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Introduction 
These Investigations were compiled for non-physics specialists and non-chemistry specialists to 

support an identified need and are not meant to be comprehensive. They are intended to help 

engage and motivate teachers and students.  The short ‘hands-on’ demonstrations and 

investigations are presented in a format which lends to inquiry based science learning, making 

scientific predictions about outcomes and explaining/analysing the observations and data 

recorded through discussion. Most of the investigations are suitable for use in 1st, 2nd or 3rd 

year post primary science and also transition year science. They should support 

 Fun  

 Misconceptions 

 Interactive activities- investigations, calculations, summarising concepts, generating 

multiple choice questions MCQs 

 Problem solving 

 Inquiry based science – cultivating curiosity 

 Development of critical and creative thinking skills 

 Group activities/involving students working as a team 

 Helpful insights into basic 

physics and chemistry 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes 

(i)  Standard laboratory safety precautions must be observed, and due care must be taken when 

carrying out all investigations. Specific precautions will be included in some of the 

investigations. 

(ii)  Teacher Notes should be omitted before photocopying for students. 
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Investigating the laws of reflection 

Apparatus 

Plane mirror, soft drawing board, 4 long flat head pins, ruler, Blu-tack, 0-180°, protractor 

(photocopied from page 56 of Physics A Teacher’s Handbook and in Appendix) 

 

 

 

 

 

 

 

 

 

 

Procedure 

1. Place the protractor sheet on the soft drawing board and secure with blu tac. 

2. Place the plane mirror along the horizontal axis of the protractor as shown. 

3. Draw an incoming ray making an angle of incidence i = 45°with the normal. Place 2 object 

pins along this line in direction A. 

4. Look at the images of the pins in the direction B. What do you observe? 

5. Place the 2 search pins along direction B so that they align with the images of the object 

pins (in the mirror). 

6. Mark the position of the search pins. Remove the pins and draw the reflected ray. 

7. Measure the angle of reflection  r. 

Repeat for 5 different angles of incidence and complete the results table shown. 

 

What do you notice from the results? 

What can you conclude? 

Why should angles >20° be used for the angle 

of incidence? 

 

 

Extension: Repeat using a laser instead of the pins and state the laws of reflection. 

Safety Note: Class II lasers at a radiant power not above 1 mW are considered safe for use in 

classroom because at this low power, the eye’s natural “look away” response is sufficient to 

protect from otherwise possible harm.  

Angle of incidence i Angle of reflection r 

45°  

  

  

  

  

  

i r 

Normal 
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Teacher Notes 

The normal is a line right angles to the mirror where the ray of light hits it. 

Reflection is the return of a wave upon striking the interface between two materials.  

 

Reflection can occur for sound waves (allowing a 

person's voice to carry around a corner), water waves, 

and light waves.   

Specular reflection follows the laws of reflection:  

1. The angle of incidence, the normal and the 

reflected rays are all in the one plane. 

2. The angle of the incidence and the angle of 

reflection are equal, where both angles are 

measured relative to the direction normal to the 

reflecting surface. 

In contrast, diffuse reflection results in the reflected light bouncing 

back in all directions. Mirrors exhibit specular reflection; a wall 

painted white reflects diffusely. Human vision largely depends on the 

diffuse reflectance of light off the objects being seen.  

A material can be partially reflective (that is, reflecting some light), 

while transmitting or absorbing the rest. 

 

 

The Mirascope is a great device to stimulate interest in reflection. It 

consists of two identical curved mirrors that face each other. The top 

mirror has a hole in the centre where the reflected image of an object 

appears. To create the image you place an object in the bottom of the 

bottom mirror.  

It may be used to investigate light reflection and how images are formed 

by curved mirrors. 

 

For more visit:   http://www.real-world-physics-problems.com/mirascope.html   

 

Reflection Uses:  

 Cosmetic mirrors  

 Periscopes and telescopes 

 Security mirrors 

 Ultrasound scans   

 In acoustics for echoes 

 Car reversing sensors 

 Radar transmission,  

 X-rays 

 Moonlight is reflected sunlight , etc 

Periscope 

http://www.real-world-physics-problems.com/mirascope.html
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Reflections in two mirrors 
 Explore reflection in two mirrors at various angles. 

 

What do you notice about the reflections of the word ‘Learning’? 

 

 

 

 

 

What is the connection between the angle of 

the mirrors and the number of images? 
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Exploring shadows 

Apparatus  

Light source, A4 card (preferably dark in colour) with a hole in the 

centre (diameter < 5 mm), ruler and measuring tape, pinhole 

camera 

 

Procedure 

1. Place the card on the table. Gradually raise it up 5 − 10 cm 

and observe appearance of its shadow. 

(This is best carried out under fluorescent lights.) 

2. Describe the size and shape of any bright patch in the 

shadow. Can you explain the results? 

3. Hold the card a fixed distance above the table, e.g. 10 cm. 

− Measure the size of a bright patch in the shadow. 

− Measure the distance from the card to the light source. 

− Measure the size of the light. 

How are these measurements related? 

4. Examine the pinhole camera and discuss what could be done 

to improve it.  

5. Draw a diagram to describe how it forms an inverted image.  

6. Make your own pinhole camera. 

 

Teacher Notes 

1. “The earliest extant written record of the camera 

obscura is to be found in the writings of Mozi 

(circa 470 BCE − circa 391 BCE), a Han Chinese 

philosopher and the founder of Mohist School of 

Logic. Mozi correctly asserted that the camera 

obscura image is flipped upside down because light 

travels in straight lines from its source. His 

disciples developed this into a physics theory of 

optics.”  

https://en.wikipedia.org/wiki/Camera_obscura  

2. https://en.wikipedia.org/wiki/Pinhole_camera    

  

https://en.wikipedia.org/wiki/Camera_obscura
https://en.wikipedia.org/wiki/Pinhole_camera
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Circles of light  
Looking up through sufficiently dense foliage 

little irregularly shaped patches of sky may be 

seen. Yet the illuminated patches that appear on 

the ground are not randomly shaped, although 

the may be randomly distributed. The picture 

shows a typical result. The patches of light are 

round; some may overlap to form rather irregular 

shapes but dim, isolated ones are clearly 

elliptical. If you photograph them along the line 

of the ‘sunbeams’ they appear as perfect circles. 

Why does this happen?  

The short answer is that the Sun’s disc is 

circular. The shaded woodland operates like a 

pinhole camera; the odd gap in the foliage is the 

‘pinhole’ and the ground is the ‘screen’. The 

circles are inverted images of the Sun.  

If a sharply defined cloud blocked out part of the 

Sun’s disc then the opposite side of the circles 

would disappear. Dappled sunlight during an eclipse of the Sun would be a sprinkling of 

crescents.  

The height of trees  

We can easily estimate the height of trees (or of the canopy) from the size of the circles of light. 

As a rough approximation, the height of the canopy in metres is equal to the width of the largest 

patches of light in centimetres.  

The ratio between the width of the Sun and the distance to the Sun is about 1:108. Since similar 

triangles have the same proportions, the same ratio must exist between the width of the patches 

of light and the distance to the gaps in the canopy. For example if a patch of light is 30 cm (along 

its short axis) then the trees are about 30 metres distant − not exactly the height.  

If the sun is shining at a steep angle then the patches of light on level ground will appear as 

ellipses. In that case the height of the trees is about (108 w)(w/l) where w is the width of the 

patches of light on the short axis and l is the length of the long axis. 

(Based on an article in the  ISTA Journal SCIENCE, Nov. 2009, p. 40) 

 

 

 

 

 

 

 

Sunlight shining through 

trees onto a wooden floor. 

Sunlight shining through trees onto a 

path in St Stephen’s Green. 
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Investigating refraction 
Apparatus: glass of water, pencil 

Procedure 

Insert the pencil into a glass of water and note what you observe at the 

surface. 

Note: 

 Does this happen under the water also? 

 List one other example; 

 Research how archerfish, seals and penguins compensate for 

refraction. 

 

Investigating Refraction with a Bowl of Water 

Light travels at its maximum speed in a vacuum. In media such as air, water and glass it travels 

at lower speeds. The ratio between the speed of light in a vacuum to its speed in water, for 

example, is called the refractive index of water. The speed of light in water is three quarters of its 

speed in a vacuum. The refractive index of water is therefore 4 ÷ 3 or 1.33. 

The angular change in the path of light between media is not constant. However, it is relatively 

easy to show that the ratio Sin i ÷ Sin r is constant for a particular pair of media, where i and r 

are the angles of incidence and refraction respectively. 

Procedure 

 Place a bowl containing a coin on a firm surface. When viewed from the side the coin cannot 

be seen (middle picture). 

 Fill the bowl to the brim with water. The coin can be seen again and the depth of water seems 

much reduced. 

 At increasingly large viewing angles the coin can still be seen and the apparent depth of the 

water is further reduced. 
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Investigating our height and length 
Apparatus: Student, hardcover book and measuring tape 

Procedure 

1. Set up the apparatus as shown. 

2. Use a hardcover book to mark top of head and 

make sure it’s horizontal. 

3. Measure from floor to hardcover. Make sure the 

tape is vertical 

4. What is the student’s height when standing up? 

5. Repeat the measurement when the person is 

lying down. 

