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Section 1.1.6 – How heat affects temperature 

 
 

VCAA Study Design Dot Points 

 

 describe temperature with reference to the average translational kinetic energy of the 
atoms and molecules within a system: 
o explain why cooling results from evaporation using a simple kinetic energy model 

 Investigate and analyse theoretically and practically the temperature required to: 
o raise the temperature of a substance: 𝑄 = 𝑚𝑐∆𝑇 
o change the state of a substance: 𝑄 = 𝑚𝐿 

 

 

When two objects at different temperatures are placed in contact, the temperature of the 
colder object increases and the temperature of the hotter object decreases. 
 
Heat energy is transferred from the hotter object to the colder object. We call this process 
heating (or cooling). 
 
The quantity of energy transferred depends upon: 

 the temperature of the objects 

 the mass of the objects 

 the material that each object is made of 
 
Specific Heat Capacity 
 
Different materials have different capacities to hold heat.  
For example, consider a 1kg sample of water and a 1 kg sample of silver. If both samples were 
heated to 50℃ and allowed to cool, which would reach room temperature first? 
 
 
 
 
 
 
 
The silver sample of identical mass will cool much quicker than the water sample, as the water 
sample has a greater capacity to hold heat. 
 
The term “Specific heat capacity” is defined as the amount of energy required to increase the 
temperature of 1 kg of the substance by 1 °C (or K). 
 
NB: Water has a much higher specific heat capacity than silver.  

Accordingly, it takes more energy to raise the temperature of a sample of water than silver.  
Water will also retain its heat better than silver and therefore takes longer to cool. 
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Water has a specific heat capacity of 𝟒𝟐𝟎𝟎 𝑱𝒌𝒈−𝟏𝑲−𝟏. 
 
By definition this means that it will take 4200 𝐽𝑜𝑢𝑙𝑒𝑠 of energy to raise the temperature of 1 
𝑘𝑖𝑙𝑜𝑔𝑟𝑎𝑚 of water by 1 𝐾𝑒𝑙𝑣𝑖𝑛 (or 1℃). 
 
Table.1 below displays a selection of specific heat capacities. 
 

 
Table.1 Specific heat capacities 

 
Knowing the mass of a sample, its change in temperature and its specific heat capacity allows 
one to calculate the energy transferred. 
 
 

 
 
 

Where 𝑄 = heat transferred (𝐽𝑜𝑢𝑙𝑒𝑠) 
Where 𝑚 = mass (𝑘𝑔) 
Where 𝑐 = specific heat capacity (𝐽𝑘𝑔−1𝐾−1) 
Where ∆𝑇 = 𝑇𝑓 − 𝑇𝑖  = change in temperature (𝐾 𝑜𝑟 ℃) 

 

 

𝑄 = 𝑚𝑐∆𝑇 
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Example 1 
Find the amount of energy needed to raise the temperature of 3.0 𝑘𝑔 of iron from 10℃ to 18℃. 
 
𝑄 = ? 
𝑚 = 3.0 𝑘𝑔 

𝑐 = 450 𝐽𝑘𝑔−1𝐾−1 
∆𝑇 = 18 − 10 = 8℃ (𝑜𝑟 𝐾) 

 
 
Example 2 
Find the amount of heat lost (to the surroundings) when 2.0 𝑘𝑔 of water at 80℃ cools to 20℃. 
 
𝑄 = ? 
𝑚 = 2.0 𝑘𝑔 

𝑐 = 4200 𝐽𝑘𝑔−1𝐾−1 
∆𝑇 = 80 − 20 = 60℃ (𝑜𝑟 𝐾) 

 
 
Example 3 
Find the increase in temperature when a 10.0 𝑘𝑔 Aluminium bar is heated by 448500 𝐽𝑜𝑢𝑙𝑒𝑠. 
 
∆𝑇 = ? 
𝑚 = 10.0 𝑘𝑔 

𝑐 = 897 𝐽𝑘𝑔−1𝐾−1 
𝑄 =  448500 𝐽 
 
 
 
Example 4 
A student supplies 1.40 × 104 𝐽 of heat energy to 500 𝑔 of oil in a sealed container and the 
temperature rises from 10℃ to 20℃. 
Calculate the specific heat capacity (𝑐) of the alcohol. 
 
