CHAPTER - 10

THERMAL PROPERTIES OF MATTERS
(FeF & ardT 9on)

Points to remember (FAIONT T29) :

Temperature Heat
Relative = measure of|Energy transferred

hotness or coldness of
a body.

between two or more
systems by virtue of
temperature difference.

S| unit- kelvin (K)

S| unit- joule (J)
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Note: Heat always flows|Note: Heat content itself =Gl ¢l (Fraer R ??ﬁfg%a A
from higher temperature|can not de cide its i 3 3 aﬁn_ ad -
to lower temperature. direction of flow. 2. a9 fog- S o g | o1 ol dTaATe
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Measurement Of Temperature | Measurement Of Heat g (m T ﬁ@ 2. Icg FuAT a9
Thermometry Calorimetry. 7 3Tawerr aRadeT giar &l
Device: Thermometer. Device: Calorimetr. _ .
Principle: Change in|Principle:  Heat lost Comparlson.between Various Scales
any physical properties|by a body at higher| fffieer St F @iw oo
of materials with the|temperature = Heat
change in temperature. |gained by a body at Name of Scale Celsius | Fahr- Kelvin
Two fixed points lower temperature Thol ol ATH Scale [enheit Scale
1. Ice point - At which|Two types of heat H::,, Lsh?i:il - lqﬁi‘;[ '
pure  water freezes|Capacity i ®
under standard pressure.|1. Specific heat capacity
(Lower fixed point) - whenever there is Freezing point of 0°C 32°F 273.15 K
2. Steam Point- At|temperature change. water/Lower Fixed
which pure water boils|(2. Latent heat capacity point STel T %HIEF
under standard pressure. |- whenever there is state Teg/f=ren R foig
(Upper fixed point) change. N _

Boiling point of 100°C | 212°F 37315 K

water/Upper Fixed

point
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. 0 R o
fordt erliT r arATge AT | ATIATT R F IUR W g
GSeh T AIYeT AT ar a7 & ¥ e foAwrdi | | No. of division 100 180 100
F 1T FAT T TUTHATAOT| AT ST TEar

S| s#e- kelvin (K) S| sFE- joule (J) Value of each 1°C 1°F 1K
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How to convert temperature =
T - Lower Fixed Point

Upper Fixed Point -

Thermal Expansion

Lower Fixed Point

The increase in the dimensions of a body due
to the increase in its temperature.



Thermal expansion is due to the increase in amplitude of vibration of the molecules.
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Type of Expansion

Linear Expansion.

Areal expansion or superfi-
cial expansion.

Volume expansion or cubi-
cal expansion.

Definition The expansion in length is | The expansion in area is The expansion in volume
called linear expansion. called areal expansion or is called volume expansion
superficial expansion. or cubical expansion.
Expression AL = aloAT AA = BAOAT AV = yVoAT
Lo= initial length Ao = initial area Vo = initial volume
AL = increase in length AA = increase in area AV = increase in volume
Coefficient Coefficient of areal Coefficient of areal Coefficient of areal
expansion (a) - The expansion (B) :- The expansion (y) - The
increase in length per increase in area per unit increase in area per unit
unit length per degree rise |area per degree rise in area per degree rise in
in temperature. temperature. temperature.
Si unit Its unit is 1/K or K. Its unit is 1/K or K. Its unit is 1/K or K.

Anomalous expansion of water

Water contracts on heating between 0 °C and 4 °C. The volume of a given amount of water
decreases as it is cooled from room temperature, until its temperature reaches 4 °C. Below 4 °C,
volume increases, and the density decreases. This means that water has a maximum density at 4
°C.
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Important quantities in the calorimetry

Quantities Definition Formula SI unit
Heat Capacity (S) |The amount of heat required to raise the |AQ = SAT JK-

temperature of a substance by 1°C. _AQ

S —
AT

Specific Heat Ca- The amount of heat required to raise the [AQ = smAT Jkg' K
pacity (S) temperature of 1kg of a substance by AQ s

