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Isothermal process
It is the process in which other physical quantities might change but the temperature of the system
remains or is forced to remain constant. For example, the constant temperature of human body.

Under constant temperature, the volume of a gas system is inversely proportional to the pressure
applied, the phenomena being called Boyle's Law, written in symbols as

Voo« t
P

Or, vV = KBX% where Kg is a constant quantity.
Or, PV=Kg.ooriiininnnn (i)

PV =Ksg, P2V, =Kg P3Vs;
OI", P1V1 = P2V2 = P3V3, etc.
The requirements for an isothermal process are as follows:

1. The process should be carried very slowly so t
of heat in case of any loss or addition.

s an ample time for compensation

2. The boundaries of the system should
flow into or flow away from a closed s

jucting so that there is a path for heat to
any energy loss or oversupply.

3. The boundaries should be made use the resistance of the substance for heat

conduction will be less for thin b

Since in an isothermal cha
change, i.e. dU = 0. So if
change, the relation for

re remains constant, the internal energy also does not
_____ heat is given to a system which undergoes isothermal
ermodynamics would be

supplied will be utilized for performing external work and consequently its
compared to other processes.

xpression for work done in an isothermal process

f an ideal gas is assumed to undergo isothermal expansion from a volume V; to V..
mount of work done can be determined by adding up all the small works done in small
om V, to Vs.

ie. W =jdw =Vdev
v,

For 1 mole of gas,
PV =RT, or, P =
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Therefore, W =RT[nVv] =RT[nV,-InV,]

or, W =RTihY

Since the temperature is constant,

P1V1 = P2V2
LT 7Y
2 1
Therefore,
W =RTinE

In case of solids and liquids, certain amount of heat e
temperature. So the specific heat capacity is constant on all o

proportional rise in

ulated because the overall
ansible. If heat energy is given but
rises very much. So according to

However, in cases of gases, the rise of temperature
structure of gases allows them to be highly compressibl
expansion of the gas is limited by some mea 1
the relation,

c= % , the value of the specific he HC) will be small.
m

But on certain occasions, if genero
therefore according to the same
large.

allowed, the rise of temperature will be small,
value of the specific heat capacity (SHC) will be

Since the rise of tem
possible.

anipulated in many ways, constant value of SHC is not

Specific Heat Capaci - pressure
It is the amou heat reg ed to raise unit mass of gas by unit degree keeping the pressure
constant. | d by c,. Mathematically,

nstant_pressure

city at constant volume
of heat required to raise unit mass of gas by unit degree keeping the volume
s denoted by c,. Mathematically,

Q
c, =|—
me constant_ volume

Molar Heat Capacity at constant pressure
It is the amount of heat required to raise unit mole of gas by unit degree keeping the pressure
constant. It is denoted by C,. Mathematically,
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Q

C, =(—] where ‘n’ is the no. of moles.
ne constant_pressure

Molar Heat Capacity at constant volume
It is the amount of heat required to raise unit mole of gas by unit degree keeping the volume
constant. It is denoted by C,. Mathematically,

Q 13 LA
C, :(— where ‘n’ is the no. of moles.
ne constant _ volume

Relationship between specific and molar heat capaci

The relation for molar heat capacity at constant volume is C, = (%
n
If n=no. of moles, m = mass of the gas and M = molecular mass
m

Therefore,
CV ) (mgj
me constant_ volume
c, =M 3}
me constant _volume
The relation for specific heat capacity umeis c, = [gj ,which gives,
' constant_ volume

=Mec

"

Same approach can relationship of specific and molar heat capacities at constant

pressure, which gives

lationship between C, and C, prove: C,=C, +R

tween C, and C, can be established by considering 1 mole of a gas which has
to raise its temperature by a small range dT.

ocess is first carried in such a way that the volume remains constant. The small amount of
energy input required for the purpose is given by

(dQ)y, = (@U)y + (PAV)y oo, Q)

Since the volume remains constant, dV is equal to zero, which makes the whole quantity (PdV),
equal to zero. Then,
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C10) MREN(:[5) MU (ii)

According to the heat equations Q = mc6 (when mass is expressed in terms of grams of kg) and Q
=nCo6 (when mass is expressed in terms of no. of moles of gas), the amount of heat energy is given
by

(dQ)y = 1XCudT v (iii) (Here n = 1 because 1 mole of gas
used and C, is used instead of C
volume has been made constant.)

