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This resource was developed by Ryan Suckling, a University of Newcastle physics student and 
certified junior football coach. Ryan is passionate about sharing knowledge and using science to 
build a better world.  

Please contact Dr Renee Goreham, a University of Newcastle physics lecturer with expertise in 
nanoparticle synthesis, characterisation and applications in biomedical systems, for all enquiries 
related to this resource.  
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Why study physics?  
 
Physics is crucial to understanding the world around us, the world inside us, and the world beyond 
us. It is the most basic and fundamental science. Physics challenges our imaginations with concepts 
like relativity and string theory, and it leads to great discoveries, like computers and lasers, that 
change our lives. Physics encompasses the study of the universe from the largest galaxies to the 
smallest subatomic particles. It is the basis of many other sciences, including chemistry, 
oceanography, seismology, and astronomy. All are easily accessible with a bachelor’s degree in 
physics.  

Physicists are turning their talents to molecular biology, biochemistry, and biology itself. Even 
medicine has a niche for physicists, and since medical physicists are hard to come by, they are much 
in demand.  

Physics also supports many new technologies. Cell phones, the Internet, and MRIs are only a few 
examples of the physics-based technological developments that have revolutionized our world. A 
physics education equips a person to work in many different and interesting places in industrial and 
government labs, on college campuses, and in the astronaut corps. Many theoretical and 
experimental physicists work as engineers, and many engineers have physics degrees.  
 
Many physics graduates leave the lab behind and work at newspapers and magazines, in governmental 
departments—places where their problem-solving abilities and analytical skills are great assets.  

Physics is interesting, relevant, and it can prepare you for great jobs in a wide variety of places.  

Opportunities for further studies in Physics:  

The Bachelor of Science offered at the Faculty of Science, University of Newcastle, provides a 
foundation of knowledge, skills and attributes that allows graduates to be employable not just today 
but into the future and to contribute actively and responsibly to society. Majoring in Physics, you 
have the opportunity to sample and/or specialise in any one of the following:  

• Biophysics 
• Computational Physics 
• Geophysics 
• Medical Physics 
• Nanotechnology 
• Optical Physics 
• Research Physics 
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• Space Physics/Radar/Surveillance 
• Optical Physics 
• Optical Physics/Laser Engineering/Photonics Engineering 

 
   Research in Physics at the University of Newcastle:  

There are various groups here at the University which are committed to research in physics. 
Groups include:  
• Centre for Space Physics 
• Medical Physics Group 
• Surface and Nanoscience Group 
• Research Centre for Organic Electronics 
• Research Centre for Advanced Fluids 

Careers in Physics:  

The Faculty of Science cares about our students and is interested in giving as much direction as 
possible to those making career choices and beyond. The possible career paths listed below 
include a range of opportunities for graduates at degree, honours, and post graduate study levels.  
 
• Acoustical Physicist 
• Astronomer/ Astrophysicist 
• Biophysicist 
• Cosmologist 
• Fluid Dynamics Analyst 
• Geophysicist 
• Graduate Trainee 
• Health Physicist 
• Laboratory Analyst 
• Laboratory/Research Assistant 
• Nanotechnologist 
• Nuclear Physicist 

• Optical Physicist 
• Plasma Physicist 
• Research Scientist 
• Risk Analyst 
• Science Information/ Education Officer 
• Science/ Physics Teacher 
• Science Technician 
• Scientific Patent Attorney/ Technical 

Advisor 
• Scientific Policy Officer 
• Scientific Writer 
• Software Engineer/ Tester 
• University Lecturer/ Academic 

 

For more information please visit the University’s website: www.newcastle.edu.au  

How to use this manual. 
This manual is as a guide for teachers. It was made to go with the University of Newcastle’s lab in a 
box Spectroscopy experiments. In this manual, you will find: 

http://www.newcastle.edu.au/
http://www.newcastle.edu.au/
http://www.newcastle.edu.au/
http://www.newcastle.edu.au/
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- The aims of each experiment. 
- Any safety precautions that need to be addressed. 
- The syllabus points each experiment relates to. For both content and scientific. 
- An equipment list for each experiment. 
- The experimental steps.  
- An explanation of key concepts. This is written in blue italics. 
- A summary of the content in each experiment. 
- A set of sample answers to the student workbook. 

 

Experiments should be done in order. This is so students learn the needed background concepts 
first. Then use these concepts to create an understanding of spectroscopy and its usage. 

In the box you will have: 

- All equipment needed. 
- This teacher’s manual. 
- Student workbooks 

 

Tailor-made videos for experiments can also be found here. This is for extra support in performing 

the experiments if needed. Only videos for parts with the  icon have been made.  

https://protect-au.mimecast.com/s/gt8tC6XQMEuVWkgJhpyNT8?domain=youtube.com
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Experiment 1: Light it Up 
 

Aims 

1. Introduce and discuss sources of light. 
2. Define the speed of light. 
3. Explain how light helps humans see. 
4. investigate the effect of distance on a beam of light. 
5. Explore and investigate transmission, reflection and refraction. 

 

Safety 

These demonstrations are to be done in a dark room. Students should be seated before beginning. 
This is to minimise risk of injury due to collisions with furniture and other students. 