1°C. T mAT _E

It depends on the nature of the substance

and its state.
Molar Specific The amount of heat required to raise the|AQ = pCAT J kgt KT
Heat(C) temperature of one mole of a substance _ AQ

through one degree celsius. T uAT
Molar Specific Heat |The amount of heat required to raise (AQ)v = uCvAT J kg' K p?
At Constant Vol- the temperature of one mole of a gas (AQ)v
ume(Cv) through one degree Celsius, at constant |Cv = TIAT

volume.
Molar Specific Heat |The amount of heat required to raise (AQ)p = pCpAT J kg' K pt
At Constant Pres- |the temperature of one mole of a gas (2Q)p
sure(Cp) through one degree Celsius, at constant [Cp =TUAT

pressure.




Latent Heat The amount of heat per unit mass Q=mL J kg
Capacity transferred during change of state of the || = q/m
substance is called latent heat of the
substance for the process.
Latent heat of fu- The latent heat for a solid-liquid state Lf =Q/m J kg’
sion (Lf) change is called the latent heat of fusion
(Le),
Latent heat of fu- The latent heat for a liquid-gas state Ly =Q/m J kg’
sion (Lv) change is called the latent heat of va-
porization (Lv)
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CHANGE OF

STATE
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* Melting (fusion)

* Vaporization

sSublimation

The change of
state from solid
to liquid is called
melting.

The change of
state from lig-
uid to vapour
(or gas) is
called vapor-
ization.

The change
from sol-

id state

to vapour
state with-
out passing
through the
liquid state is

* Melting(fusion)

* Vaporization

® Sublimation

called subli-

mation.
The temperature | The tempera- |During the
remains constant |ture remains sublimation
until the entire constant process both
amount of the until the entire |the solid and
solid substance amount of vapour states
melts. the liquid is of a sub-
Both the solid converted into [stance coex-
and liquid states | Vvapour. ist in thermal
of the substance |Both the liquid | €quilibrium.
coexist in thermal | and vapour e.g. Dry
equilibrium during | states of the ice (sol-
the change of substance id CO2),w-
states from solid | coexist in iodine.
to liquid. thermal equi- | Regelation
The temperature | librium, during |pp o
at which the solid | the change of |~ © - "
and the liquid state from liq- | opoczing
states of the sub- | Uid to vapour. | &% "0
stance in thermal | The tempera- | pressure is
equilibrium with ture at which | removed.
each other is the liquid and | Advan-
called its melting |the vapour tage:Skating
point. states of the | s possible

It is characteristic
of the substance.

It also depends
on pressure.

The melting point
of a substance at
standard atmo-
spheric pressure
is called its nor-
mal melting point.

substance co-
exist is called
its boiling
point.

Boiling point
increases with
increase in
pressure.

The boiling
point of a
substance at
standard atmo-
spheric pres-
sure is called
its normal
boiling point.

on snow due
to the forma-
tion of water
below the
skates. Water
is formed
due to the
increase of
pressure and
it acts as a
lubricant.
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* HEAT TRANSFER AT FUHTEI0T

There are three distinct modes of heat transfer:
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thermal conductivity of the material.
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The greater the value of K for a material, the
more rapidly it will conduct heat.
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The Sl unit of Kis J s'" m' K' or W m™" K.
The dimension of K is [MLT3K"]
Xm T=b

Wavelength (Am) of maximum intensity of
emission of black body radiation is

inversely proportional to absolute temperature
(T) of the black body.

where b = constant of proportionality

Wien’s displacement law

= Wien's constant for a black body
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* Law of Thermal conductivityZSHT dTeehdl & HaH

The rate of flow of heat (or heat current) H
is proportional to the temperature difference
(Tc - Tp) and the area of cross section A and
is inversely proportional to the length L :
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The constant of proportionality K is called the

Aluminum has specific heat capacity of :
a. 450 J kg' °C’

b. 900 J kg’ °C"

c. 1350 J kg' °C™

d. 1800 J kg’ °C™
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450 J kg' °C

900 J kg °C”’

1350 J kg' °C™

1800 J kg' °C™

pure substance would freeze or solidify at
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Boiling point
Condensation point
Melting point
Sublimation point
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