Unit 10

THERMODYNAMICS
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Q.1 State the postulates of kinetic molecular theory of gases.

Answer
Kinetic theory of gases

. The behavior of gases 1s well descnbed by the kinetic theory.

. It relates macroscopic properties (I, P, and V etc.) of gases to microscopic
properties (K.t efc.)

o |t provides a mathematical model to study the behavior of goses.

Postulates

e A finite, volume of gas consists of very large number of molecules.

e The size of the molecules i1s much smaller than the separation between
molecules.

e The gas molecules are in random moftion and may change ther direction
of motion after every collision,

e Collsions between gas molecules themselves and with walls of container

are assumed to be perfect elashc.
e Molecules do not exert force on each other except durning a collision.
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Q.2 Discuss the term "Thermodynamics”. Also describe the terms: System,

Surrounding, Boundary and State variables?

Answer
Thermodynamics

Thermodynamics deals with the science of "motion” (dynamics) and/or the
transtformation of "heat"” (thermo) and energy into varous other energy—

containing forms.

The flow of energy is of grect importance to engineers involved in the design of
the power generation and process industrnes. Thermogynamics provides an
understanding of the nature and degree of energy transtormations, so that

these con be understood and suitably uvtiized.

System

A system is a region containing energy and/or matter that is separated from its

surroundings by arbitranly imposed walls or boundanes.
In @ thermodynamic analysis, the system is the subject of the investigation.

Closed system (control mass): energy, but not matter, can be exchanged with

the environment. Examples: a tightly capped cup of coffee.
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Open system (control volume): Both energy and matter can be exchaonged with

the environment. Example: an open cup of coffee.
Isolated system

Neither energy nor mass can be exchanged with the environment. In fact, no
interactions with the environment are possible at all. Example: coffee in @

closed, well-insulated thermos bottle.

Surrounding

Everything external to the system is the suroundings.
Boundary

A boundary is a closed surface surrounding a system through which energy and

mass may enter or leave the system.

State variables

State Vanables are Path Independent: meaning that the change in the value of
the state vancble will be the same no matter what path you take between the
two states,

This is not true of either the work W or the heat Q.

If a system is camed through a cycle that returns it to its onginal state, then a
vanable will only be a state vanable if variable returns to its onginal value.

State Variables are only measurable when the system is in Equilibnum.

Examples of State Vanables: Temperature, Pressure, Volume, Entropy, Enthalpy,

Internal Energy, Mass, Density.,

Q.3 Write a note on Internal Energy and show that it is independent of the path.

Answer
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Internal energy

The sum of all the forms of molecular energies (such as kinetic or potential

energy) of a substance is called intermal energy.
Explanation

It is the study of thermodynamics. An ideal gas 1s usually considered as a working
substance. The molecules of an idec| gas are mere mass points which exert no
force on one another.

50, the interncl energy of an ideal gas system is generally the transiational K.E of
the molecules. Since T x <K.E>, thus the internal energy of an ideal gas is directly

proportional to its temperature.

Energy Equation for Stationary Closed Systems

[KJ)

Where Q is the Heat Transferred to the System.

Woirk (W)

W is the Work Done by the System.
AU is the Change of Internal Energy.

Heat Q) Dividing each term by the system mass m [kg|, we

obtain the specific form of the Energy Equation

[KJ/Kg)

Q4. How can we increase the internal energy?

1. By heating

When we heat a substance, energy associated with its atoms or molecules is

INncreased i.e. heat is converted to internal energy.

2. By doing mechanical work
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When two objects are rubbed together, their internal energy increases becaouse
of mechanical work. The increase in temperature of the object indicates an
increase In the internal energy.

Note

Similarly, when an object slides over any surface and comes to rest because of
fnchional forces, the mechanical work done on or by the system 1s partiolly

converted into internal energy.
Internal energy in a state function

In thermodynamics, internal energy is function of state. Consequently, it does

not depend on the path but depends on initial and final states of the system.