It is recommended that the torch not be: 

-  turned on and off suddenly. 
- moved around a lot 
- shone in students’ eyes.  

Any of these may cause disorientation. In extreme cases, for students with photosensitive epilepsy, 
this can also cause seizures.  

This demonstration uses glassware. In the event of a breakage, please do not handle broken pieces 
of glass. Instead sweep or use masking tape for smaller pieces. Ensure all broken glass is cleaned up 
and disposed of correctly before proceeding. 

This experiment also uses liquids. In the event of a spill, ensure all liquid is removed from surfaces 
before proceeding. This is to reduce risk of injury due to slipping. 

Syllabus Areas 

This experimental set will address the following syllabus points. 

Skills syllabus points 

ST1-1WS-S: observes, questions and collects data to communicate and compare ideas. 

SC4-6WS: follows a sequence of instructions to safely undertake a range of investigation types, 
collaboratively and individually. 

Content syllabus points 

ST1-8PW-S: describes common forms of energy and explores some characteristics of sound energy. 
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ST2-8PW-ST: describes the characteristics and effects of common forms of energy, such as light and 
heat. 

SC5-PW1-f: describe the occurrence and some applications of absorption, reflection and refraction 
in everyday situations. 

Equipment 

- Torch. 
- Small mirror. 
- Clear glass cup. 
- Water. 
- Paper arrow print out. 
- Blue tac. 
- White paper. 
- String. 
- Tennis ball. 
- Protractor (optional). 

 

Procedure and explanation 

Sources of light 

Begin the experimental demonstration with a minimally lit room. Ask students to explain why they 
might have trouble seeing.  

The answer they should give you is the lights aren’t on, or the curtains are drawn across the windows 
etc. The key concept to build on here is that light needs a source or a point of origin. 

Discuss different sources of light with students. They should then fill in the sources of light section in 
their workbook. 

Light sources can be either natural or artificial (man-made). Some natural light sources are the Sun, 
Stars, fire and lighting. Some plants and animals are also able to produce light such as fireflies, some 
species of jelly fish and some mushrooms. Man-made sources of light include things like lightbulbs 
and torches. 

If students name the moon as a source of light, the moon is like a mirror and reflects the suns light. 
We will demonstrate reflection soon. 

Light speed 

Ask students to count how long it takes for them to see light on a wall when the torch is turned on. 
Then turn on the torch, shining it at a wall. 
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This should appear to be instantaneous. 

Ask students why they think it took so little time to see the light on the wall after you turned on the 
torch. 

The answer is that light travels really fast. The speed of light is 300 000 000 m/s (or 3x10^8m/s). This 
is fast enough to travel 7 times around the world in 1 second. 

How does light help us see? 

Shine the torch on the tennis ball. Ask students what happens to the light after it hits the tennis ball. 

The answer is that the light shone bounces off the object in multiple directions in straight lines (or 
rays).  Some of these rays are accepted into the eye and you can see the object. 

Light and distance 

Shine the torch back to the wall. walk towards the wall and ask students to observe what happens to 
the beam circle on the wall.  

As you get closer to the wall, the beam circle on the wall should decrease. The reason for this that 
light spreads out as it travels. The further it travels the more the beam spreads. You will notice that 
the circle should also be brighter the closer you are to the wall. This property is called brightness. This 
is dependent on the area over which the beam is spread out and the luminosity of the source (the 

equation for this is 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵ℎ𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
4∗π∗distance2

). 

Transmission, Reflection and Refraction.  

Shine the torch through the bottom of the empty cup. Ask students to observe what happens. 

The light from the torch should shine straight through the cup. Some materials such as glass allow 
light to pass straight through them. This is called transmission.  

Get students to look into the mirror and draw what they see in their workbook. Place the mirror face 
up on a table. Put blue tac in the centre of the mirror. Attach the middle of a length of sting to blue 
tac. Shine the torch onto the mirror at a 45-degree angle next to the blue tac. Find the reflected 
beam using the white paper. Hold one end of the string in the same hand as the torch, and the other 
end with the other hand as close to the reflected beam as possible. Ask student to fill in their 
workbook. Older students should also measure these angles using a protractor. 

The mirror reflects the light. This is called reflection. The angle at which light is shone on the mirror is 
called the angle of incidence. The angle at which the light is reflected off the mirror is called the angle 
of reflection.  You should notice that this light is reflected at the same angle that it is shone on the 
mirror, or that the angle of incidence is equal to the angle of reflection. This is known as the law of 
reflection. 
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Fill the cup with water. Slowly lower the two arrows print out with the arrows drawn behind the cup 
and ask students to observe what happens. 

The direction of the bottom arrow should change to the opposite direction.  

Ask students why they think this might happen. 

The answer light doesn’t always travel at 300 000 000 m/s. This is the speed of light in a vacuum or 
space. In air light moves slower than what it would in space. It moves even slower in water. We call 
the thing that light is travelling in, i.e. space, air or water, a medium. When light travels from one 
medium to another it bends. This is called refraction. The light in this case travels from the paper. 
Then in the air. Then through the glass cup. Then through the water. Then through the other side of 
the cup. Then lastly through the air again before it reaches our eyes. At each of the junctions, light is 
refracted. This is why the arrow changes direction. 

