
UNIT

What ideas explain the 
physical world?

AREA OF STUDY 1

How can thermal effects be explained? 

Outcome 1 
Apply thermodynamic principles to analyse, interpret and explain changes in 
thermal energy in selected contexts, and describe the environmental impact of 
human activities with reference to thermal effects and climate science concepts. 

Key knowledge 
Thermodynamics principles 
• convert temperature between degrees 

Celsius and kelvin

• describe the zeroth law of 
thermodynamics as two bodies in 
contact with each other coming to a 
thermal equilibrium

• describe temperature with reference to 
the average kinetic energy of the atoms 
and molecules within a system

• investigate and apply theoretically 
and practically the first law of 
thermodynamics to simple situations: 
Q = U + W

• explain internal energy as the energy 
associated with random disordered 
motion of molecules

• distinguish between conduction, 
convection and radiation with reference 
to heat transfers within and between 
systems

• investigate and analyse theoretically 
and practically the energy required to: 

 – raise the temperature of a 
substance: Q = mcΔT

 – change the state of a substance: 
Q = mL

• explain why cooling results from 
evaporation using a simple kinetic 
energy model. 

Thermodynamics and climate science
• identify regions of the electromagnetic 

spectrum as radio, microwave, 
infrared, visible, ultraviolet, X-ray and 
gamma waves

• describe electromagnetic radiation 
emitted from the Sun as mainly 
ultraviolet, visible and infrared

• calculate the peak wavelength of 
the  re-radiated electromagnetic 
radiation from Earth using Wien’s law: 
λmaxT = constant

• compare the total energy across the 
electromagnetic spectrum emitted by 
objects at different temperatures such 
as the Sun

• describe power radiated by a body as 
being dependent on the temperature 
of the body according to the Stefan–
Boltzmann law, P ∝ T 4

• explain the roles of conduction, 
convection and radiation in moving 
heat around in Earth’s mantle (tectonic 
movement) and atmosphere (weather) 

• model the greenhouse effect as the 
flow and retention of thermal energy 
from the Sun, Earth’s surface and 
Earth’s atmosphere

• explain how greenhouse gases in the 
atmosphere (including methane, water 
and carbon dioxide) absorb and re-
emit infrared radiation

• analyse changes in the thermal energy 
of the surface of Earth and of Earth’s 
atmosphere

• analyse the evidence for the influence 
of human activity in creating an 
enhanced greenhouse effect, including 
affecting surface materials and the 
balance of gases in the atmosphere. 
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Issues related to thermodynamics
• apply thermodynamic principles to 

investigate at least one issue related to 
the environmental impacts of human 
activity with reference to the enhanced 
greenhouse effect: 

 – proportion of national energy use 
due to heating and cooling of 
homes 

 – comparison of the operation and 
efficiencies of domestic heating 
and cooling systems: heat pumps; 
resistive heaters; reverse-cycle air 
conditioners; evaporative coolers; 
solar hot water systems; and/or 
electrical resistive hot water systems 

 – possibility of homes being built that 
do not require any active heating or 
cooling at all 

 – use of thermal imaging and 
infrared thermography in locating 
heating losses in buildings and/or 
system malfunctions; cost savings 
implications 

 – determination of the energy ratings 
of home appliances and fittings: 
insulation; double glazing; window 
size; light bulbs; and/or electrical 
gadgets, appliances or machines 

 – cooking alternatives: appliance 
options (microwave, convection, 
induction); fuel options (gas, 
electricity, solar, fossil fuel) 

 – automobile efficiencies: fuel options 
(diesel petrol, LPG and electric); air 
delivery options (naturally aspirated, 
supercharged and turbocharged); 
and fuel delivery options (common 
rail, direct injection and fuel 
injection)

• explain how concepts of reliability, 
validity and uncertainty relate to 
the collection, interpretation and 
communication of data related to 
thermodynamics and climate science. 

Heating processes
In order to understand the behaviour of matter, you 
first need to know the kinetic particle model (kinetic 
theory). This model assumes that all matter is made of 
lots of small particles (atoms or molecules) that are in 
constant motion. These particles feel forces of attraction 
and repulsion, and during a collision no kinetic energy 
is lost or gained overall in the system. 