𝑐 = ? 
𝑚 = 0.5 𝑘𝑔 

𝑄 = 1.40 × 104 𝐽 
∆𝑇 = 20 − 10 = 10℃ (𝑜𝑟 𝐾) 

 
 
  

𝑄 = 𝑚𝑐∆𝑇 

𝑄 = 2.0 × 4200 × 60 

𝑄 = 504000 𝐽 

𝑄 = 5.04 × 105 𝐽 
 

 

𝑄 = 𝑚𝑐∆𝑇 

∴ 𝑐 =
𝑄

𝑚∆𝑇
 

∴ 𝑐 =
1.40 × 104

0.5 × 10
 

∴ 𝑐 = 2800 𝐽𝑘𝑔−1𝐾−1 
 

 

𝑄 = 𝑚𝑐∆𝑇 

∴  ∆𝑇 =
𝑄

𝑚𝑐
 

∴  ∆𝑇 =
448500

10 × 897
 

∴  ∆𝑇 = 50℃ (𝑜𝑟 𝐾) 

 

 

𝑄 = 𝑚𝑐∆𝑇 

𝑄 = 3.0 × 450 × 8 

𝑄 = 10800 𝐽 

𝑄 = 1.08 × 104 𝐽 
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Calculating the Specific Heat Capacity 
 

 
Figure.1 Calorimeter 

 
 
 
 
 
 
 
 
Example 5 
A 75𝑔 block of aluminium at 100℃ is placed in 200𝑔 of water at 10℃, in a calorimeter. The 
final temperature of the mixture is 16℃. Neglecting any heat energy gained by the 
calorimeter. What is the specific heat capacity of the aluminium? 
 
Aluminium (hotter) Water (colder) 
𝑐 = ? 𝑐 = 4200 𝐽𝑘𝑔−1𝐾−1 
𝑚 = 0.075 𝑘𝑔 𝑚 = 0.200 𝑘𝑔  
∆𝑇 = 100 − 16 = 84℃ (𝑜𝑟𝐾) ∆𝑇 = 16 − 10 = 6℃ (𝑜𝑟𝐾) 

 
NB: ∆𝑇 = 𝑇ℎ𝑜𝑡 − 𝑇𝑐𝑜𝑙𝑑 

 
𝐸𝑛𝑒𝑟𝑔𝑦 𝑙𝑜𝑠𝑡 𝑏𝑦 ℎ𝑜𝑡𝑡𝑒𝑟 =  𝐸𝑛𝑒𝑟𝑔𝑦 𝑔𝑎𝑖𝑛𝑒𝑑 𝑏𝑦 𝑐𝑜𝑙𝑑𝑒𝑟 
𝑚𝑐∆𝑇 (ℎ𝑜𝑡𝑡𝑒𝑟) = 𝑚𝑐∆𝑇 (𝑐𝑜𝑙𝑑𝑒𝑟) 
 
𝑚𝑐∆𝑇 (𝐴𝑙) = 𝑚𝑐∆𝑇 (𝐻2𝑂) 
0.075 × 𝑐 × 84 = 0.200 × 4200 × 6 

∴ 𝑐 =
0.200 × 4200 × 6

0.075 × 84
 

∴ 𝑐 = 800 𝐽𝑘𝑔−1𝐾−1 
 
The specific heat capacity of the aluminium block was calculated to be 800 𝐽𝑘𝑔−1𝐾−1. 
 
 
  

To measure the specific heat capacity of a material we use a 
device called a calorimeter.  
 
The steps are as follows: 
 
1. measure the mass of the material being tested 
2. measure the mass of the water in the calorimeter 
3. measure the initial temperature of the material being tested 
4. measure the initial temperature of the water in the calorimeter 
5. place the material into the water filled calorimeter 
6. stir the contents until thermal equilibrium is reached 
 
Use the conservation of energy to calculate the specific heat 
capacity of the material being tested. 

       𝑬𝒏𝒆𝒓𝒈𝒚 𝒍𝒐𝒔𝒕 𝒃𝒚 𝒉𝒐𝒕𝒕𝒆𝒓 =  𝑬𝒏𝒆𝒓𝒈𝒚 𝒈𝒂𝒊𝒏𝒆𝒅 𝒃𝒚 𝒄𝒐𝒍𝒅𝒆𝒓 
𝒎𝒄∆𝑻 (𝒉𝒐𝒕𝒕𝒆𝒓) = 𝒎𝒄∆𝑻 (𝒄𝒐𝒍𝒅𝒆𝒓) 
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Example 6 
A hot iron bar of mass 2.5 𝑘𝑔, at a temperature 120℃, is placed into a full 10 litre (10 𝑘𝑔) 
container of water at 20℃. Find the final temperature of the water. What assumptions have 
you made? 
 