Summary 

- Light needs a source to exist. A source can be natural such as the sun. Or it can be man-
made such as a light bulb. 

- Light travels really fast. In a vacuum it travels at 300 000 000m/s. 
- For us to see, light bounces of an object in multiple directions. Some of this light is accepted 

into the eye and this allows us to see. 
- The further light travels the larger the area it spreads out over. The larger the areas the less 

bright it becomes. 
- Light is able to travel straight through some materials like glass. This is called transmission. 
- Objects like a mirror or the moon reflect light. The angle of the reflected light is equal to the 

angle of the incoming light. This is known as the law of reflection. 
- Light moves slower in different mediums such as water and glass, than what it does in a 

vacuum. Because of this, when light travels in between different materials it is bent. This is 
called refraction. 
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Experiment 2: Sunsets and Rainbows 
 

Aims 

1. Define wave properties including wavelength and frequency. 
2. Show light is a wave using young’s double slit experiment. 
3. Demonstrate light as a spectrum defined by wavelength. 
4. Define absorption. 
5. Investigate and explore scattering. 

 

Safety 

These demonstrations are to be done in a dark room. Students should be seated before beginning. 
This is to minimise risk of injury due to collisions with furniture and other students. 

It is recommended that the torch not be: 

-  turned on and off suddenly. 
- moved around a lot. 
- shone in students’ eyes.  

Any of these may cause disorientation. In extreme cases, for students with photosensitive epilepsy, 
this can also cause seizures.  

This demonstration uses glassware. In the event of a breakage, please do not handle broken pieces 
of glass. Instead sweep or use masking tape for smaller pieces. Ensure all broken glass is cleaned up 
and disposed of correctly before proceeding. 

This experiment also uses liquids. In the event of a spill, ensure all liquid is removed from surfaces 
before proceeding. This is to reduce risk of injury due to slipping. 

This experiment includes the use of a rope. Students should not be moving around the classroom 
whilst the rope is being used. This is to reduce the risk of injury. 

There is also a risk of sand entering the eye. This experiment should be performed indoors. Sand 
should not be thrown. It should also not be moved around the classroom outside of jars. 

Syllabus Areas 

This experimental set will address the following syllabus points. 

Skills syllabus points 

ST1-1WS-S: observes, questions and collects data to communicate and compare ideas 
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SC4-4WS: identifies questions and problems that can be tested or researched and makes predictions 
based on scientific knowledge 

SC4-6WS: follows a sequence of instructions to safely undertake a range of investigation types, 
collaboratively and individually 

Content syllabus points 

ST1-8PW-S: describes common forms of energy and explores some characteristics of sound energy 

ST2-8PW-ST: describes the characteristics and effects of common forms of energy, such as light and 
heat 

SC5-PW1-c: describe, using the wave model, the features of waves including wavelength, frequency 
and speed 

SC5-PW1-e: relate the properties of different types of radiation in the electromagnetic spectrum to 
their uses in everyday life, including communications technology 

SC5-PW1-f: describe the occurrence and some applications of absorption, reflection and refraction 
in everyday situations 

 

Equipment 

- Laser pointer. 
- Fine tooth comb. 
- Electrical tape. 
- length of rope (3-4 meters). 
- Torch. 
- cardboard piece. 
- Mirror. 
- white paper. 
- small container. 
- tennis ball. 
- Clear glass cup. 
- Water. 
- Milk. 
- Tablespoon. 
- Paper plate. 
- Scissors. 
- Sand in jar. 

Procedure and explanation 
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Say hello to waves  

Ask students to imagine they are at the beach watching the waves come in from the sea. Tell them 
to draw what a wave looks like in their workbook. 

Tie the rope a stationary fixture such as a tall desk leg. You could have a helper hold one end instead. 
Make sure both ends are at the same height. Move your wrist and elbow up and down so that the 
rope has a peak travelling across it. Slowly increase speed of the movement until you get a sine wave 
with a full wavelength of the length of the string (see image). If this is difficult try using side to side 
movements instead. Use the following explanation to explain wave properties to students. 

The highest points on the wave are called peaks/crests. 

The lowest points are called troughs. 

The amplitude is the size of the peak or trough measured in meters. 

A wavelength is equal to the length between two peaks and is measured in meters. 

The period is the time it takes to complete one wavelength. 

The frequency is the number of wavelengths that are completed per second. We use a unit called 
hertz to measure this. 

 

Students should now complete the activity in their workbook 

Light waves  

Why were we talking about the ocean? Well it turns out light is also a wave. In this section we will be 
doing an experiment to prove it. 
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Make two holes about 3cm apart in a paper plate. Pour sand through the holes. Ask students to 
observe what happens. 

The sand should form two piles. One under each hole. 

Cover the fine-tooth comb with two pieces of electrical tape so only two slits between teeth are 
visible. Make the room as dark as possible. Ask students to predict how many spots they will see if 
you shine the laser pointer through the slits. In a dark room, use a blank wall as a screen behind the 
comb. Aim the laser pointer at the two slits. Ask students to observe what is happening. Tell them 
draw what they see in their workbook. Ask them if it is the same number of spots that they expected 
to see. 