Explanation

Consider the system which undergoes a pressure and volume change from Pq
and V; 10 Pb and Ve respectively, regardless of the process by which the system
changes from initial to final state. By expenment it has been seen that the
change in intemal energy is always the scme and is independent of the paths
C, and C,. Interal energy is similar to the gravitational P.E, so like the
gravitational P.E we tcke the change in internal energy and not its absolute

value, which i1s important.

QS5 Discuss transfer of energy into work and heat. Also calcvulate the work done

by a thermodynamic system during the volume change.

Answer

Work and Heat
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Both heat and work comrespond to transfer of energy by some means. This idea
wa@s first cpplied to the steam engine where it wes natural to transter heat in and
get work out.

Positive work done
work done by the system (gas) on its environment is considered as positive.

Negative work done

Work done by the environment on the system is considered as negative.

If an amount of heat Q enters the system it either gppears as an incregse in
internal energy of the system or is used up In doing work by the system on its

environment.

Compression

Wae P WV
Positive

[ v

E xpans:on
We.P_\WV
Negative

Expression for work

Consider ¢ gas enclosed in a cylinder with a movabile frictionless piston of cross-
sectional areg 'A’. In equilibnum, the system occupies volume 'V' and exert a
pressure 'P' on the walls of the cylinder and its piston. As pressure is defined,
force per unit areai.e.,

-5

Or F = PA
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This is the force exerted by gas on piston.

The gas expands through AV very slowly so that it remains in the equilibrium. As

the piston moves up through a small distance = d = Ay

Work done by gas is

W = FAy
W = PAAy

Since Aldy = AV(change In volume)
W=PAV

This is the work done by gas on the piston,
We can express work in terms of directly measurgble quantities.
Graphical representation

Work done can be calculated from the area under P-V graph.

P

As long as there 13 an Area under the ne then
you can see that work 13 done (and calculale n)

e

«——AV—>

By the details of change in internal energy and the mechcnical work done, we
can describe the general pnncipals which deal with heat energy transtormation

into mechanical energy. This principal is known as the law of thermodynamics.
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Q.6 Explain the first law of Thermodynamics and its consequences?

Answer
First low of thermodynamics

when the heat Q 1s added 1o a system, this energy appears as an increase in
the internal energy. AU stored in the system plus the work done W by the system

on Its suroundings.
Mathematically

Q=4aU+W
Explanation
when heat 1s gdded 1o ¢ system:;

. There 1s an increase in the internal energy from U to Uz due to nse In

temperature, an incregcse in pressure or change in ifs state.

State ! U ¢ interme Energy
U,-U,*s0-W

If at the same time, ¢ substance i1s gllowed to expand, then W is the work done

on its environment.
Q=(Uz2—U;) + W

OR Q=AU+W ... (1)

Thus, the change ininternal energy AU = Uz —U

From eq. (1)
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Aau=Q-w ... (2)
Examples of first law of thermodynamics
Bicycle pump

A bicycle pump provides a good example. When we pump on the handle
rapidly, it becomes hot due to mechanical work done on the gas, in this way; it

increases its intermnal energy.

Note

The arrangement consists of

e Bicycle pump with a blocked outlet.

A thermocouple connected through the blocked outlet to note the
temperature of the arr,

. When piston i1s rapidly pushed, thermometer shows a temperature nse due
to increase of internal energy of the arr.

* The push force does work on the arr, thereby increasing its internal energy,

by the increase in temperature of the ar.

Human metabolism

 Human metabolism also provides an example of energy conversion.
* Human being and other animals do work when they walk, run, or move

heavy objects. Work requires energy.
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e Energy is also needed for growth to make new cells and to replace old cells
that have died.
* Work done willresult in decrease in interncl energy of the body.
e According to 1*! law of thermodynamics, to an organism of human body.
AU=Q - W
. Hence, the body temperature or internal energy is mointained by the food

we eqt.

AU =—-—Q - W+ food energy AU = stored food energy

‘W—? o
d Sun O,

Note (metabolism)

Energy transtorming processes that occur within an organism are named as

metabolism.

