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THERMODYNAMICS

Pointsto Remember

1.

Eal

10.

11.

12.

13.

14.

Thermodynamics is the branch of physics dealing with the interrelation between heat and
mechanical energy.

Thermodynamics is applicable only when the system isin equilibrium.
Temperature is athermal condition of a substance and measures its relative hotness
The mathematical representation of Zeroth law of thermodynamicsf(P,V,T)=0.

The mechanical equivalent Jis the amount of mechanical work to be done to produce unit
guantity of heat.

First law of thermodynamics. The heat supplied to the system is equal to the sum of the increase
ininternal energy of the system and the external work done by the system. First law of
thermodynamicsis only another statement of the Law of Conservation of Energy.

Two specific heats of a gas 1) Specific heat at constant pressure Cp
2) Specific heat at constant volume Cv

Specific heat at constant pressure (Cp): It isthe amount of heat required to rise the temperature of
1 mole of gas at constant pressure through 1K.

Specific heat at constant volume (Cv): it is the amount of heat required to rise the temperature of
1 mole of gas at constant volume through 1K.

I'sothermal change: The changes of pressure and volume of agas at constant temperature with
exchange of heat is called isothermal changes.

Adiabatic change: The change in pressure and volume of a gas resulting a change in temperature
without exchange of heat in an isolated system is called adiabatic changes.

Clausius statement of second law: Heat cannot itself flow from cold body to hot body.

Kelvin's Statement: It isimpossible to derive continuous supply of energy in cooling a body
below the coldest of its surrounding.

Latent heat (L): The quantity of heat absorbed or liberated during the change of state by unit
mass of substance, without any change in temperature is called latent heat.

Quasi-static process: An infinitessmally slow processin which at each and every intermediate
stage the system remainsin thermal and mechanical equilibrium with the surrounding throughout
the entire process.

Cycle process: A process in which the system after passing through various stages (of pressure
volume and temperature changes) returnsto itsinitial stateis called a cycle process.
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15. Reversible process: A process that can be retraced back in the opposite direction in such away
that the system passes through the same states as in the direct process and finally the system and
the surrounding return to their original states, with no other changes any where elsein the
universeis called areversible process

16. Irreversible process: A process that cannot be retraced back in the opposite direction is called as
irreversible process.

Long Answer Questions:

1.

A.

Obtain therelation (a) P,V (b) V, T (C) P, T during adiabatic change
1. Let us assume an ideal gasin adiabatic process.
2. According to first law of thermodynamics, dQ = dU + dW

3. Inan adiabatic process, dQ = 0 and for one mole of an ideal gas, changein internal energy is
given by dU = CdT, where dT isthe change in temperature.

4. Now, the first law of thermodynamics becomes

C,dT+PdV =0 cereeeeneenn(D)
According to ideal gas equation, PV = RT on differentiating.
pdV +Vdp =RdT

dqT = PdV + VdP
R
gr=PAVEVAR %)
C.-C,

Substitute (2) in (1)

= C,PdV +C,VdP+C PdV -C,PdV =0
= C,VdP+C PdV =0

Dividing the equation on both sidesby C PV

dP
-+
P

C.adv _ P adv _
—L— =0 =>—+y—=
C, V P 'V

Integrating on both sides

= logP+ylogV =constant
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= log PVY = constant

= PVY =constant
b) Relation between VT :
From ideal gas equation, PV = RT

DP:E
V

Substitute the above expression in PV constant
= (Ej (V') = constant
Vv

= TV'™ =constant
c) Relation between P, T :
From ideal gasequation, PV = RT

iy
P

Substitute the above expression in PV' = constant
= P{R—J} =constant

= P"".T' = constant
Define the molar specific heats of a gasand deducethe relation between them.
Molar specific heat at constant volume:

At constant volume, the heat energy required to raise the temperature of one mole of a gas through
1°C is called molar specific heat at constant volume.

Molar specific heat at constant pressure:

At constant pressure, the heat energy required to raise the temperature of one mole of a gas through
1°C is called molar specific heat at constant pressure.

Relation between Cp and Cy:
1) Consider on mole of anideal gasin acylindrical vessel with tight piston.

2) Let ‘A’ be the area of cross section of the piston
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3) At constant pressure, Let the temperature of the gasisincreased through 1°C, then let ‘dL’ isthe
displacement in the piston.

[0 Force exerted by the gas on the piston, F = PA

]

<dL-»

Work done by the gas on the piston, dW = F.dL

= dw =PAd
=dw=Pdv ... Q)
Also C, _19
ndT
=C,=d6 (2) [ in=1mole, dT =1°C]

Substitute (1), (2) in Ist law of thermodynamics dQ = dU +dwW
=>C,=dU+Pdv  ............(3)

Also from PV = RT

= PdV = RdT
= PdV =R v (@) [ dT =10C]
Substitute (4) in (3)
O0Cs du R PR ()

At constant volume

CV = id_Q
m dT
=C,=dQ ... (6) [-dT=1°C,n=1mole]
Also from Ist law of thermodynamics, dQ=dU ........... @) [-dw =0
From(6)and(7) dU=C, ... (8)

Substitute (8) in (5

0Cz C# R
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=C,-C, =R
Describe the method of deter mination of specific heat of a solid by method of mixture.

Principle of method of mixtures:

When two bodies at different temperature are mixed, then heat flows from body at higher
temperature to the body at lower temperature until they are in thermal equilibrium.

[0 Heat lost by the hot body = Heat gained by the cold body
Thisis called principle of method of mixtures (or) law of calorimetry.
Experimental deter mination of specific heat:

Aim: To determine the specific heat of the given solid by method of mixture.

Apparatus: Calorimeter, common balance, steam heater, thermometer, solid pieces.
Description:

1) A cylindrical copper vessal, kept in wooden box(W), containing non — conducting material on the
inner side, provided with ametallic stirrer and with asuitableLip ‘L’ iscalled a‘calorimeter’.

2) The solid whose specific heat isto be determined is taken in the form of small pieces and heater
in asteam heater.

Procedure:
1) The weight of the empty calorimeter with sirror is measured by common balance as (W»).

2) Sufficient amount of water istaken in calorimeters and weight of water along with calorimeter is
found (W>)

3) Theinitial temperature of the water (t,°C) , the steady temperature of hot solid piecesis noted
quickly hot solid pieces are dropped into calorimeter.
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4) The water is stirred and when the temperature of calorimeter and contents is steady, the resultant
temperature t,°C isnoted.

5) Here heat islost by solid substance and gained by calorimeter and water.

6) Weight of calorimeter + water + solid pieces only is (W3 —W,) and weight of water only (W, —
Wy)

Calculation:

Heat lost by hot solid = (W3—W2) S (tz—t3)

Heat gain by calorimeter =W,S(t, —t,) S, = sp.heat of solid
Heat gain by water = (W, -W,)S,, (t; -t,) S, = Sp. Heat of water
According to law of calorimetery, S = Sp. Heat of calorimeter

Heat lost = heat gain
(W3 _Wz)sl(tz _ts) =|:Wls+(W2 _Wl)S\N](tz _tl)

Knowing the remaining all values, specific heat of solid is determined.