You should see a line of more than two bright spots on the wall blending into dark spots. What you 
are seeing on the screen is an interference pattern. Interference is when two or more waves combine. 
These waves can cancel each other out. This is called destructive interference. This occurs when a 
wave peak combines with a wave trough. This is why there are dark spots on the wall. Or these 
waves increase intensity. This is called constructive interference. This is why there are bright spots. 
When the light passes through the slits it creates two beams that spread out. This spreading out 
effect is called diffraction. These beams then interfere with each other to produce this pattern.  

This experiment is known as Young’s Double slit experiment. It shows that light has wavelike 
properties. Hence light has: 

-  an amplitude.  
- a wavelength.  
- a speed. 

 These are related to each other by 𝑡𝑡𝑠𝑠𝑡𝑡𝑡𝑡𝑠𝑠 = 𝑓𝑓𝐵𝐵𝑡𝑡𝑓𝑓𝑓𝑓𝑡𝑡𝑡𝑡𝑓𝑓𝑓𝑓 ∗ 𝑤𝑤𝑤𝑤𝑤𝑤𝑡𝑡𝑤𝑤𝑡𝑡𝑡𝑡𝐵𝐵𝑡𝑡ℎ. 

 

The electromagnetic spectrum  

Ask students to imagine it is a rainy day outside, and that they see a rainbow. Ask them to draw 
what they would see in their workbooks 

Cut a piece of cardboard big enough to cover the end of the torch. Make a small slit about half a 
centimetre in size in the middle of the piece of cardboard. Cover the torch with the cardboards. Fill 
the small container with water. Lean the mirror on an angle at one end. In a dark room, shine the 
light from the torch at the mirror. Catch the reflected beam with the white paper. Ask students to 
observe what they see. 

You should see a rainbow form on the white paper. You may need to re-adjust a little to see this. 
There are seven colours to the rainbow: red, orange, yellow, green, blue, indigo and violet. They 
always appear in that order. This is the electromagnetic spectrum for visible light. 
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Discuss with students where the rainbow comes from. Also discuss why it is formed. 

Remember back to when the arrow changed direction. We said that light travels slower in different 
mediums. Well it turns out different wavelengths of light travel at different speeds in materials like 
water as well. So we see a separation of different wavelengths of light due to differences in the 
amount each wavelength is refracted. This effect is known as dispersion. The importance of this is 
that different colours of light have different wavelengths. This means that light is a spectrum. Visible 
light is just one part of the electromagnetic spectrum. We use light to see. But there are a lot of 
different wavelengths that we use to do things like heat food (microwaves) and broadcast radio 
shows (radio waves). 

Students should now fill out this section of their workbook. 

Absorption 

Remove the carboard from the torch. Shine the torch on the tennis ball. Ask students what colour 
the tennis ball is.  

We just finished talking about light as a spectrum. Different colours have different wavelengths.  

Ask students why they see the tennis ball as this colour if light bounces off the object like we said 
before. Ask why the ball isn’t white like our light source. 

Only some wavelengths of light bounce off or reflect of the ball. The tennis ball is a greenish yellow 
colour so only green and some yellow wavelengths of light reflect of the ball. 

Ask students what happens to the other wavelengths of light. 

They travel into the ball and stay there. This is called absorption. 

Students should now fill out this section of their workbook. 

Scattering  

Ask students imagine it is a clear sunny day (or if it is sunny outside look at the sky). Students should 
then colour in the sky in the picture in their workbook. 

Fill the glass with water and slowly add milk a tablespoon at a time. Stop just when the mixture gets 
murky. Ask students what would happen if the light is shone through the side of the cup. Make the 
room dark and shine the torch through the side of the glass. Tell students to observe what happens. 

Just like the sky, the water-milk mixture should appear blue in colour. This is because blue light is 
getting scattered or deflected in the water-milk mixture. All other wavelengths of light are passing 
through. In this sky this scattering is done by dust in the air. 

Add a few more tablespoons of milk to the glass. Shine the torch through the bottom of the glass. 
Ask students to observe the colour now. 
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The water-milk mixture should now appear orange in colour, just like a sunset. The light from the sun 
at sunset and sunrise has further to travel to reach the earth. Because of this instead of scattering 
blue wavelengths, wavelengths more toward the red end of the spectrum are scattered instead. 

Students should now fill out this section of their workbook. 

 

Summary 

- In a wave: 
• The highest points are called crests/peaks 
• The lowest points are called troughs 
• The amplitude is the size of the peak or trough in meters 
• The wavelength is the length of the wave between two peaks measured in meters 
• The period is the time it takes to complete one wavelength 
• The frequency is the number of wavelengths completed in one second and is 

measured in hertz 
- Young’s double slit experiment shows that two beams of light interfere. Therefore, light is a 

wave. 
- Light makes up the visible part of the electromagnetic spectrum. It has colours red, orange, 

yellow, green, blue, indigo and violet that have different wavelengths. 
- Different wavelengths of light travel at different speeds in some mediums. This sometimes 

results in different wavelengths of light being separated. This is known as dispersion. 
- We see colour because objects reflect that wavelength of light. When an object is white, all 

wavelengths of light are reflected. When an object is black, all wavelengths of are absorbed. 
- The deflection of light is called scattering. In the atmosphere, light is scattered by dust 

particles resulting in the sky being blue. 
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Experiment 3: Building blocks 
Aims 

1. Recognise that things exist that cannot be seen by the naked eye. 
2. Define an atom. 
3. Define an element. 
4. Define a compound. 
5. Introduce the periodic table. 
6.  Explore the first 18 elements of the periodic table. 
7. Introduce atomic structure. 