Comparison of relations (ii) and (iii) gives
(dU), =CudT oo (iv)

Then from the same initial conditions, the same amount of gas is me temperature
range, but this time at constant pressure. The heat energy . purpose would be
certainly different and is given by

(dQ), =(@U), + (PdV)p ..cvvvvnninnnnnn. (v)
The value of (dQ), would be given by

(dQ), = 1xC,dT (because the pre ade constant.)

Or, (dQ), =C,dT

The internal energy of a gas system i
kinetic energy has its direct depe

.1 -2 3 :
relation —mc = —KT ). So.if t
2 2

al of kinetic energy and potential energy. The
temperature of the system (as depicted by the

temperature is the same, the change of kinetic energy

would also be the sar
change of KE should
So a change of temp
change of tem
conditions be. ]

the cases, the change of temperature has been dT, so
milarly the potential energy also has the same dependence.
should give the same amount of rise of potential energy. Overall,
ould bring equal amount of rise of internal energy, whatever the
du), =CJdT
dQ), and (dU), in relation (v) gives,

=CdT + (PdV)p e (vi)

hat remains to be changed is (PdV), which would require some form of differentiation of
V. This is achieved by differentiating the ideal gas equation for 1 mole of gas,

ie. PV=RT

When differentiated with respect to T gives,
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d(PV)

dT dT

d(RT)

Since the pressure has been allowed to be constant and R is a universal constant,

pdv -rd o, pPY
o dT oT
O, P4V =RdT

= =R
Using this value of PdV in relation (vi) gives,
C,dT =C.dT + RdT
Or, C, =C,+R

This relation gives an equation that depicts the relationship b heat capacities

measured at constant pressure and constant volume. It shov
quantity equivalent to the universal gas constant ‘R’. It also sh

eater than C,.

Adiabatic pr
It is the process in which several quantities ch
the system. For example, a fast operating petfs
leak or an air pump which is forcing air at a hig
fulfill several requirements

em but no heat enters or escapes
ber tyre which has just developed a
for a process to be adiabatic, it has to

1. The process should be conduct eed so that it is completed before heat energy
leaks into or out of the system
2. Since there should be no

and thick.

eat, the walls should be nonconducting (insulating)

Since the heat energ g a system is zero in such process, dQ = 0.

So the first law of the for an adiabatic process would be

dU + dW
du + PdV
du = -PdV

f a system undergoes sudden compression (adiabatic), the term dV will be
hich makes — PdV positive. So there will rise in internal energy and so increase in
ure. This can also be explained in other way. When compression was done suddenly, work
ne on the system. Since no energy can escape (adiabatic), it should be utilized inside by the
molecules. When they do, theinternal energy increases and so temperature rises.

However if the system undergoes sudden expansion, the term dV wioll be positive, making —PdV
negative. The internal energy therefore decreases causing a reduction in temperature. In other
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words, when expansion is performed suddenly, the system does work, for which it needs heat from
outside. Since no heat can enter from inside, it has to use internal resources, i.e. the internal
energy. The total internal energy then decreases causing a reduction in the temperature.

Equation for adiabatic process

Consider one mole of a gas, which has undergone adiabatic change.
The first law of thermodynamics for 1 mole of ideal gas is,
dQ =du+dw
or, dQ =dU+PaVv
In an adiabatic process, no heat enters the system and no heat
dQ =0

It gives,
du + PdV =0

Or, CdT + PdV =0 (since dU = C,
For one mole of gas,
PV =RT
Differentiating with respect to T give

pdV Ly _RdT

Or,
dT dT dT
or, ~Pdvivde _o
dT
................... (2)
Using t from eqn (2) ineqn (1) gives,
dV+VdP:| + PdV=0 or, C,PdV+C, VdP +PdV =0
r, C.,PdVv + C,VdP + RPdV =0 Or, C,PdV + RPdV + C,VdP =0
Or, (Cy+ R)PdV + C,VdP =0
Or, C,PdVv + C,VdP =0 (since C, = C, + R)