All states of matter (solids, liquids and gases) follow 
the kinetic particle model, with the distances between 
particles changing for each state, i.e. the distance 
between particles in a gas is much greater than in a solid.

HEAT AND TEMPERATURE
Heat is a measure of the internal energy of a system. 
The internal energy is the sum of all the kinetic and 
potential energy of the particles within a substance. 

Kinetic energy is used to describe the motion of the 
particles (faster particles have a higher kinetic energy). 
Potential energy describes the separation between 
particles away from an equilibrium position. Because 
heat describes the energy, it is measured in joules (J). 
As a substance is heated, its particles will gain energy, 
and its temperature will increase. The temperature is a 
measure of the average kinetic energy of the particles. 
Heat or thermal energy will always travel from a hotter 
object to a colder one. 

Temperature is generally measured using the 
arbitrary scales of Fahrenheit and Celsius. In contrast 
to these is the absolute or kelvin scale. Absolute 
scales can’t have negative values, so the lowest value 
must be 0 K. The triple point of water (where the 
combination of air pressure and temperature allow all 
three states of water to coexist) was used to develop 
the kelvin scale. The freezing point of water (0°C) is 
equivalent to 273.15 K. This is often approximated 
to 273 K and provides a reliable value with which to 
convert a temperature between Celsius and kelvin. 

• To convert a temperature from degrees 
Celsius to kelvin: add 273.

• To convert a temperature from kelvin to 
degrees Celsius: subtract 273.

The zeroth law of thermodynamics
For energy to flow between two objects, they need to 
be in thermal contact. For example, if an ice cube is 
placed into a cup of hot coffee, the ice molecules are 
in thermal contact with the coffee’s atoms and thermal 
energy will flow between them. As the coffee is warmer 
than the ice, thermal energy will flow from the coffee 
to the ice. This system will eventually reach thermal 
equilibrium. Thermal equilibrium occurs when the 
flow of energy between objects in thermal contact 
comes to a stop. 

VCE Physics Study Design extracts © VCAA (2015); reproduced by permission.
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In the coffee example, energy is transferred from 
the coffee to the ice. The ice gains energy and warms 
up, turning into water, while the coffee loses energy 
and therefore cools down. Eventually the transfer 
of energy between the materials will stop, and the 
system will then be in thermal equilibrium all at the 
same temperature. 

The zeroth law of thermodynamics states that:

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

The first law of thermodynamics
The first law of thermodynamics states that energy 
simply changes from one form to another while the 
total energy in a system is constant. Changes can occur 
by heating or cooling, or by work being done on or by 
the system.

The change in the internal energy (ΔU) can be 
calculated if you know how much energy is added (+Q) 
or removed (−Q), and whether work was done on (−W) 
or by (+W) the system. 

ΔU = Q − W

The internal energy (U) of a system is defined as 
the total kinetic and potential energy of the system. As 
the average kinetic energy of a system is related to its 
temperature and the potential energy of the system is 
related to the state, a change in the internal energy of 
a system means that either the temperature changes or 
the state changes.

For example, while cooking a pot of soup, a chef 
does 200 J of work on the soup as they stir it. The pot 
also increases in temperature and gains 80 J of thermal 
energy from the surroundings. The change in energy of 
the soup will then be ΔU = Q − W = 80 − (−200) = 280 J. 

SPECIFIC HEAT CAPACITY
The heat needed to raise the temperature by a 
certain amount will be proportional to the mass of 
the substance: ΔQ ∝ m. If you heat the same masses 
of different materials, you will find that they require 
different amounts of energy for the same increase 
in temperature. In order to compare this quality in 
different materials, you need to find the specific heat 
capacity, c, of the substance. This variable is equal 
to the amount of energy that must be transferred to 
change the temperature of 1 kg of the material by 1°C 
or 1 K. 

Q = mcΔT

where Q is the heat energy transferred (J)
 m is the mass (kg)
	 ΔT is the change in temperature (°C or K)
  c is the specific heat capacity of the 

material (J kg−1 K−1). 