Describe how the value of latent heat of vaporization of water isdetermined by method of
mixtur es.

Determination of latent heat of steam:

AIM: Our aim isto determine the latest heat of steam:

APPARATUS: Copper calorimeter with stirrer, thermometer, steam chamber, common balance.
1) Description: A calorimeter in athin copper vessel provided with a stirrer of same material.

2) The calorimeter is placed inside a wooden box to reduce the loss of heat to the surroundings, due
to conduction and convection.

3) the space between 2 vesselsis packed with bed conductor like cotton.

4) 1t is provided with anon — conducting lid with 2 holesto insert thermometer and stirrer.
PROCEDURE:

1) The wt of the empty calorimeter with stirrer isfound to be W;.

2) Sufficient amount of water at t,°C istaken in calorimeter and its weight is found to be W,

3) The temperature of steam t,°C in noted with the help of thermometer.
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4) The steam is passed into the calorimeter until the temperature of the water in it raises by 5°C.

5) Later the resultant temperature of the mixture t,°C is noted with the help of thermometer. Then
wt of the calorimeter with stirrer, water is noted as Ws.

[0 wt of empty calorimeter + stirrer + water = W5

wt of water only = (W, —W,)

Temperature of the steam = t,°C
[0 Resultant temperature = t3°C
wt of calorimeter + stirrer + water + steam = Wag

[ wt of steam only (W3 —-W,)

Heat lost by the steam for change of state (W, - W, )L

Heat lost by the condensed water (W, - W,)S,, (t, —t,)

Total heat lost = (W, =W, )L +(W, -W,)S, (t, -t,)
= (W; ~W,) (L +Sy (t, -t;))

Heat gained by the calorimeter =W,S(t, - t,)

Heat gained by the water = (W, -W,)S,, (t; —t,)

0 Total heat gain = [ W,S+(W, -W,)S,, |(t, -t,)

According to principle of calorimeter equate. Heat lost and heat gain

i.e., heat lost by hot body = heat gain by colt body.
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By substituting al the remaining values, latent heat (L) of the steam is determined.

Explain the following processes.
a) Quas — static process

b) Cyclic process

c) Reversible process

d) Irreversible process

Quasi —static process: Aninfinitesimally slow process in which at each and every intermediate
stage, the system remains in thermal and thermodynamic equilibrium with the surroundings
throughout the entire processis called quasi — static process.

Explanation:

1) Consider agas enclosed in acylinder by piston. If suddenly the piston pushed down words, the
gas inside will undergo sudden compression. During the compression, the gas inside the cylinder
passes through several states that are not in equilibrium states. Thisis because of the pressure and
temperature of the system will rapidly change. But after certain time, the gas will attain the
thermodynamic equilibrium with surroundings.

2) In stead of pushing the piston in a sudden manner. Let uslower it down in infinitely slow manner
such that at every stage of the system, the pressure difference, and temperature difference between
system and surroundings should be infinitessmally small. It is called quasi-static.

Reversible process. A process that can be retracted back in opposite direction in a such away that
the system passes through the same states as in the direct process and finally the system and
surroundings return to their original statesis called reversible process.

Conditionsfor a processto bereversble:
1) The process should be quasi-static.
2) No amount of heat isto be converted into electric (or) magnetic forms of energy.

3) There should be no loss of energy due to conduction, convection (or) dissipation of energy against
any resistance like friction, viscosity etc.

Example: 1) Pettier effect and see beck effect.
2) Fusion of ice and vaporization of water.

Irreversible process. A processthat cannot be retraced back in opposite direction is called
irreversible process.
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Eg: 1) Diffusion of gases 2) Magnetization of material
3) Work done against friction
4) Joule heating — heat produced in a conductor by passing a current through it.

Cyclic Process: The process in which the system after passing through various stages (or pressure,
volume and temperature changes) returnsto itsinitial depends on the state of the system not on the
path followed.

i) In cyclic process, dU = 0, Hence dQ =dwW

i) P—V graph for acyclic processis aclosed curve.

6. Explain qualitatively the working of heat engines and refrigerators.
Heat Enginesis adevice used to convert heat energy into work.

1) Heat engine consists of (1) abody at higher temperature (J;), heat Q; is extracted from this body
called source [Hot reservoir]

2) A body of the engine containing working substance. In a steam engine working substance is stem.

3) A body at alower temperature T,. Heat Q. is rejected by the working substance to this body
called ‘sink’ (or cold reservoir)

4) Working by the system, W= Q; — Q.

Engine ank

T

2

T, %\T
Source Q. L Q

\ \
W=Q,-Q,

5) The efficiency of a heat engine is defined as ratio of workdone by the engine to the amount of
heat absorbed by the engine.

Refrigeration: If isjust the reverse of heat engine. In thisworking substance extracts heat from
sink and amount of work done on the working substance and finally hest is rejected to hot reservoir.
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sink
T, < E < T,
Source Q,
\

* 1t

W=Q,-Q,
Efficient of the refrigerator is called coefficient of performance (3)

It isdefined as the ratio of heat absorbed from sink to the work done by the external agency.

In this case work is done on the working substance

Short Answer Questions:

1.

A.

State and explain first law of thermodynamics.

First law of thermodynamics: The amount of heat energy supplied to the systemis utilized is two
ways. They are (i) to increase the internal energy (2) to do the external work.

It dQ isthe amount of heat supplied to the system, dU isthe increase in internal energy and ‘dW’ is
the external work, then dQ = dU + dwW.

Sign convention:

» If work isdone by the system, dW is + ve

> If work is done on the system, dW is—ve

»  When heat is supplied to the system, dQ is + ve

»  Whenisheat istaken out from the system, dQ is—ve

»  When gas expands, then dW istaken as +ve

»  When gas contracts, then dW istaken as—ve

»  Wheninternal energy of the system increasesdU is+ ve
»  Wheninternal energy of the system decreasesdU is- ve
Limitations:

1) It does not tell about the direction of heat flow.

2) It does not tell us about the efficiency with which heat can be converted into work.
Note: First law of thermodynamicsis the consequence of law of conservation of energy.
State and explain the second law of thermodynamics.

Classics statement: Heat cannot flow from cold body to hot body for a self acting machine without
the help of any external agency. This statement explains direction of heat flow in which conversion
of heat into work is not included.
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Kelvin statement: It isimpossible to construct a heat engine operating in a cycle to convert the heat
energy completely into work without any change in the state of working substance. The above
statement represents, we cannot construct any heat engine with 100% efficiency.

Write down the expression for the work done by an ideal gas duringisothermal change and
explain.

The expression for the work done by an ideal gasin isothermal changeis

W =2.303RT log,, (%) =2.303RT log,, (gj

1 2

I sothermal change: The process in which the thermodynamic system undergoes the changes at
constant temperature is called isothermal change.

In this process gases obeys Boyle' s law i.e. pv = constant.

