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2. CONCEPTS & DEFINITIONS &5

1.0 Thermodynamics deals with the interrelation between Heat and mechanical work. It also deals
with the conversion of all forms of Energy (such as chemical, magnetic, light etc.,) into Heat.
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1.1  In this chapter we study (i) Laws of Thermodynamics (ii) Specific Heat (iii) Isothermal &
Adiabatic Process (iv) Latent Heat (v) Reversible & Irreversible Process (vi) Heat Engines

2. Thermal equilibrium: The state of a system is an equilibrium state if the macroscopic
variables (pressure, volume, temperature, mass etc.,) that characterise the system do not change
intime.

3.1 Zeroth law of thermodynamics: [ftwo bodies A and B are individually in thermal equilibrium
with a third one, then the two bodies are also in thermal equilibrium with each other.
This law gives the concept of temperature.

3.2 Temperature: It is the degree of hotness or coldness of a body. Its SI unit is kelvin(K)

3.3 Heat: Itis a form of Energy that flows from a point of higher temperature to a point of lower
temperature.
CGS unit : Calorie SI unit : Joule

3.4 Mean Calorie : The amount of heat required to raise the temperature of 1gm of water from
14.5°C to 15.5°C under latmospheric pressure is called ‘Mean Calorie’.

4 Internal energy(U) : The internal energy of gases at room temperature is due to potential
energy and kinetic energy of the molecules and atoms of the gases.

5.1 First law of Thermodynamics : The heat supplied to a system is equal to the algebraic sum
of increase in its internal energy and external workdone.
Note : Using this law we can find the change in internal energy(dU) of the system.

5.2 Mathematical form : dQ = dU+dW
Sign convention : If work is done by the system, dW is taken as positive.
If work is done on the system, dW is taken as negative.
When heat is supplied to the system, dQ is taken as positive.
When heat is taken out from the system, dQ is taken as negative.

5.3 Limitations of first law of Thermodynamics :
1. This law doesn't tell about the direction of heat flow.
2. It doesn't tell us about the efficiency with which heat is converted into work.

6.  Heat Capacity:The amount of heat required to raise the temperature of a substance through 1°C.

d
Heat capacity = dg S.Iunit : JK-1.

7.1  Specific heat: The amount of heat required to raise to the temperature of unit mass of a
substance through 1°C or 1K.
1 dQ

Specific heat S = ——
pecific hea o dT
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7.2 C.GS Unit: Cal gm~'(°C)”! SIUnit: Jke ' K™!
Dimensional Formula : [MOLZT—ZK—I]

7.3  Molar specific heat : The amount of heat required to raise the temperature of 1gm mole of a
gas through 1°C or 1K.

Molar specific heat C= lj—g Here n is the number of moles of the gas
n
7.4 Specific heats of a Gas : A gas can be heated either at constant pressure or at constant
volume. Hence two types of specific heats are possible.
(1) specific heat of a gas at constant pressure (Cp)

(i1) specific heat of a gas at constant volume (C,)

7.5.1 Specific heat at constant pressure (Cp) : At constant pressure, the quantity of heat necessary
to increase the temperature of one mole of a gas through one degree ,is called specific heat of
the gas at constant pressure.

C 1dQSI it is J/mole K
= ——— S.] unit is J/mole
P mdT

7.5.2 Specific heat at constant volume (C,) : At constant volume, the quantity of heat necessary to
increase the temperature of one mole of a gas through one degree ,is called specific heat of gas
at constant volume.

_1dQ
V' mdT
7.5.3 Relation between C;, and C, : C, - C; =R, R is the universal gas constant.

S.T unit is J/mole K.

8. Thermodynamic process:

8.1. Quasi - Static process: A Quasi-Static process can be defined as ‘an infinitesimally slow
process’ in which the system remains in thermal and mechanical equilibrium with the surroundings
at each and every intermediate state.

8.2 Isothermal Process : The process in which pressure and volume changes occur at constant
temperature is called isothermal process.

8.3 Adiabatic Process : A process in which changes in pressure and volume of a gas takes place
at constant amount of heat energy is called Adiabatic process.

8.4. Isochoric Process: In an isochoric process, volume V is constant. No work is done on or by
the gas. The heat absorbed by the gas goes entirely to change its internal energy and its
temperature.

8.5. Isobaric Process: In an isobaric process pressure P is constant. Here, temperature and internal
energy change. The heat absorbed goes partly to increase internal energy and partly to do
work.

8.6. Cyclic Process: 'A process in which the system after passing through various stages
(of pressure, volume and temperature changes) returns to its initial state' is defined as a cyclic
process.

In a cyclic process, the total heat absorbed by the system equals the work done by the system'.
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9.1 Heat Engines : 'A device used to convert heat energy into mechanical energy is called a heat
engine. Usually in a heat engine, a system is made to undergo a cyclic process that results in
the conversion of heat into work.

9.2 Refrigerators : The refrigerator is just the reverse of a heat engine.
10. Second law of Thermo dynamics :

(a) Kelvin - Plank Statement: It is impossible to construct a heat engine that absorbs heat
from a hot reservoir which converts completely that heat into work .
(or) Itis impossible to construct an ideal heat engine with 100% thermal efficiency.

(b) Clausius Statement: It is impossible to transfer heat from a colder object to a hotter object
(or) It is impossible to construct an ideal refrigerator.

11. Reversible and Irreversible Processes :

11.1 Reversible process : A process that can be retraced back in the opposite direction is called

a reversible process.

The conditions required for a process to be reversible are

(1) The changes must take place at an infinitesimally slow rate.

(i1)The system must always be in thermal and mechanical (thermodynamics) equilibrium with
the surroundings.

Conditions (i) and (ii) insist that the process should be a quasi-static process.

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

(iv) No amount of heat is to be converted into electric or magnetic forms of energy

Examples of reversible processes :
(1) Fusion of'ice (ii) vaporisation of water

11.2 Irreversible Process : 'A process that cannot be retraced back in the opposite direction' is
called an irreversible process.
All the spontaneous natural processes are irreversible.

Examples of irreversible processes are :
(1) Work done against friction  (ii) Diffusion of gases (iii) Magnetization of a material.

[ Jmp .Formulae ]

1. First Law of Thermodynamics: dQ =dU + dW

. dQ
2. Heat capacity = qr
: .o 1dQ
Specific heat capacity S = mdT
C,-C,=R c
5. In an adiabatic process of an ideal gas PVY = constant, Y= c

v

6. Efficiency of heat engine 1= v =1 _Q
Q Q
. , . T,
7. Efficiency of Carnot's heat engine n=1 T
1





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