Table 1.1.1 lists the specific heat capacities for some 
common materials.

Table 1.1.1 Approximate specific heat capacities of 
common substances

Substance c (J kg−1 K−1)

human body 3500 

methylated spirits 2500

air 1000

aluminium  900

glass  840

iron  440

copper  390

ice (water) 2100

liquid water 4200

steam (water) 2000

LATENT HEAT
As a substance goes through a change of state, such 
as when ice turns into water, its temperature does not 
change. The energy required to undergo this change is 
called the latent heat, L. 

The latent heat is calculated using the equation:

Q = mL
where Q is the heat energy transferred (J)
 m is the mass (kg) 
 L is the latent heat (J kg−1). 

In Figure 1.1.1 on page 4, the different changes of 
state of water are shown, from ice to water to steam. 
As the water changes from a solid to a liquid (i.e. from 
ice to liquid water), the energy required to melt the 
substance is known as the latent heat of fusion. Then, 
as it changes from a liquid to a gas when the water boils 
into steam, the energy required is known as the latent 
heat of vaporisation. 
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Figure 1.1.1 A heating curve for water.

Table 1.1.2 lists a few values for the latent heat of 
different materials. 

Table 1.1.2 The latent heats of fusion and vaporisation for 
some common substances

Substance Melting 
point 
(°C)

Lfusion
(J kg−1)

Boiling 
point (°C)

Lvapour
(J kg−1)

water  0 3.34 × 105  100 22.5 × 105

oxygen −219 0.14 × 105 	 −183  2.2 × 105

lead  327 0.25 × 105 1750  9.0 × 105

ethanol −114 1.05 × 105  78  8.7 × 105

silver  961 0.88 × 105 2193 23.0 × 105

Evaporation
The process known as evaporation occurs when 
a liquid changes into a vapour at room temperature. 
Evaporation occurs when the particles of the liquid 
have enough energy to escape from the surface of the 
liquid until eventually no liquid remains.

How quickly a liquid will evaporate depends on:
• the volatility of the liquid: volatile liquids, such as 

methylated spirits, have weaker surface bonds and 
so they evaporate at a faster rate

• the surface area: larger surface areas allow more 
evaporation

• the temperature: liquids at higher temperatures 
(higher energies) evaporate faster

• the humidity: there is less evaporation when the 
humidity is high

• air movement: evaporation increases if there is air 
movement (i.e. a breeze) over the surface of the 
liquid.

CONDUCTION
When heat is moved from one place (or material) to 
another without the movement of particles, the heat 
is said to be transferred by conduction. If a material 
readily conducts heat, it is said to be a good conductor; 
if it is a poor conductor it is referred to as an insulator. 
Some examples of conductors and insulators can be 
found in Table 1.1.3. 

Table 1.1.3 Conductors and insulators

Conductor Insulator

iron wood

copper plastic

steel polystyrene

CONVECTION
When a kettle is in use, the heating filament at the 
bottom  of the container heats up the water and the 
particles gain kinetic energy, causing the particles to 
push apart. This changes the density of the heated 
water so that the hot water rises. The colder fluid at the 
top of the kettle will be denser and hence will fall. This 
causes a current to form (Figure 1.1.2). This type of 
energy transfer is known as convection. Convection 
currents occur in all types of fluids, including 
upwellings in oceans, wind and weather patterns. In the 
example of the kettle, by placing the heating filament 
at the bottom of the kettle, it is possible to heat all of 
the water evenly (Figure 1.1.2a). Compare this to the 
different temperatures reached throughout the kettle in 
Figure 1.1.2b. 

100°C

100°C

100°C

100°C

45°C

87°C

(a) (b)

100°C

100°C

100°C

100°C

45°C

87°C

(a) (b)

Figure 1.1.2 Convection currents. (a) The filament at the bottom 
of the kettle creates an even temperature throughout the water, 
compared to (b) the uneven temperatures of the water when the 
filament is placed part way up the kettle.
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RADIATION
Conduction and convection require a medium to transfer 
energy. Radiation (shortened from electromagnetic 
radiation) transfers heat without the movement of 
particles. For example, the Sun’s energy is able to reach 
Earth through the vacuum of space. 