6. What is the student’s length when lying down? 

Observations 

Comment on the difference between the two 

measurements.  

Calculate the percentage increase: 

What can you conclude and why? 

https://www.youtube.com/watch?v=X9c0MRooBzQ  

Extension 

Would someone be taller standing on the moon than 

standing on earth?  Why? 

Teacher Notes 

Did you know that astronauts are up to 5 cm taller while they're in space? As soon as they come 

back to Earth, though, they return to their normal height. 

The spine is made of small bones called vertebrae. Between each vertebra is a fluid filled disc. 

Standing up, your own weight slightly compresses these discs. Lying down, the discs are under 

less pressure and have more volume.  

Coloured ring magnets may be used to support student understanding of how our 

spine works. 

Why is the separation between the green and orange magnets smaller than the 

separation between the red and blue magnets? 

 

Resting the ring magnets horizontally illustrates what happens to our intervertebral 

discs when we lie down. 

For more visit:  https://www.youtube.com/watch?v=cKeOi5kU6wI     

https://www.nasa.gov/audience/forstudents/5-8/features/F_How_Youve_Grown_5-8.html    

 

https://www.youtube.com/watch?v=X9c0MRooBzQ
https://www.youtube.com/watch?v=cKeOi5kU6wI
https://www.nasa.gov/audience/forstudents/5-8/features/F_How_Youve_Grown_5-8.html
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Investigating the effect of 
peanuts/raisins in fizzy drinks 

Background 

Carbon dioxide gas dissolved in soft drinks gives them their fizz. You can use the carbon dioxide 

fizz from a soft drink to make peanuts or raisins dance.  

Carbonated drinks are prepared by putting the drink under high pressure of carbon dioxide gas. 

This high pressure causes the carbon dioxide gas to dissolve in the liquid. When you open a can 

of soda, the noise you hear is produced by the carbon dioxide gas as it rushes out of the can. 

When the can is opened, the decreased pressure allows some of the carbon dioxide gas dissolved 

in the liquid to escape. This is what makes the bubbles in a soft drink.  

Apparatus 

Sparkling water or colourless soda (e.g., 7-Up or Sprite), a 

tall, clear glass or plastic cup, several peanuts or raisins (fresh 

raisins work the best)  

Procedure 

Pour the can of sparkling water into the tall glass. Notice the 

bubbles coming up from the bottom of the glass. (What gas is 

in these bubbles and why do they rise?) 

Drop a few raisins into the glass.  

Describe and explain what happens to the raisins. How long 

does the effect last?  

 

 

 

 

Why do you think it works best with fresh raisins? 

Why do you think the bubbles only form on the raisins? 

Extension 1 

Does an orange float in water? ___________ 

Will an orange sink when it is peeled? ____________ 

Investigate and explain: 

Extension 2: 

A golf ball sinks in fresh water. 

What will happen if you dissolve some salt in the water. 

Investigate and explain. 
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Teacher Notes 

Any object whose density is just slightly greater than water’s and has a rough surface to which 

the gas bubbles can attach should be able to float and sink in the carbonated water.  

Try putting other objects in the carbonated water. Can you find other substances that dance?  

http://www.youtube.com/watch?v=v8vG3hibRXw   

 

Archimedes’ principle 

“Archimedes’ principle, physical law of buoyancy, discovered by the ancient Greek 

mathematician and inventor Archimedes, stating that any body completely or partially 

submerged in a fluid (gas or liquid) at rest is acted upon by an upward, or buoyant, force the 

magnitude of which is equal to the weight of the fluid displaced by the body. “ 

(https://www.britannica.com/science/Archimedes-principle ) 

 

Buoyancy 

To determine if one substance will float on another, you need investigate or know their relative 

densities. The denser material will sink, the less dense one will float. 

If 70% of the floating body is below the surface of a liquid, the density of the body is 70% of the 

density of the liquid e.g. If 92% of an iceberg submerges in water then the density of ice is 92% 

of the density of water.  

Extension  

Investigate flotation for a variety of solids in water and estimate the density of the 

floating body. 

Place a ruler into a narrow glass cylinder of water.  

 

 

What do you observe? Take a reading and estimate the density of the wooden 

ruler. 

 

 

 

 

 

 

http://www.youtube.com/watch?v=v8vG3hibRXw
https://www.britannica.com/science/Archimedes-principle
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The Cartesian Diver 

This toy which demonstrates the principle of buoyancy (Archimedes’ principle) is named after 

René Descartes.  

 

The eyedropper is filled with water and air. When the 

plastic bottle is squeezed, the air in the eyedropper is 

compressed and additional water enters the eyedropper 

tube, thus increasing the average density of eyedropper 

and the eyedropper sinks.  

 

 

For more visit: 

https://www.stevespanglerscience.com/lab/experiments/e

ye-dropper-cartesian-diver   

 

 

 

or 

https://vimeo.com/90947939  

 

 

A hydrometer is an 

instrument used to measure the density of liquids. 

Common densities in g cm
-3

: alcohol = 0.79, Ice = 0.92, 

Water = 1.0, 25% salt water = 1.25,  honey = 1.36, salt = 

2.16, lead = 11.3, gold = 19.3 

 

Everyday uses of buoyancy 

Human divers use weights to increase their density when diving, but submarines have tanks of 

compressed air on board to help control their buoyancy.  

Floating devices e.g. air balloons, water buoy, etc. 

  

For more on submarines and John Philip Holland the Irish engineer who developed the first 

submarine to be formally commissioned by the US Navy, and the first Royal Navy submarine 

visit:     https://en.wikipedia.org/wiki/John_Philip_Holland  

 

https://www.stevespanglerscience.com/lab/experiments/eye-dropper-cartesian-diver
https://www.stevespanglerscience.com/lab/experiments/eye-dropper-cartesian-diver
https://vimeo.com/90947939
https://en.wikipedia.org/wiki/John_Philip_Holland
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Investigating Archimedes’ Principle  

The principle of Archimedes 

A body immersed in a fluid (a liquid or a gas) appears to lose weight; 

the apparent los in weight is equal to the weight of fluid displaced... 

The apparent loss in weight is due to the upthrust (or buoyancy effect) 

of the fluid; the weight loss is exactly equal to the weight of fluid 

displaced.   

Activity 1 

Apparatus: electronic balance, beaker of water.  

A beaker of water is balanced on an electronic balance. You slowly 

insert your finger into the beaker, being very careful not to touch the 

sides or the bottom of the beaker.  

 

What do you observe? 

 

 

 

 

Explain what happened. 

 

 

 

 

Activity 2 

Use the principle of Archimedes to find the density of a gold ring  

 

 

 

 

 

 

 

 

 

 

Metal Density 

Platinum 21.4 

950 Platinum 20.1 

Gold (24 carat) 19.3 

22 carat 17.7 to 17.8 

18ct Yellow  15.2 to 15.9 

18ct White  14.7 to 16.9 

14 carat 12.9 to 14.6 

9 carat 10.9 to 12.7 

Silver (100%) 10.5 

Sterling Silver (92.5%) 10.2 to 10.3 

Copper 9 

thin wire 
hook holding 
gold ring 

Small 
beaker of 
water on 
digital scales 

0.25   g 
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Explaining Activity 2 

1. This is another example of the application of the principle of Archimedes. The ring 

immersed in the water experiences a buoyancy force which reduces its weight. An equal 

and opposite force is registered by the digital balance and is equal to the weight of water 

displaced.  

2. The volume of the water displaced is equal to the volume of the ring. If the readings are in 

grams then the density of the ring is: m1/m2 g cm
−3

 since the density of water is 1 g cm
−3

. 

3. This method gives quite accurate results.  

4. Using an overflow can to measure the volume of a gold ring (or other small objects) is very 

unlikely to give useful results.   

 

Extension puzzle 

https://www.youtube.com/watch?v=nVT1c0tr8NE    

 

Teacher Notes 

One way of thinking about activity 1, is that if you put anything in water − a beach ball, a 

swimming float or just your finger, it will feel an upward force, called the upthrust, pushing up 

on it. This is the force which makes boats float, and is equal to the weight of water that is 

displaced by the object.  

If the water is applying an upthrust to your finger, your finger must be applying a downward 

force to the water, in accordance with  Newton’s 3
rd

 law. 

Another way of thinking of it is that when you put your finger in the water, it will increase the 

level of water in the cup. This means that there is more water pressure at the bottom of the cup, 

acting on the same area, so there is a greater force. 

http://www.thenakedscientists.com/HTML/experiments/physics  

 

https://www.youtube.com/watch?v=nVT1c0tr8NE
http://www.thenakedscientists.com/HTML/experiments/physics
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Investigating atmospheric pressure 

Apparatus  

Luggage scales or force meter (up to 50 N), a 20 cm
3
 

syringe + plug, a ruler;  

optional: twine or wire (to facilitate pulling the 

plunger), callipers 

 

 

 

 

 

 

 

Procedure  

1. Push the plunger to zero volume level. Seal the syringe. 

2. Record the force (F) required to pull the plunger to the 5, 10, 15 and 20 cm
3
 marks.  

3. What do you notice? How do you explain the results? 

4. Pressure is force per unit area (P =  F/A). To measure atmospheric pressure we still need to 

find the value of A, the area of cross-section of the plunger. This can be found by 

measuring the internal diameter (d); the radius is half of that value (r= d/2) and A = πr
2
.  