 

Safety 

This experiment uses small objects. Students could choke on these if placed in the mouth. Students 
should therefore not put any equipment in their mouth. 

There is also a risk of sand entering the eye. This experiment should be performed indoors. Sand 
should not be thrown. It should also not be moved around the classroom outside of jars. 

Syllabus Areas 

This experimental set will address the following syllabus points. 

Skills syllabus points 

ST1-1WS-S: observes, questions and collects data to communicate and compare ideas 

SC4-4WS: identifies questions and problems that can be tested or researched and makes predictions 
based on scientific knowledge 

SC4-6WS: follows a sequence of instructions to safely undertake a range of investigation types, 
collaboratively and individually 

Content syllabus points 

SC5-CW1-a: identify that all matter is made of atoms which are composed of protons, neutrons and 
electrons 

SC5-CW1-b: describe the structure of atoms in terms of the nucleus, protons, neutrons and electrons 

SC5-CW2-a: identify the atom as the smallest unit of an element and that it can be represented by a 
symbol 

SC5-CW2-b: distinguish between the atoms of some common elements by comparing information 
about the numbers of protons, neutrons and electrons 
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SC5-CW2-c: describe the organisation of elements in the Periodic Table using their atomic number 

 

Equipment 

- Magnifying glass. 
- Jar of sand. 
- Jar of crystals. 
- Jar of glitter. 
- Paper plates. 
- Marker. 
- 5 blue Pompoms. 
- 5 white pompoms. 
- 5 red pompoms. 
- Glue. 
- Small length of string.  
- Scissors. 
- Tennis ball.  
- Pencil middle. 

 

Procedure and explanation 

What we can’t see. 

Ask students to look at the materials provided. Tell them to draw what they see in their workbooks. 

Asks students to look at the materials provided again using a magnifying glass. Tell them to draw 
what they see in their workbook this time. 

Discuss with students whether they were able to see anything using the magnifying that they 
couldn’t see without it. Ask them if they think there is anything smaller that they couldn’t see. 

 There are things they can’t see using the magnifying glass. Everything in the universe is made of 
things we can’t see called atoms. 

Students should now fill out this section of their workbook. 

The definition of an atom 

Get students to cut the string into pieces as small as they can using scissors.  

This is where the definition of an atom comes from. In Greek it means indivisible. If we kept cutting 
things up into pieces until we couldn’t. That would be an atom. 
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If atoms are the smallest piece possible, is there any way for us to see them? Show students the 
tennis ball. Explain that it is made up of atoms. Ask them if everything in the tennis ball stayed the 
same but was just magnified, how big do they think we would have to magnify the tennis ball before 
we can see an atom with our eyes. 

The answer is the tennis ball would have to be roughly the size of the earth. But there is a special 
piece of equipment that we can use to see atoms called an electron microscope. 

Students should now fill out this section of their workbook. 

Elements and compounds 

Ask students to think back to when they were looking at the different materials. Ask them if they all 
looked the same. Ask them if they think they are all made of the same atom. Or if they think they are 
made of different types of atoms? 

The sand, crystals and glitter are made of different types of atoms. Types of atoms are called 
elements. Most things in nature do not exist as elements. Instead they exist as compounds.  

Students should now look at the graphite pencil middle. Tell them to compare that to the sand they 
saw earlier. Ask them to identify which of these is an element and which one isn’t. 

The graphite is an element and is made of pure carbon. But the sand is a compound. It is made of 
silicon and oxygen. 

Students should now fill out this section of their workbook. 

The periodic table  

This exercise will be done completely in the workbook. Students will be drawing pictures in the 
periodic table. This is to associate the first eighteen elements with everyday objects. The following 
periodic table from https://elements.wlonk.com/ElementsTable.htm was used as a guide. 

 

Making an atom  

In this exercise student will be making an atomic model of carbon using pom poms a paper plate and 
a marker. Help students follow the following steps. 

https://elements.wlonk.com/ElementsTable.htm
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Glue a blue pompom in the middle of the paper plate. This blue pompom represents a subatomic 
particle called a proton. Protons are a positively charged particle. They are located in the centre of 
an atom. This area is called the nucleus. 

Halfway between the middle of the plate and the rim, draw a circle with the centre as the middle of 
the plate. Glue a red pompom somewhere on this circle. This red pompom represents an electron. 
Electrons that are negatively charged particles. They travel around the nucleus. 

Have a look at the current atom on your plate. This is a hydrogen atom. This is because it has one 
proton. An element has the same number of protons as its atomic number. Look at hydrogen on the 
periodic table. Check that the number of protons on your plate is equal to the number in the top 
right-hand corner for hydrogen. 

Glue a white pompom next to the blue dot in the centre. This white pompom represents a neutron. 
Neutrons are non-charged particles. They are in the nucleus with protons. 

Glue five more blue and white pompoms touching the pompoms in the centre as close to the centre 
as possible. 