Work done by the gasin isothermal processis

W = vj pdv = Vig dv = RTV_z[d—\:/

= W =RT[logv]®
= W =RT[logv, -logv,]

— W =RTlog, 2
V.

1

W =2.303RT log,, (ﬁJ
\/

1

As pV, =p,V,

Y2 =P \W=2303RTlog,, (&j
v, P, P,

Write down the expression for the work done by an ideal gas during an adiabatic change and
explain.

The expression for work done by an ideal gas during adiabatic changeis

nkR
(v-1)

W = (T.-T,)
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The process in which no exchange of heat takes place between system and surroundings
(i.e.AQ =0) iscalled adiabatic change.

C
In adiabatic change, pv’ = constant. Where y =C—p

"

The work done by the gas during the volume expansion from v; to v, is written as

=>W=|—adv [ va=K]

on simplification

nR

B =

(Tl _Tz)
What isthe difference between second law of thermodynamics and the law of conservation of
energy?

1) According to the law of conservation of energy total energy always remains constant. i.e. energy
neither be created nor destroyed but it can be converted from to another form.

2) But according to second law of thermodynamics, al the heat cannot be converted to work. It
gives theidea of the direction of flow of heat between the bodies. If prohibit the flow of heat in a
particular direction.

Show that C, — C, = R in the case of one mole of ideal gas.

relation between C, and C,:
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1 mole :

1) Consider one mole of an ideal gasin acylindrical vessel with tight piston.
2) Let ‘A’ bethe area of cross section of the piston.

3) At constant pressure, let the temperature of the gasisincreased through 1°C, then let *dL’ isthe
displacement in the piston.

[0 Force exerted by the gas on the piston, F = PA

[0 Work done by the gas on the piston, dW = F.dI

= dW = PAd
=dW=PdV ...............()
Also szid_Q
m dT
=Co=dQ ... (2) [- m=1mole,dT =1°C]

Substitute (1), (2) in Ist law of thermodynamics dQ = dU+dW

Also from PV = RT

= PdV =RdT

=PdV=R ... (4) [ dT =1°C]
Substitute (4) in (3)

O0Cs dy R...........(5)

At constant volume

C_ldQ

Y mdT

=C,=dQ [.-dT =1°C,m=1mole]

Also from Ist law of thermodynamics, dQ=dU .......... (7) [.dw=0]
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From(6)and(7) dU=C,  ....... (8
Substitute (8) in (5)
OCs Cf R
=C,-C, =R
7. Writeashort noteon triple point of water.

A. Triplepoint of water:

»  Theequilibrium temperature at which 3 states of matter exist simultaneously is called triple
point.

The value of triple point of water is 610.42pas pressure and 273.16 k temperature.

Taking temperature on x-axis and pressure on y — axis for water in different statesis as shown
in the graph.

Inthe graph S, is called triple point and Syl is called ‘Iceline’ and it is having —ve slope.
On the left side of thisline ice exists and on the right side water exists:

Along thisline, if the temperature isincreased ice converts into water.

In the graph S;Sis called steam line. It ishaving +ve slope. It the temperature is increased
along this line water is converted into steam.

SiH iscalled hoarfrost lineit is having +ve slope. If the temperature isincreased along this
line ice covert into steam i.e. sublimation takes place.

Y YVVV VY

8. Why Cp>Cy

A. Theamount of heat energy supplied at Cp is utilized to increase internal energy and also do external
work. But in the case of Cy the heat energy supplied is utilized only to increases the internal energy.
Hence Cp > Cy.

Theratio of Cpand Cy isrepresented by ‘ y’ i.e. y :%

\%
9. Explain a Quas — static process.

A. Quas —static process: Aninfinitessmally slow process in which at each and every intermediate
state, the system remains in thermal and thermodynamics equilibrium with the surroundings
throughout the entire processis called Quasi — static process.

Explanation:

1) Consider agas enclosed in a cylinder by piston. If suddenly the piston pushed down words, the
gasinside will undergo sudden compression during the compression, the gas inside the cylinder
passes through several states, that are not in equilibrium states. Thisis because of the pressure and
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temperature of the system will rapidly change. But after certain time, the gas will attain the
thermodynamic equilibrium with surroundings.

2) Instead of pushing the piston in a sudden manner, let us lower it down in infinitely slow manner
such that at every stage of the system, the pressure difference and temperature difference between
system and surroundings should be infinitessimally small. It is called Quasi — static.

Explain a cyclic process.

Cyclic process: The process in which the system after passing through various stages (of pressure,
volume and temperature changes) returnsto itsinitial stateiscalled cyclic process. Internal energy
(V) of the system only depends on the state of the system and not on the path followed.

It cyclic process, dU=0 HencedQ = dwW

P -V graph for acyclic processis aclosed curve.

Explain Reversible process.

Reversible process. A process that can be retraced back in opposite direction in a such away that
the system passes through the same states as in the direct process and finally the system and
surroundings return to their original statesis called reversible process.

Explain Irreversible process.

Irreversible process: A process that cannot be retraced back in opposite direction is called
irreversible process.

Eg: 1) diffusion of gases 2) Magnetisation of material

3) Work done against friction

4) Joule heating — heat produced in a conductor by passing a current through it.
Explain the working of a heat engine.

Heat Engine: Heat engine is adevice used to convert heat energy into work. Heat engine consists
of 1) Heat engine consists of (1) abody at higher temperature (J;), heat Q1 is extracted from this
body called source [Hot reservoir]

2) A body of the engine containing working substance. In a steam engine working substance is stem.

3) A body at alower temperature T,. Heat Q; isrejected by the working substance to this body
called ‘sink’ (or cold reservoir)

4) Working by the system, W= Q; — Q.
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Engine sink

T,

14.

Source  Q, Q
/|

W=Q,-Q,

5) The efficiency of aheat engine is defined as ratio of work done by the engine to the amount of
heat absorbed by the engine.

Explain theworking of arefrigerator.

A. Refrigeration: If isjust the reverse of heat engine. In thisworking substance extracts heat from
sink and amount of work done on the working substance and finally hest is rejected to hot reservoir.
sink
T, | < T,
Source  Q \ T Q
W=Q,-Q,
15. Under what conditions a process can be considered as a rever sible process?
A. Conditionsfor a processto bereversble:
1) The process should be Quasi-static.
2) No amount of heat isto be conversed into electric (or) magnetic forms of energy.
3) There should be no loss of energy due to conduction, convector (or) dissipation of energy against
any resistance like friction, viscosity etc.,
Example: 1) pettier effect and see beck effect
2) Fusion of ice and vapourisation of water.
16. What isan isothermal process? State the conditionsto be fulfilled by an isother mal process.
A. The processin which the pressure and volume changes taking place at constant temperature is called

isothermal process.
Conditions:
1) The cylinders should be good conductors of heat.

2) The process should be quasi-static.
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3) Asthe temperature is constant, gases obeys Boyleslaw i.e., PV = constant.
17. What isan adiabatic process? State the conditionsto be fulfilled by an adiabatic process.