5. Calculate the pressure in N cm
−2

 and N m
−2

. What does this represent? 

 

 

 

 

 

Teacher Notes 

1. Within the limits of measurement, the values are all the same. This is because atmospheric 

pressure is pushing the plunger in while there is little or no force pushing it out. 

2. An alternative way to find the area of cross-section is to divide the marked 

volume (V) of the syringe by the length of the corresponding cylinder (h). 

3. Atmospheric pressure is generally close to 100,000 N/m
2
. This can be 

written in the following equivalent forms: 100,000 Pa, 100 kPa or 1000 hPa.  

4. One pascal is one newton per square metre: 1 Pa = 1 N m
−2

  

  

Force 
N 

Marked volume of the 

syringe 
cm

3
 

Length of marked volume  
cm 

Area of cross-section 
cm

2
 

32 N 

A 

V = A h 

h 
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Extension 1 

Apparatus  

Luggage scales or force meter (up to 50 N), ruler, rubber or plastic sucker. 

Procedure 

1. Wet the surface of the rubber sucker and stick it to a smooth 

flat surface. 

2. Record the force (F) required to pull the sucker straight off. 

3. Measure the diameter of the sucker. (minimum diameter?) 

4. Calculate the force per unit area required to remove the sucker. 

What does this represent? 

 

Extension 2 

Apparatus  

Bathroom scales, a 20 cm
3
 syringe + plug 

Procedure 

This method presumes Boyle’s Law. 

1. Set the plunger at the 20 cm
3
 mark. Then plug the syringe.  

2. Invert the syringe and press the plunger against the scales. 

Record the value when the volume has been reduced to 10 

cm
3
. (Remember that, on Earth, the weight of a kilogram is 

about 9.8 newtons.) 

3. Calculate the excess pressure required.  

4. What does this excess pressure represent? 

Teacher Notes 

Magdeburg hemispheres are a pair of hemispheres, with mating rims. 

They were used to demonstrate the magnitude of atmospheric 

pressure. When the rims were sealed and the air was pumped out, the 

sphere contained a vacuum and could not be pulled apart by teams of 

horses. They were designed by a German scientist,  Otto von 

Guericke, to demonstrate the air pump that he had invented, and the 

concept of atmospheric pressure.  

Plungers use atmospheric pressure to unclog drains and remove 

small- to medium-sized dents out of cars. 
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Investigating the mass and density of air 

Apparatus 

Simple balance or digital scales, a three-litre plastic bottle, a bicycle pump, a bicycle valve, a 20 

cm
3
 syringe + plug, a glue gun. 

Procedure  

1. Fit the bicycle valve into the cap of the bottle. It is 

best to seal this in place using a glue gun.  

2. Set the syringe to maximum volume. Plug the 

syringe. Mark the syringe at the half volume 

position.  

3. Place the syringe in the bottle. (It may be 

necessary to remove the ‘lugs’ from the top of the 

syringe using shears or snips.).  

Put the cap on the bottle. 

4. Weigh the bottle and contents. (m1) 

5. Pump more air into the bottle until the air in the 

syringe is reduced to half its original volume. 

Weigh the bottle and contents. (m2) 

6. The difference is the mass of the extra three litres 

of air. From this find the mass of one litre of air 

(at room temperature).  

Extensions 

1. Calculate the mass of 1 cubic metre of air. 

2. Measure the dimensions of the room and calculate the mass of air in the room. 

3. The third most abundant gas in air is argon (0.93% by volume, 1.28% by mass).  

Calculate the mass of argon in the room. 

Teacher Notes 

1. A fizz stopper may also be used to pump the air out of the bottle.  

2. At 20°C the mass of a litre of air is 1.2041 grams per litre (at a pressure of one 

standard atmosphere is 101,325 Pa. 

3. How does the mass of a litre of air relate to atmospheric pressure? 

4. If the atmosphere had a uniform density of about 1.2 grams per litre (1.2 kg m
−3

) it 

would be just about 8.4 km in height or about 8400 metres.  

(In reality the density of the air decreases with altitude.) 

Consider the mass of a column of uniform air vertically above one square metre of the surface of 

the Earth; in all there would be 8400 cubic metres or air, each with a mass of 1.2 kg. The total 

mass would therefore be  8400 × 1.2 kg or approximately 10,000 kg. Since the weight of 1 kg is 

almost 10 N, the weight of the column of air would be 100,000 N. The pressure exerted by this 

column of air would then be approximately 100,000 N m
−2

 or 100,000 Pa.  

etc. 
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Investigating the weight of a bag of air 

Apparatus 

Digital scales, plastic bag, clothes peg (or large clip). 

Procedure  

1. Weigh the uninflated bag along with a clothes peg. 

2. Inflate the bag without breathing into it. Close the bag using the 

clothes peg. 

3. Weigh the inflated bag + clothes peg. 

4. Discuss the result.  

5. If a balloon were used instead of a plastic bag would the result be the 

same? Explain your answer. 

Teacher Notes 

1. A helium-filled balloon will rise in air if its total weight is less than 

that of the air it displaces. The density of helium (at STP) is 0.178  

kg m
−3

, i.e. about 14% of the density of air (1.2 kg m
−3

). 

2. A commonly used size for a hot air balloon is 2800 cubic metres. It 

displaces about 3.4 tonnes of air (2800 m
3
 × 1.2 kg m

−3
). The hot air, 

at about 100°C, has a density about 0.9 kg m
−3

 and so its total mass is 

about 2.5 tonnes (2800 m
3
 × 0.9 kg m

−3
). Therefore, if it is to rise, the 

total mass of the balloon material, burner, fuel tanks, basket and 

passengers must be less than 900 kg (3.4 tonnes – 2.5 tonnes). 

3. These are examples of the application of the principle of Archimedes. 

A body in a fluid (such as air or water) experiences an upthrust (buoyancy effect) which 

reduces its weight; the weight loss is exactly equal to the weight of fluid displaced.   

  

Further information / resources 

1. Atmospheric pressure: https://en.wikipedia.org/wiki/Atmospheric_pressure   

2. Archimedes principle and buoyancy 

https://www.boundless.com/physics/textbooks/boundless-physics-textbook/fluids-

10/archimedes-principle-93/buoyancy-and-archimedes-principle-344-5623/   

http://hyperphysics.phy-astr.gsu.edu/hbase/pbuoy.html    

3. Solar balloon: 

https://en.wikipedia.org/wiki/Solar_balloon   

  

 

 

 

https://en.wikipedia.org/wiki/Atmospheric_pressure
https://www.boundless.com/physics/textbooks/boundless-physics-textbook/fluids-10/archimedes-principle-93/buoyancy-and-archimedes-principle-344-5623/
https://www.boundless.com/physics/textbooks/boundless-physics-textbook/fluids-10/archimedes-principle-93/buoyancy-and-archimedes-principle-344-5623/
http://hyperphysics.phy-astr.gsu.edu/hbase/pbuoy.html
https://en.wikipedia.org/wiki/Solar_balloon
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Investigating electrostatics 

Background 

Electrostatics is the branch of physics that deals with stationary charges.   

Everyday electrostatic phenomena include many examples, some as simple as the attraction of 

the plastic wrap to your hand after you remove it from a package, to the apparently spontaneous 

explosion of grain silos, to damage of electronic components during manufacturing, to the 

operation of photocopiers.  

You can actually make your own static electricity when you rub an object into another object. 

This rubbing can release electrons from atoms leaving behind a positively charged object.  

Task 1 

Apparatus: 2 balloons, string  

Inflate two balloons and tie a string onto each. 

Rub an inflated balloon off your dry jumper or hair and bring it close to 

the wall. Describe and explain what happens. 

 

 

 

 

What might happen if your hair/jumper was damp? 

 

Rub the balloons off your hair/jumper again and suspend them close 

together. Describe and explain what happens. 

 

 

 

 

Task 2  

Apparatus: Empty drinks can, balloon, woollen material, plastic comb/ 

/ruler, small pieces of tissue paper  

Procedure: Place the can on its side so that it can roll. Bring a charged 

balloon near it. Explain what happens. 

Charge the comb by rubbing it with wool sweater or hair. Explain what 

happens when it is brought near small uncharged pieces of paper.  
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Investigating charged drinking straws     

Apparatus 

Two plastic drinking straws, straight toothpick, glass rod or tube, fur or woollen cloth 

Procedure 

 Stick a toothpick through the 

centre of a straw. Charge one end 

of the straw and then arrange it, as 

shown, so that it can rotate. 

 Charge another straw and bring it 

in turn near the ends of the pivoted 

straw. Describe and explain what 

happens in each case.  

 Next charge the glass rod/tube and 

bring it in turn near the ends of the 

pivoted straw. Describe and 

explain what happens. 

 

 

 

 

 

 

Note on polarity of charged materials 

Common plastics such as polythene, polypropylene and PVC generally become negatively 

charged when rubbed with fur or wool. 

A glass or nylon rod generally becomes positively charged when rubbed with polyester fabric. 