Glue a second red pompom somewhere on the line of the circle we drew earlier. There should now 
be two pompoms glued on the circle. This circle we drew is called an electron shell. Electrons travel 
around the nucleus atoms in shells. Only a certain number of electrons are allowed in each shell. In 
the first shell only 2 electrons are allowed. 

Draw a second circle halfway between the last circle and the rim of the plate. This is the second 
electron shell and can have up to 8 electrons in it. Glue 4 read pompoms on this circle in random 
spots. 

Use the periodic table to determine which element we just made an atom of (hint: count the 
number of protons in the atom nucleus and look up that numbered element) and write the element 
on the top of the plate. Check with your teacher you got it right. 

Hopefully students can recognise that this is a carbon atom. If they get it wrong, tell them that the 
element they should be looking for is an important element for life. If they still struggle, it’s a good 
idea to go through the process with them. 

Summary 

- Everything in the universe is made up of things we can’t see called atoms.  
- An atom is the smallest piece of a chemical element. 
- There are different types of elements that are arranged in the periodic table. 
- Some things such as sand are made up of multiple types of elements. These are called 

compounds. 
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- Atoms have a nucleus that contains protons and neutrons. Electrons travel around the 
nucleus in shells. Only 2 electrons are allowed in the first shell. 8 electrons are allowed in the 
second shell. 
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Experiment 4: Full of Energy 
Aims 

1. Define energy. Including kinetic and potential energy. Explain the difference between them. 
2. Classify mechanical, light, heat, sound, chemical, electric, elastic and gravitational energy as 

either kinetic or potential energy types. 
3. Introduce the idea of energy transformation. 
4. Introduce how energy is transferred. 
5. Discuss how light is produced or absorbed by atoms. 

Safety 

This experiment uses small objects. Students could choke on these if placed in the mouth. Students 
should therefore not put any equipment in their mouth. 

This experiment uses glowsticks which contain toxic chemicals if swallowed. Try not to break the 
glow stick plastic casing. If this does happen clean up the chemicals. Then dispose of the glow stick 
immediately. 

It is recommended that the torch not be: 

-  turned on and off suddenly. 
- moved around a lot. 
- shone in students’ eyes.  

Any of these may cause disorientation. In extreme cases, for students with photosensitive epilepsy, 
this can also cause seizures.  

In this experiment we use rubber bands and a sling shot. If people are shot with rubber bands or 
items using a sling shot this could result in serious injury. Do not do any of the following: 

- Aim objects at other people. 
- Use the slingshot in a way it was not intended. 
- Launch rubber bands around. 

Syllabus Areas 

This experimental set will address the following syllabus points. 

Skills syllabus points 

ST1-1WS-S: observes, questions and collects data to communicate and compare ideas. 

SC4-4WS: identifies questions and problems that can be tested or researched and makes predictions 
based on scientific knowledge. 
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SC4-6WS: follows a sequence of instructions to safely undertake a range of investigation types, 
collaboratively and individually. 

Content syllabus points 

ST1-8PW-S: describes common forms of energy and explores some characteristics of sound energy. 

ST2-8PW-ST: describes the characteristics and effects of common forms of energy, such as light and 
heat. 

ST3-8PW-ST: explains how energy is transformed from one form to another. 

SC5-PW4-a: apply the law of conservation of energy to account for the total energy involved in 
energy transfers and transformations. 

Equipment 

- Glow stick. 
- Marbles. 
- Ruler with groove. 
- Blue pompom. 
- Paper plate atom made in experiment 3. 
- Tennis ball. 
- Long life milk. 
- Torch. 
- Rubber bands. 
- Party whistles. 
- Water balloons. 
- Giant paddle-pop sticks. 
- Electrical tape. 

Procedure and explanation 

Energy is Everything 

Student’s might have heard the phrase “full of energy” before. Discuss with students what they think 
it means and what energy is. 

This phrase means that they move around a lot or are very active.  

Show students the nutritional information on the back of the long-life milk. Show that this table also 
says the word energy. Ask students: 

- what they think energy might be now. 
- if they think there might be multiple types of energy. 
- if they think the energy of someone moving is the same as the energy in food. 
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Energy is how things change and move. There are two major types of energy, kinetic and potential. 
Kinetic energy is energy of things that are moving. Energy from moving objects is called mechanical 
energy and is one type of kinetic energy. Potential energy is energy that is stored. Energy stored in 
things like food is called chemical energy and is one type of potential energy. 

Turn on the torch and shine it at the ball. Ask students what type of energy they think light energy 
might be. 

Light moves, therefore light energy is a type of kinetic energy. 

Hold the tennis ball out in front of you. Ask students what will happen if you drop the ball. Do not 
drop the ball though. The ball will move if you do and may confuse students. Tell students that this is 
called gravitational energy. This comes from gravity. Also ask if they think that they have 
gravitational energy now as well. Ask what type of energy they think gravitational energy is. 

They have gravitational energy. Gravitational energy is stored in an object, the object only moves 
after we have left it go, but it always has gravitational energy. Therefore, it is a type of potential 
energy. 

Ask students to imagine they are sitting around a fire. What happens when they get closer to the 
fire? Heat energy is another type of energy. Ask students what type of energy heat energy is. 