Dividing the relation in both sides by C,PV gives,
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C,PdVv LC,vdP  _ 0, or, C,av LdP
c,pv CPV cVv P

v

:0,

The ratio of C,/C, is a constant quantity; so let it be denoted by y (called as adiabatic constant).

yﬂ+£ :0,

\Y P

Integrating the equation gives,

yInV+InP = c[where cis a constant quantity]
Or, InV* + InP =c Or, In(V'P)

Taking exponential coefficient of both sides gives,

exp [In(V'P)] = exp (c)

or, V'P =K where K is a constant quantity and is e

or, PV"=K=constant .....................

sure and volume in an adiabatic
, the product of pressure and V' is

This is the equation showing the relations
change. The equation tells that for adiaba
constant. "

s of a gas at a time which expands adiabatically
nd V,, then

It means if Py and V, are the pressur
so that the pressure and volume ch
PV, K, and so on.

This gives CAVAR P,V," and so on.

hip between temperature and volume of the gas

Or, P=RT/N

value of P in equation (3) gives,

RT /v

v =K, Or, RTV'V"' =K
K
Or, TV = R Or, TV = Kr (Wwhere Kr = a constant quantity)
Or, TV = constant.
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So if T4, V1 are the temperature and volume of the gases at a moment and they undergo adiabatic
change so that their temperature and volume changes to T, and V,, then

T,V,”" = constant and T,V,"" = constant

It means TV, = T,v,""

Relationship between pressure and temperature o

From ideal gas equation,

PV =RT Or, vV =RT/P

Using this value of V in the equation of adiabatic change,

P{E} =K or,
P

PR

RYTV

Or, S =K Or,
T _
Or, 56 =K, (aconstantq
So if T4, P4 be the temperature and p gas at a moment which changes to T,, P, after

an adiabatic expansion, then

This means
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Work done during adiabatic expansion

Let one mole of anideal gas is considered which is undergoing adiabatic expansion from its initial
volume V; to final volume V.. Then the work done by the gas will be given by:

v,
W = [PAV oo Eqn. (i).

Vi
Here P is dependent of V as is depicted by the relation for adiabatic change

PV" =K (a constant quantity)
Or, P T Eqgn. (i)

Using the value of P from eqn, (ii) in eqn. (i) gives,

W = Vf%dv
Vi

K V7y+1 Ve
—y+1

\/1

K[ 1 1
‘|_Y VZY*1 V17*1

In an adiabatic process, PV’ = K, therefo
Vi, Vo, ..... etc, the product of pressure

the value of pressure and volume, P4, Po,
owered by y will be equal to K.

P,V,” =K

1
= m [szz _P1V1]

ore the work done during adiabatic expansion depends only on the initial and final
temperatures of the system.
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Development of Heat Engine

According to 1% law of thermodynamics, when heat is supplied to a system, some portion is used to
increase the internal energy whereas some portion is used to work. Work means it will produce
some movement. For example, when the trigger is pulled in a gun, it starts chemical reaction behind
the bullet. The resulting substance expands and pushes the bullet out of the nozzle. Similarly, wh
water is boiled, the steam will push out the lid, producing movement. So, consideri
phenomenon there was an effort to develop such an instrument, which would produce
movement out of certain energy provided. This instrument was called Heat engine.

But, to produce continuous movement several aspects are to be taken care
examples, the movement used to stop at some distance and was uncontrollabl
should be designed in such a way that movement could be produced w
stopped whenever unnecessary. Joule developed such type of heat engi
several requirements were to be fulfilled. They are:

e Source of energy: For any work, there should be ext at the heat can be
provided by chemical reactions, electricity or other fact

of other substances. Working substances can air, gaseous state of some
liquids (water, petrol, diesel, spirit, alcohol, etc

e Sink: It is the substance in contact
wasted from the working substance. T
can be done is the control of ene
walls of the container active.

substance, which accepts the heat
of a sink is inevitable. The only thing that
an be the air or outer environment or the

When Q; energy is given to the s
by the system to the sink.

work W is performed. The remaining work Q; is lost
Then,

The efficiency (or any machine) will be equal to the ratio of work done and the
input ener:

1l
[ERN
|

e, Q2 can never be equal to zero because there always is some energy loss in some form.
ore nis always less than 1. In addition, Q1 can not be equal to infinity. Similarly, Q, is never
greater than Q4 also because loss of energy can never be greater than the input energy. So n is
never less than zero also. Therefore the value of nis always in between zero and 1.

