
Chapter 4
S.M.S.M



Thermal Properties of Matter













Conversions

Slope:

Intercept = 32°F

5
9

C100
F180

C0C100
F32F212













C

F

T
T



Conversions

 32
5
9

CF TT   32
9
5

FC TT

CF TT 
5
9

FC TT 
9
5

From °C to °F From °F to °C

Temperature 
Reading

Temperature 
Change



Absolute Zero and Kelvin Scale

• Temperature is in units called kelvins (K)
• T = 0 K is called absolute zero
• Represents the temperature at which an 

ideal gas

K 15.273 CTT
CTT 



I. Characteristics of a Gas
A) Gases assume the shape and volume of a 
container.

B) Gases are the most compressible of all the 
states of matter.

C) Gases will mix evenly and completely when 
confined to the same container.

D) Gases have lower densities than liquids or 
solids.



C) The study of gases and its results formed 
the primary experimental evidence for our 
belief that matter is made up of particles. 
MATTER IS NOT CONTINUOUS.

III. Measurable Properties of a Gas
A) Mass - moles - symbol is n

B) Pressure - symbol is P

C) Volume - symbol is V

D) Temperature - must be in K - symbol is T



Boyle's Law: For a fixed amount 
of gas and constant temperature,

PV = constant. 

T is constant



Charles's Law: at constant pressure 
the volume is linearly proportional 

to temperature.  V/T = constant



Gay-Lussac’s LawGay-Lussac’s Law
Old man Lussac studied the direct relationship
between temperature and pressure of a gas at
constant volume.
As the temperature increases the pressure of a
gas exerts on its container increases.



The Ideal Gas Law
PV = nRT

P = Pressure (in kPa) V = Volume (in L)
T = Temperature (in K) n = moles

R = 8.31 kPa • L
K • mol

R is constant.  If we are given three of P, V, n, or T, 
we can solve for the unknown value.

From Boyle’s Law:
PiVi = PfVf or PV = constant

From combined gas law:
PiVi/Ti = PfVf/Tf or PV/T = constant



Ideal gas law the functional 
relationship between the 

pressure, volume, temperature
and moles of a gas.  PV = 
nRT; all gases are ideal at 

low pressure. V =nRT.  Each 
of the individual laws is 

contained in this equation.



Sample problems

How many moles of H2 is in a 3.1 L sample of  
H2 measured at 300 kPa and 20°C?

PV = nRT
(300 kPa)(3.1 L) = n (8.31 kPa•L/K•mol)(293 K)

(8.31 kPa•L/K•mol)(293 K)
(300 kPa)(3.1 L) = n = 0.38 mol

P = 300 kPa, V = 3.1 L, T = 293 K



Ideal Gas Law
The pressure, P, volume V, and temperature T of an ideal gas
are related by a simple formula called the ideal gas law.







Thermal Expansion
• For solids and liquids:

– Energy increase via heat input
– Atoms vibrate with greater 

amplitude
– Average separation increases

• Leads to macroscopic 
expansions
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Most solids and liquids expand when heated. Why? 

Internal Energy U is 
associated with the 
amplitude of the 
oscillation of the 
atoms 

Average distance between atoms
Inter-atomic forces


“springs”
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Thermal strain





Linear Thermal Expansion Coefficient



Ceramics
low expansion coefficients

 ~10-6 K-1

Polymers high expansion coefficients  
 ~ 10-4 K-1

Metals
 ~ 10-5 K-1

Linear Thermal Expansion
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Volume expansion – solid cube

Vo = Lo
3

V = L3 = (Lo +  Lo T)3 = Lo
3(1 +  T)3

V = Lo
3 (1 + 3  T + 3 2 T2 + 3 T3)

V = Lo
3 (1 + 3  T) (ignoring higher order terms)

V - Vo = V = 3  Lo
3T =  Vo T

 coefficient of linear expansion
 coefficient of volume expansion



𝟎
𝟐

𝟎 = ି𝟕 𝟑, where ି𝟓

𝟎 , so

𝟎
𝑽𝟎
𝝅𝒓𝟐

𝟐×𝟏𝟎ష𝟕

𝟑,𝟏𝟒× 𝟓×𝟏𝟎ష𝟓 𝟐= 

The new volume of the mercury after the expansion 
𝟎 , where ି𝟒 ି𝟏 𝟐

New height of the mercury, so
𝟐 = 𝟐

𝟎 = 𝟎
ି𝟒 = 



Expansion Coefficients
TLL  0

TAA  0

TVV  0

 2  3

Linear Expansion – 1D

Area Expansion – 2D

Volume Expansion – 3D

If  is the same in all directions then



Heat as a form of Energy
What is HEAT?
• Form of energy and measured in    

JOULES, Ergs, Calorie or BTU   
(Thermal Units)

• Particles move about more and take up 
more room if heated – this is why things 
expand if heated

• It is also why substances change from: 
solids         liquids         gases 

when heated



Heating and Cooling
• If an object has become hotter, 

it means that it has gained heat energy.
 T > 0 (positive)

• If an object cools down, it means it has 
lost energy

 T < 0 (Negative)
• Heat energy always moves from:

HOT object                           COOLER object

Cup of water at 20 °C in a room at 30°C - gains heat energy and heats 
up – its temperature rises

Cup of water at 20 °C in a room at 10°C loses heat energy and cools 
down – its temperature will fall.



