THERMAL PROPERTIES OF MATTER

st d COMPLETE CONCEPTS, FORMULAS & APPLICATIONS AT A GLANCE R e

2. LINEAR EXPANSION (Solids) 3. SUPERFICIAL / AREAL EXPANSION 4. VOLUMETRIC EXPANSION
(Solids)

Solids & Liquids
+ When a body is heated or cooled, its Increase in length in solids due to rise in - { : )
temperature, Increase in area of a surface due to Increase in volume due to rise in temperatura.
rise in temperature.

temperature changes and its dimensions

usually change. - AV = VAT
NP AL = Ly aAT — 07
* These changes in dimensions and the AA = ‘J“.'l BAT V= I-‘n {1 + ‘)'L\TJ
related behavior of matter with heat are L=1I (] 4 u,_\'f‘}
called thermal properties of matter. = A= -"hl(-ll + if-’jT} '\:Tem. Original vol
ey o = Original volume
* Thermal properties are important in L, = Original length whars . V' = Final volume
understanding the behaviour of solids, .[jﬂ F'ngl i Ap = Original area v = Coefficient of volume expansion (K %)
liguids and gases with temperature. e \ AL = Eidlores AT = Change in temperature
a = Coefficient of linear expansion (K ') f = Coefficient of superficial ge P

AT = Change in temperature expansion (K~} Relation with linear expansion :

. =5
T Unitof o : K ' Relation with linear expansion : =
L] # =2 ' i
NS — e J
: £y aly ———
Solid Liquid Gas | by - .
Y Ty — Ay Va v
(Te=Th) atT, aHi(L>T) at T, at Ts (T3> T,)

5. APPARENT EXPANSION OF LIQUIDS 6. ANOMALOUS EXPANSION OF WATER 7. SPECIFIC HEAT CAPACITY (s) 8. LATENT HEAT
When a liquid is heated in & container, both the = Water shows anomalous expansion Amount of heat required to raise the Heat required to change the state of a
liquid and the container expand. The rise in between 0"C and 4°C. temperature of unit mass of a substance substance without any change in temperature.

level is less than the actual expansion of liguid.
4 R R * It has maximum density at 4°C. by 1K. = Latent Heat of Fusion (L) :

Yapp = Thguid — VYesurainer » Balow 4°C, water expands on heating [ Q Heat to change unit mass of solid
e and above 4°C, it expands narmally. = mAT into liquid at melting point.
Yapp = Apparent expansion = Latent Heat of Vaporization (L.} :
Haguid = True expansion of liquid %: whety Heat to change unit mass of liquid
Veantainer ™ Expansion of container % €} = Heat supplied inta gas at beiling point.
Rise i = me = Mass |
ise in e
ey E = level : AT = Change in temperature Uhte s T i
il i
J - aiii 1 gt
____________ [ 0 4 10 Unit: Jhg K
AT, At T, Temperature (“C)
9. RELATION BETWEEN DIFFERENT HEAT QUANTITIES 10. CONDUCTION OF HEAT (Fourier's Law)
1. Heat required to change temperature [sensible heat) Q = msAT Heat flows through a mateorial without
any mevement of the material.
2. Hoat required for change in state (latent heat) Q@ =ml . . r ] T
dT’ 1/ o 2
3. Totsl heat in phase change with temperature change H=—kA .;-fx /f A d (Ty=T;)
» For heating ice st —10°C to steam at 110°C wihere, |- /
7 H = Raet of heat flow (W) A
Q=ma  (0+10) + mL, +ms_ . (100) + mL, + s, . (110 — 100) k = Thermal conductivity (W m~' K~ *
' - f ion {m?
4, In tarms of molar quantities :!lT AL ELEEAt ARcHnD (I ' l Heat flow {H)
* Using molar mass (M) and molar heat capacity (C) o 7 = Temperature gradient (K m™') dx s—dx—
Q' =nCAT = 1:; CAT (Negative sign shows heat flows from

{ € = molar heat capacity ) higher to lower temparature)

11. THERMAL CONDUCTIVITY (k) 1Z. NEWTON'S LAW OF COOLING 13. RADIATION OF HEAT (Stefan-Boltzrmann Law)

Praparty of a material which determines its ability Rate of loss of heat of a body is directly proportional All bodies emit thermal radiation. The total power radiated per
to conduct heat. to the temperature difference between the bady and its unit area is propertional to the fourth power of absolute temperature.
surroundings (for small AT,
+ Good conducters : High k le.g. Copper, Silver) Fro H = aT* ”
= Poor conductors (insulators) : Low k = =K(T -13) whers, ‘/1’1/]
te.g. Wood, Plastic, Air) H = Power radiated per unit area (W m*)
| \ or, H = KA(T -T,) o = Stefan—Boltzmann constant )‘.W
Unit: Wm 'K i, =567 10 *Wm TK*
K = Thermal conductance, T, = Temperature of surr i T = Absal temperature (K} {\[\f
14, THERMAL PROPERTIES OF SOME COMMON SUBSTANCES [Approx.) 15. IMPORTANT POINTS
Substan K" AR (L] kg 'K Ewm K1) ; § ?
ez st - A Y - btz | = « Moast solids expand on heating and contract an cooling.
Alurminium 24 %10 48% 107" 7.2%10° 200 237
ciadh * : i s : ~ Liquids also expand on haating (water is an exception between 0°C and 4°C).
Copper 1.7 %1075 34 w10 51x10°" 385 401
s . 4 | + Gases have very high coefficient of expansion.
lron 1.2 = 10 2.4 x10 Ib =107 450 an
Ghirs 0.8 5 10-* 1.6 10-* 2410t 240 1.0 + Heat can be transferred by conduction, convection and radiation.
Watar = ] 2.1 % 1075 4186 | 0.6 v Thermal properties are crucial in engineering, weathear, daily life and

* Apparant volumetric expansion of water at — 20°C. technology.

QUICK FORMULASUMMARY [l UNITSSUMMARY | REAL LIFE APPLICATIONS REMEMBER

Linear AL Lo AT Length (L} m R s
Areal tAA = ABAT Area (A) m? ealder body to & hetter bady
Volumatric LAV = VayAT R A - N ‘ % Gt

=20 . § | f .
Specific heat " e o Temparaturg {T) Km0 i J Thermadynamics governs
Latent heat Q :r::?r Specific haat {s) ket K G energy transfer and is the
Conducticn : H o= —ka S Latent haat (L) kgt Design of Cooking & Building basis of many technologies

dx Thermal conductivity (k) + Wm " K ' aircraft & bridges refrigeration Thermometers insulation in our daily life.
Radiation +H = T
* CONCEPT CLEAR + PRACTICE MORE + SCORE HIGH *
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