Q.7 Discuss the Applications of first law of thermodynamics

Applications of first law of thermodynamics

1) Isothermal process

A process in which the tempercture of the system is constant is called isothermal

Drocess.
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In isothermal process the condition for the application of the Boyle's Law is
fulfiled. Therefore, when gas expands or compresses isothermally, the product of
its pressure and volume dunng the process remain constant.

SINGLE
INTERMEDIATE
STEP

INITIAL
+— POSITION
OF PISTON

IDEAL GAS

Isothermal reversbie expansion woik

Explanation

It Py and V) are the initial pressure and volume where as P2 and V2 are pressure

and volume after the isothermal change takes place. Then
P1 Vi =P2 V3

As the intermal energy of an ideal gas depends only on its temperature, which in

this case 1s constant.
Therefore,
AU =0

Hence first law of thermodynamics reduces to

Q=AU+ W
Q=U+W
Q=W

2) Isothermal expansion
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If a gas expands and does external work W, an amount of heat Q has to be
supplied to the gas in order to produce an isothermal change since, transfer of
heat from one place of another require time, hence to keep temperature of the
gcs constant, the expansion must take place slowly.

Isotherm
The curve representing an isothermal process is cclled isotherm.
3) Isobaric Process

An iscbarnc process is one where the pressure of the system (often o gas) stays

constant.

'Iso’ means the same, and 'banc’ means pressure. Pressure is related to the

amount of force that the molecules apply to the walls of the container.
Explanation

Imagine that you have o gas inside a movable piston and you heat that gas up.
By heating the gas up you make the molecules move faster, which would
normally increcse the pressure, But ot the scme time the piston expands,
increasing the volume and giving the molecules more room to move. Since the
walls of the container are now bigger, the pressure can stay the same even

though the molecules are moving faster. That makes it an isobarnc process.
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So, W=pAV =0

4) isochoric Process

An isochoric process is one where the volume of the system stays constant.
Explanation

Again, ‘iIso’ means the same and 'chonc’ means volume. Volume is the amount
of space the matenal takes up. So, this would be like heating a gas in a solid,
non-expandable container. The molecules would move faster and the pressure

wovuld increase, but the size of the container stays the same.

W=pAaV=p(Vz2 V,)
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Final stale

o

Innbial slate

Before heating Afier heating

4) Adiabatic Process

A process in which no heat enters or leaves the system is called the adiabghc

process.
Explanation
Since In adicbatic process no heat enters or leaves the systemi.e., Q=0
Hence the first law of thermodynaomics becomes

Q = AU +W

0=AU+W
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Or = —AU
AP, Vo 1)
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Adiabatic expansion

If gas exponds onc does external work, it is does at the expense of internal

energy of its molecules and hence, the temperature of the gas falls.
Adiabatic compression

If gas is compressed, work 1s done on the gas, it increases the temperature of

the gas.
-W = AU
Condition for adiabatic change

Adiabatic change occurs when the gas expands or is compressed rapidly.
Particularly when the gas is contained in an isolated cylinder. In cose of

adiabatic changes, as the temperature of the gas does not remain constant,

Yo} PV' = constant

where, A is the ratio of the molar specific heat of the gas at constant pressure o

the molar specific heat at constant volume 1.e.
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Adiabat

The curve representing an adiabatic process 1s called an adicbat. An adiabat is

steeper than an isotherm,
Examples of Adiabatic Process

The examples of adiabatic processes are

1) The rapid escape of arr from a burst tyre.

2) The rapid expansion and compression of air through which a sound wave is

pPassing.

3) Cloud formation in the atmosphere.

Q8 (a) Define the following terms:
(i) molar specific heat (ii) Molar specific heat at constant volume (C,)

(iii) molar specific heat at constant pressure (C;)
(b) Prove that C, — C, =R

Answer

Specific heat

The cmount of hect required to raise the temperature of one kilogram of o

substance up to one Kelvin is called specific heat.
Mole

One kilogram of different substances contains ditferent number of molecules.
Sometimes it 1s prefemrred to consider a quantity called mole. One mole of any

substance contains some number of molecules.

