
THERMAL EXPANSION AND 
PHASE TRANSITION





Thermal Expansion
• is the tendency of matter to change in volume in 

response to a change in temperature
• in expansion, there is a change in the average separation 

between the atoms in the object
• every linear dimension increases by the same 

percentage with an increase in temperature



Average Coefficient of Linear Expansion

� 

α =
ΔL /Li
ΔT

Li ⇒ initial length

Lf ⇒ final length

ΔL ⇒ Lf – Li

α ⇒ coefficient of linear expansion



Thermal expansion of a 
homogeneous metal washer. 
As the washer is heated, all 
dimensions increase. (The 
expansion is exaggerated in 
this figure.)



� 

β =
ΔV /Vi

ΔT

Average Coefficient of Volume Expansion

Vi ⇒ initial volume

Vf ⇒ final volume

ΔV ⇒ Vf – Vi

β ⇒ coefficient of volume expansion

How about water? How does it behave?



How the density of water at atmospheric pressure changes 
with temperature.





Exercises
• A steel girder is 200 m long at 20°C.  If the extremes of 

temperature to which it might be exposed are –30 °C 
to +40 °C, how much will it contract and expand?

• Rubber has a negative average coefficient of linear 
expansion.  What happens to the size of a piece of 
rubber as it is warmed?



Exercises
• A certain glass rod is 30.0 cm long by 1.50 cm in 

diameter.  If the temperature of the rod increases by 
65°C, what is the increase in (a) its length, (b) its 
diameter, and (c) its volume? (Assume that α = 9.00 x 
10–6/°C)

• It is shown that 3α = β, now show that the change in 
area of a rectangular plate is given by

� 

ΔA = 2αAiΔT



Latent Heat (L)
• is the amount of energy released or absorbed by a 

chemical substance during a change of state or a phase 
transition

L ⇒ latent heat

Q ⇒ heat

m ⇒ mass� 

L ≡
Q
m

During phase change, the 
amount of energy transferred 
depends on the amount of 
substance involved



Heat transfer in a phase change
• heat entering the substance — (+)
• heat leaving the substance — (–)

� 

Q = ±mL

• note: both Lv and the boiling temperature of a material 
depend on pressure



The boiling point of water changes with altitude.
• As you go higher, the boiling temperature decreases. 
• At sea level, the boiling point of water is 212 °F (100 

°C). 
• As a general rule, the boiling point temperature 

decreases by 1 F° for every 540 feet of 
altitude (0.56 C° for every 165 meters)

• there is less atmospheric pressure on the surface of 
liquids



• latent heat of solidification = latent heat of fusion
• latent heat of vaporization = latent heat of condensation



Specific Heat (c)
• is the heat capacity per unit mass of a substance

Heat Capacity (C)
• is the amount of energy needed to raise the 

temperature of a particular sample of substance by 1 °C

c ⇒ heat capacity

Q ⇒ heat

m ⇒ mass

ΔT ⇒ temperature change

� 

Q = CΔT

� 

Q = mcΔT





Phase Transition of Water
• transfer of energy (heat) doesn’t result in a change in 

temperature
Phase equilibrium – is a condition wherein two 
phases can co-exist at a certain unique temperature

A plot of temperature versus energy added when 1.00 g of ice initially at –30.0°C is 
converted to steam at 120.0°C.



Chapter problem 20-66
Serway (5th ed), p. 638
A cooking vessel on a slow burner 
contains 10.0 kg of water and an 
unknown mass of ice in equilibrium 
at 0°C at time t = 0. The 
temperature of the mixture is 
measured at various times, and the 
result is plotted in the figure. During 
the first 50.0 min, the mixture 
remains at 0°C. From 50.0 min to 
60.0 min, the temperature increases 
to 2.00°C. Neglecting the heat 
capacity of the vessel, determine the 
initial mass of the ice.