Extension 2 

Explore the fun fly stick 

The Fun Fly Stick is a toy that creates a static-electric charge by 

separating electrons and protons. When a button is pressed enough 

static electricity is created to levitate items! It's the perfect way for 

young scientists to experience the power of electric charges, 

attraction, and repulsion. The Fun Fly Stick has a design which 

parallels a “mini Van de Graaff Generator” and works in a similar 

way.  

For more visit: https://vimeo.com/91026999  

https://vimeo.com/91026999
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Teacher Notes 

A combination of footwear, low humidity, and a dry carpet can cause footsteps to charge a 

person's body. A close approach to any conductive object e.g. metal door handle can create a 

shock, even a visible spark. 

For more details visit: http://www.youtube.com/watch?v=jcGoK270ibA  

Electric charge is the physical property of matter that causes objects to experience a force i.e. 

attract or repel, when near.  

• There are two types: positive and negative charge  

• An object is negatively charged if it has an excess of electrons.  

• The SI derived unit of electric charge is the coulomb (C). The symbol Q is often used to 

denote charge.  

Charge is quantised as a multiple of the electron or proton charge: e = 1.6 ×10
−19

 C  

 

Static electricity and electric current are two separate phenomena. They both involve electric 

charge. 

An electrostatic discharge creates a change in the charge of each of the two objects. In contrast, 

current electricity is the flow of electric charge through an object, which produces no net loss or 

gain of electric charge. 

 

When two different materials are pressed 

or rubbed together, the surface of one 

material will generally steal some 

electrons from the surface of the other 

material. The material that steals 

electrons has the stronger affinity for 

negative charge of the two materials, and 

that surface will be negatively charged 

after the materials are separated.  

(Of course the other material will have 

an equal amount of positive charge.)  

The triboelectric series (part of which is 

shown here) can be used to predict 

which insulators will become positive vs. 

negative. 

Electro-negativity

Relative

electro-negativity

ranking for some

common materials

from electron donating

materials (+, glass) to

electron accepting

materials (-, teflon)

• Glass

• Human Hair

• Nylon

• Silk

• Fur

• Aluminum

• Paper

• Cotton

• Copper

• Rubber

• PVC

• Teflon

+ + + + +

+ + + +

+ + +

+ +

+

-

- -

- - -

- - - -

- - - - -

The Triboelectric series ranks materials in the order 

of their positive or negative charging tendancies 

http://www.youtube.com/watch?v=jcGoK270ibA
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Investigating the magnitude and polarity 
of charged drinking straws 

Apparatus 

Plastic drinking straws, plastic tube, glass rod, fur or wool cloth, 

coulombmeter and hairdryer. 

Procedure 

1. Use the hairdryer to dry the apparatus. 

2. Switch on the coulombmeter. 

3. Rub the glass rod with the dry cloth and bring it close to 

the top of the coulombmeter. 

• Predict what will happen when charged glass rod is brought near to 

the cap of the coulombmeter. 

Explain your results 

 

 

 

Extension 

1. Repeat using a piece of plastic tubing instead of the glass rod.  

2. Repeat using different materials. 

3. Note the charge and magnitude of the charge as the charged materials are brought close to 

the cap of the coulombmeter.  

• What can you conclude? 

Teacher Notes 

• A hairdryer/blow-dryer is useful to ensure that the equipment and surrounding air is dry 

which enables static charge to build up even in damp weather. 

• Check out ionic hairdryers at: https://chronicleflask.com/tag/ionic-hair-dryers    

• The coulombmeter can be used instead of a gold leaf electroscope to show the presence of 

charge and also charging by induction. Charge by induction using the same procedure as 

that for a gold leaf electroscope; earth cap using your finger and then remove charged 

straw / rod. A great advantage is that it shows a plus or minus sign and you always get the 

opposite sign to what you started out with on the charged straw/ rod. 

• For more on Coulomb’s torsion balance visit: http://ffden-

2.phys.uaf.edu/104_2012_web_projects/cicely_shankle/Page%202%20-

%20Coulomb's%20Experiment.html  

https://chronicleflask.com/tag/ionic-hair-dryers
http://ffden-2.phys.uaf.edu/104_2012_web_projects/cicely_shankle/Page%202%20-%20Coulomb's%20Experiment.html
http://ffden-2.phys.uaf.edu/104_2012_web_projects/cicely_shankle/Page%202%20-%20Coulomb's%20Experiment.html
http://ffden-2.phys.uaf.edu/104_2012_web_projects/cicely_shankle/Page%202%20-%20Coulomb's%20Experiment.html
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Investigating Electrostatic Force 

Apparatus 

Plastic rod /tube or drinking straw, glass rod or 

tube, fur or wool cloth, electronic balance 

 

Procedure 

Rub the plastic tube with the fur or wool cloth 

and bring near the top of the electronic balance.  

Observe and record the following 

• Is the reading on the balance positive or 

negative? 

• How does the reading change when the 

distance between the charged rod and the balance is doubled? (e.g. 2 cm and 4 cm) 

• If the charged rod is held at a fixed position how long does it take for the reading to drop to 

half its value? 

 

 

Extension: 

Repeat the activity using other materials (straws, glass 

tubing etc.) instead of the plastic tube.  

Teacher Notes 

• Ideally the electronic balance should have a metal 

pan that is internally connected to the case and 

‘earthed’. 

• In order to keep most of the electric field between 

the balance and the charged rod, the balance can 

be placed on top of a conductive block.   

A charged body induces opposite charges on items 

around it. An electric field is established between the 

opposite charges. The total induced charge will be not 

be greater than that of the charged body but will be of 

opposite polarity. Since the greatest induced charge will 

be on the nearest conductive surfaces, the electric field 

will be more concentrated there. So if the electronic 

balance is on the table the charged rod will induce 

opposite charges on the balance and on the surface of 

the table and so the induced charge on the balance will 

be reduced. 

Electronic 
balance on a 
conductive block 

Charged rod 

−0.35   g 

− − − −  

+ + + +  

Charged rod 

−0.28   g 

− − − −  

+  +   

+  +  
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Investigating current electricity using an 
‘Energy Stick’ or ‘Energy Ball’ 
 

 

These are very useful devices to use when introducing and describing open and closed circuits. 

They contain two small metal electrodes. When the electrodes are touched simultaneously, the 

circuit is complete and current flows. The current causes the Energy Stick/Ball to flash and 

makes a buzzing sound.  

 

Task 1- POE [predict, observe, explain] 

Get the class to predict what will happen if a student touches both metal ends of the Energy stick 

simultaneously. 

Invite a student to touch both electrodes simultaneously. 

 What is observed? 

 Invite students to explain: 

 

Repeat with two students and again 

Invite the students to touch both metal ends of the Energy stick simultaneously. 

 What is observed? 

 Invite students to explain: 

 

Note: This time the Energy stick will not flash/work until the students touch hands which can be 

used to reinforce that: Electric current will not flow until the circuit is complete. 

It may also be used to introduce keywords such as: energy, charge, current, electrode and 

voltage.  
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Task 2 

Have a class of (4-30) students 

hold hands.  

Ask the two students at each end to 

touch one of the electrodes. (Note: 

It may be necessary to moisten the 

finger touching the electrode in dry 

conditions.) 

 

Ask any student A to break the 

circuit by letting go of the hand of 

student B who is next. Now invite student A to touch student B again using POE. 

 (i) on the face 

 (ii) on the jumper.  

(iii) Get students A & B to hold various materials between them to see if they conduct electricity 

e.g. plastic, water, salty water and other materials and record their results. 

 

Extension 
Repeat this investigation and measure the current flowing in the circuit i.e. insert a multimeter 

which is in the microammeter scale between participants A&B.  

 

Teacher Notes 
 The small current flowing in the circuit is amplified within the ‘Energy stick’ which makes the 

bulbs light and the buzzer to emit sound.  

 

Keywords 

Energy is the ability to do work e.g. light a bulb.   

Energy is denoted by the capital letter E and is measured in joules [J]. 

Charge is a physical property (which means that it can be measured) of matter.  

Protons carry a positive charge and electrons a negative charge. Charge is usually denoted by the 

letter Q and is measured in coulombs [C]. 

Current is the rate of flow of charge.  

Current is denoted by the capital letter I and is measured in amperes [A]. 

Voltage is the electric potential energy per unit charge.  

It is denoted by the symbol V and is measured in volts [V].  

Note: Batteries are devices that store energy. A 6 V battery gives 6 J of energy to each Coulomb 

of charge. 

Electrode is an electrical conductor used to make contact with a non-metallic part of a circuit 

(e.g. a semiconductor, an electrolyte, a vacuum or air). 

Usage note: When typing symbols always use italics to denote physical quantities i.e. quantities 

which can be measured e.g. current I and charge Q.  

 

 

Useful Resource: Explaining Electricity 

http://vplab.ndo.co.uk/free_sample  

 

A B 

http://vplab.ndo.co.uk/free_sample
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Investigating a complete circuit  

Apparatus: 6 V battery, mounted 6 V bulb, 2 leads and 2 crocodile clips 

Connect the red lead into the mounted 6 V bulb to 

complete the circuit. 

 

Questions/comment/conclusion: 

• How would you explain what happens in this 

circuit? 

• What effects of current does this demonstrate?  

• What conditions are essential for current to flow?  

 

Extensions  

1. Use 2 multimeters to find the current through the 

bulb and voltage across it. 