Radiation includes ultraviolet, visible and infrared 
light, which are all a part of the electromagnetic 
spectrum (Figure 1.1.3), and so it behaves as we know 
light to behave: it travels at the speed of light, c, and it is 
able to be reflected and absorbed. 

gamma rays

N
on

-io
ni

si
ng

Io
ni

si
ng

X-rays

ultraviolet

visible spectrum
(800–400 THz)

infrared

microwaves

TV

radio106

107

108

109

1010

1011

1012

1013

1014

1015

1016

1017

1018

Fr
eq

ue
nc

y
(H

z)

Increasing energy 
and frequency,

decreasing wavelength

Decreasing energy and frequency,
increasing wavelength

1019

Figure 1.1.3 The electromagnetic spectrum.

Applying thermodynamic 
principles

HEATING BY RADIATION
If the temperature of an object is above absolute zero 
(0 K), then it will emit electromagnetic radiation. The 
peak wavelength of the emitted radiation is dependent 
on the internal energy of the object. 

Wien’s law
Wilhelm Wien, a German physicist, found a relationship 
between the peak wavelength of the radiation of an 
object and the surface temperature of that object. 
In Figure 1.1.4, you can see curves for intensity of 
radiation versus wavelength for objects with surface 
temperatures of 12 000 K, 6000 K and 3000 K. The 
maximum intensity of each curve corresponds to the 
peak wavelength. For example, the 6000 K curve has a 
peak wavelength of almost 500 nm. 
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Figure 1.1.4 The spectrum of wavelengths at different 
temperatures.

Wien’s displacement law, also known as Wien’s law, 
states that:

λmaxT = 2.898 × 10−3 m K

where  λmax is the peak wavelength of the 
emitted radiation (m) 

  T is the surface temperature of the 
object (K).

Using Wien’s law, the 6000 K curve in Figure 1.1.4 
can be shown to have a peak wavelength at 483 nm, 
which is within the visible light range.
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Stefan–Boltzmann equation
Ludwig Boltzmann and Joseph Stefan, two Austrian 
physicists, found a relationship between the rate at 
which an object radiates energy and its temperature in 
kelvin. The rate an object radiates energy is known as its 
power, which is measured in watts (W), where 1 watt is 
equivalent to 1 joule per second ( J s−1).

P ∝ T 4

where P is the power (W)

 T is the temperature of the object (K).

That is, an object at 600 K will emit 34 or 81 times as 
much energy via radiation as one at 200 K.

THE ENHANCED GREENHOUSE 
EFFECT
Most of the thermal energy Earth receives from the 
Sun is short-wave radiant energy. This energy is then 
absorbed by Earth’s surface, increasing the temperature 
of the surface. Of the radiant energy reaching Earth from 
the Sun, about 47% is eventually absorbed by the Earth’s 
surface. The remaining radiant energy is either absorbed 
by the atmosphere or reflected back towards outer space.

Over time, almost all of this absorbed energy is 
re-radiated by the surface as long-wavelength radiant 
energy (Figure 1.1.5).

absorbed by
atmosphere

reflected short-wave
radiation

incoming short-wave
radiation

reflected by clouds

reflected by
surface

absorbed energy

Figure 1.1.5 Light from the Sun is both absorbed and reflected by 
the Earth’s surface.

Even though the Earth’s surface is re-radiating heat 
from the Sun out towards space, it is still able to stay 
warm due to the greenhouse effect. Greenhouse gases 
in the atmosphere absorb the long-wavelength radiation 
emitted by Earth and re-radiate the energy down to 
Earth’s surface. This is known as the greenhouse effect 
and is what gives Earth the consistent temperatures that 
have allowed life to evolve. On planets in our solar system 
that do not have an atmosphere, there are extreme 
swings in temperature. On Mercury, for example, the 
lack of an atmosphere means temperatures range from 
100 K to 700 K (from −170°C to 430°C). 

In more recent years, research has been conducted 
into what has been termed the ‘enhanced’ greenhouse 
effect. Evidence suggests that the atmosphere is 
absorbing and retaining more of the long-wavelength 
infrared radiation emitted by Earth’s surface, as a result 
of the increased production of greenhouse gases that 
coincides with the industrialisation of modern society. 