Molar Specific Heat of a Gas
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Molar specific heat of the substance is defined as the heat required to raise the

temperature of one mole of a substance through 1K,
Note

In case of solids and liquids the change of volume and hence work done

against external pressure dunng a change of temperature is neghgibly small.

But gcoses suffer variation in pressure as well as in volume with the rnise in
tempercture. Hence, 1o study the effect of hecting the gases, either pressure or
volume is kept constant. We can define molar specific heat of a gas in two

ways.
i) Molar specific heat at constant volume

The molar specific heat at constant volume is the amount of heat required to
raise the temperature of one mole of the gas through 1K at constant volume.

It is symbolized by Cy. Its Sl unit is J Mole-! K-,

volume
Wa=C AT

(3! (D)

ii) Molar specific heat at constant pressure

The molar specific heat at constant pressure i1s the amount of heat required to
raise the temperature of one mole ot the gas through 1K at constant pressure. It

Is represented by symbol Cg.

i) DerivationofCp, —-C,=R
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At constant volume

If one mole of an ideal gcs 1s heated at constant volume so that its temperature

rises by AT then the hect transferred Q, is given by
Q.=CvAT ... (1)

Applying first low of thermodynamics.
CvAT=AU+W

CvAl =AU +P AV [+ W=PAV]

Since volume remagins constant, so AV =0
Hence CvadT=AU

Or C,AT=C, AU
Thus the first law of thermodynamics

Cv Al = AT
Or aAuv=CvaAT ... (2)
At constant pressure

If one mole of an ideal gos is heated ct constant pressure so that its
temperature nses by AT then the heat transterred Qp is given by

Qe=CpAT = . (3)

The internal energy increases by the same amount as at constant volume for the

same nse in femperature Al

AU=CvaAT e (4]

Since, the gas expands to keep the pressure constant, to the work done by the

ges is
WeRPAY ez (S)

According to first law of thermodynamics
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Qp=5U+W

Or Codli=CAT+PAV  ssessiss (6) [Using equation (3), (4)
& (5))

According to general gas equction
PV = nRT

For one mole of anidealgasn = |
PV = RT

At constant pressure P, amount of work done by one mole of ¢ gas due to

expansion AV caused by the rise in tempercture AT i1s given by

P AV =R Al

Putting value of P AV in equation (6), we get
Cp AT = Cy AT #R Al

Or Cp=Cy+R

Or Cp—Cv=R

It is clear that Cp > Cv by an amount equal to universal gas constant R,

Q.9 Write a note on reversible and irreversible processes.

Answer
Reversible Process

A reversible process 1s one which can be refracted inexactly reverse order,

without producing any change in the surroundings.

Explanation
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. In the reverse process, the working substance passes through the same

stages as in the direct process. but thermal and mechanical effects at
each stagge are exactly reversed.

. It heat is absorbed in the direct process, it will be given out in the reverse
process.
i If work is done by the substance in the direct process, work will be done on

the substance in the reverse process.

Hence, the working substance is restored to its onginal conditions.

Cycle

A succession of events which bring the system back to its initicl condition is
called a cycle.

Examples of Reversible Process

1. The process of liqguefaction and the evaporation of a substance performed
slowly, are reversible processes.

2. Slow compression of a gas in ¢ cylinder is reversible process as the

compression can be changed to expansion by decreasing the pressure on the
piston.

L 4
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Irreversible Process

A reversible process 1s one which cannot be refraced inexactly reverse order,

without producing any change in the surroundings.
Explanation

All changes which occur suddenly or which involve friction or dissipation of
energy through conduction, convection and radiction are imeversible.

Examples
1) Explosion is an example of highly ireversible process.

i) Work done cgainst friction.

Q.10 Write a note on Heat Engine.