A. The processin which there is no exchange of heat between system and surroundings (i.e. dQ=0is
called adiabatic process.

Conditions:
1) The cylinder should be bad conduction of heat
2) Astemperature is not constant, Boyl€e's law does not valid. Hence PVY = constant.

3) The cylinder — gas system iswell insulated thermally.

VERY SHORT ANSWER QUESTIONS:

1. What isheat capacity? What is specific heat?

Ans. Heat capacity: The amount of heat required per unit rise of temperature is called heat capacity.

Heat capacity = %

Specific heat: “As the quantity of heat required by unit mass of the material to riseits
temperature by one degree” is called specific heat.

e AQ
ecificheat s= —
Sp mAt

2. StateZeroth law of thermodynamics. What isits significance?
(or)
State the Zeroth law of thermodynamics.

Ans.  Zeroth law of thermodynamics: “If two systems are in thermal equilibrium with athird system
then they must bein thermal equilibrium with each other” is called the Zeroth law of
thermodynamics.

It forms the basis of concept of temperature.

3. Definecalorieand standard calorie.

Ans. calorieisthe amount of energy required to raise the temperature of 1 gram of water through 1°C.
It depends on temperature range. calorie is defined for alimited range of temperatures usually
from 14.5°C to 15.5°C.

Standard calorie:
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Definition: Mean Calorie is the amount of heat required to the temperature of 1 gm of water
14.5°C t0 15.5°C.

4. Definelatent heat of fusion and latent heat of vaporization.

Ans. Latent heat of fusion: The amount of heat required by unit mass of substance to convert from
solid stateto liquid  state at constant temperature is called latent heat of melting.

L atent heat of vaporization: The amount of heat required to convert unit mass of substance from
liquid state to vapour state is called latent heat of vaporization.

5. What isthe principle used deter mining the specific heat of a substance?

Ans. Method of mixtures.

Heat lost by hot body = Heat gained by cold body.

6. What istherdation between work and heat?

Ans. When isdone on a system itsinternal energy increases the energy which is transferred by anon
mechanical way is called heat

When work is done against friction, heat is generated.

The amount of heat generated (Q) is directly proportional to the work done (W).
OW Q=>W=JQ

Where Jis called joules constant (or) mechanical equivalent of heat

7. When a gas expandsthrough AV at constant pressure P. What isthe work done?

Ans.  Work done dW = P.dVv

8. What isthe specific heat of a gasin (a) an isothermal change (b) an adiabatic change?

Ans.  Molar specific heat of agas C = ld—Q
n dT
Where dQ = Heat supplied
dT = Change in temperature

a) Inisothermal process dT =0=C :%.dFQ: C =0
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b) In adiabatic process dQ:O:diT:C:O

9. A thermosflask containing aliquid is shaken vigorously what happensto itstemperature?

Ans. When liquid is shaken in athermos flask, work is done on the liquid which gets converted into
internal energy of theliquid. Hence, temperature of liquid increases.

10. When can wetreat a process as a quasi-static process?

Ans. Any process taking place sufficiently slowly, not involving accelerated motions and large
temperature gradients can be treated as quasi-static process.

11. What istherelation between thetotal heat absorbed and work done by a system in acycle
process?

Ans. Inacyclic process, Internal energy is constant, i.e., dU =0
From 1% law of thermodynamics dQ = dU + dwW
= dQ =dW. for acyclic process.

[ Inacyclicprocess, the total heat absorded by the system equal sthework doneby the system

12. When will be a heat engine having maximum efficiency?

Ans. Heat extracted Q, from the source is more and heat rejected Q, to the sink less

13. What are‘source’ and ‘sink’ in a heat engine?

Ans. Source: A body at ahigher temperature T.Heat Q,isextracted  from this body by the working
substance and henceitiscalled a‘source

Sink: A body at alower temperature T, Heat Q, isrejected by the working substance to this
body and henceiscalled a‘sink’.

14. Briefly state the functioning of a heat engine.
Ans. “A device used to convert heat energy into work is called a heat engine”.

It extracts heat Q, from the source and rejects aheat Q, to the sink

.. w Q
Efficiency, n =—=1-—=2
Q Qi1

15. Briefly statethe functioning of arefrigerator.
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Ans. Therefrigerator isjust the reverse of a heat engine.

In this the working substance extracts an amount of heat Q, from the sink and after doing work

rejectsan amount of heat Q, to the source which isat a higher temperatureT, .
16. Definethe efficiency of an engine.

Ans. Theefficiency (/7) of aheat engineis defined as the ratio of the work done (W) by the engine to

the amount of  heat absorbed (Q,) by the engine.
n :Vl :—(?l _QZ :1—&
Ql Ql Ql

17. Giveafew examplesfor reversible process.
Ans. 1) Anisothermal and adiabatic changes are reversible if they are performed very slowly.
2) Peltier effect and Seebeck effect.
3) Fusion of ice and vaporization of water.
18. Giveafew examplesfor irreversible processes.
Ans. 1) All the processes occurring in the natural areirreversible.
2) Work done against friction.
3) Joule heating.
4) Diffusion of gases.

ASSESSYOURSELF

1 Should a quasi — static process bereversible?
A. No, it need not be
2. Should a cyclic process bereversible?

A. No, it need not be

3. Water isheated by using an immersion heater. Can the process bereversed?

A. No, it isan irreversible process.

4. |'sevaporation of water areversible process?

A. No, it isan irreversible process

5. Anideal gasisallowed to expand at constant temperaturein a quas static process. Can you
rever se the process?
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No, it isan irreversible process

Suppose you keep you two hands on two bodies simultaneously and feel them equally cold
or hot. What isyour inference?

The are at the same temperature as your body (Thermal equilibrium).

If you place your hands on a wooden and a metal chair at the sametemperature. Lower
than your body temperature, which of them do you find hotter?

The wooden chair

In the above question, if your body temperatureislower what will be your feeling?
The metal chair will be felt hotter.

A sound waveis sent into a gaspipe. Doesitsinternal energy change?

Yes,

What happenswhen a metal spring dissolvesin an acid?

The internal energy of the acid increases followed by increase in temperature.

Which types of energy of the following given to a system changesitsinternal energy? (a)
Electromagnetic (b) electrical (c) Nuclear

All the three

When water boilsat a complaint temperature of 100°C, it there any changein theinternal
energy?

Yes, theinternal energy of steam at 100°C is always greater than the internal energy of the same
quantity of water at 100°C.

Can you find an example of decreasein internal energy at constant temper ature?
Freezing water at 0°C.

A small bottle of an ideal gasisbrought into a thermally insulated room and it isbroken in
theroom. What happensto the temperature of theroom?

It remains constant as free expansion of the gas does not work, dW = 0 and no heat is supplied dQ
=00dU =0or U = constant.

When two ice blocks arerubbed against each other someice meltsin between the two.
Which law can explain the process?

Joule' s law

Two identical bodies at temperature T, and T are brought into thermal contact. Under
what conditionsthey cameto thermal equilibrium at the mean temper ature?
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When their heat capacities are same.