The most abundant gases in Earth’s atmosphere 
are, in order of abundance:
• water vapour (H2O)
• carbon dioxide (CO2)
• methane (CH4)
• nitrous oxide (N2O)
• ozone (O3)
• chlorofluorocarbons (CFCs). 

One method used by scientists to analyse if there has 
been an increase of these greenhouse gases over time 
is to study Antarctic ice cores. For the 400 000 years 
before the Industrial Revolution, the levels of carbon 
dioxide in the atmosphere were relatively constant 
(Figure 1.1.6). The graph shows that in 2014 the 
carbon dioxide levels passed 400 parts per million 
(ppm). This increase in greenhouse gases has mainly 
occurred through the burning of fossil fuels and large-
scale land clearing.
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Figure 1.1.6 Carbon dioxide levels based on ice-core samples.

MODELLING THE ENHANCED 
GREENHOUSE EFFECT
In order to make predictions about the future of Earth’s 
climate, scientists create models based on data and 
observations. The scientific method is the process 
used to create theories to explain practical observations. 
In order to follow the scientific method, scientists need 
to critically evaluate if there are any personal and/or 
cultural influences that would have an effect on their 
results, and remove these. 
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The scientific method relies on processes to ensure 
the reliability and accuracy of the data through repeat 
tests, critical review by other scientists and by applying 
standard procedures. By following the scientific method, 
scientists are able to remove bias from their data. 

Formulating a model for the enhanced greenhouse 
effect is very complex, and scientists are unable to 
give one single cause for climate change. What non-
scientists view as uncertainty is really an essential part 
of the scientific method.

Scientists have used a number of methods to study 
climate change, including:
• ice-core samples
• tree rings
• pollen levels
• geographical features
• long-term weather observations.

Carbon dioxide levels
By comparing multiple data sets, climate scientists are 
able to find trends and patterns and to make predictions. 
An analysis of carbon dioxide levels of the last 
400 000 years shows a connection between rising carbon 
dioxide levels and higher temperatures (Figure 1.1.7). 
However, this correlation (connection) can’t tell us 
whether the increase in carbon dioxide causes the higher 
temperatures or if it is the other way around. 
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Figure 1.1.7 A comparison of carbon dioxide levels and global 
temperatures over the last 400 000 years.

In order to improve the validity of the results, 
the methods used to produce the data are largely 
independent. Increased surface temperatures are only 
one line of evidence among many, including:
• the uptake of heat by the oceans
• the melting of glaciers
• the rise in sea levels
• increased atmospheric surface humidity.

If the land surface temperature records were flawed 
and the globe had not really warmed, then it would 
be almost impossible to explain these changes. The 
Intergovernmental Panel on Climate Change (IPCC) 
has come to the conclusion that global warming is 
undeniable.

ISSUES RELATED TO 
THERMODYNAMICS
Some Australians have chosen to evaluate their 
environmental impact by looking at passive design. 
Passive design creates energy-efficient homes, reducing 
the need for mechanical heating and cooling. Some 
examples of passive design elements are listed in 
Table 1.1.4. 

Table 1.1.4 Elements of passive design

Type Explanation

insulation and 
thermal mass

utilising insulation so that less 
heating and cooling is needed

orientation taking advantage of sunlight or 
cool breezes by orientating the 
house a certain way; e.g. by adding 
north-facing windows to utilise solar 
radiation to help heat the house 
during winter

shading shading windows using window 
awnings or deciduous trees to keep 
the house cool during summer

glazing using insulating glass to reduce 
the transfer of heat by conduction, 
usually in the form of double 
glazing; this can reduce heat loss or 
gain by 50% or more

Fuelling a car
There are many reasons why environmentally friendly 
and sustainable fuels are gathering popularity, including: 
• the environmental impact of burning fossil fuels, 

which produces greenhouse gases
• the increasing cost of oil
• the need for Australia to import fuel.