Iron (hotter) Water (colder) 
𝑐 =  450 𝐽𝑘𝑔−1𝐾−1 𝑐 = 4200 𝐽𝑘𝑔−1𝐾−1 
𝑚 = 2.5 𝑘𝑔 𝑚 = 10.0 𝑘𝑔  

∆𝑇 = 𝑇ℎ𝑜𝑡 − 𝑇𝑐𝑜𝑙𝑑 ∆𝑇 = 𝑇ℎ𝑜𝑡 − 𝑇𝑐𝑜𝑙𝑑 
∆𝑇 = 120 − 𝑇 ∆𝑇 = 𝑇 − 20 
 
NB: 𝑇 = 𝑇𝑐𝑜𝑙𝑑(𝐹𝑒) = 𝑇ℎ𝑜𝑡(𝐻2𝑂) = ? 

 
𝐸𝑛𝑒𝑟𝑔𝑦 𝑙𝑜𝑠𝑡 𝑏𝑦 ℎ𝑜𝑡𝑡𝑒𝑟 =  𝐸𝑛𝑒𝑟𝑔𝑦 𝑔𝑎𝑖𝑛𝑒𝑑 𝑏𝑦 𝑐𝑜𝑙𝑑𝑒𝑟 
𝑚𝑐∆𝑇 (ℎ𝑜𝑡𝑡𝑒𝑟) = 𝑚𝑐∆𝑇 (𝑐𝑜𝑙𝑑𝑒𝑟) 
 
𝑚𝑐∆𝑇 (𝐹𝑒) = 𝑚𝑐∆𝑇 (𝐻2𝑂) 
2.5 × 450 × (120 − 𝑇) = 10 × 4200 × (𝑇 − 20) 
1125 × (120 − 𝑇) = 42000 × (𝑇 − 20) 
(1125 × 120) − (1125 × 𝑇) = (42000 × 𝑇) − (42000 × 20) 
135000 − 1125𝑇 = 42000𝑇 − 840000 
135000 + 840000 = 42000𝑇 + 1125𝑇 
975000 = 43125𝑇 

∴ 𝑇 =
975000

43125
 

∴ 𝑇 = 22.6℃ 
 
The equilibrium temperature of the iron bar and water is calculated to be 22.6℃. 
This assumes that no heat is lost to the surroundings or transferred to the container. 
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Latent Heat 
 
If you were to observe the temperature of a container of water as it approached boiling point, 
you would see it climb towards 100℃, reach 100℃ at boiling point and go no further whilst 
all the water boiled away. Refer to Graph.1 below. 

 
Graph.1 Heating curve for 1 kg of water 

 
Qn. How is it possible for heat energy to be added to a system and for the temperature of 

the water not to rise?  
 
The answer is latent heat. The term “latent”, literally means “hidden” and refers to the fact 
that adding heat energy does not change the temperature of the water while it is changing 
state. In other words it is heating without getting hot. This effect of adding heat without any 
change in temperature can be observed when water melts and boils.  
 
The amount of energy required to change 1 kg of a substance from solid to liquid, or liquid 
to solid, at its melting point is called the specific latent heat of fusion.  
 
The amount of energy required to change 1 kg of a substance from liquid to gas, or gas to 
liquid, at its boiling point is called the specific latent heat of vaporisation.  
 

 
Table.2 Specific latent heat of fusion and vaporisation  
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Knowing the mass of a sample and its specific latent heat capacity allows one to calculate 
the energy necessary to boil or melt a particular substance. The following equation is used:  
 
 
 
 
Where 𝑄 = heat transferred (𝐽) 
Where 𝑚 = mass (𝑘𝑔) 
Where 𝐿 = latent heat (𝐽𝑘𝑔−1) 
 

 
Figure.2 Change of phase/state 

 
Example 7 
Calculate the amount of heat energy necessary to change 1.5 𝑘𝑔 of ice at 0℃ to water at 
0℃.  
(As there is no change in temperature, this must be a latent heat question) 
 
𝑐 = ? 
𝑚 = 1.5 𝑘𝑔 
𝐿𝑓 = 3.3 × 105 𝐽𝑘𝑔−1 

 
 
 
Example 8 
How much heat energy is needed to change 3.0 𝑘𝑔 of water at 100℃ completely into steam at 
100℃.  
 