Heat energy moves, therefore, heat energy is a type of kinetic energy. 

Blow into a party whistle and ask students what happened. Sound energy is also another type of 
energy. Ask students what type of energy sound energy is. 

Sound energy moves, therefore, sound energy is a type of kinetic energy. 

Stretch a rubber band so it is tight between two fingers. Ask students what will happen if you slipped 
one end of one of your fingers. Do not slip of the elastic band though. Tell students this is called 
elastic energy. Ask students what type of energy they think elastic energy is. 

Elastic energy is stored in an object. The elastic band would only move after we slipped one end off a 
finger. Therefore, elastic energy is a type of potential energy. 

Ask students how we can do things like turn on a light in a room, watch tv, etc. Electricity is another 
form of energy. Ask students what type of energy electricity is. 

Electricity is the movement of electrons. Therefore, electricity is a type of kinetic energy. 

Students should now complete this section of their workbooks. 

Energy Transformations  

Start by making a DIY slingshot. 
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Place 4 of the giant paddle pop sticks in a stack. Tie a rubber band around them at one end about 3 
cm from the end of the sticks. Separate the sticks so that they are in a v shape with the first and 
third stick being together and the second and fourth stick being together. Tie a rubber band 
vertically between the two split stacks. Link 5 rubber bands together by putting each rubber band 
through the previous rubber band then through itself. Tie the end rubber bands about 2 cm down on 
the two separated sections at the top. Wrap tape around the middle rubber band to support the 
launcher.  

Fill up and tie off two water balloons for each student. Go to a high point such as a balcony or 
something similar. Have students hold a water balloon over the balcony. Students should now drop 
the water balloon and observe what happens. Ask them which two types of energy are involved 
here. How do these energies work together? 

Gravitational and mechanical energy are involved. When the balloon is dropped some of its 
gravitational energy is turned into mechanical energy. This is called energy transformation. 

Now find an open area where slingshots can be used to launch the other water balloon. Have 
students place the water balloon and pull back on the balloon and taped section. Students should 
now release the water balloon and see what happens. Ask them which two energies are involved 
now. How do these energies work together? 

Elastic and mechanical energy are involved. When the balloon is launched, all the elastic energy in 
the rubber bands is transformed into mechanical energy. 

In a dark room, crack and shake the glow stick until it glows. Ask students which two energies are 
involved here. How do these energies work together? 

Chemical and light energy are involved. When the glow stick is cracked this starts a chemical 
reaction. That chemical reaction produces light. In this way chemical energy is transformed into light 
energy. 

Students should now fill out this section of their workbook. 

Transferring energy  

Start this section by playing a game of silent ball. 

The basic rules or silent ball are as follows: 

- the ball must be thrown under arm. 
- the ball must be thrown to another person on the full at a catchable height. (between the 

thigh and shoulder) 
- the ball is not allowed to hit another object such as a table before reaching someone. 
- If you throw the ball not meeting either of those 3 rules you are out. 
- If you fail to catch a ball that meets those 3 rules you are out. 
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- If you talk you are out. 
- The last man standing wins. 

If the game is going on for quite a while you can add extra restrictions like: 

- You must stand on one leg. 
- You can only use one hand to catch and throw the ball. 
- You can only use your non-dominant hand to catch the ball. 

After a winner has been determined ask students how the ball was able to move. Do they think 
energy had anything to do with it? 

Mechanical energy was transferred from the students arm to the ball. This is how the ball was able to 
move. 

Place the ruler with groove on a desk with the groove side up. Place one marble in the middle of the 
ruler in the groove. Place another marble at one end in the groove. Flick the marble at the end and 
ask students to observe what happens. It may take a couple of tries to get the right amount of force 
so that the marble travels and doesn’t go out of the groove. Ask students if there was an energy 
transfer? Did the second marble after being hit move at the same speed as the first when the first 
one was flicked? 

The flicked marble will move along the groove until it hits the marble in the middle of the ruler. When 
the first marble hits the second the mechanical energy of the first marble is transferred to the second 
marble. The second marble moves at the same speed as the first marble before the energy transfer. 
Energy can only be transformed or transferred, it cannot be created or destroyed. This is called the 
law of the conservation of energy. 

Repeat the experiment with 3 marbles touching each other in the centre of the ruler this time. Ask 
students to observe and explain what happens. 

The mechanical energy of the first marble is transferred to the second. Then this mechanical energy is 
transferred to the third marble. Then this mechanical energy is transferred to the fourth marble and 
it moves at the same speed the first marble was flicked. 

Students should now fill out this section of there workbook. 

How atoms produce and absorb light 

This is mostly a discussion activity because we are talking about some more difficult concepts here. 

Take out the paper plate atom from experiment 3. Explain that the electrons in larger shells need 
more energy to be there. 

Ask students to imagine that there is only one electron currently in smaller circle. Grab a blue 
pompom and place it on this circle line. This represents the second electron in this shell. Explain 
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when a certain wavelength of light hits this electron, energy from the light is transferred to the 
electron forcing it to go into the larger circle. This is called atomic absorption. When this happens, 
there is an empty spot in a smaller electron shell even though shells should be filled before moving 
to the next one. 

