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THERMODYNAMICS 

V. PHASE CHANGES AND HEAT TRANSFER

1. PHASE CHANGES

When we uniformly warm a solid material (for example a piece of ice) its temperature as a function of heat will take the
shape shown by the graph below.

The two horizontal segments correspond to the melting and the boiling, respectively. During those intervals the
temperature of the material does not change. The heat that the system receives or gives off without any change in
temperature during a phase change is called latent heat. The latent heat of fusion (Lf) corresponds to melting, and the

latent heat of vaporization (Lv) corresponds to boiling. The diagonal sections can be described by the 

 equation, i.e. for one kilogram (or one mol) of the material the slope of each line equals the reciprocal of the specific
heat (or the molar heat capacity):

2. HEAT TRANSFER

Heat can be transferred in three different ways:

conduction,
 
convection, and
 
radiation.

During conduction heat is transferred from the hotter part of the object to the colder part without any macroscopic
motion within the material. The process is based on transferring energy through the collisions of molecules. Those
molecules that are in a region with a higher temperature on average posses more kinetic energy than the molecules of
the neighboring colder region. As a result on average the molecules of the hotter region lose energy during the
collisions, while the molecules of the colder region gain energy.

 ANIMATION



 

Typically, the stronger the interaction between the molecules, the more effective the transfer of heat. This is the reason
why solid objects are good conductors of heat while gases have poor thermal conductivity. In the case of metals free
electrons play an important role in the energy transfer, and they are also responsible for good electrical conductivity.
The approximate proportionality between the thermal and electrical conductivity in metals can be understood based on
this connection.

When a beaker of water is placed on a hotplate the bottom layer of the water receives heat via conduction. Due to its
lower density the warm water rises, and its place is taken by cold water from above. This water then also rises after
being warmed up and the cycle continues. The transfer of heat by this process is called convection. Unlike
conduction, convection involves the ordered motion of the atoms or molecules of the material, and the energy is carried
by these particles.

Both conduction and convection require a medium in which the heat is transferred; radiation, on the other hand, does
not. The reason for this is that radiation involves the transfer of energy by electromagnetic waves, which can propagate
even in a vacuum. The warmth of the Sun makes it to Earth via radiation, as well.

 ANIMATION
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