𝑐 = ? 
𝑚 = 3.0 𝑘𝑔 
𝐿𝑣 = 2.3 × 106 𝐽𝑘𝑔−1 
 
 

 

𝑄 = 𝑚𝐿 
𝑸 

𝒎 𝑳 

𝑄 = 𝑚𝐿𝑓 

𝑄 = 1.5 × 3.3 × 105 

𝑄 = 495000 𝐽 

𝑄 = 4.95 × 105 𝐽 
 

 

𝑄 = 𝑚𝐿𝑣 

𝑄 = 3.0 × 2.3 × 106 

𝑄 = 6900000 𝐽 

𝑄 = 6.9 × 106 𝐽 
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Example 9  
Calculate the amount of heat energy necessary to convert 2.5 kg of ice at −20℃ to water at 
40℃.  
 
NB: This involves three steps:  
 
1. The heating of ice from −20℃ to 0℃ 

2. The change of phase from solid to liquid at 0℃ 

3. The heating of water from 0℃ to 40℃ 
 
Heating of ice 
(solid) 
↑ temp 
 

Change of phase 

(solid  liquid) 
No ∆ temp 

Heating of water 
(liquid) 
↑ temp 
 

𝑄 = 𝑚𝑐∆𝑇 𝑄 = 𝑚𝐿𝑓 𝑄 = 𝑚𝑐∆𝑇 
 

𝑄 = ? 
𝑚 = 2.5 𝑘𝑔 
𝑐𝑖𝑐𝑒 = 2100 𝐽𝑘𝑔−1𝐾−1 
∆𝑇 = 20℃ 
 
𝑄 = 𝑚𝑐∆𝑇 
𝑄 = 2.5 × 2100 × 20 
𝑄 = 105000 𝐽 
𝑄 = 1.05 × 105 𝐽 
 

𝑄 = ? 
𝑚 = 2.5 𝑘𝑔 
𝐿𝑓 = 3.3 × 105 𝐽𝑘𝑔−1 

 
 
𝑄 = 𝑚𝐿𝑓 

𝑄 = 2.5 × 3.3 × 105 
𝑄 = 825000 𝐽 
𝑄 = 8.25 × 105 𝐽 

𝑄 = ? 
𝑚 = 2.5 𝑘𝑔 
𝑐𝑤𝑎𝑡𝑒𝑟 = 4200 𝐽𝑘𝑔−1𝐾−1 
∆𝑇 = 40℃ 
 
𝑄 = 𝑚𝑐∆𝑇 
𝑄 = 2.5 × 4200 × 40 
𝑄 = 420000 J 
𝑄 = 4.2 × 105 𝐽 
 

∴ Total energy necessary  = 1.05 × 105 + 8.25 × 105 + 4.2 × 105 = 1.35 × 106 𝐽 
 
Evaporation  
The molecules in a liquid are moving in a random manner and not all molecules are moving 
at the same speed. In fact the speeds of the molecules vary considerably.  
 
The faster moving molecules near the surface of a liquid are able to escape from the surface 
of the liquid and become a gas, even though the temperature of the liquid is well below the 
boiling point. This is the process of evaporation. 
 
This reduces the average translational kinetic energy of the remaining particles, and the 
liquid is cooler as a result. Refer to Figure.3 below. 
 
  

Figure.3 Evaporation 
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Exam Styled Questions 
 
Question 1 (1 mark) 
Considering the formula 𝑐𝑎𝑙𝑐𝑜ℎ𝑜𝑙 = 2400 𝐽𝑘𝑔−1𝐾−1, what is the change in temperature if 
2184 𝐽 of heat is gained by 70 𝑔 of alcohol? 
 
A. 168℃ 
B. 91℃ 
C. 13℃ 
D. 7℃ 

 
 
 
 
 
Question 2 (6 mark) 
A Bunsen burner melts 5 𝑘𝑔 of ice originally found to have a temperature of – 15°𝐶. The 
melted water is then placed in a beaker and warmed to 15°𝐶. Assume negligible heat is 
contributed from the surroundings. 
 

 
 

What is the minimum amount of energy delivered by the Bunsen burner? 

 

C 

ΔQ = mcΔT 
2184 J = 0.07 × 2400 × ΔT 
ΔT = 13°C 
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The following information is relevant for Questions 3 to 6 
 
The below figure shows the heating curve for a 2.0 𝑘𝑔 sample of material that begins as a solid 
at room temperature and finishes as a hot liquid. Note that energy is added to the material at 
a constant rate. 
 