10
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Steam Engine

ey

Crank Wheel
—Piston
—=Cylinder
vy 4
Hot air in
AN jack et-E— _I: -~ |
Refill ™ 2
Tank
Air out ﬁ |
— ” = T
oo F - i T T
LY: =3 === \l(— """"
___________ Main W Collection
[ ] i ain Water Tank
‘‘‘‘‘‘‘‘‘‘ —> Tank

1 which water is heated by means of a dry source, most commonly
rat 100 °C. It is then led to a piping arrangement surrounded by a
sists of a controlled flow of air heated to a temperature greater than
“#ransforms the vapor into superheated steam. During this process, its
o does pressure by many times.

s, it will force valve v to open suddenly, forcing steam out. Its first impact will be
_ ng the piston because of its proximity. The piston is then pushed out at a high
g adiabatic expansion of the air in it. Because of the outward push, the crank wheel
clockwise in this case, resulting in the movement of the wheels connected to the crank.

udden expansion also results in the sudden cooling of the steam in the cylinder. So the
temperature of the steam decreases, resulting in its partial condensation. This gives a mixture of
vapor and some water after full expansion. After the piston reaches its maximum range, it does not
stop there. Because of the inertia of rotation of the crank wheel, it continues its motion to the other
half. So the piston starts moving inwards. This will try to increase the pressure slightly, which in turn

11
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will close valve vy and opens up v.. Then the vapor and condensed water are forced to the
collection tank.

After the piston has reached the minimum range of movement and the wheel has moved through
one complete rotation, another burst of hot air is let through, producing another dose of steam and
pushing the piston once again. The process continues indefinitely till the engine is being operat
The collection tank gradually gets its input of condensed water. When it fills up, the water g
the piping arrangement and is periodically let into the main tank for re-heating.

Since, steam engine is a high pressure instrument, some steam leak through in spite o
The lost matter is compensated by letting in water through the refill tank.

Questions for further thought
1. What is “Deadlock” of a steam engine, and hence define “de
2. Why do people in a train powered by steam engine sway to
3. Why are steam engines very inefficient?
4. Why is the steam engine called external combustion e

12
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Petrol Engine
A petrol engine works with air and petrol vapor as a fuel, which repeatedly undergoes expansion,
compression and exhaustion and ignition. The figure shows the operation of a petrol engine. Let the
piston be moving downwards and valve v{ be open. At that time air and petrol vapor will enter the
chamber. This is shown by line XA in the graph. The pressure during this whole process is equal to
the atmospheric pressure itself. This action is called as Suction Stroke.

Q

!

Pressure

es its'Towest point, it rises up. But, at that time both the valves are kept closed.
ide will undergo adiabatic compression. So, the volume will decrease and both
re will increase. This is shown by the curve AB in the graph. The
moment is about 500 °C and is called as Compression Stroke.

ches maximum height, and is just about to descend, the spark plug is set off. It
s reaction between petrol and oxygen resulting in immense amount of heat. The
o fast that the pressure will increase suddenly along with temperature (T3 = 2000 - 2500
line BC in the graph shows this phenomenon. This process is called Ignition Stroke. The
se pressure put on the piston will forcefully push the piston down resulting in its adiabatic
expansion which will reduce its pressure and temperature (T4). This phenomenon is represented by
CD inthe graph and is called as the Working Stroke.

When the piston is at the lowest point, valve v, is opened. This will suddenly release the remaining
compressed air and so decrease the pressure abruptly to the level of atmospheric pressure. When

13
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the piston again rises, the exhaust gases will be driven away through v, (line AX). The process is
called as Exhaust Stroke and during the process; the pressure inside the cylinder remains constant
equal to the atmospheric pressure (because of the open valve).

Now the cylinder becomes ready for the fresh cycle of strokes.

Efficiency of Petrol Engine:

Let Q4 be the heat absorbed by the gas in order to run the engine and Q, be the amou
lost.