Petrol engines have a high environmental impact, 
because they are powered by non-renewable resources. 
They also produce harmful emissions. Among other 
things, petrol engines release carbon monoxide, oxides of 
nitrogen and unburnt hydrocarbons into the atmosphere. 
All of these products impact negatively on the environment.

A range of alternative fuels are now in use or are 
under development, including:
• LPG 
• ethanol 
• biofuel 
• electricity 
• hydrogen. 
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Thermodynamics
1 List the following radiation types in order of increasing wavelength.

green infrared radio ultraviolet blue red X-rays microwaves

 

2 What is the temperature, in degrees Celsius, of melting ice? What is it in kelvin? 

3 For each of the situations in the table below, choose the correct name from this list:

 condensation, transformation, freezing, boiling, combustion, melting

Situation Name

solid changes to liquid

gas changes to liquid

liquid changes to solid

liquid changes to gas

4 Of the three methods of heat transfer (conduction, convection and radiation), select the one that describes 
each situation in the table below.

Situation Method

darker coloured clothes hold heat in summer

a drinks cooler is made from polystyrene foam

the air near the ceiling of a room is warmer than near the floor

a saucepan has a plastic handle

5 Complete the following paragraph relating to specific and latent heat from the word list provided.

phase specific heat capacity energy transferred temperature latent energy

When heat is  to or from a system or object, the  

change depends upon the amount of  transferred, and the mass and the 

 of the material. When a solid material changes state,  

is needed to separate the particles by overcoming the attractive forces between them. This is known as a 

 change. The energy required to do so is referred to as  

or hidden heat. 

6 From the Key Knowledge section, your textbook or another suitable source, define each of the following 
means of heat transfer. 

Conduction 

Convection 

Radiation 
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Temperature scales
The diagram below shows a temperature scale with several key points described. Assume that standard sea level 
pressure applies. 

1 Beside each key point, write the corresponding temperature in kelvin (K) and the equivalent temperature in 
degrees Celsius (°C). You may need to do a little research to find some of the temperatures.

boiling point of water

triple point of water
freezing point of water

freezing point of mercury

melting point of nitrogen

melting point of helium
absolute zero

freezing point of CO2 (dry ice)

2 The triple point of water has particular significance in determining one of the temperature scales. Define the 
triple point of water and explain its significance in determining a temperature scale.

3 A temperature of −100 K has no meaning. State why this is the case.
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Thermal equilibrium
If two objects are in thermal contact, energy can flow between them. For example, if an ice cube is placed in a 
copper pan, the ice molecules are in thermal contact with the copper atoms. Assuming that the copper is warmer 
than the ice, thermal energy will flow from the copper to the ice. When two objects in thermal contact stop having 
a flow of energy between them, they are in thermal equilibrium. 

1 A 200 g sample of water initially at 80°C is mixed with 200 g of water at 10°C. Assuming no heat is lost to the 
surroundings, determine the final temperature of the mixture.

 

 

 

 

2 A 400 g sample of liquid ethanol at 16°C (c = 2460 J kg−1 K−1) is mixed with 500 g of water at 85°C. Assuming 
no heat is lost to the surroundings, determine the final temperature of the mixture.

 

 

 

 

3 A 100 g cube of aluminium initially at 100°C is dropped into a container of 1.0 L of water. 2700 J of energy 
is transferred to the water as the aluminium cools down by 30°C.

 a Determine the specific heat capacity of aluminium.

 

 

 b Determine the original temperature of the water. Give your answer to two significant figures.

 

 

 c Explain why the change in the temperature of the water was very small.

 

4 A 30 g piece of iron is dropped into a container of water and transfers 700 J to the water as it cools. Calculate 
the iron’s temperature change. Use ciron = 444 J kg−1 K−1.