Answer

Heat Engine
Heat engine 1s a device which converts heat energy into mechanical work.
Intfroduction

The earliest heat engine was the stecm engine. It was developed on the fact
that when water is boiled in a vessel covered with a lid, the steam inside tries to
push the lid off, showing the ability to do work. This observation helped to

develop a steam engine.
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Construction
A hect engine consists of:

. Hot reservoir or source which con supply heat at high temperature.

e A cold reservoir or sink into which heat is rejected at a lower temperature.

> A working substance is needed which can absorb heat Q) from source,
convert some of it into work W by expansion and rejects the rest heat Q2 to

cold reservolr or sink.

Note
A heat engine is made cyclic to provide a continuous supply of work.
Working

working substance absorbs hect () from source, converts some of It into work W

by expansion and rejects the rest heat Q2 to cold reservor of sink,
Efficiency of heat engine

The efficiency of heat engine is defined as the ratio of work done to the heat

energy supplied. It is denoted by .

Where W=Q)— Q2

Thus efficiency = -(‘;—V-
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This is the expression for efficiency of heat engine.

Q.11 State and explain Second Law of Thermodynamics.

Answer
Second Law of Thermodynamics
According to Lord Kelvin's statement for working of heat engine.

It Is iImpossible to make a heat engine which converts all the heat absorbed

from a hot reservorr into work without rejecting any heat 1o sink,
OR

There 15 nO periect heat engine.

Efhciency

Ho! Reservour

All real heat Q,, w Q- Qg | Q |

engines lose N — — .. °

some heal 10 W OH OH

'h'e environment kqax"num 'Or ‘he w
,OC Carnot cycle

Extracting heat Q,; and using

it all to do work W would
constitute a perfect heal engine,
fortwdden by the second law

Cold Reservour

Explanation

Let, the engine absorbs a quantity of heat () from the hect source of
tempercture . It does work W and rejects heat Q2 to low temperature reservonr

at temperature 1,,
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As the working substance goes through a cyclic process, in which the substance

eventually returns to its inithal state, thus the change in internal energy is zero AU
= 0.

Hence, according to First law of thermodynamics, the net work done is

Q=AU+W
Therefore @)1 —-Q2=0+W W= -Q2 and Q = Q) - Q2]
h —Qz2=W
W=Q1 - Q2

Consequence

As a consequence of second law of thermodynamics two bodies at different

temperature are essential for the conversion of heat into work.

A single hect reservor, no matter how much energy it contains cannot be made

to perform any work.

Hence for the working of heat engine there must be source of heat at high

tempercture and a sink ot low temperoture to which heat maoybe expelled.

Q.12 Why we cannot use the large amount of heat energy in oceans and
atmosphere?
Answer

Thus, it is true for oceans and our atmosphere which contains ¢ large amount of

hect energy but cannot be converted into useful mechanical work.
Reason

The reason for our inability to uvtilize the heat contents of oceans & atmosphere is
that there is no reservor at a temperature lower than anyone of the two.
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Note

In practice, the petrol engine of a motor car extracts heat from the buming fuel
and converts a fraction of this energy to mechanical energy or work & expels

the rest to atmosphere.

Q13. What is Carnot’'s Engine? Explain its working and calculate its efficiency.

Also state Carnot’s theorem.

Answer
Carnot's Engine

A Camot heat engine 1s o hypothetical engine that operates on the reversible
Camot cycle. Sadi Camot in 1924 proposed this ideal engine using only

isothermal and adiabatic process.

He showed thal a heat engine operating in an ideal reversible cycle between
two heat reservors at different temperctures would be the most efficient engine.

Principle

Camot's engine works on the sacme principle as that of cyclic heat engine. It
takes heat from hot body, converts a part of it into work and rejects the

remaning part to cold body.
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Working

A Camot cycle using an ideal gas as a working substance i1s shown in PV-
diagram. It consists of following four steps.

1. Isothermal expansion

The gas is allowed to expand isothermally at temperature Ty, absorbing heat Q

from the hot reservorr. The process Is represented by curve AB.