Then, for heat engines, efficiency is given by,
N =1-—2 (1)

at process, its

The gas gets heat only during ignitioni.e., when the spark plug ¢
temperature rises from T, to T3 at constant volume. So,

Qi =NCy(Ty—=T,) cvreerenennn. 2)

where nis the number of moles.

Similarly, when valve v, is opened, the gas los
constant volume V4. Therefore, "

1ging its temperature from T4 to T4 at

Q2 =nC,(T,-T,)
Therefore, using these values in eq

Here, the emperature is so rapid that measurement of any one of these quantities is
difficult

During ansion, the gas at volume V;, and temperature T3 changes to V4 and T4. So,

LV, =TV, (6)
Subtracting equation (6) from (5)

(T =TV, = (T =TV

14
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V2Y71 = (T4 _T1)
V! (T3 -T, )

Or,

Using this value in equation (4) gives,

-1 v
n = 1 - V2 =1 - |:£j|
Vv, V,
1 1"
o n = {v IV }
1 2

Here the ratio of V4/V; tells how much a gas can be compressed inside the cylin
idea about the range of movement the gas can perform. This ratio is therefore
ratio of the engine and is denoted by p. =

0 =1-H
p

In modern petrol engines, the maximum compression ratio obta leneral is around ‘6’ times.

Therefore, maximum efficiency possible (considering

1.4-1
Nmax =1- E
6

However, due to several constraints, such

possible to achieve.

15



Salit

Chandra

Shakya
Department of Physics

Kathmandu Don Bosco College
New Baneshwor, Kathmandu

Diesel Engine

Press ureT

X
!
|

Pa

N<---------

The diesel engine wi mbustion of diesel inside a compressed chamber. Here, there is
vice. Instead a mechanical spray jet is used. When the piston of the
enters the chamber through open valve v4. During this process,

nstant pressure. It is shown by line XA in the graph and is the Suction

After t hes the least height, it raises valves v{ and at the same time v, is also
So, the air undergoes adiabatic compression. This increases pressure as well
rly equal to 1000 °C) but volume decreases. This is shown by curve AB in the
alled as Compression Stroke.

piston has reached the maximum height, it starts to fall. This tries to decrease the pressure
the chamber. Right at that moment, some diesel is sprayed into the chamber. Because of
high temperature there, diesel ignites and explodes. This raises the pressure slightly, bringing it to
the previous maximum pressure state. After diesel is finished, pressure again starts to drop but is
reversed by further spraying of diesel, which brings further increase in pressure. This process
continues till the quota of diesel for one cycle is finished. During this process, the pressure therefore
remains fairly constant (because as soon as the pressure tries to decrease, there will be explosion.

16
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But volume as well as temperature rises because of repeated explosions. The temperature at that
time reaches around 2000 °C. This is shown by line BC in the graph, the process being called
Ignition Stroke.

After the supply of oil is stopped, the gas undergoes adiabatic expansion because of the
tremendous heat and pressure. But as the gas starts to expand, the pressure and temperature
to decrease whereas volume will increase. It is demonstrated in the graph by curve CD and
as Working Stroke.

As the piston reaches the lowest point, valve v; is opened which releases any extra
did not undergo combustion; to relieve the pressure. This change occurs almosta
and is shown by the line DA. Then, the piston rises again with v, open. This wi
substances into the outer atmosphere. Due to opened valve v,, the pressure remains
constant. It is shown by line AX in the graph and named as Exhaust St inder now
becomes ready for fresh intake of air for fresh cycle of operation.

Efficiency of Diesel Engine (derivation is not required)

In diesel engines, the efficiency is slightly larger than petro
amount of expansion and contractions that can be achieved. This e possible by the structure
of the engine itself, because such engines do not reqt park plugs. So there is less risk of
catching fire. That's why nothing will happen to the cyli if the expansions and contractions
are large and varied. Its efficiency is around 0.6

is because of higher

17



Sghlijt
Shaaknyg

Department of Physics

Kathmandu Don Bosco College

New B

aneshwor, Kathmandu

Carnot Engine

Concerning lower efficiencies of petrol and diesel engine, Sadi Carnot developed the concept
hypothetical engine which could work without depending upon the status of the materials use
but only on the temperature of the substances and the environment. Such engines have no

developed yet but they act as reference for other engines developed later.