Now explain to students that when an electron is in a shell that it shouldn’t be in, it is very unstable. 
It wants to go back home. Eventually it does. Move this electron from the larger shell back to the 
smaller shell. Explain that the extra energy that the electron needed to be in the larger shell isn’t 
needed any more. Because of this the extra energy is converted to light energy and a certain 
wavelength of light is released. This is called atom emission. 

Summary 

- There are two major types of energy, kinetic and potential. 
- Types of kinetic energy include: 

• Mechanical 
• Electric 
• Light 
• Heat 
• Sound 

- Types of potential energy include: 
• Chemical 
• Elastic 
• Gravitational  

- Energy can be transformed from one type to another or it can be transferred from one thing 
to another. It cannot be created or destroyed. This is called the conservation of energy. 

- Electrons in larger electron shells need more energy to be there. 
- When a certain wavelength of light hits an electron, energy from the light is transferred to 

the electron forcing it to go into the larger circle. This is called atomic absorption. 
- When an electron is in a shell that it shouldn’t be in, it is very unstable. Eventually it moves 

from the larger shell to where it should be. The extra energy that the electron needed to be 
in the larger shell isn’t needed any more. Because of this the extra energy is converted to 
light energy and a certain wavelength of light is released. This is called atom emission. 
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Experiment 5: Detective Spectroscope 
Aims 

1. Synthesise the concepts learned in the previous experiments. Relate them to spectroscopy. 
2. Investigate how spectroscopy is used to identify elements. 

Safety 

This experiment uses sharp cutting instruments such as a craft knife. younger students will need the 
help of an adult or older student to make cuts using this equipment. 

Syllabus Areas 

This experimental set will address the following syllabus points. 

Skills syllabus points 

ST1-1WS-S: observes, questions and collects data to communicate and compare ideas. 

SC4-4WS: identifies questions and problems that can be tested or researched and makes predictions 
based on scientific knowledge. 

SC4-6WS: follows a sequence of instructions to safely undertake a range of investigation types, 
collaboratively and individually. 

 

Equipment 

- Cardboard/mailing tube. 
- Tube lids/cardboard. 
- Craft/utility knife or scissors. 
- Blank CD. 
- Tape. 
- Neon light. 

 

Procedure and explanation 

Spot the difference 

This exercise will be done completely in the workbook. This exercise will serve as an introduction to 
how a spectroscope can be used to identify what element an object is made from. The easiest way to 
identify what elements are in an object is to compare the spectra we see from an object to the known 
spectra we have of the elements. This is a little bit like spot the difference. If different spectral lines 
exist for a known element spectrum that aren’t seen in the spectra for the object, then the object 
must not be made of the element. 
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Making a Homemade spectroscope  

The cuts we make in this part will be more easily made with a craft knife than with scissors. For 
younger students, it is best that they either use scissors as it is much safer. Or they have a helper such 
as an older student, parent or teacher make the cuts with them. Help students follow these steps. 

About 10cm from the bottom of the tube cut a slit at a 45-degree angle towards the bottom.  

Next roll the tube onto the opposite side. Cut a small whole just big enough to look through opposite 
the slit we just made. 

Cut a small slit into the lid of the tube about 1 or 2mm wide. Or in a piece of cardboard if you aren’t 
using lids. Tape the cardboard at the top or insert the lid. 

Insert the cd into the slit so that the shiny side faces the top of the tube. 

What are you looking at? 

In this part of the experiment students will use the homemade spectroscope to investigate sources of 
light and see the spectrum they produce. 

Students should first observe the light from ceiling lights in the classroom. Tell students to aim the 
top of the spectroscope towards a ceiling light. Then tell them to observe the spectrum on the CD. 
Then they should draw this spectrum in their books. 

Turn the classroom lights off and repeat for the light provided. Ask students if there any difference in 
the spectrum produced for this light or the ceiling lights. Tell them if there is to explain. 

Students should now move outside to observe the light from the sun. Tell them to aim the top of the 
spectroscope towards the sun. But not directly. Tell them to observe the spectrum on the CD. Then 
they should draw this spectrum in their books. Again, ask if there any difference in the spectrum 
produced for sun light, the light provided light or the ceiling lights? Tell them if there is to explain. 

Investigating spectra 

This exercise will be done completely in the workbook. In this part we will be trying to identify the 
elements in the sources from a set of spectra. We won’t be using the spectra that students have 
drawn. Instead we will be using the known spectrum for the elements that commonly make up these 
types of light sources. Students will need to eliminate elements one by one by viewing the spectrum 
lines in the source (provided) and seeing whether they are in the each of the element spectrums. 

Summary 

- Spectroscopes can be used to identify which elements are present in materials. This is done 
in two steps: 
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1. looking at the absorption or emission spectrum of these materials. 
2. comparing them to the standard emission or absorption spectrum for elements.  
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Reflection 
 

We recommend that students participate in a reflection activity. This is to make the most out of this 
learning experience. Students should discuss: 

- The concepts that they learned from doing the experiments. The topic they liked the most. 
Why? 
 

- What they enjoyed about doing the experiments. Which experiment was their favourite? 
Why? 
 

- If these activities have changed how they view science? Why? 
 

- If they might want to do science in the future. For example, pursuing a job in science. If so, 
whether these activities have impacted this. 
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