2. Adiabatic expansion

The gas 1s then allowed to expand adiabatically until its temperature drops to 1a.

The process 1s represented by BC curve,
3. Isothermal compression

The gas at this stage is compressed isothermally at temperature Tz rejecting heat

Q2 to the cold reservoir. The process is represented by curve CD.
4. Adiabatic compression

Finally, the gas is compressed adiabatically to restore its inthal state ot
tempercture Ty. The process is representec by curve DA.

Thermal and mechanical equilibnum 1s maintained all the time so that each

process is perfectly reversible.
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Expression for Efficiency

As the working substance return to the inificl state, there is no change in its
internal energy i.e. AU = 0.

The net work done dunng one cycle equals to the area enclosed by the path
ABCDA of the PV diagram.

It can also be estimated from net heat AQ absorbed in one cycle A.
AQ = - Q2
From 1" law of thermodynamics,
AQ=AU+W ... (1)
Putting value of AQ and AU in equation (1), we get
h— Q2 = O+W
W=0- Q2
Efficiency n (eta) of heat engine is defined as

~ output(work)

1) = e—
' input(energy)

The energy fransfer in an isothermal expansion or compression turns out to be
proportional to Kelvin temperature i.e. Qv and Q2 are proportional to Kelvin

tempercture Ty and Tz respectively.,

Hence B
T Q

Thus equction (2) becomes
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I

n=I\1--=<

I

The efficiency is usually taken in percentage.

r -

Percentage efficiency = n%=|1- .‘TA <100

- ' o

Dependence of Efficiency

Efficiency of a Camot Engine depends on the temperature of hot & cold
reservor. It 1s Independent of the nature of the working substance. The larger the

tempercture difference of the two reservorrs, the greater is the efficiency.

In most practical cases, the cold reservorr is near room tempergture. So, the

efficiency can be increased by raising the temperature of hot reservorr.
Can efficiency of heat engine be 100%7?

It can never be one or 100% unless cold reservorr is at absolute zero

temperature. Such reservorrs are not available & hence maximum efficiency is

always less than one.
Carnot’'s Theorem

Statement

No heat engine can be more efficient than a Carnot engine opercting

petween the same two temperatures.
Extended statement

All Carmot’'s engines operating between the same two temperatures have the

same efficiency, imespective of the ncture of working substance.
Note

All real heat engines are less efficient than Carnot’s Engine due to fnction & heat

lOosses.
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Q.14 Discuss the working principle of refrigerator in terms of second law of

thermodynamics.

Answer
Refrigerator

In nature, heat tlows from high-temperature regions to low-temperature ones.

The reverse process, however, cannot occur by itself.

The transfer of hect from a low-temperature region to a high-temperature one
requires special devices called refrigerators, Refrigerators are cyclic devices,

and the working fluids used in the cycles are called refrigerant.

.OH 4 Cooling
colls

Nozzle
Corrp;essor - WOk
]
2 ¢
Working principle

A refngerator, consisting of ¢ fluid pumped through a closed system, involves o

four-step process.

Step 1 - The fluid passes through a nozzle and expands into a low-pressure areaq.
Similar to the way corbon dioxide comes out of a fire extinguisher and cools
down, the fluid turns Into a gas and cools down. This is essentially an adiabatic

expansion,
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Step 2 - The cool gas is iIn thermal contact with the inner compartment of the
indge: it heats up as heat is transterred to it from the fndge. This takes place ot

constant pressure, so it's an isobarc expansion.

Step 3 - The gas is transferred to a compressor, which does most of the work In
this process. The gas is compressed adiabatically, heating it and turning it back

to a liquid.

Step 4 - The hot liquid passes through coils on the outside of the fridge, and heat

IS fransfered to the room. This iIs an 1SObQNCc compression process.

Q

Al rgal Coethicient of Performance = - 4
retngeralors W
ang hea’ Limit for 1deal
PuITES req.ire GCenera: detinit.on Carnot case
work 10 ge:

heat 1o floz cp= o Gn o T
ll’O""BCO'ﬂ W O.."OC '“ ":
area o d Idedl coethcent
warmer area o performance

Q.15 Define and explain the term entropy.