 

 

 

 

5 A 1.0 kg block of ice is dropped into a bucket containing 4.0 L of water initially at 28°C. Calculate the final 
temperature of the mixture. Use Lfusion = 3.34 × 105 J kg−1.
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Electromagnetic radiation
The following diagram shows the energy density versus wavelength curves for black-body radiation at various 
temperatures. A black body is a good absorber of electromagnetic radiation, and all of the light radiated by it 
originates from the body itself (to reach thermal equilibrium); none is reflected.
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1 Use Wien’s displacement law to calculate the expected peak wavelength for: 

 a 3500 K 

 

 

 b 4500 K

 

 

 c 5500 K

 

 

2 Our Sun has a surface temperature of 5777 K. Calculate the peak wavelength of the Sun and describe what 
sort of light this is.
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continued

3 At room temperature, most objects emit in the infrared region of the electromagnetic spectrum (hence the use 
of infrared goggles for ‘seeing’ in the dark). Calculate the peak wavelength of an emitted photon under these 
conditions. Assume these objects can be approximated by a black body and that room temperature is 20°C. 

 

 

4 The power received from the Sun in an area of 1 m2 on the surface of the Earth is about 1365  W. Calculate 
the power the Earth would receive if, instead of the Sun, Earth was orbiting the following stars at the same 
radius. 

Give all your answers to three significant figures.

Star Temperature (K) Power per m2 (W)

Rigel 11 000

Sirius    9940

Betelgeuse    3500
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The kinetic particle model

MATERIALS

• 9 large marbles
• 9 small marbles
• 18 small compression 

springs
• sheet of cardboard
• hot glue gun

DURATION

30 minutes

PROCEDURE

1 Using the hot glue gun, glue the springs to the marbles in a line. Create two different 
lines, one with large marbles and one with small marbles.

2 Fold the cardboard to create a channel wide enough to hold both lines of marbles side 
by side with a gap in between. Cut out a strip of cardboard and glue it to the bottom of 
the channel to create two side-by-side channels for the different lines of marbles, similar 
to the setup below.

3 Glue the first marble of each line to the bottom of the cardboard channel.
4 Starting with all the marbles stationary, add a quick pulse-like movement to the 

cardboard. Observe how the marbles move.
5 Try shaking the cardboard channel with a constant frequency and small amplitude. Once 

all the marbles are vibrating, try suddenly increasing the frequency.
6 Repeat step 5 but this time with a slower frequency.

RESULTS

The marbles represent the molecules in a solid. When vibrating, these marbles have a kinetic 
energy. What does this kinetic energy represent? If the marbles are moving faster, what is 
this analogous to in the kinetic particle model? 

small marble

large marble

springs

cardboard

INTRODUCTION

The kinetic particle model proposes that all matter is made of atoms or molecules 
(particles) that are in constant motion. Internal energy (or thermal energy) refers to the 
total kinetic and potential energy of the particles within a substance. Heat is the flow of 
thermal energy from one object to another. 

PURPOSE

To investigate the kinetic particle model and how energy is transferred in a system. 
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DISCUSSION

1 Describe how your marble set-up links with thermal energy, kinetic energy 
and temperature.

2 This model shows how heat is conducted in a solid. How could you show 
how thermal energy (heat) is then transferred from a hot object to a cold 
object?

3 If the bonds holding the molecules in place were to break, what would this be an 
example of?

CONCLUSION
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Latent heat of fusion

INTRODUCTION

Heat is the energy that is transferred from one substance to another as a result of a 
difference in their temperature. In addition to changing the temperature of a substance, 
heat can also break intermolecular bonds, causing the substance to change phase. When 
this happens, no energy goes into changing the temperature of the substance; it is all 
being used to alter the intermolecular bonds within the substance. The heat energy 
required for a substance to change phase from a solid to a liquid is given by:

 Q mLfusion∆ =
 where  ΔQ is the change in energy (J) 

m is the mass of the substance changing phase (kg) 
Lfusion is the latent heat of fusion of the substance (J kg−1).

The latent heat of fusion of a substance is the amount of energy required to turn it 
from a solid to a liquid. Like the specific heat capacity of a substance, the latent heat of 
fusion depends on the type of substance and its ability to absorb heat while it changes 
phase.

PURPOSE

To determine the latent heat of fusion of water.

MATERIALS

• data-collection system 
and temperature sensor 
(or thermometer and 
stopwatch)

• 600 mL beaker
• calorimetry cup
• balance (one needed per 

class)
• hotplate
• stirring rod (temperature 

sensor can be used 
instead) or stir station

• 300 mL water
• 3 or 4 ice cubes
• paper towel

DURATION

30+ minutes
Keep water away from sensitive electronic equipment.