Equal masses of two liquids at different temperature are mixed if theresultant temperature
isequal to the mean of their temperature, what isyour inference about their specific heats?

Their specific heats are equal.

Two bodies A and B have their specific heat as Sy and Sg respectively. If Sg < Sa, which of
the two would you use as a coolant?

Theliquid A

If the differencein the molar specific heats of a gasisequal to R what will bethe difference
in the molar specific heatsif therearen mole?

R.

From Fig. 15.6 whether morework isdonein theisothermal process or adiabatic process?
| sothermal process.

Why in Fig 15.6 adiabatic is sleeper than isothermal?

Since the pressure and volume change quickly.

In which process (isothermal or adiabatic) thereisa greater changein internal energy?
Adiabatic

Equal quantities of ice at 0°C and steam at 100°C are mixed up. What will be the resultant
temperature?

100°C

You cannot get something for no-thing. Do you think this statement is equivalent to any law
of thermodynamics?

Yes, 1% law of thermodynamics

Why isnot possible to cool down aroom on a hot summer day by leaving therefrigerator
open?

Because it violates second law of thermodynamics.

PROBLEMS

A piece of lead fallsfrom a height of 100 m on a fixed non-conducting slab which bringsit to
rest. If the specific heat of lead is 30.6 cal/kg’C find theincrease in temperature of the slab
immediately after collision,

Height (h) =100 m
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Specific heat of lead (s) = 30.6 cal/kg°C

Increases in temperature (At) = ?

mgh = msAt

=7.625 =7.63C

A lead bullet of mass 42 g travelling at a speed of 200 ms* comesto rest in a wooden block.
If no heat istaken away by the wood, find the temperature of the bullet. (Specific heat of
lead = 0.03 cal/g°C).

Mass of bullet (m) =42 g

Speed (v) =200 m/s

Temperature of bullet = ?

Specific heat (s) = 0.03 cal/g°C

KE of bullet = heat gained by bullet

2
1mv2 = msAt = At =
2 2s
200x 200 _ 40

"~ 2x0.03x4.2x1000 0.252

=158.7°C

A stedl ball of mass 0.1 kg fallsfrom a height of 10 m and bouncesto a height of 5.4 m from
the ground. If the dissipated energy in thisprocessis absorbed by the ball, find therisein
temperature of the ball. (Specific heat of steel = 460 J kg' K™

Mass of ball (m) = 0.1 kg
Height (h;) =10m

Bounced height (hy) =5.4 m
Ah=h, —h, =4.6m
Temperature of ball (At) =2
Specific heat (s} = 460kg™k™
g=10m/s’

mgh = msAt = gh = sAt
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A lead bullet of 10 g. traveling at 300 ms™ strikes against a block of wood and comesto rest.
Assuming 50% of heat isabsorbed by the bullet; find theincreasein itstemperature.
(Specific heat of lead is 150 J kg K™).

Bullet mass (m) =10x10kg
Velocity (v) =300 m/s

50% of heat absorbed by bullet increase temperature (At) = ?

Lead specific heat (s)=150JKg™'k™

1mv2 = msAt
2
2
AoV _300x300
2s 2x150

50% heat is absorbed by bullet so The increase in temperature = 150°C

Hailstonesfall from a certain height. If only 1% of the hailstones melt on reaching the
ground, find the height from which they fall, (g = 10 ms?, L = 80 calorie/gand J = 4.2
J/calorie.

Height (h) =72

g=10m/s’

L =80cal /g =80 x4.2 x1000J/ Kg.k

L oss potential energy= Heat energy required for melting

0
mgh=mL =h _L _1%L _80x4.2x10

g 9 10

h =336m

A bullet moving with a uniform velocity V stops suddenly after hitting the target and the
whole mass melts. I f the mass of the bullet ism, specific heat is S, initial temperatureis
25°C, melting point is475°C and latent heat isL, find the velocity of the bullet in termsof S
and L in Sl units.

Ve ocity (v) = ?, mass of the bullet =m

Specific heat = s
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Initial temperature (t,) = 25°C
Final temperature (t,) = 475°C

Latent heat = L

KE of bullet convertsinto heat and ice melts KE = msAt + mL
1
Emv =msAt +mL

V2

7=SA’[+L =450s +L

v?=2(450s+L)= v =,/2(450s+L)
A metal sphere of radiusr and specific heat sisrotated, about an axis passing through its

centre at a speed of n rotations per second. It issuddenly stopped and 50% of itsenergy is
used in increasing itstemperature. Find theincreasein temperature of the sphere.

Radius of sphere=r

Rotational KE of the metal sphere = heat gained
116 =msat
2
1 .
50% of > lw™ =ms/t

50 1

— x| =msit
100 2
2 2
A I _I(2m)’ _4T[2n =mr
4ms 4ms 4ms
2.2
At:gnzn r
5 s

A copper block of mass 1 kg slidesdown on arough inclined plane of inclination 37° at a
constant speed. Find theincreasein the temperature of the block asit slides down through
60 cm assuming that the lossin mechanical energy goesinto the copper block asthermal
energy. (Specific heat of copper =420 J kg*K?*, g=10ms?2)

Mass of copper block = 1 kg

Angle of inclination = 37°
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AT =7
Distance (I) = =60x107°m
Specific heat = 420 Jkg K
g=10m/s’

KE loss by the block = Heat gained by the block
L v = msat
2

2 (29lsinB
At:V—:M [-.-v: Zglsine}
2s 2s
_ 2x10x60x107 xsin37 _ 6 x0.6018

2x420 420

=0.008597

At =8.6x107°°C

The densities of two substancesarein theratio 5: 6 and the specific heatsarein theratio 3:5
respectively. Find theratio of their thermal capacities per unit volume.

Ratio of the densities (d,:d,)=5:6
Ratio of specific heats (s;:s,) =3:5

Ratio of thermal capacities _
Volume

?

) dQ
Thermal acity = —
cpaaty dT

Thermal capacity/V olume = specific heat x density

X

Ratio of thermal capacities =

ol w
ol
N[

Two lead spheresat the same temperature haveradii in theratio 1:2. What istheratio of

their heat capacities?
Ratio of radii of two spheres (r,:r,) =1:2
Ratio of their heat capacities= ?

dQ = ms:>d—Q:Vds

Heat capacity —
Y T aT
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d d
@Q ., KR

:—Df'rt rS:d—QDr3
dT dr 3 dT

(dQ
ar ), P _2® 1

(de P 2° 8
dT /,

The thermal capacity of 10 g of a substanceis 8 calories. What isthe specific heat ? (J = 4.2
J/Cal.)

Mass = 10g = 10 x 10° kg
. AQ
Thermal capacity — = 8cal
Y AT

Specific heat (s) =?

AQ _

e AQ
—==ms ecific heat(s) = —.—
AT =¥ ( ) AT

L
m

x8x4.2 =3360J/ kgK

10x1073

A liquid of mass m and specific heat sisheated to atemperature T. Another liquid of mass
m/2 and specific heat 2 sisheated to atemperature 2T. If these two liquids are mixed, find
theresultant temperature of the mixture.

