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Modes of Heat Transfer

fafsor - Radiation

3x108 m /S
Sun - Earth
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Specific Heats of Gases
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Monoatomic Diatomic Polyatomic
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Heat Engines and Refrigerators

&Il T30 - Carnot cycle
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Heat & Thermodynamics

Heat vs Temperature ﬂ; )
F ST I ATTATT

ST :
Tlﬁ-?ﬂ‘_@ Heatagjv-s% 3?;1‘3'{7@

Hot body - Cold body

Heat = form of energy; SI unit joule (J) ; 1 calorie = 4.186]

Temperature = measure of hotness or coldness; SI unit kelvin
(K)

Heat flows from a hotter body to a colder body, regardless of
how much total heat each holds

Kelvin has been defined (since 2019) through the Boltzmann
constant (1.380649x1023 J/K)

Triple point of water = 273.16 K (0.01°C)

Temperature Scales )
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Scale Freezing Boiling Divisions
: 0° 100° 100
Celsius

TS 32° 212° 180

Fahrenheit

. 273.15 373.15 100
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) / { 0° 80° 80
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© Formula: C/5=(F-32)/9=(K-273)/5=R/4

©® -40° reads the same on Celsius and Fahrenheit scales
© Absolute zero = 0K =-273.15°C = —459.67°F

© Normal human body temperature = 37°C = 98.6°F

Thermometers -
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Instrument Key facts

Mercury Mercury freezes at —39°C, boils at 357°C

Freezes at —115°C, boils at 78°C; used for

Alcohol
very low temperatures

.. Range 35°C-42°C (94°F-108°F); has a

Clinical o
constriction

Platinum resistance Range about -200°C to 1200°C

Thermocouple Based on the Seebeck effect

Measures very high temperatures (Sun,
furnaces); no contact needed

Pyrometer

® Sun's surface temperature = 5500°C (5778 K) ; core about 15

million K
Quantity of Heat (Calorimetry) A)
FHT T ATAT (FATATHIT)
80 cal/g Gl'("l' 540 cal/g ‘HT‘T
Ice 9 Water 9 Steam

© Q =mcAT; heat capacity = mc; water equivalent = heat capacity
+ specific heat of water

Principle of calorimetry: heat lost = heat gained

Water has the highest specific heat among common substances
(4200 ]J/kgK =1 cal/g°C)

O Results: sea breeze, water as coolant in radiators, moderate
coastal climate

Latent heat (Q = mL): heat absorbed or released during a change
of state at constant temperature

O Latent heat of fusion of ice = 80 cal/g (3.36x10° J/kg)

O Latent heat of vaporisation of water = 540 cal/g (2.26x10°
J/Kkg)

O Hence steam burns are more severe than boiling-water
burns
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@ Coefficients of linear (o), area () and volume (y) expansion are
intheratio a:f3:y=1:2:3

© Bimetallic strip: used in thermostats and fire alarms

©® Anomalous expansion of water: water contracts from 0°C to 4°C;
density is maximum at 4°C

O This is why aquatic life survives below the ice layer in frozen
lakes

© Gaps are left in railway tracks and bridges to allow for thermal
expansion

Change of State: Key Facts
HATET I & g
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. Increase pressure ) N Boiling point rises
4 - w r )

. Increase pressure ) . Melting point falls

Boiling point rises with pressure (pressure cooker); it falls at
high altitudes

Melting point of ice falls with pressure; this explains regelation
and ice skating

Sublimation: camphor, naphthalene, iodine, dry ice (solid CO9),

ammonium chloride

Evaporation occurs from the surface at any temperature and
causes cooling (sweating, earthen pot)

Humidity: relative humidity = (actual vapour pressure -+
saturated vapour pressure) x 100 ; measured by a hygrometer ;
dew point = temperature at which air becomes saturated

Modes of Heat Transfer 6 )
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fafevor- Radiation f
;Ijl 3x10° m/s Earth
" y -> " Y

Key facts

Particles do not move; silver is the
best conductor, then copper ;
mercury is a good conductor
among liquids; wool, wood, air and
glass are poor conductors

Conduction Solids

Particles move; sea/land breeze,
chimney, ventilators

Liquids and
gases

Convection

Travels at the speed of light ( 3x108
m/s ); infrared rays ; the Sun's heat
reaches Earth this way

No medium

Radiati
adiation Heeded

© Black body: best absorber and best emitter; white/shiny surface
is the best reflector
Stefan's law: E = ¢T# (total radiation « T%); ¢ = 5.67x10~8 W m 2
K4

Wien's displacement law: Ay'T = constant (2.898x10~3 mK)

Kirchhoff's law: a good absorber is also a good emitter

Newton's law of cooling: rate of cooling « (body temperature -
surroundings temperature)

Thermos flask (Dewar flask, James Dewar): vacuum, silvered
walls; stops all three modes of transfer

Law Constant Relation

Boyle PV = constant

Charles Ve T

Gay-Lussac Vv PxT

Equal volumes contain equal

T,P
numbers of molecules

Avogadro

© Ideal gas equation: PV = nRT ; R = 8.314 J/mol-K; Avogadro
number = 6.022x102%3

© Kinetic theory: average kinetic energy per molecule = (3/2)KT,
depending only on absolute temperature
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Statement / Significance

If two systems are each in thermal equilibrium
with a third, they are in equilibrium with each
other; gives the concept of temperature

Zeroth
(Fowler)

First AQ = AU + W ; law of conservation of energy

Kelvin-Planck: no cyclic engine can convert all
Second heat into work. Clausius: heat does not flow
spontaneously from cold to hot

Third Entropy of a perfect crystal is zero at absolute
(Nernst) zero; absolute zero cannot be reached

Process Condition Result

Isothermal T constant AU=0
Adiabatic Q=0 No heat exchange
Isobaric P constant -

Isochoric V constant W=0

Specific Heats of Gases
4|t & fafarse F=1e

Thermodynamic Processes
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r

ENRGIL S TE IS (RFEH)
Monoatomic Diatomic Polyatomic
L v=95/3 JL vy=17/5 v=4/3

@ Mayer's relation: Cp -Cy=R;y= Cp/ Cy

© v: monoatomic = 5/3 (1.67) , diatomic = 7/5 (1.4) , polyatomic
(non-linear) = 4/3

Heat Engines and Refrigerators
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HT1I 930 - Carnot cycle
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©® Carnot engine (Sadi Carnot, 1824): 2 isothermal + 2 adiabatic
processes; an ideal engine

© Efficiencyn= 1-T9/T; (temperatures in kelvin); 100%

efficiency is impossible

Coefficient of performance (COP) of a refrigerator = T9/(Ty — T9)

Otto cycle: petrol engine; Diesel cycle: diesel engine

James Watt made the steam engine practical (Newcomen built
the earlier one)

Entropy: measure of disorder; unit J/K ; entropy of the universe
always increases

©® Joule: mechanical equivalent of heat ] = 4.18 J/cal

® Count Rumford: showed from cannon-boring experiments that
heat is a result of motion