 I =    V =      

 

2. Insert a diode in the circuit, then complete the circuit 

and observe what happens. Now reverse the diode and 

repeat. Explain what happens. 

3. Replace the positive lead with two leads connected in 

series, as shown in the picture. The bulb should light. 

Now separate the joined leads and add various 

materials between them and observe whether the bulb 

lights or not. (Try various metals, rulers, water, salty 

water etc.).  

 

Record your findings. 

 

 

 

 

 

 

 

Teacher notes  

Instruct students to hold the plug when 

inserting and removing leads as this will help 

prevent loose connections.  

Switch 

Bulb 

6 V Ammeter  A 

Voltmeter  

V 
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Investigating the heating effect of 
electricity     

Apparatus 

6 V or 9 V battery, steel wool and tongs 

 

Procedure 

Take care: Use a tongs to connect a few strands of steel wool 

directly to a 6 or 9 V battery. 

Now take a single strand of the steel wool. Connect one end to one 

of the battery terminals. Using a tongs, connect the other end to the 

other battery terminal. 

• Observe what happens in each case.  

• How would you explain what happens? 

• What practical applications are based on this effect? 

   

 

 

 

 

Safety precaution 

This is a dangerous demonstration due to the heat and fire 

and students should not be allowed to perform without 

adult supervision. Never store the steel wool with the 

battery as it might catch fire.  

It is important to store batteries in such a way that a short 

circuit cannot occur. One way of doing this is to keep one 

of the battery’s terminals cover with a plastic safety cap. 

 

Nichrome wire 

Nichrome is an alloy of nickel, chromium, and often iron 

and/or other elements. Nichrome wire alloys are typically 

used in resistance wire, in the heating elements of electric 

toasters, fan heaters and hair dryers.  

Nichrome has a high melting point (ca.1400 °C ) and is 

quite corrosion-resistant 

 Applications 

Electric heaters, toasters, hair dryers,  incandescent lamps, fuse, etc. 
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Teacher Notes 

The steel wool consists of very fine strands of steel, which is an 

electrical conductor.  The battery provides a potential difference 

across some of the strands, which causes a current to flow.  This 

current produces and increase in temperature in the wool, causing 

it to light up. 

 

 

 

 

Extension 

Repeat, using a longer piece of wire between the 
terminals, and again note what happens. 

 

 

Note:  the wire does not heat up to the same extent 

 

 

Teacher Notes 

The short thin piece of wire, having a low resistance, will have a relatively large current flowing 

in it, leading to a high increase in temperature.   

 

The longer piece of wire has a higher resistance, leading to a lower current and therefore a 

smaller increase in temperature 
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Investigating the emf/voltage of a simple 
electrochemical cell    

Apparatus 

Two leads and crocodile clips, different pieces of 

metal e.g. copper, iron, zinc, aluminium, silver 

coin, gold ring, multimeter 

Procedure 

Set the multimeter at the 1 volt scale. 

Place a pair of dissimilar metals on an open  

hand. Using the multimeter measure the electric 

potential difference between the two metals. 

Record the results for different pairs of metals.  

 Which pair produced the highest potential 

difference? 

 

Applications 

What use is made of this effect? 

 

 

 

 

Questions 

Do you have any questions about this phenomenon? 

 

 

 

 

 

Further information 

For more details visit: http://www.scifun.ed.ac.uk/pages/exhibits/ex-human-battery.html  

and http://www.stevespanglerscience.com/lab/experiments/fruit-power-battery    

Extension 

 Put the two pieces of metal into different fruits or solutions (e.g. water, salty water, dilute 

acids or alkalis etc. Check which produces the most voltage. 

 Place all the metals on a piece of tissue paper and moisten it with salty water or vinegar.  

Use the multimeter measure the electric potential difference between any two metals. 

Metal 1 Metal 2 
V 

copper iron  

copper zinc  

copper aluminium  

silver zinc  

gold zinc  

etc   

http://www.scifun.ed.ac.uk/pages/exhibits/ex-human-battery.html
http://www.stevespanglerscience.com/lab/experiments/fruit-power-battery
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Teacher Notes 

• When a device is connected to a battery a chemical reaction occurs that produces 

electrical energy. 

• The two dissimilar metals are known as electrodes and the substance between them e.g. 

the human hand the electrolyte. 

• The negative electrode of a battery is called the anode and the positive electrode is called 

the cathode. (For devices other than batteries the cathode is the negative electrode and the 

anode is the positive electrode – e.g. diodes, thermionic valves, and electroplating 

solutions.) 

• As a result of the chemical reactions that take place electrons are released at the anode 

making it negative and electrons are absorbed at the positive cathode. If a device is 

connected between the cathode and the anode a current will flow. The reactions will keep 

going until at least one of the reactants is used up. At this point we say the battery is 

discharged. 

• In rechargeable batteries we can recharge the battery and so reverse the chemical reactions. 

• The metal activity/reactivity series is useful for predicting the outcome of chemical 

reactions. Here is a mnemonics for memorizing the metal activity series: 

"Please stop calling me a zebra in the library. Call me something good, please." 

Potassium, Sodium, Calcium, Magnesium, Aluminium, Zinc, Iron, Tin, Lead, (Hydrogen), 

Copper, (Mercury), Silver, Gold, Platinum. 

 

The list shows metals (not all) in order of reactivity, with the most reactive at the top and least 

reactive at the bottom.  

Some metals give up electrons more easily 

than others. This difference is exploited in 

a battery to create a flow of electrons.  An 

electrochemical cell which causes external 

electric current flow can be created using 

any two different metals since metals 

differ in their tendency to lose electrons. 

Zinc more readily loses electrons than 

copper, so placing zinc and copper metal 

in conducting solutions can cause electric 

charge to flow through an external circuit. 

http://hyperphysics.phy-

astr.gsu.edu/hbase/chemical/electrochem.h

tml    

http://hilaroad.com/camp/projects/lemon/v

inegar_battery.html   

http://www.miniscience.com/link/make_electricity.html   

  

Metal Potential, 

(volt) 

Metal Potential, 

(volts) 

Calcium +2.20 Antimony -0.190 

Magnesium +1.87 Arsenic -0.320 

Aluminium +1.30 Bismuth -0.330 

Manganese +1.07 Copper -0.345 

Zinc +0.758 Silver -0.800 

Iron +0.441 Platinum -0.863 

Hydrogen 0.000 Gold -1.100 

http://hyperphysics.phy-astr.gsu.edu/hbase/chemical/electrochem.html
http://hyperphysics.phy-astr.gsu.edu/hbase/chemical/electrochem.html
http://hyperphysics.phy-astr.gsu.edu/hbase/chemical/electrochem.html
http://hilaroad.com/camp/projects/lemon/vinegar_battery.html
http://hilaroad.com/camp/projects/lemon/vinegar_battery.html
http://www.miniscience.com/link/make_electricity.html
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Measuring resistance using a multimeter 

Apparatus  

multimeter, resistors, in-home wire (e.g. 

bell wire), transformer coils, bulb, light 

dependent resistor, thermistor 

Procedure 

Measure the resistance of the given 

resistors and record your results in the 

table. 

Questions 

Do you have any questions about this activity? 

 

 

 

 

Extension 1 

Draw a circuit diagram for any of the above. 

Extension 2  

Connect the bulb to a 6 V battery. Insert an ammeter to measure the current flowing through the 

bulb. Connect a voltmeter across the bulb and measure the voltage across the bulb. Calculate the 

resistance.  

Note: When metals are heated their resistance increases. When it is lighting the filament of a 

bulb is very hot — up to 3,000 °C. Its resistance may then be more than ten times greater than its 

‘cold’ resistance.  

Component   Colours 

6V bulb Ω — 

Carbon resistor Ω  

Carbon resistor Ω  

Carbon resistor Ω  

Carbon resistor Ω  

1 m nichrome wire Ω — 

Coil of 800 turns Ω — 

Coil of 1000 turns Ω — 

Light Dependent resistor:   — 

In darkness: Ω — 

In torchlight Ω — 

Thermistor:  — 

At room temperature Ω — 

At hand temperature Ω — 
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 Resistor Colour Code 
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Ω 

R2 

R1 

Investigating resistors in series and in 
parallel     

Apparatus 

4 resistors, leads, crocodile clips, multimeter 

Procedure 

Set the multimeter to measure resistance and then measure the resistance of each of the resistors. 

Resistors in series 

If two resistors in placed in series, as shown in Fig. 1, what total resistance would you expect?  

Measure and record the total resistance. 

 

 

 

 

 

 

 Fig. 1   

Write down the equation for resistors in series and verify that it holds. R total  =  

Resistors in Parallel 

If two resistors in placed in parallel, as shown in Fig. 2, what total resistance would you expect?  

Measure and record the total resistance. 

 

 

 

 

 

 

Write equation for resistors in parallel and verify that it holds.   R total  = _________________ 

Teacher Notes 

When resistors are in series the current is the same in each of them. 

When resistors are in parallel the current is divided between the resistors; the smaller resistance 

will have the larger current.  

When resistors are in parallel the total resistance will always be smaller than the smallest 

resistor. 

