure of 1 atm. [1 atm=101325 Pa]

Given:

Number of moles, n=1mol
Temperature, T=300K
Boltzmann constant, kB=138=10"2"] K-
Pressure, P =1 atm=101325a

Avogadro's number, Ny =6.02<10" mol!  (needed
to fnd R of not given directly, or to use PV=NkyT)
Required:

Volume of the gas, V

Formula:

We can use the ideal gas equation PV=nRT

We know that R=N,=ke

%o, PV=n(Nakg)T

Rearranging to find V

Veal'/nNakeT
Calculation
V=101325 Pa(l mol)=(6 021023 mol'!) = (138=10 =
] K 1) = (300 K)
Vo= 101325602 * 138 = 300 m"
V=1013252493 48 m’
V = 00246 m' (rounded 1o theer significant figures)
Answer: The volume of the gas would be
approximately 00246 m*
EXAMPLE 6.2: A gas Is enclosed in a container fitted
with a piston of cross-sectional area 0.10 m? The
pressure of the gas is maintained at 5000 N m=2,
When heat is slowly transferred, the piston (s
pushed up through a distance of 4.0 cm. If 42 ] heat
is transferred to the system during the expansion,
what is the change in internal energy of the system?
Given:
Cross-sectional area of piston, A = 0 10 m?
Pressure of gas, PP = 5000 N m-~=
Distance piston 1s pushed up Ay = 40em = 004 m
(converled to meters)
Heat transferred to the system, Q = 42 (posiive
because heat is transferred fo the system)

Required:

Change i internal energy. AU

Formulas:

1 Work done by the gas W = PPAV

2 Change in volume AV=A Ay

3 First Law of Thermodynamics
Q=AUsW=AU=Q-W

Calculation:

Flrst, calculate the change in volume
AV=A <Ay = (010 m?) = (004 m) = 0004 m*
Next, calculate the work done by the gas
W=P x AV = (8000 N m*?) = (0.004 m') = 32 )
Finally, calculate the change in internal energy using
the First Law

AU=Q-W=42]-32]=10]
Answer: The change in internal energy of the system
is10]
EXAMPLE 6.3: The turbine in a steam power plant
takes steam from a boiler at 427 °C and exhausts into
a low temperature reservoir at 77°C. What is the
maximum possible efficiency?
Given:
High temperature reservoir (boiler), Ty = 427
Low temperature reservorr (exhaust), T, = 77 °C
Required:
Maximum possible etficiency ()
Important Note For efficiency  calculations,
temperatures must always be in Kelvin (K)
Convert Celsius to Kelvin T(K) = T(*C) + 272
Tu=427+273 =700 K
Te=77 » 273 =350K
Formula:
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The maximum possible efficiency is that of a Camnot
engine
n=1-T/Tu
Calculation:
n=1-350K/700 K
n=1-05
n=05
To express as a percentage:
Percentage efficency = 05 x 100 = 50%
Answer: The maamum possible efficiency is 50%
EXAMPLE 6.4: A refrigerator has a coefficient of
performance 8. If temperature in the freezer is -23
°C, then what is the temperature at which it rejects
the heat?
Given:
Coefiicient of performance, E= 8
Temperature of cold reservorr (freezer), T, = =23 °C
Required:
Temperature of hot reservoir (where heat is rejected),
Tii=?
Important Note: Convert Celsius to Kelvin
Te=-B3+273=250K
Formula:
For the coefficient of performance of a refrigerator in
terms of temperature’

-

E= -.._-ri_—
T, -Tc
Calculation:
Substitule the given values into the formula
Te 250K

§ T,-T. T,-250K
Now, solve for Ty
8= (Ty250K) =250 K
Ty-250K=3125K
Ty-250K=3125K
Tu=250K+31.25K
Tu=281.25K
To convert back to Celsius (optional, but good for
understanding)’
Th=28125-273=825"C
Answer: The temperature at which the refngerator
rejects heat s 28125 K (or 825 °C)
EXAMPLE 6.5: Calculate the entropy change when
1.0 kg ice at 0 °C melts into water at 0 °C. Latent heat
of fusion of ice Ly=3.36 = 10° ] kg™
Given:
Mass of ice, m=10 kg
Temperature, T=0°C
Latent heat of fusion of ice, Ly=336 = 105 ] kg™
Required:
Entropy change, AS
Important Note: Convert Celsius to Kelvin.
T=0+273=273K
Formulas:

i
Chapter 6 [Heat and Thcmodmlﬂq

1 Heat absorbed dunng  melting (Phag ‘
change) AQ = mlL, .

2 Change in entropy: AS = AQ/ T !

Calculation: |
Furst, calculate the heat absorbed [
AQ=(10kg) x 336x10°] kg™") =336x105) |
Next, calculate the entropy change !
AS=336x10°)273 K
AS=123077 | K'=123x10°K /K