Oneliquid an other liquid

m
Mass (mg) =m mass (My) =5
Specific heat (s1) = 2s specific heat (s) = 2S
Temperature (t1)) =T Temperature (t2) = 2T

mSt +mysS;t,
ms, +m,s,

Resultant temperature of mixture=

msT +'2.232T

0= _msT +2msT
ms+m.23 ms+ms
2
0= 3msT :§T
ms 2
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The temperatur es of equal masses of three different liquids A,B and C are 12°C, 19°C and
28°C respectively. Thetemperaturewhen A and B are mixed is 16°C and when B and C
are mixed, it is23°C. What will bethe temperaturewhen A and C are mixed?

Let s;, s, and s3 be the specific heats of A,B and C liquids
Temperature of 3 different liquidsis 12°C, 19°C and 28°C.
Heat gained by A = Heat lossby B

ms, (16 -12) =ms, (19 -16)

3
451:3523512252
When ‘B’ and ‘C’ are mixed
Heat gained by ‘B’ = Heat lossby ‘'C’

ms, (23-19) =ms, (28 -23) = 4s, - 5s,
:E and§ :ﬂ
4SS 43"‘ 3Sl
When ‘A’ and ‘C’ are mixed then ‘t’ is the resultant temperature.
15
ms, (t -12) =ms, (28 -t) :1_653(t -12) =s, (28 -t)

15t —180 =448 —-16t = 31t =628

t= 628 20.26 =20.3°C
31

In an experiment to deter mine the specific heat of a solid using the method of mixture, 102g
of water isused in a copper calorimeter of mass80g. Theinitial temperatures of the water
and solid are 16.0°C and 100°C respectively and the temper atur e of the mixture of the
mixtureis 24.1°C. If the massof the solid is49.8g calculate its specific heat. (Specific heat
of water =1 cal/g°C)

Let s; be the specific heat of solid = s, =?
t, =16°C,t, =100°C and t, = 24.1°C
Mass of the solid (m,) = 49.8gr

Mass of water (m,, ) =102gr

S, =lcal/gr°C
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Heat loss by solid = heat ground by water
ms(t,—t,) =m,s, (t; -t,)
49.8xsx(100 -24.1) =102 x1(24.1 -16)

oo 102x81 _ 8262
49.8x759 3779.82

=0.2185cal / gr

Calculate the masses of silver iron and aluminium which have the same thermal capacity as
alitre of water. Their specific heatsare 235.2 J/kg K, 130.2 J/kg K and 924 J/kg K res-
pectively.

S =235.2J/ kgk;s, =130.2J/ kgk
S, =924J/kgk

Thermal capacities are equal

d_Q:]_
dT
. 1 dQ
ecific heat (s) = —.—
Specifi () m dT

mass of silver mg = _1 . 0.00425 x4200 =17.85kg
235.2

Mass of iron m, - 420 =32.25kg
130.2

Mass of aluminium m, - 4200 —4.545kg

924

A piece of metal of mass 112 g is heated to 100°C and dropped into a copper calorimeter of
mass 40 g containing 200 g of water at 16°C. Neglecting heat loss, calculate the specific heat
of the metal if the equilibrium temperaturereached is24.1°C. {Specific heat of water =1
cal/g°c.)

Mass of substance (M) =112 gr.
Mass of calorimeter (M) =40 gr.
Mass of water (M,,) =200 gr
t, =16°%t, =100°C;t, =24.1°C

Specific heat of water = 1 cal/g°c
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Specific heat of substance=s="?

Heat gained by (water + calorimeter) = Heat |oss by the substances
(t;—t,)[m,s, +ms,] =ms(t, -t,)

(24.1-16)[200x1+40 x0.1] =112 xs (100 -24.1)

8.1(204) =112xsx78.9

o= 81x204 16524
112x75.9  8500.8

=0.194cal / gr°C

The specific heat of air at constant pressureis 1.005 kJ/kg K and the specific heat of air at
constant volumeis0.718 kJ/kg K. Find the specific gas constant.

At constant pressure C, =1.005kJ/ kgK
At constant volume C, =0.718kJ/kgK
Specific gas constant (r) = ?

Weknow C -C, =r

r=1.005-0.718 = 0.287

r =0.287 kJ/k mole K

The specific heat of air at constant pressureis 1.005 kJ/kg K and the specific heat of air at
constant volumeis 0.718 kJ/kg K. If theuniversal gas constant is8.314 kJ/k moleK. Find
the molecular weight of air.

At constant pressure C, =1.005kJ/kgK

At constant volume C, =0.718kJ/ kg K

Universal gas constant (R) =8.314 kJk mole K
Molecular weight of air (m) = ?

Weknow r=C, -C,

R _ 8314 8314
C,-C, 1005-0.718 0.287
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The specific heat of argon at constant volumeis 0.3122 kJ/kg K. Find the specific heat of
argon at constant pressureif R =8.314 kJ/k mole K. (Molecular weight of argon = 39.95)

At constant volume = C, = 0.3122kJ/ kgK

At constant pressure Cp = ?
R=8.314 kJk mole K, M = 39.95

Weknow C -C, =5

c=R.c- 8'3;: +0.3122 =0.2081 +0.3122

p M v

C, =0.5203kj/ kgK

If the specific heats of carbon dioxide at constant pressure and constant volume are 0.846
kJ/kg K and 0.657 kJ/kg K, respectively find theratio of specific heats of gases.

At congtant ‘P* C =0.846kJ/ kgK

At constant 'V’ C, =0.657kJ/ kgK

| @)

Ration =2 =7

\

O

C
0846 =1.2876 =1.288

~p
C, 0.657

y:

Calculate the specific heat of a gas at constant volume from the following data. Density of
thegasat N.T.P. = 19x102kg/m?, (C,/C,) = 1.4, J = 4.2x10% J/k .cal; atmospheric pressure =
1.013x10° N/m?,

At constant ‘V’ p, =?

Density of gasat N.T.P. = 19x10?% kg/m®

C 3
C—p:1.4J =4.2x10°J/kca

v

Atmospheric pressure (P) = 1.013x105 N/m2

Weknow p, - R where R -P
y-1 Jpt

5
= 1.013%10 ~1162
87141.6
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C, =1.162k Cal / kgK

The specific heat of helium at constant pressure and constant volume are 4.949 k cal/k mole
K and 2.969 k cal/k mole K, respectively. If the density of helium at N.T.P is0.178 g/litre
find J.

At congtant ‘P* C =4.949k cal / k moleK
At constant 'V’ C, =2.969K cal / kmoleK

Density of Helium at NTP = 0.178 g/litre

3=2M=4,n="2L -5
4
5
c-c =P ;e P _ 1.013x10
g JT (C,—C,)pTN  1.98x0.178x273x250

J=0.042x10° =4200J/k.cal

Calculate the differ ence between the two specific heats of ammonia, given that the density
of ammonia at N.T.P. is0.769 gram/litreand J = 4200 J/K cal. Expressitink cal / kgK.

