CHAPTER - 11

THERMODYNAMICS

EALICIGED)

Points to remember:

Thermodynamic state
variables

State Variables

Adiabatic wall

Diathermic walls

An insulating wall that
does not allow flow of
energy (heat) through it.

A diathermic wall is
a type of wall that
allows heat to pass
through it.

Thermodynamic state
variables describe
equilibrium states of
systems.

e.g. pressure, volume,-
temperature, and mass

State Variables: Quan-
tities such that their
value depends only on
the given state of the
system, not on history
i.e. not on the ‘path’
taken to arrive at that

S. | Thermo- Introduction Work done
NO. | dynamic
process
1 Isothermal | Temperature re- | Q=W=pRT
mains constant logez—f
2 Isochoric | Volume remains | W =0
constant
3 Isobaric Pressure re- W = PAV
mains constant | =P (V2 - Vi)
= u R(T2-T1)
4 Adiabatic | Heat remains 1f(ﬂ-Tz)
constant 71
5 cyclic System returns \l;VV= Is‘vea under
to the original -V Dlagram
state
6 Reversible | System returns | W = Area under

to initial state
by following the
reverse path

P-V Diagram

7 Quasi-stat-
ic

An infinitely
slow process
such that the
system remains
in thermal and
mechanical
equilibrium with
the surround-
ings throughout.

* All reversible
processes are
quasi static in
nature

W = Area under
P-V Diagram

etc.

state.

Important
terms

Definition

Equation
of state

The connection between the state
variables is called the equation of
state. PV=pRT

Indicator
Diagram

Graphical variation between P and V
for a Thermodynamic process. Area
under the P v/s V curve gives the
work done.

Isotherm

The pressure-volume curve for a
fixed temperature is called an iso-
therm.

One calo-
rie:

The amount of heat required to
raise the temperature of 1g of water
from 14.5 °C to 15.5 °C.

1 cal=4.186J

Thermal
equilibrium

When two systems are brought in
thermal contact with each other and
when the heat exchange between the
systems stops. This occurs when tem-
perature becomes the same.

Heat

Heat is the energy transfer arising
due to temperature difference be-
tween the system and the surround-
ings. Heat is the energy in transit.
Heat is not a state variable.

It is a mode of energy transfer to/
from a system resulting in change in
its internal energy.




Work done

Work is energy transfer brought
about by other means, such as
moving the piston of a cylinder con-
taining the gas, by raising or lower-
ing some weight connected to it.

Work is not a state variable.

Second
law of
thermody-
namics

1. Lord Kelvin Statement:

No process is possible whose sole
result is the absorption of heat from
a reservoir and the complete conver-
sion of the heat into work.

It is impossible to construct a heat
engine which extractall heat from
the source and converts it into equal
amounts of work done and no heat
is given to the sink.

2. Clausius Statement:

Clausius statement No process is
possible whose sole result is the
transfer of heat from a colder object
to a hotter object

Without the performance of external
work heat cannot flow from the cold
reservoir towards the hot reservoir.
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Internal Internal energy of a system is the
energy sum of kinetic energies and poten-
tial energies of the molecular con-
stituents of the system. It does not
include the overall kinetic energy of
the system.
Internal energy is the sum
of the kinetic energies and
potential energies of the par-
ticles of a system.
U=Uk+Up
Uk: It depends on tempera-
ture only. Up: It depends only on
configuration.
U is a state variable of the
system.
laws of Statement
Thermody-
namics
Zeroth law [ Two systems in thermal equilibrium
of Thermo- |with a third system are in thermal
dynamics |equilibrium with each other.
The Zeroth Law leads to the
concept of temperature.
First law If AQ is the amount of heat supplied
of thermo- [to any system, then this heat will be
dynamics: [utilized to increase the internal en-

ergy of the system and in the work
done in order to move the piston.

Mathematically, AQ =AU +AW

Feelleh SlAR Sl (SHD ATEIH § Foll
ST ATEIH  Foll |(FSA) & Yarg Hr
(3°AT) & garg @ | 3egAfT & B
3regAfed w87 &t
S. |FsAT IR Con)
oM EUGEIR
EET)
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a. Conservation of mass

b. Conservation of linear momentum

c. Conservation of energy