Expected total 
Ω 

Measured total 
Ω 

Expected total 
Ω 

Measured total 
Ω 

Ω 

R2 R1 
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Investigating the action of a potential 
divider 

Apparatus 

Two resistors ( e.g. 2000 Ω  and 1000 Ω), 6 V battery, voltmeter 

 

 

 

 

 

 

 

 

 

Procedure 

Set up the apparatus as shown.  

Measure and record the voltage across each resistor and across the 

pair of resistors.  

Remember that when resistors are in series the current is the same in each of them. However in 

this case the total voltage is divided between the resistors, in proportion to their resistance. 

Do your results confirm this? 

 

 

 

 

  

Extension 1 

A variable resistor can be considered as two 

resistors in series. It can therefore be used to 

divide a voltage (provided no significant 

current is drawn from it). 

(a) Use the multimeter as an ohmmeter to 

investigate how the resistance of a resistor changes as you move the slider.  

(a) Use the multimeter as voltmeter to observe how the voltage changes as the slider is moved.  

 

 

 

Battery  V 

V A 
V 

V B 
V 

V A&B 
V 

 V 

B 

A 1000   

2000   
6 V 
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Using an ammeter to measure currents 

Apparatus 

Bulbs, 6 V battery or power supply unit, switch, leads, ammeters. 

An ammeter measures current in amperes (A) or milliamperes 

(mA).  

 

 

 

 

 

 

 

 

 

 

Procedure 

Set up the circuit with the ammeters in the positions shown in the diagram. Close the switch. 

Record the currents in the table below. 

  

 

 

Explain your observations. 

 

 

 

 

 Extension 1  

Insert a second bulb in the circuit before ammeter 1. Record the currents and compare the 

brightness of the bulbs with the brightness when there was only one bulb. 

Why is the current more than expected? 

Extension 1  

When a variable resistor is used to vary the current through bulbs, motors etc. it is called a 

rheostat. In this case only two of it connections are used, one of which must be the slider. 

Investigate the effect of inserting a rheostat into the above circuit.   

Teacher notes 

Ensure that the multimeter is in the 10 A scale before making the final connection. 

Ammeter 1 Current  Ammeter 2 Current 

  

Ammeter 2 

Ammeter 1 

Switch 

Bulb 

A 6 V 

A 
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Investigating currents in a parallel circuit   

Apparatus  

60 mA bulbs, 6 V battery / power supply unit, switch, leads, ammeter 

 

 

 

 

 

 

 

 

 

 

Procedure 

Set up the circuit shown in the diagram.  

Close the switch and measure and record the current from the battery (I A&B ). 

 

On the circuit diagram mark the position with an X where 

would you place the ammeter to measure the current in Bulb 1?  

On the circuit diagram mark the position with a Y where would 

you place the ammeter to measure the current in Bulb 2?  

Measure and record the current in each of the bulbs.              

 

Explain your observations. 

 

 

 

 

Extension 1  

What would be the effect of adding a third bulb in parallel the bulbs 1 & 2? 

 

 

 

 

               

  

Current 
A 

I A&B 
A 

I B 
A 

I B 
A 

Switch 

6 V  

Ammeter 

Bulb 2  Bulb 1 

A 
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Investigating the emf and power 
produced by a solar cell  

Apparatus 

Two leads and crocodile clips, solar cell, 

light source, multimeter, 100 Ω resistor. 

 

 

Procedure 

Set the multimeter to read 1 or 2 volts and connect it to the terminals 

of the solar cell.  Shine a bright light solar cell and record the 

maximum voltage (E) 

Connect the 100 Ω resistor across the terminals of the solar cell 

and again measure and record the maximum voltage produced 

when the solar cell is illuminated as before. (V) 

 

Using Ohm’s Law (V= I R) calculate the current through the 

resistor ( I ). Record the value in amperes. 

Use the equation P = VI  to calculate the power of the solar cell in 

watts and milliwatts.  

 

 

For further details visit: 

http://news.osu.edu/news/2014/10/03/batteries-

included-a-solar-cell-that-stores-its-own-power   

 

 

Solar cell 

and solar motor (by the way, why does the red fan appear 

to be a continuous disc, even though it consists of 4 

separate blades?) 

 

E 
V 

V 
V 

I = V ÷ R A 

P = VI 
W 

P = VI 
mW 

100 Ω 

V R 

P = V I      and 

I = V /  R 

So 

P = V
 2

 / R 

http://news.osu.edu/news/2014/10/03/batteries-included-a-solar-cell-that-stores-its-own-power
http://news.osu.edu/news/2014/10/03/batteries-included-a-solar-cell-that-stores-its-own-power
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Investigating the magnetic field around a 
current-carrying wire 

Apparatus 

Magnetic compass, battery, long lead 

Safety note: In this activity the lead should only be 

connected to the battery for a few seconds. 

Procedure 

Place a compass on a flat surface. The needle should 

settle in the North-South direction. 

Connect one end of the long lead to the positive 

terminal of the battery.  

Place the lead above the compass and parallel to the 

needle.  (Secure it in place with Blutack or sellotape.) 

Momentarily touch the loose end of the lead to the negative terminal of the battery and note the 

direction in which the North end of compass needle moves. Record your results. 

 

Repeat the activity but this time place the lead under the compass and parallel to the needle.   

Again, momentarily touch the loose end of the lead to the negative terminal of the battery and 

note the direction in which the North end of compass needle moves. Record your results. 

 

 

 

 

Explain your observations. 

 

 

 

Extension 1 

Set up the lead perpendicularly through a solid stage e.g. a CD.  Place a 

number of plotting compasses around the lead. Momentarily connect the 

lead to the battery and note the direction of the resultant magnetic field. 

 

Right-hand rule 

If the right thumb points in the direction of the current (i.e. positive to 

negative) then the fingers point in the direction of the magnetic field. 

 

Position Direction (L or R) 

Lead above compass 
 

Lead under the compass 
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Investigating the electromagnet 

Apparatus 

Battery, iron nail, 1 meter of insulated copper wire, magnetic compass, paper clips  

 

Procedure 

 Wrap at least 20 or 30 turns of insulated wire 

around the nail. 

 Remove about 2 cm of the plastic insulation 

(‘sleeving’) from each end of the wire.  

 Connect one end of the wire to the positive 

terminal of the battery.  

 Place some paperclips near the end of the nail. 

Connect the loose end of the wire to the 

negative terminal of the battery for a few 

seconds.  

 

Record what happens. 

 

 

 

 

Remember, most metals are non-magnetic.  

Extension 1 

When there is an electric current in the wire the nail becomes 

strongly magnetised and acts like a bar magnet. When the 

battery is disconnected the current ceases and most of the 

magnetic effect disappears. However, iron retains some residual 

magnetism. If the current is reversed then the direction of 

magnetisation is reversed.  

 

Is the direction of magnetisation consistent with the right-hand 

rule? 

 

 

 

 

Further information 

Video on uses of magnets: https://www.youtube.com/watch?v=B8-pYu638Xs  

 

https://www.youtube.com/watch?v=B8-pYu638Xs
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Simple transistor circuits 

What is a transistor 

A transistor is an electronic component that can act as a switch or as an amplifier. The invention 

of the transistor around 1948 and its mass production in the 1950s, completely revolutionised 

electronics which up to then depended on thermionic valves.   

Basic properties 

The (bipolar) transistor typically has three terminals called the emitter, the base and the collector. 

There are two types of bipolar transistor: NPN and PNP.  

https://en.wikipedia.org/wiki/Transistor  

https://www.explainthatstuff.com/howtransistorswork.html  

http://www.learningaboutelectronics.com/Articles/Dark-

activated-light-circuit.php  

 

What you need… 

 6 V battery and leads 

 Circuit as shown, including one transistor (ZTX 300 

or similar), resistors and lamp. 

 

Procedure 

4. Set up the apparatus as shown. 

5. Cover the LDR (R2). You may need to adjust the variable resistor (R1) so that the lamp 

is turned on at the desired level of darkness or shade. 

How it works 

 The variable resistor (R1) and the LDR (R2) form a voltage divider. The voltage at X (relative 

to the 0 volt line) depends on the ratio between R1 and R2.  If they are equal then the supply 

voltage (6 V) is split evenly and the potential at X is then  

3 V. 

 When the LDR (R2) is expose to light its resistance drops and it becomes a small fraction of 

the total resistance. The voltage at X then drops. 

 When the LDR (R2) is covered then its resistance rises and it becomes a bigger fraction of the 

total resistance. The voltage at X then drops. 

 If the voltage at X becomes higher than about 1 V then the transistor conducts a large current 

and the lamp lights. 

R2 

X 

2k2 

ZTX 

300 

0 – 20 kΩ 

6 V 

0 V 

R1 

R3 

https://en.wikipedia.org/wiki/Transistor
https://www.explainthatstuff.com/howtransistorswork.html
http://www.learningaboutelectronics.com/Articles/Dark-activated-light-circuit.php
http://www.learningaboutelectronics.com/Articles/Dark-activated-light-circuit.php
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Investigating boiling water at low 
pressure 

Apparatus  

A plastic syringe (e.g. 20 cm
3
) with a plug, warm water (e.g. 

40°C) 

Procedure 

 Draw a few cm
3
 of warm water into the syringe. Invert 

the syringe and expel any air. Plug the syringe. Pull the 

plunger and observe the water boiling under reduced 

pressure. After a short time the boiling stops.  