Answer The entropy change when 1.0 kg of wce mygy

1s approximately 12370 ] K-

NUMERICAE PROBLEMS

6.1 A gas occupies 6.0L of volume at a presyy,
of 12 atm. What will be the volume of
the pressure is increased by 20
assuming that temperature remains constypy,
Given:
Initial Volume of gas =V, = 6.0 L.
Initial Pressure of gas = I’y = 12 atm
Final pressure of gas = Py =12+ 2.0 = 1 gy
Final Volume of gas = Vx= 7

Solution:
By applying boyle's law
Vi =PV,
6x12=14xV;
V:=5141L
6.2 In a vacuum chamber which is connected 1

a cryogenic pump, pressure as low as 10
nPa is being attained. Calculate the numbe
of molecules in 1.00 m' vessel al (hjs
pressure and temperature of 300 K.

Pressure in vacuum chamber = PP =100 nPa
=1x10°Pa
Volume of vessel = V = 1.00 m?
Temperature of vessel =T =300 K
Boltzmann constant = ks = 1.38 x 103 ] K!
Number of molecules=N=17
Solution
By using general gas constant in terms of Boltzmann
constant
PV = NkgT
1x107x1=Nx138x 10 x 300
I=N=x*x414 =101
1=Nx414x10"12
N=0.241 x 101
N =241 * 10" molecules
6.3 A gas undergoes a thermodynamic process
where it absorbs 500 ] of heal energy and
performs 300 J work on its surroundings
Calculate the change in internal energy of
the gas.
Given Heal absorbed = 500 |
Work done=W =300

M Physics -11(Subjective, Objective and Conceptual Questions) b |

{,‘-!n.mr_-.- innternal encrgy = Al «?

tion
Solu py applymg liestlaw of thermodynamics
Q=AU+ W
AU=Q-W

AU = 500 - 300 = 200 |

A Camnot engine is operating between a high
b. temiperature reservoir at 600K and a low
temperature reservoir at J0OK., Calculate:
(i) The maximum possible efficiency
(1) The amount of work output af the

engine absorbs 500 J ol heat from the

lagh temperature reservorr
Temperature of hot reservoir = Ty« 600 K
Temperature of cold reservolr = T; = 300 K
(i) ethciency =n=?
(1) heat absorbed = Q) = 500 )
work done = W =?

T,
{l] - n*[l-l—]llm

Given

n= (I - %gg]xl(lﬂ = 50%

(i) Now by using
Q T
Q 1
Q, 3
500 600

-390, 500 = 250}
! 600
w=0Q,-Q:

W =500 - 250 =250)

65 A refrigerator extracts 1200 J of heat from its
interior (the cold reservoir and releases 1600
] of heal to the surrounding environment)
(the hot reservoir) during  each cycle.
Calculate:
(i) the work input required per cycle.
(ii) the co-efficient of performance(COP) of
the refrigerator.

,Given Q. =1200]

Qu=1800]
0} Work input = W =2
(u) Coelficient of performance =E = ?
(] W= Qll - Q-
W = 1800 - 1200 = 600 ]
W
1200
600
66  Calculate the entropy change when 1.0mole
of ice at 0°Cmelts to form liquid water al the

(n) B

-

same femperature. (Heat of fusion of ice per
mole =6.01%10' )

Given: No of mole of ke = 1 mole
Temperature of ice = T = 09C = 27K

Latent Heat of tusion tor e Li= 601 X 10" ]/ mole
To Find:

Change in entropy, AS =7

Total heat removed from water, AQ =7

Calculation

AQ=nx~ Ly
AQ=1+*601 = 10 =601 = 1)

Since heat is taken out from water to freeze into ice,

hence entropy of lee decreases So

as= 42
s

\

s - 001X 104

MKk e
213K SRIN =20

6.7 A pas occupies 400ml at 20°C. What volume

will it occupy at BO°C, assuming constant
pressure?

Given Volume of gas =V, = 100 ml.

Temperature of gas = Ty = 20 9C = 20 +273

“ 20K
Femperature of gas = 1. = 80 °C = 80 + 273
= 153K
Volume of gas = V= ?
Solution
By applying Charles law
v. %
]! ll
V. d400mt
33 e
~ 2008 353 - a2 .
293

6.8 A gas has a pressure of 2 atm at 300 K. What

pressure will it have at 450 K, assuming
constant volume?

Civen pressure of gas = Py = 2 atm

Temperature of gas = 1, = 300 K
Temperature of gas = Ty = 450 K
pressurcof gas = 'y = ?

Solution
By applying Gay lussac’s law
PP
) PR 1A
P 2
450 300
2
P, = ——x 450 ~ 3 atm
1]
LG (e G [ (G (e