Such engines consist of the following items:

Source of Heat (at temperature T4 which can give infinite a
Working substance (whichis a perfect gas.)
Sink (at temperature T, which can ab

Piston (Frictionless.)

ok~ w0 Dd =

Insulating stand (which is perfect.)

(P2 V2)

( P3!

V,)

Volume —>

PV diagram of the working of a Carnot engine

The engine has four cycles of operation.

Operation 1:

The cylinder is placed on the source (which is at temperature T4). Then the load on the piston is
slowly decreased. This results in the expansion of the working substance inside and subsequent

18
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decrease in temperature. But since the source is at higher temperature and it acts as an infinite
source of heat, the heat flows in to the working substance giving a constant temperature (i.e.
isothermal expansion) of T, to the working substance. Let the amount of heat absorbed be Q4. This
is helped by the conducting face of the cylinder as well as the source. This operation is represented
by the curve AB in the graph. Since the change is isothermal, the external work done by the gas
when it goes from P,V to P,V at constant temperature (and which is equal to Q) and given by

Q =W, = J’VVdev = RT1In[\\//—2] ....................... Eqn. 1
1

1

Operation 2:
The cylinder is now removed from the source and placed on the perfectly insu
of the inertia, the cylinder is still moving upwards but this time no heat
substance. So the expansion is totally adiabatic. So it does work ;
energy and so the temperature falls. The fall of temperature is
temperature of the sink. The pressure and volume of the gas als
represented in the graph by curve BC and is given by

me to P3Vs3. This is

V. -
W, = 3PdV = M
Vo y-1

Operation 3:
The cylinder is then removed from the insu
compressed slowly by adding loads. The heat ¢
the conducting faces to the sink keeping |
temperature of the sink does not chang
The process is purely isothermal and i
is maintained at constant temperais
(whose value will come out to be

placed on the sink. Then the gas is
the compression slowly passes through
re inside the cylinder constant at T,. The
ause of its infinite heat absorbing capacity.
by curve CD. Since the gas is compressed but
ould be lost from it. The work done by the gas

Operation 4:
again placed on the insulating stand with the increase of load still continuing.
presence of the insulating stand, heat cannot escape. So the compression
s compression is continued till the temperature rises to T4 once again. The
e also becomes equal to P4V4. Thus the gas reaches the initial stage. This
resented in the graph by curve DA. The work done by the gas (which comes out
be given by

W, = jvlpdv ROz =T) Eqn. 4
Vy

y-1

Work done by the gas in one cycle

The total work done by the gas will be given by the sum of all the works done by the gas in each
operation, i.e.

19
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W =W1+W2+W3+W4
=RTn| Y2 |+ R=T2) | gy g [ﬁ] +R=T)
Vi y-1 3 y-1
= RT4ln Ve + RTzln[V—“]
V, V.

3

OrW =RTqln ﬁ -RT.In V—3 .......................................

The relation is to be changed to some simple form by finding a relationship b
(V—Z] and (V—3J .

During the adiabatic change of the gas from state B to C, the
P3, V3, and T2. SO,

nge from Py, V,, T4 to

Similarly during the adiabatic change of t ate D to A, the parameters change from Py,

V4, T2 to P1, V2, and T1. SO,

This gives

(
or (% -(1)

Vs

] in Eqn. 6 gives

Using this value of [V

4

20
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W =RT,In [VZ] -RT,In [\\//—2]

Or W = R(T4-T2)In [%} ..................

So the efficiency of the Carnot Heat Engine is

V.
R(T,-T,)In| -2
M A
n - — = - T
@ RTJn [V—ZJ !
Vl
ie. n=1- T—z
1
So the efficiency of a Carnot Engine depends on nothing, nly on'the temperature of the source

and sink.