 Notice that the upper part of the syringe becomes warm.  

 Bubbles of dissolved gases may also form; these remain 

when the plunger moved back in. (If you wish you can 

eliminate these.) 

 

Why does the boiling stop? 

 

 

 

 

 

 The steam that is formed condenses on the colder part of the syringe; this maintains the low 

pressure. When the syringe becomes warm there is very little condensation and so the boiling 

stops.  

 Note the effect of cooling the barrel of the syringe where condensation occurs. 

 

Note: Water boils when its vapour pressure is equal to the ambient pressure. 

YouTube video: https://www.youtube.com/watch?v=I5mkf066p-U   

 

https://www.youtube.com/watch?v=I5mkf066p-U
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Interesting and instructive extension 
(How to freeze water by boiling it under reduced pressure.) 

Apparatus  

An electrically operated vacuum pump, a strong bell jar with supporting platform, a small beaker 

(150 to 200 cm
3
), a test tube, anti-bumping granules or a few grains of sand. 

Procedure 

1. Place the beaker on the platform. Put a few cm
3
 of water in the test tube and stand it in the 

beaker. Add a few grains of sand or anti-bumping granules to the test tube. 

2. Place the bell jar over the beaker on the platform. Make sure it is well sealed. 

3. Turn on the vacuum pump. Bubbles will appear in the water: initially these are bubbles of 

dissolved gases. After a short while the water will begin to boil.  

4. After about five minutes you should see ice forming in the test tube. Eventually all the 

water will freeze. (If the tube and water are very clean then the 

water temperature may drop a few degrees below zero before ice 

forms. The water then freezes suddenly.) 

5. Switch off the pump. Open the valve to allow air back into the 

bell jar. 

6. If you have a thermometer you will find that the ice is indeed at 

0°C.  

YouTube video: https://www.youtube.com/watch?v=y4BGV7-1lhs   

  

Teacher Notes 

When water boils it needs energy to change its state. This energy is 

known as latent heat of vaporisation. 

During evaporation the more energetic water molecules escape from the 

water and so the average energy of the remaining molecules is gradually 

reduced. So, you can freeze water by boiling it under reduced pressure.  

This demonstration supports the kinetic theory. 

 

Pressure cooker 

Pressure cooking is the process of cooking food in which water is sealed 

in a vessel, known as a pressure cooker. Water boils at 100 °C at normal 

atmospheric pressure, at around 120 °C in a pressure cooker. As pressure 

cooking cooks food faster than conventional cooking methods, it saves 

energy.  

A pressure cooker can be used to compensate for lower atmospheric 

pressure at high elevations. The boiling point of water drops by 

approximately 1°C per every 294 metres of altitude. The boiling point of 

water on top of Mount Everest is roughly 71°C. 

Vapour pressure 

of water 

Temp.(°C) hPa 

-10 3 

0 6 

5 9 

10 12 

12 14 

15 17 

20 23 

25 31 

30 42 

37 62 

… … 

80 355 

100 1000 

110 1434 

… … 

https://www.youtube.com/watch?v=y4BGV7-1lhs
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Investigating the specific heat capacity 
of water 

Apparatus 

Timer, electric jug kettle (with power rating 

marked on it). 

Procedure 

1. Read the power rating (wattage) P of the 

kettle. 

2. Fill the kettle with cold water to the one 

litre mark. 

3. Take the temperature of the water. 

4. Switch on the kettle for a fixed time (t), 

e.g. 50 s or 100 s. 

5. Read the temperature. 

Calculations 

Mass of water (mw):          

Rise in temperature of water (ΔT = T2 – T1) 

The electrical energy produced by the kettle P×t  

mw × SHC  × ΔT  =  P × t 

where SHC =  Specific heat capacity (of water). 

If it is assumed that all the electrical energy went into heating the 

water, then  

  SHC  = ( P × t ) / (mw × ΔT ) 

 

 

 

 

1. Suggest a reason why the answer you obtained may be less than the accepted value. 

2. Why is it better to use a plastic kettle? 

Teacher Notes 

• One litre of water has a mass of one kilogram. 

• This experiment involves using the mains power, so is best done as a teacher 

demonstration for safety. 

• Sample data: T1 = 18.3°C, T2 = 65.6°C, m = 1.0 kg,  P = 2000 W, t = 100 s 

• Reasonably priced energy monitors may be used to improve accuracy. 

mw 
kg 

P 
W 

T1 °C 

T2 °C 

t 
s 

ΔT 
°C 

SHC 
J kg

-1
 K

-1
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pH investigations 

Apparatus  

pH meter, tap water, distilled water (if available), drinking straw, sparkling water, ice water, hot 

water, sparkling water, vinegar, digital scales, HCl, NaOH  

Safety note: students should be advised on the possible dangers of splashing and be provided 

with safety goggles to protect their eyes and lab coats to protect their clothes. 

 

To prepare 1 M solutions of HCl and NaOH 

HCl: The concentration of commercial hydrochloric acid (HCl 

solution) 12.1 moles per litre; in other words, its molarity is 12.1. 

So, to make a 1 M  (i.e. one molar) solution of HCl add 10 cm
3
 

concentrated hydrochloric acid to 111 cm
3
 of water (total volume 

121 cm
3
) 

NaOH: Carefully add 4 grams of solid sodium hydroxide (NaOH) 

to about 80 cm
3
 of water. When the NaOH has completely 

dissolved add water to bring the volume to 100 cm
3
. 

Procedure 

Extension 

Vinegar is about 6% ethanoic acid (acetic acid). The relative molecular mass of ethanoic acid is 

60. The concentration of ethanoic acid in vinegar is therefore about 1 mole per litre. 

Measure its pH and use the value obtained to estimate the fraction of the acid molecules that 

have dissociated.  

 

Measure the pH of the following: 
pH 

Tap water 
 

Blow bubbles through tap water for two minutes an the measure the pH 
 

Sparkling water 
 

10 cm
3
 tap water + a drop of lemon juice  

 

10 cm
3
 tap water + 10 drops of lemon juice 

 

10 cm
3
 tap water + a little washing soda 

 

10  cm
3
 1 M HCl  

0.1 M HCl (take 1  cm
3 of the previous solution and add it to 9  cm3 water)  

0.01 M HCl (take 1  cm
3 of the previous solution and add it to 9  cm3 water)  

0.001 M HCl (take 1  cm
3 of the previous solution and add it to 9  cm3 water)  

0.0001 M HCl (take 1  cm
3 of the previous solution and add it to 9  cm3 water)  

1 M NaOH  
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Teacher Notes 

pH is a measure of acidity. It is defined as “minus the log of the hydrogen ion concentration in 

moles per litre”. 

In 1894 Kohlrausch and Heydweiller measured the conductivity of highly purified water. The 

results indicated the degree to which water molecules react to form OH
–
  and  H

+
 ions.  

    H2O + H2O ⇔   OH
−
  +  H3O

+
  

 or                 H2O  ⇔   OH
–
   +  H

+
    (abbreviated form) 

In pure water at 25°C, the concentration of  H
+
 ions is 10

-7
 mol/litre.  

The pH scale was proposed by Sören Sörensen in 1909. At 25°C the pH of pure water is almost 7 

(−log 1.01×10
−7

 = 6.995). 

The pH of 1 M HCl solution (i.e. ‘one molar’ or ‘one mole per litre’ of HCl) is zero. More 

concentrated solution of HCl would have negative pH values. 

Saturated NaOH solution has a pH of around 15. 

https://en.wikibooks.org/wiki/Chemical_Principles/Solution_Equilibria:_Acids_and_Bases   

 

 

https://en.wikibooks.org/wiki/Chemical_Principles/Solution_Equilibria:_Acids_and_Bases
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Investigating Brownian motion 

Apparatus  

Microscope, glass slide and cover slip, water, drop 

of milk 

Background 

Brownian motion is the random motion of particles 

suspended in a fluid (a liquid or a gas) resulting 

from collisions with the fast-moving atoms or 

molecules in the gas or liquid.  

 

The phenomenon was discovered by Robert Brown in 1827, while observing pollen grains in 

water. Albert Einstein published a paper in 1905 that explained in precise detail how the motion 

that Brown had observed was a result of the pollen being moved by individual water molecules. 

This served as convincing evidence that atoms and molecules exist. It was further verified 

experimentally by Jean Perrin in 1908. Perrin was awarded the Nobel Prize in Physics in 1926 

"for his work on the discontinuous structure of matter"  

(Wikipedia source: https://en.wikipedia.org/wiki/Brownian_motion ) 

Procedure 

1. To a small drop of water on a glass slide add an even smaller drop of milk.  

2. Place a cover slip on top of the drop. 

3. Under the microscope observe the constant ‘jiggling’ of the fat globules as they are moved 

about randomly by water molecules. 

 Source:  http://www.microscopy-uk.org.uk/dww/home/hombrown.htm   

Teacher Notes 

John Dalton first proposed his atomic theory in 1803 and published it in 1805. He proposed a list 

of relative atomic weights for five elements, in which he gave hydrogen a value of 1. His second 

list, published in 1808, had 20 elements. 