 
Question 3 (1 mark) 
What is the melting point of the material? 
 
 
 
 
Question 4 (2 marks) 
Why does the substance’s temperature remain at 70°𝐶 for a period of time, even though 
350 𝑘𝐽 is added at a constant rate? 
 

 
 
Question 5 (2 marks) 
Calculate the latent heat of fusion for the sample. 

 
 
 
 

𝟕𝟎 ℃ 

𝟏. 𝟖 × 𝟏𝟎𝟓𝑱𝒌𝒈−𝟏 
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Question 6 (2 marks) 
Calculate the specific heat capacity of the sample while it is a liquid. 

 
 
 
 
 

 
 

  

𝟏. 𝟕 × 𝟏𝟎𝟑𝑱𝒌𝒈−𝟏𝑲−𝟏 
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The following information is relevant for Questions 7 to 9 
 
The below figure shows a temperature (°𝐶) versus heat removed (𝑘𝐽) graph for a 500 𝑔 
substance that begins an experiment as a liquid. 
 

 
 
Question 7 (1 mark) 
What is the freezing point of the substance? 
 
 
 
 
Question 8 (2 marks) 
Calculate the latent heat of fusion for the sample. 

 
 
 
 
Question 9 (2 marks) 
Calculate the specific heat capacity of the sample while it is a solid. 

 
 
 

𝟑𝟎𝟎 ℃ 

𝟐. 𝟓 × 𝟏𝟎𝟐𝒌𝑱𝒌𝒈−𝟏 

𝟔. 𝟕 × 𝟏𝟎𝟐𝒌𝑱𝒌𝒈−𝟏𝑲−𝟏 
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Question 10 (5 marks) 
A Bunsen burner is used to completely melt a 200 𝑔 sample of paraffin wax. The paraffin wax 
is initially at room temperature (25°𝐶). 
What is the minimum amount of energy delivered by the Bunsen burner if the melting point 
of the candle is 46°𝐶? (Assume negligible heat is contributed from the surroundings.) 
 
Note: 𝑐 = 2.2 × 103 𝐽𝑘𝑔−1𝐾−1 and 𝐿𝑓 = 2.0 × 105 𝐽𝑘𝑔−1 

 

 
 
 
 
Question 11 (1 mark) 
In an experiment, a 1.0 𝑘𝑔 aluminium block is heated to 90°𝐶. It is then dropped into 
5.0 𝑘𝑔 of water at 20°𝐶. The specific heat capacity of water is 4200 𝐽𝑘𝑔−1𝐾−1 and the 
specific heat capacity of aluminium is 880 𝐽𝑘𝑔−1𝐾−1. 
 
Assuming no energy is transferred to the surrounding air or container, the final temperature 
of the aluminium block and water is closest to 
 

A. 21°C 
B. 23°C 
C. 35°C 
D. 55°C 

 

 
 
  

𝟒. 𝟗 × 𝟏𝟎𝟓 𝑱 

B 
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Question 12 (1 mark) 
4.00 𝑔 of silver in liquid form solidifies at a constant temperature. The latent heat of fusion 
of silver is 1.05 × 105 𝐽𝑘𝑔−1. 
 
How much energy is removed when this change is made? 
 
A. 420 𝐽 
B. 2.60 × 104 𝐽 
C. 4.20 × 105 𝐽 
D. 2.60 × 107 𝐽 

 
 
 
 
Question 13 (2 mark) 
Explain why the evaporation of sweat results in the cooling of the body. 

 
  

 
A 
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The following information is relevant for Questions 14 to 16 
 
The below figure shows a temperature (°𝐶) versus energy removed (𝑘𝐽) graph for 200 𝑔 of a 
substance that begins an experiment as a liquid and finishes as a solid. Energy is removed 
from the material at a constant rate. 
 

 
 
Question 14 (1 mark) 
What happens to the substance when it reaches 70℃? 

 
 
Question 15 (2 mark) 
Calculate the latent heat of fusion of the substance. 

 
 
 
 
 
Question 16 (2 mark) 
Calculate the specific heat capacity of the substance when it is a liquid. 

 
 
 
 

𝟏. 𝟓 × 𝟏𝟎𝟔𝑱𝒌𝒈−𝟏 

𝟐. 𝟓 × 𝟏𝟎𝟒𝑱𝒌𝒈−𝟏𝑲−𝟏 