Density of Ammoniaat NTP (p) =0.769gram/ litre
J=4200 Jk.ca
P=1.013x10°N/m?,T =273k

102 kg _0.769x 1073
10°cm® 10°x10°

p =0.769 x

p =0.769kg/ m®

Cp—Cv :R:>Cp—CV :i
pT

_ 1.013x10° _ 101300
0.769x273  209.937

=482.5251/ kg.K

c o 48252

P \%

=0.1146k cal / kgK

The specific heat of methane at constant pressureis 2.2537 kJ/kg K. If theratio of its
specific heatsis 1.299, find the universal gas constant, given that the molecular weight of
methaneis 16.043.
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Atcongtant ‘P* C =2.2537kJ/kgK

C
Ration of specific heat (r) :C—p =1.299

R="?
Molecular weight of methane (M) = 16.043
C, =2.2537 x10° J/ kg K

We know

c o R Cly-1u

P M(y-1) y

m = 22537x10° (1.299-1) x16.043
- 1.299

_ 2.2537x10% x0.299 x16.043
1.299

=8.322x10° =8322J/ k moleK

Themolar heat capacities of carbon monoxide at constant pressure and constant volume are
29.13 kJ/k moleK and 20.84 kJ/k mole K respectively. Find molecular weight of carbon
monoxide. (Density of carbon monoxide at N.T.P = 1.25 kg/m® and atmospheric pressure =
1.013x10° N/m?)

At congtant ‘P* C =29.13kJ/kmoleK
At constant ‘V’ C, = 20.84kJ/k moleK
Molecular weight (m) =?

Density at NTP (p) =1.25kg/ m®
P=1.013x10°N/m?

C,-C,)pT
Cp_Cv =R :ESM :M
pT P
(29.13-20.84) x1.25x273 x10°
1.013x10°

_ 8.20x10° x1.25x273 _ 2828.963
1.013x10° 101.3
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If the ratio of the specific heats of steam is1.33 and R = 8312 J/k mole K, find the molar
heat capacities of steam at constant pressure and constant volume.

C
y=— =133

Y

R =8312 Jk moleK
C,=2C, =?

_ YR _1.33x8312 1.33x8312 _11054.96

PTy-1  133-1 0.33 0.33

=33499.8 =33.50kJ/ K moleK

R _ 8312 8312

=== = =25187.87 =25.187kJ/ k moleK
y-1 1.33-1 033

If the ratio of specific heat of neon is1.667 and R = 8312 J/K mole K, find the specific heats
of neon at constant pressure and constant volume. (M olecular weight of neon = 20.183)

y=1.667,R =8312J/k moleK
m=20.183,C, =2,C, =?

_ YR _  1.667x8312
Cp=7—r—= —
(y-1)m (1.667 -1) x20.183

- LOO7XB312 ) 567 x617.44 =1029.27 =1.029kJ/ k moleK
0.667%20.183
c- R _ 8312 - 8812 _s7m

" (y-1)m (1667 -1) x20.183 0.667 x20.183

=0.6174kJ/ k moleK

2 kg of air isheated at constant volume. Thetemperatureof air isincreased from 293K to
313 K. If the specific heat of air at constant volumeis0.718 kJ/kg K, find the amount of
heat absorbed in kJ and k cal. (J = 4.2 kJ/k.cal).

Mass (m) = 2kg
T, =293k, T, =313k,C, =0.718kJ/ kgK
dQ="7

(dQ), =mC,dT =2x0.718 (313 —293) =1.436 x20 =28.72kJ
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Ink.Cal = % =6.838k.Cal

2 moles of hydrogen is heated at constant volume. The temperature of the gasisincreased
from 280 K to 320 K. If the specific heat of hydrogen at constant volumeis 10.183 kJ/kg K.
Find the amount of heat absorbed in kJ. (Molecular weight of hydrogen = 2.016)

n=2

T,=280K, T,=320K
C, =10.183 kJkg K

m = 2.016

(Q), =

(dQ), =nC,dTm =2x10.183 x10° x(320 —280) x2.016

= 2x10.183x10° x40 x2.016 =1.642 x10° =1.642kJ]

Five kilo moles of oxygen is heated at constant pressure. Thetemperature of the oxygen gas
isincreased from 295 K to 305 K. If the molar heat capacity of oxygen at constant pressure
iS6.994 k cal/ k moleK. Calculate the amount of heat absor bed.

n=5x10°
T, = 295K, T, = 305K

C, =6.994k ca / kmoleK
(olQ)p =7
(dQ), =nC,dT =5x10" x6.994 x10 =349.7k Cal

Find the change in internal energy in joule, when 10g of air is heated from 30°C to 40°C.
(Cv=0.172k cal/kg K, J = 4200 J/k cal)

Changeininternal energy (in Joule) = ?

M = 10g = 10x10° kg

t, =30°C,t, =40°C = AT =313-309 =10K
C, =0.172kcal / kgK

J=4200J/k.cal

(dQ), =mC,dT =10x107° x0.172 x10° x4.2 X10 =17.2 x4.2 =72.24]
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The molar heat capacities of nitrogen at constant pressure and constant volume are 29:11
kJ/k mole K respectively. When 5 gram of nitrogen is heated from 290 K to 310 K find (i)
theincreasein itsinternal energy and (ii) the external work done. (Molecular weight of
Nitrogen = 28)

C, =29.11kJ/k moleK

C, =20.81kJ/ k moleK

m =5x10"kg

T, = 290K, T, =310K

AT =T, -T, =310 -290 =20K
Molecular weight (m) = 28

i) Change in internal energy (dU) = %CVdT

-3
= 5x10 x20.81x10° x20 =74.32]

ii) External work done (dW) = dQ —duU

5x107®

%deT -du = x29.11x10° x20 —74.32

=103.96 - 74.32 =29.64J

The specific heats of hydrogen at constant pressure and constant volume are 14.307 kJ/kg K
and 10.183 kJ/kg K respectively. When one mole of hydrogen is cooled from 0°C to —20°C
find (i) thedecreasein itsinternal energy and (ii) theratio of the decreasein itsinternal
energy to the total energy lost.

C, =14.307kJ/kgK

C, =10.183kJ/ kgK

nN=1=m=2

t, =0°C;t, = -20°C = At = —20°C

i) Change in internal energy = Heat supplied at constant volume
dU =mC,dT =2x107° x10.183 x10° x-20 = -407.32]

‘-ve' sign represent the decrease in du
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ii) Total energy lost = mC_dT = 2x10°° x14.307 x20 x10* =40 x14.307 =572.28

Decreasein'dU" _ 407.32

= =0.7117
Tota energylost 572.28

The molar heat capacities of oxygen at constant pressure and constant volume are 6.994 k
cal/lk moleK and 5.013 k cal k mole K respectively. When onekilo moleis heated from 290
K to 310 K Calculate (i) the external work done and (ii) theratio of the external work done
to the total energy gained. (J =4200 J/k cal.)

