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         Thermal Physics

Simon Hudson
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Forms of Energy
Energy comes in a variety of forms…

Potential

Mechanical Chemical Electrical

Internal Kinetic

Heat

All energy forms have the same units, Nm or Joules (J)



Energy is defined as “the capacity to do Work”

Work is a Mechanical form of Energy:
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The Key Concepts in Thermal Physics

Thermal Physics can be explained in terms of three key 
quantities:

• Heat (Q)
• Internal Energy (U)
• Temperature (T)

In todays lesson we will consider these three quantities



Heat (Q) and Internal Energy (U)

• Heat is energy that flows from a higher 
temperature object to a lower temperature object 
because of differences in temperature.

• Note, heat always flows from hot to cold !!
• The heat that flows originates in the Internal 

Energy of the hot substance. 
• When heat flows, the internal energy of the hot 

substance decreases and the internal energy of 
the cold substance increases.



Internal Energy (U)

• Internal Energy is associated with the 
microscopic components of a system – atoms 
and molecules.

• Internal Energy includes kinetic and potential 
energy associated with the motions of atoms or 
molecules in the system.

• Internal Energy is the TOTAL energy of all the 
molecules in the object.



Temperature

• Temperature is a measure of the hotness or 
coldness of a body.

• Temperature is related to the internal energy.
• Temperature in Kelvins is a measure of the 

average kinetic energy of individual molecules.
• Note, the direction of heat flow between two 

objects depends upon their temperatures NOT
on how much internal energy each object has !



Temperature Scales

• Note, we write temperature in Kelvin without the degree 
symbol. For example, we would write 20°C as 293.15K 
not 293.15°K. 



Temperature Scales - Student Problems



Thermal Physics Worksheet 1 – ANSWERS 

 

Heat and Temperature 

 

 

 

 

  



Energy Conservation

The First Law of Thermodynamics states that total energy is always 
conserved in a system. The total amount of energy and matter in the 
Universe remains constant. Energy merely changes from one form to 
another:

• energy cannot be created nor destroyed

• energy can only change from one form to another

constant)( EEnergy



Thermal Equilibrium
Two bodies are said to be at thermal equilibrium if they are at the 
same temperature.  This means there is no net exchange of thermal 
energy between the two bodies.  The top pair of objects are in 
contact, but since they are at different temps, they are not in thermal 
equilibrium, and energy is flowing from the hot side to the cold side.

hot coldheat

26°C 26°C

No net heat flow
The two purple objects are at the same temp and, therefore are in 
thermal equilibrium.  There is no net flow of heat energy here.
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Thermal Equilibrium and the Zeroth Law of 
Thermodynamics

• If warm and cool objects are placed in thermal contact, heat 
flows from the warm to the cold object until thermal 
equilibrium is established.

Zeroth Law of Thermodynamics

• Two systems, separately in thermal equilibrium with a third 
system, are in thermal equilibrium with each other.

• If objects A and B are each in thermal equilibrium with object 
C, then A and B are in thermal equilibrium with each other

• Allows us to define temperature relative to an established 
standard.



Thermal Expansion
• Almost all materials expand when heated and contract when 

cooled.
• The property of linear thermal expansion is given symbol α.
• If the material is restrained in a system so that it is unable to 

expand, then stresses may develop in the system leading to 
buckling of components (train tracks):
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Thermal Expansion
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Thermal Properties - Expansion 

• However, sometimes the properties of thermal 

expansion is advantageous; such as in bi-metallic 

temperature sensing switches. 

• These switches use two different metals bonded 

together with very different coefficient values. 

• In the switch shown below; α(lower strip) > α(higher strip) 
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Expansion of Length



Coefficients of Linear Expansion



Expansion of Length
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Expansion of Length – Student Problems



Thermal Expansion 

 

 

 



Thermal Expansion (Continued..)  

 



Thermal Expansion (Continued..) 

 

 

 

 

  



Expansion of Area and Volume
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Area and Volume – Student Problems



Thermal Expansion (Continued..)  

 



Thermal Expansion (Continued..) 

 

 



Expansion of a Hole



Expansion of a Hole – Student Problem



Thermal Expansion 

 

 

 



Expansion of composite materials
Consider this problem…

To solve this:

1.Calculate the volume expansion of the  glass 
bottle (remember to use βglass = 3αglass !!).
2.Calculate the volume expansion of the water.
3.Subtract the answers for parts 1 and 2



Did you get the right answer ?



Did you get the right answer to the previous problem?

If not, then try this problem as revision …
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Thermal Expansion (Continued..) 

 

 



Specific Heat Capacity

• The amount of heat required to raise a 
certain mass of a material by a certain 
temperature is called heat capacity.

Q = mcΔT

m = mass (Kg)
c =  specific heat capacity (JKg-1°C)
ΔT = change in temperature



Specific Heat Capacity
• The specific heat capacity is defined as the heat energy 

required to raise 1Kg of a substance by 1 Celsius degree
• Every substance requires a unique amount of energy per 

unit mass to change the temperature of that substance 
by 1 Celsius degree.
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30Specific Heat 
Capacity

Specific Heat 
Capacity

If 25.0 g of Al cool 
from 310 oC to 37 
oC, how many 
joules of heat 
energy are lost by 
the Al?

Specific heat capacity  =

                 heat lost or gained by substance (
(mass, g)(T change, K)



31Specific Heat 
Capacity

Specific Heat 
Capacity

If 25.0 g of Al cool from 310 oC to 37 oC, how 
many joules of heat energy are lost by the 
Al?

heat gain/lose = q = (sp. ht.)(mass)(∆T)

where ∆T  =  Tfinal - Tinitial
q = (0.897 J/g•K)(25.0 g)(37 - 310)K
q = - 6120 J

Notice that the negative sign on q 
signals heat “lost by” or transferred 

OUT of Al.

Notice that the negative sign on q 
signals heat “lost by” or transferred 

OUT of Al.



Heat Capacity – Student Problems

(Use Specific Heat Capacity for water = 4200 Jkg-1K-1)



Heat Capacity and Specific Heat 

 

 

  



Method of mixtures
In mixtures of substances there will always 
be conservation of energy in the system so 
that:

Heat Lost = Heat Gained
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Method of mixtures – Student Problems



Heat Capacity and Specific Heat 

 

 

  



Heat Capacity and Specific Heat (Continued…) 

 

 

 

 



Transfer of Energy Problem



Transfer of Energy Problem
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