Answer
Entropy

Enfropy is stote vanable of thermodyncmically system. It was infroduced by
Rudolph Claudius in 1856. This give quantitative basis or mathematical formula

for second law of thermodynamics.

The physical significance of entropy is that it is @ measure of disorder of

molecules of a system. Change in entropy i1s denote by AS.
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Morv rsoreeren
If AS is the quantity of heat absorbed by the system ¢t temperature T. Then

change in entropy (state variable) of the system is,

AS = — (for reversible process)

Just ke internal energy and potential energy, it iIs change in entropy which is
more important than its absolute value.

Sigh Convention

The change in entropy is positive (mecns that entropy increased) when heat is
added to a system. Change of entropy is negctive (mean that entropy

decreased) when heat is taken out of this system.

Unit

The Sl unit of change of entropy or entropy Is joule/Kelvin (JK')
Principle of Increase of Entropy

This principle states that entropy of a system plus its surroundings Increases due

to natural process done on or by the thermodynamically system,

Let Ty and T2 are the temperature of hot body and cold body respectively (i.e.

> T2) and Q be the amount of heat conducted.
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Heat transfer
HOT BODY COLD BODY
Ee————
Entropy decreases Entropy ncreases

Then

~Q

Decrease of entropy of HIR = T

Increcse of entropy of LIR = 19

P,

Net change in entropy = -T-O- - 'Cf)' = postive

As Ty > Tz so the sign of net change of entropy I1s +ve or we can say that net

entropy of the system is increased.

This proves that there is net increase of entropy due to o natural process (i.e.
flow of heat from higher to lower temperature). This is also called another

statement of second law of thermodynamics.
Second Law of Thermodynamics in terms of Entropy

If a system undergoes a natural process, it will go in the direction that the
entropy of system plus the environment increases. For example, an ireversible
hect flows from a hot body to o cold body to increase the disorder, So, we can

say that the entropy Is Increased.
Addition of heat increases the disorder: hence the entropy is also increased.

Unavailability of Mechanical Work (i.e. Degradation of Energy)
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Let us consider two water tanks of different temperature, so the avercge K.E of
molecules in higher tempercture water i1s greater than lower temperature. The
two water tonks can be used as source ond sink of a heat engine, which could

be operated between them and mechanical work can be obtained.

But Iif these two tanks are connected with a conducting rod then heat starts to
flow from hot body towards the cold body until thermal equilibnum is recched.
S0, no mechanicaol work is done due to the agbsence of heat engine, which

results unavailability of mechanical work,. Hence,
Increase in entropy means the degradation of energy.

According to principle of increase of entropy, the entropy of the universe
Increases after to get mechanical work from heat. It would be called “hecot

death” or ending up of thermal energy.
Heat death of Universe

When the entropy of the universe will recch at maximum value, everything will
be at scme temperature and there will be no way to convert heat into useful
work and it is called heat death.

Q.16 Describe environmental crisis as entropy crisis.

Answer

Environmental Crisis as Entropy Crisis

According to 27 low of thermodynamics, every real process causes to Increase
the disorder or entropy of the universe. Any increase in the disorder of a system
procures and even greater increase in the disorder of the environment, which is
called "environmental cnsis”. The disorder producing activities due to all
industries may result a great increase of disorder which ctffect the overall life
support system, Our mechanical energy producing processes are not efficient,
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For example, petrol engine hcs its efficiency about 30% and diesel engines
about 40%. Hence most of energy is transterred into the environment in form of
heat, which causes to increase the entropy of it.

The second law of thermodynamics impose limit on the efficiency of
mechanical energy produced by engines, which says that thermal pollution i1s
an inevitable result of second law of thermodynamics. Due to the thermal
pollution in environment, temperature change may occur. But a small change in
environment may have senous effects on metabolic rate in plants and animails.
This may disturb ecological balance.
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