Be careful using the hotplate. Always be aware that it is on, and be conscious 
of any loose clothing or papers that could accidently melt or catch fire if left 
in contact with the hotplate.

PROCEDURE

1 Heat 300 mL of water to approximately 40°C in the beaker on the hotplate.
2 If you are using a data-collection system, start a new experiment, connect the temperature 

sensor to the data-collection system, and choose a digital display of temperature.
3 Carefully measure the mass of the calorimetry cup, and record this value in the table in 

the Results section.
4 Fill the calorimetry cup three-quarters full with hot water (approximately 40°C), then 

quickly (but accurately) measure the mass of the filled cup. Record this in the table in 
the Results section.

5 Insert the thermometer or temperature sensor into the calorimetry cup and allow the 
temperature to stabilise. Record the initial temperature (as accurately as possible with 
your equipment) in the table.

6 Dry off three or four ice cubes with the paper towel and then place the ice cubes into 
the cup, stirring slowly until the ice completely melts. Continue stirring for an additional 
minute to ensure that the water has reached equilibrium. Record the final temperature 
of the water in the cup in the table.

7 Remove the thermometer or temperature sensor from the calorimetry cup and use the 
balance to measure the total mass of the cup, initial water and melted ice. Record this 
value in the table.

If you are using 
a stir station, add 
the stir bar to the 
calorimetry cup 
before weighing.
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RESULTS

• Calculate the initial mass of the water by subtracting the mass of the cup alone from the 
mass of the water and cup. Record the initial mass of water in the table.

• Calculate the mass of the ice that melted in the cup by subtracting the mass of the cup 
and initial water from the mass of the cup, initial water and melted ice. Record the mass 
of melted ice in the table.

• Calculate the change in temperature of the water in the cup by subtracting the initial 
temperature from the final temperature. Record the temperature change in the table.

• Calculate the change in temperature of the water that is melted from ice by subtracting 
the initial temperature from the final temperature. Record the temperature change in 
the table.

• Calculate the temperature of the melted ice.

Parameter Value

mass of calorimetry cup  kg

mass of calorimeter and initial water  kg

mass of initial water, mwater  kg

mass of cup, initial water and melted ice  kg

mass of ice, mice  kg

initial temperature of water in the cup, tinitial 	 °C 

final temperature of water in the cup, tfinal 	 °C 

initial temperature of ice 	 °C 

temperature of melted ice 	 °C 

temperature change of water 	 °C 

temperature change of melted ice 	 °C 

DISCUSSION

1 What is the sign (positive or negative) of the temperature change calculated? 
What does the sign signify?

2 Given that the specific heat capacity of water, c, is 4186 J kg−1 K−1, use the 
values from the table above to find the heat energy transferred from the water 
initially in the cup. 

3 Using the values calculated in the table, determine how much of the heat 
transferred from the water to the cup went into warming the melted ice to 
the final temperature.
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continued

4 If the energy needed to warm the melted ice does not account for all the 
heat transferred from the water, where did the additional heat go? Using the 
results of your previous calculations, determine the amount of additional 
energy lost by the water that did not go into warming the melted ice.

5 Assume instead that all of the remaining energy can be attributed to the 
melting ice. Using the mass of the ice, calculate the latent heat of fusion of 
water. 

6 If the theoretical value for the latent heat of fusion for water is 3.34 × 105 J kg−1, 
what is the percentage difference between the experimentally determined value 
and the theoretical value? Use the following formula:

=
−

×percentage difference
theoretical value experimental value

theoretical value
100%

7 Why did you need to dry the ice cubes before you placed them in the 
beaker?

8 What is the source of the heat energy that melted the ice? 

9 How did the experimental value compare with the accepted theoretical 
value? Comment on the reliability of your answer with reference to the 
calculated percentage difference. 

10 What assumption was made in this experiment about the initial temperature 
of the ice? 
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11 What other assumptions were made about energy transfer in conducting 
this experiment?

12 Keeping these assumptions in mind, what could be done to improve the 
procedure and hence the experimental result?

CONCLUSION
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