Heat Capacity
Heat capacity is the amount of energy required to raise the
temperature of a substance by 1K or 1oC.
Different substances will have different thermal capacities, and
different masses of the same kind of substance will also have
different thermal capacities.

Heat Supplied (Q) = Heat Capacity (C) x Change in temperature (ΔT)

Heat Capacity (C) = 



Specific Heat Capacity
• Specific Heat Capacity 

can be thought of as a 
measure of how much 
heat energy is needed to 
warm the substance up. 

• You will possibly have 
noticed that it is easier 
to warm up a saucepan 
full of oil than it is to 
warm up one full of 
water.



• Specific Heat Capacity (C) of a substance is
the amount of heat required to raise the
temperature of 1g of the substance by 1oC (or
by 1 K).

• The units of specific heat capacity are J oC-1 g-1

or J K-1 g-1. Sometimes the mass is expressed
in kg so the units could also be J oC-1 g-1 or J
K-1 kg-1

The amount of heat energy (q) gained or lost by a
substance = mass of substance (m) X specific
heat capacity (C) X change in temperature (ΔT)

Q = m x c x ΔT  





How much energy would be needed to heat 450 grams of
copper metal from a temperature of 25.0ºC to a temperature
of 75ºC? The specific heat of copper at 25ºC is 0.385 J/g ºC.)

The change in temperature (ΔT) is:
75ºC - 25ºC = 50ºC

Given mass, two temperatures, and 
a specific heat capacity, you have 
enough values to plug into the 
specific heat equation

q = m x C x ΔT  .
and plugging in your values you get
Q = (450 g) x (0.385 J/g ºC)  x (50ºC)

= 8700 J



The sum of heat gain and heat lost equal zero



Th(hot)= 91C, Tc(cold)= 12; Tm (mixture)= 35C

M(hot)+ m(cold) = 800 kg...........................(1)

Q(gain by cold water)+ Q (lost by hot water) = 0
m(cold)x c(water) x (Tm- Tc)+ m(h)x c(water)x (Tm-Th)= 0
23 m(cold) – 79 m(hot) = 0..........................(2)



Heat Transfer
• Heat is transferred through a material by 

being passed from one particle to the next
• Particles at the warm end move faster and 

this then causes the next particles to move 
faster and so on.

• In this way heat in an object travels from:

the HOT end the cold end



Conduction
• Occurs by the particles hitting each other 

and so energy is transferred.
• Can happen in solids, liquids and gases,
• Happens best in solids-particles very 

close together
• Conduction does not occur very quickly in 

liquids or gases



Conduction
• Materials that conduct heat quickly are 

called conductors
• All metals are good conductors of heat
• Copper is a very good conductor of heat
• Pans for cooking are usually made with a 

copper or aluminium bottom and plastic 
handles

Heat Rate H= q/t





Heat Rate H= q/t
H= 



The thickness of ghe pot is L = 12mm= 0.012 m 
and the temperature differece ΔT= 102-100= 2°C
The surface area A= 1.5x104 mm2 = 1.5x10-2 m2

Hal= = 595 Watt

HCu= = 992 Watt



Surface area A= 1.2 m2 and the wall thickness L = 4cm = 0.04 m

The heat rate is the power of the electric heater H= 10 Watt

The temperature difference between inside and outside is ΔT=

15°C

H= 



Heat Transfer by Radiation
 Transfer of heat directly form the source to the object 

by a wave, travelling as rays.
 Heat radiation is also known as 

INFRA-RED Radiation
 All objects that are hotter than their surroundings 

give out heat as infra-red radiation
 Heat transfer by radiation does not need particles to 

occur and is the only way energy can be transferred 
across empty space





Radiation



Thermoregulation in Heat



• Heat Loss by Conduction 
– Direct transfer of heat through a liquid, solid, or gas from one 

molecule to another.
– A small amount of body heat moves by conduction directly 

through deep tissues to cooler surface. Heat loss involves the 
warming of air molecules and cooler surfaces in contact with the 
skin.

– The rate of conductive heat loss depends on thermal gradient.

• Heat Loss by Evaporation (~ 55%)
– Heat transferred as water is vaporized from respiratory passages

and skin surfaces.
– For each liter of water vaporized, 580 kcal transferred to the

environment.
– When sweat comes in contact with the skin, a cooling effect

occurs as sweat evaporates.
– The cooled skin serves to cool the blood.



P = 

= 2(3.14) 0.05(2)

= 290.46 W

A cylinder of radius r= 0.05 m and length l= 2m

The hot side has temperature = 273+ 80= 353 K

The cold side has temperature= 273+20= 293K



A girl having a surface area of 1.2 m2 wears a down jackets
3 cm thick with thermal conduction coefficient of 0.02
Wm-1K-1. If her skin temperature is 34 °C and she can
safely lose 85 W by conduction, what is the lowest
temperature for which the clothing is adequate?

H= 


