So the Carnot engine shows several propertie
1. The efficiency of a Carnot Engine ca olled by altering the temperatures of the
source and sink. '

2. The operation of a Carnot e
substance. The only requirem

3. The Carnot engine will giv
becomes zero or tt
situations are im
equalto 1.

ot depend upon the nature of the working
ould be a perfect gas.

of 1 only when the temperature of the sink (i.e. Ty)
the source (i.e. T1) becomes infinite. Both of these
ot Engine can have any amount of efficiency, but not
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Second Law of Thermodynamics

The second law of thermodynamics came as an attempt to realize and describe certain phenomena
that arose from devices which was constructed based on the first law, especially the heat engines.
Work and energy had been defined to be equivalent to each other and each of them could be
derived from the other. So it was wondered whether the same could be possible in a heat engine

A heat engine, for example a vehicle absorbs heat energy (Q1) from a region of higher te
(T4) and throws some (Q) into a region of lower temperature (T;) after performing som
In layman’s term it travels some distance. The questions which arose were:

1. If the thrown amount of heat (Q;) is somehow stored and then later
engine, will it do the reverse work by itself?
2. And will it add up with the work (W) to store as Q inside the engine?

While doing so, the heat energy would go from lower to higher also does work,
albeit in a reverse direction. The dilemma is frequently encc
impossibility) is explained by the famous equation for the effic

i.e. n=1-l=

1

W

According to the relation, three special conditior

Condition No. 1
If T,=T4, n=0and W (the work done) will |

Condition No. 2
If To<Tq,n=+ve,and W willbe p

means the engine will do some work.

It means that for an engine
two regions, one from
be thrown into (sink), 4F
Or in other words, if t

there should be a difference of temperature between
is to be drawn in (source) and the other where heat is to
has to be at a higher temperature for work to be performed.
at a different temperature, heat energy will flow from the region
of higher temperature r and also performs some work (by itself) on the way (no work has
to be done fror ide) phenomenon forms one way of expressing a universal truth named
as the Sec of Thermodynamics. It states that “for any engine or device to perform work,
n allowing heat energy to flow from a region of higher temperature to the
It being the cooling of the former and heating of the latter”. This statement
y Kelvin and Planck and so named as Kelvin-Planck statement of Second

, N =-ve, and W will be negative, which means that the engine or the device is not going to
in fact work has to be done on it to make it possible.

This means that if heat energy is to be carried from a zone of lower temperature to higher
temperature, work has to be done on the device or the machine, or the device is not going to do
work as in the previous case. Heat energy can itself never ascend from the former to the later. This
principle forms the basis of the construction of a refrigerator and was first state by Clausius. He
stated that “there is no way heat energy can flow on its own from low temperature region to high
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temperature region other than providing some work on it.” So this statement is also called as
Clausius statement of Second Law.

If these statements are applied on the example depicted above, it is evident that when the vehicle
engine is operated, it gets energy from the fuel, does some work and throws the rest to
environment, the net flow being from inside (high temperature region) to outside (low temperat
If somebody expects that when the thrown heat is again given to the device and it does wol
reverse direction, adds up to change to higher amount of that and stores inside the device i
Because heat can not go by itself from low temperature to higher temperature. If this is
possible, work has to be done from outside on the device from outside by external age

The phenomenon described by the Second Law of Thermodynamics extend
phenomena. For example, a positively charge particle when freed around the
positively charged particle immediately flies away and distances itself. In du
from high energy zone (nearby the cluster) to low energy zone (far a
However, it can not reverse back by itself and again do work, i
outside to reverse it.

has gone
some work.
o be done from

Similarly, any substance raised to a height will fall by itself
energy zone) and also performs some work on the way. Howev
provide some work. In fact, work has to be done on it to

—

gh energy region to low
n not reverse by itself and

o the outside when the cap of the
some work on the way. However if
nufacturing plants), work has to be done

Again, perfume vapors come out by themselves f
bottle is left pressed for a moment, and the dr¢
the bottles are to be filled up by perfume (as do
from outside.

The most striking example is the case o
the world become more and more,
organisms had to do work for that
extinct (which is the simple
itself a concentration of e
case of flow of energ
live, work should be

ich says that the structure of the organisms in
r time. But this did not happen naturally; the
did not do work and let nature take its course got
st energy category possible). Similarly a living body is
_____ ended, the organism dies and disintegrates, which is the
el to lower. If this is to be prevented or the organism has to
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