C, =6.994k.cal / k.moleK

C, =6.994cal /moleK S

C, =5.013ca / moleK

n =1kilomole

T, = 290K, T, =310K

C,-C, =R=ndT(C,-C,) =nRdT

i) Ddwe ndT(Cy C,F (6.994 5013k 10% 26 1
dw =1.981x10° x20 =39620cal (or)
=39620x4.2 =166404 =1.664 x10° Jou

ii) Total energy (dQ) =nC,dT xJ =6.994 x10° x20 x4.2
=5.8749x10°J =5.875 x10°

5
dw _1664x10° _ ) 2632
dQ  5.875x10

Two moles of air, when heated through 10K expands by an amount of 1.66x10°m? under a
constant pressure of 10°N/m?. If C, = 20.81 J/mole K, find C,,.

n=2moles, AT =10k
p=10°N/m?;C, =20.81)/ moleK

dVv =1.66x10°m®, C, =7

(C,-C,)=R=ndT(C,-C,)=nRdT = ndT (C,-C,) =Pdv
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c _c —Pdv _10°x166x10" _166 _

,-C, 8.3
ndT 2x10 2

C,=C, +8.3=20.81+8.3 =29.11J/ moleK

Four moles of a perfect gas heated to increase its temperature by 2°C absor bs heat of 40 cal
at constant volume. If thesame gasis heated at constant pressure find the amount of heat

supplied. (R =2 cal/ moleK.)
n=4, AT =2°C

(dQ), =nC,dT =40cal

(dQ), =7

R = 2 cal/mole K

(dQ), =du=nC,dT =4xC, x2 =40  ............ (1)
(dQ)=nC,dT,Q=4xC,x2 ... 2
@-O

8C,-8C, =Q-40=8(C,-C,) =Q-40

8x2=Q-40=Q=40+16 =56cdl

The gasfitted in a cylinder fitted with africtionless piston isheated. It expands by
1.670x10° m* under a constant pressure of 10° N/m?. Find the external work done.

dv = 1.670x10°3 m®
P=10° N/m?
dw =2

External work dW = PdV =10° x1.670x10°% =167J

Five moles of hydrogen is heated through 20K under constant pressure. If R =8.312 J/mole

K, find the external work done.
n=>5;dT =20k

P — Constant

R =8.312 Jmole K

External work (dW) = pdV = nRdT = 5x8.312x20 = 831.2 J

www.sakshieducation.com



39.

Sol.

40.

Sol.

41.

Sol.

www.sakshieducation.com

Find the external work done by the system in k cal when 20 k cal of heat is supplied to the
system theincreasein itsinternal energy is8400 J. (J = 4200 J/k cal)

External work done (dW) = ?

du =8400J - 8400 =2kca
4200

dQ =20k.cal =20k.cal

According to 1% law of thermodynamics
dQ=dU +dW = dW =dQ -dU

dw =20-2 =18k.ca

Heat of 30 k cal issupplied to a system and 4200 J of external work isdone on the system so
that its volume decreases at constant pressure. What isthe changein itsinternal energy ? (J
= 4200 J/Kk cal).

dQ = 30 k.cal = 30x10° cal
Externa work done (dwW) = 4200 J
V — Decreases at constant ‘P’

du =2

We know

dQ =dU +dwW = dU =dQ -dwW =dU —(dw)

du =30+329,
4200

dU = 31k.cal =31x4200 =130200J =1.302 x105J

Thevolumeof 1 kg of hydrogen gasat N.T.Pis11.2 m®. Specific heat of hydrogen at
constant volumeis 10046 Jkg™ K™. Find the specific heat at constant pressure.

m=1kg

Volumeat NTP=11.2m?
C, = 10046 kg k™
Co=7?

P = 1.013x10° N/m?

T=273K
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1

Density (p) =$ = =0.0893
Cp_Cv :B :i
m pT
5
c,-C, =230 _ e

PV T 0.0893% 273

C, =10046 +4155.2 =14201.2J/ kg K

A gasat 10°C temperature and 1.013x10° Pa pressurein compressed adiabatically to half of
itsvolume. If theratio of specific heats of the gasis 1.4, what isthe final temperature?

t, =10°C= T, = 273+10 = 283K
P=1.013x10°Pa

vlzv:vzz%

y=14T,=?
In Adiabatic process TV"™ = Constant

TlVly_l =T,V -

y-1
283(V)"" =T, (%j

1
283 = T2 XF

T, = 283x 271283 x2°* =491.1K

Final temperature t, =491-1=273=219.1°C

Find thework done by a gaswhen it expandsisothermally at 37°C to four timesitsinitial

volume.
V1 = V, V2 =4V
T,=37+273=310K

In isothermal process

Work done dW = 2.303RT Iog%

1
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dw =2.303x8.314 XSlolog%

=5935.61xlog4 =5935.61 x0.6021 =3573.83J

At 27°C and pressure of 76 cm of Hg the volume of a diatomic gasis 2000 cm?. If it is
compr essed adiabatically to a volume of 1000 cm?, what areits pressure and temperature?

T,=27+273=300K
T2=?

P =76 cm of Hg

V1 = 2000 cm®

V= 1000 cm?

P,=7?, y =L4(fordi)

In adiabatic process PVY = constant

F)1V1y = F)2\/2\/

v, ) 2000\
P2 = P1 1 =76 X(—j
v, 1000

P, =76x2"
P, =200.5cmHg

TVY* =constant

Tlvly_l = T2V2V N

y-1
T,= Tl(ﬁj =300% 2% =300 %25
v

2
T,=122.9°C

Find the efficiency of a heat engine if thetemperature of the sourceis 100°C and sink is
27°C.

T, =1000+273 =373K, T, =27 +273 =300K

Efficiently (n) -l
Tl
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n :1—@ :E =0.1957
373 373

50g of steam at 100°C is passed into 250g of iceat 0°C. Find theresultant temperatureif
latent heat of steam is 540 cal/g. Latent heat of iceis 80 cal/g and specific heat of water is1
cal / g°C.

Mass of steam (ms) = 50gr

t, = 100°C

Mass of ice (m¢) = 250gr

tp,=0°C

Resultant temperature =t = ?

L gean = 540cal / gr

L., =80ca /gr

Swae =1lca/g°C

According to method of mixtures

m.L, +mS(100~-t) =m.L. +mS(t -0)
50x540 +50x1(100 —t) =250 x80 +250 X xt

27000+ 5000 —50t =20000 +250t

300t =12,000

(12000 _, o
300

1g of steam at 100°C is passed into a calorimeter of water equivalent 10g containing water of
mass 90g. Find theresultant temperature of the mixtureif theinitial temperature of water
is27°C.

mass of steam (m) =1gr
Find temperature = 100°C
Initial temperature = 27°C
Mass of water = 90gr

t = resultant temperature = ?

Heat loss by steam = heat gained by water.
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mL +m, (100-t) =m,s(t —27)
1x540+1x1(100 ~t) =90 xL x(t -27)

540+100 -t =90(t -27) =90t -90 x27

91t =3070=>t = % =33.74°C
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