Through the combined work of many chemists during the following hundred years, an enormous 

body of chemical knowledge was accumulated. Yet in the early twentieth century many 

scientists still doubted the existence of atoms. Einstein’s 1905 paper on Brownian motion 

provided the proof they needed. 

With developments in X-ray crystallography in the twentieth century it was possible to calculate 

the precise positions of the individual atoms in large molecules such as DNA (1953) and insulin 

(1969). Today is it possible to ‘image’ individual atoms using a Scanning Tunnelling 

Microscope (STM). Indeed, it is even possible to move individual atoms on a surface.  

 

So, we no longer need to prove that atoms exist. Nevertheless, it is beneficial to see for ourselves 

the effect of the motion of individual molecules as they collide with fat globules in a drop of 

milk.  

http://www.chem1.com/acad/webtext/intro/int-1.html     

https://en.wikipedia.org/wiki/Brownian_motion
http://www.microscopy-uk.org.uk/dww/home/hombrown.htm
http://www.chem1.com/acad/webtext/intro/int-1.html
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Investigating molecular models 
Draw and make molecular models  

Apparatus  

Pencil and paper, molecular models 

Drawing molecules 

This exercise requires no knowledge of chemistry but it gets students used to drawing molecules, 

even complex ones. It also shows that the same selection of atoms may often be joined in more 

than one way, forming what are known as isomers. 

The exercise uses a small selection of letters that have ‘hooks’:  

 H has 1 hook 

 O has 2 hooks 

 N has 3 hooks 

 C has 4 hooks  

Start with simple challenge such as:  

• How many ways can 2 H’s and 2 O’s be combined, using the above rules?  

• How many different structures can be made using 1 or 2 N’s and 4 H’s or less? 

• How many different structures can be made using 2 C’s,  6 H’s and 1 O,? 

How many structures can you find for each of the following: 

• C2H6,  C2H4, C4H10, C4H10O,  

• C2H4O, C2H4O2, HCN, CH2O3 

 

References 

• http://www.eoht.info/page/Hooked+atoms   

• https://en.wikipedia.org/wiki/History_ 

of_molecular_theory   

Using molecular models 

The same kind of exercise can then be done using 

molecular models (‘ball and stick’ models). 

There are two rules: 

 Hooks link to hooks 

 No hooks may be left unattached. 

 

H O 

N C 

http://www.eoht.info/page/Hooked+atoms
https://en.wikipedia.org/wiki/History_0bof_molecular_theory
https://en.wikipedia.org/wiki/History_0bof_molecular_theory
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Teacher Notes 

This well tried approach can be used to introduce concepts such as 

atoms, bonds, molecules and valency. Later on, it will prove to be a 

great help to students when dealing electron energy levels, ‘octet 

rule’ and the periodic table.  

Needless to say, atoms do not have ‘hooks’; the linked hooks 

represent bonding electron pairs, one from each atom. 

Once students get used to the ‘rules’ they may replace two linked 

hooks with a single line. The structures they produce will then look 

like standard molecular representations.  

This approach works well for many molecular structures, including 

complex organic molecules. However, there are many other 

substances for which the usual ‘octet rule’ does not work − e.g. 

carbon monoxide (CO), nitric oxide (NO), nitrogen dioxide (NO2), 

boron trichloride (BF3), phosphorus pentachloride (PCl5) and many 

many more. 

 

 How many structures can you find for each of the following: 

 C2H4O 

 C2H4O2 

 HCN, 

 CH2O3 
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Exercise in balancing chemical 
equations 

Apparatus  

Periodic table of elements, pencil and paper 

Background 

In a chemical reaction matter is neither created nor destroyed. The total mass of the reactants 

equals the total mass of products. (The law of conservation of matter.) 

When hydrogen burns in air or oxygen water is produced: 

H2 + ½O2 => H2O or 2H2 + O2 => 2H2O 

This equation tells us that hydrogen and oxygen react in a 2:1 ratio to form water. The number of 

atoms of each element must be the same on both sides of the equation. 

Using the equation and the periodic table of elements we can find out the mass of oxygen that 

reacts with a given mass of hydrogen. 

The relative atomic mass of hydrogen is 1 and the relative molecular mass of hydrogen gas is 2. 

So 2 grams of hydrogen has the same number of molecules as 32 grams of oxygen. This amount 

of these gases is called a mole. 

One mole of hydrogen reacts with half a mole of oxygen to form one mole of water.  

So, 2 grams of hydrogen react with 16 grams of oxygen to form 18 grams of water. 

Questions 

1. Carbon burns to in air or oxygen to form carbon dioxide. Write a balanced equation for the 

reaction and find what mass of carbon dioxide is produced when 1 kg of carbon is burned? 

 

 

 

2. Write a balanced equation for the combustion of propane (C3H8) and find the mass of 

water and of carbon dioxide formed when 1 kg of propane is burned. 

 

 

 

3. Write a balanced equation for the combustion of glucose (C6H12O6) and find the mass of 

carbon dioxide formed when 600 g of glucose is burned. 

 

 

 

Note: The oxidation of 600 g of glucose releases about 9.4 MJ, i.e. ≈ human daily requirement. 
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Stoichiometry of burning steel 

What is stoichiometry 

Stoichiometry refers to the combining ratios of substances or the process of establishing the 

combining ratios. 

In this experiment we will (hopfully) be able to discover which reaction best represents the 

burning of steel. 

Safety note 

Wear protective goggles. 

What you need… 

 An electronic scales 

 Steel wool (ca. 1 g) 

 Aluminium foil (ca. 20 com × 20 cm) 

to contain the steel wool 

 A piece of cardboard to protect the pan 

of the scales 

 

Procedure 

6. Set up the apparatus as shown, but without the steel wool. 

7. Zero the reading. 

8. Add the steel wool and record the mass (m1). 

9. Ignite the steel wool.  

(It sometimes helps to blow some air into it using a straw to ensure complete 

combustion.) 

10. When the reaction is finished allow the product to cool and record the new mass (m2). 

11. Calculate the percentage change in mass. 

Possible reactions 

Fe  +  0.5 O2  → FeO  29% gain 

2Fe +  1.5 O2  →  Fe2O3  43% gain 

3Fe  +  2 O2  →  Fe3O4  38% gain 

    (a mixed oxide) 

Which of these corresponds best with the results of the experiment?   

 

 

 

See:   https://www.youtube.com/watch?v=kPpJihgromA  

 https://www.youtube.com/watch?v=TsnLmgWXw-E 

1.00 g 

steel wool 

aluminium 
foil 

cardboard 

electronic 
scales 

https://www.youtube.com/watch?v=kPpJihgromA
https://www.youtube.com/watch?v=TsnLmgWXw-E
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Estimating daily human output of CO2  
Using normal human energy intake, calculate the daily CO2 output of one person, the annual  

CO2 output of all the people in the world.  

Apparatus  

pencil and paper 

Teacher Notes 

Typical human daily energy requirement is 10 MJ  (ca. 2500 Calories). 

• 1 calorie = 4.184 J This is also called a “small calorie”. Symbol: cal 

• 1 Calorie = 4.184 kJ  This is also called a “large calorie”. Symbol: Cal or kcal 

(The calorie and Calorie are non-SI units. They are, however, still used to some extent in the 

food industry.) 

 

Aerobic respiration can be summarised by following equation: 

C6H12O6 + 6 O2  =>  6 CO2 + 6 H2O   ΔH = −2805 kJ mol
−1

  (15.6 kJ/g) 

 

Procedure 

1. First, verify that the relative molecular mass of glucose is 180. 

2. Calculate the energy that is provided by 1 gram of glucose. 

3. Calculate the energy that is provided by 1 kg of glucose. 

4. Calculate the amount of glucose required to provide 10 MJ.   

5. Calculate the mass of CO2 produced when 1 g of glucose is oxidised or respired. 

 6. Using the answer3 to numbers 4 & 5 above, calculate the mass of CO2 produced when 10 

MJ is produced in respiration. (This approximates to the daily human CO2 output.) 

 

Energy comparisons 

The table (right) show the amount of energy released by oxidation of 1 kg 

of various foods and fuels.  

 

1 kg MJ 

sugar 15 

crisps 22 

butter 30 

coal 33 

oil 44 

methane 55 

hydrogen 142 
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Plants for fuel 
Not all the solar radiation landing on a leaf is used for photosynthesis. Less than half is in the 

visible part of the spectrum and only about half of that again is actually absorbed by 

chloroplasts; the rest just warms the leaf and is lost to the air by conduction and by evaporation 

of water (in transpiration) or is reflected or transmitted. So only about 25% of the incoming solar 

radiation is captured by the chloroplasts. 

Only one third of this energy is ‘stored’ as glucose and a third of the glucose is used to power 

part of the photosynthesis cycle. Therefore the net efficiency is usually less than 6%. 

Other variables such as the planting density, weather and crop damage may reduce this to 1% – 

2%. (The photosynthetic efficiency of sugar cane is exceptional; it may be as high as 7% – 8%.) 

In effect only a small fraction of the sunlight shining 

on crops is ‘captured’ in biochemicals such as 

glucose, starch, cellulose etc. If only part of a plant is 

harvested for energy (e.g. rapeseed or wheat) then 

the energy stored in the rest of the plant may be 

wasted; this may be 75% – 90% of the total mass of 

the plant. 

This waste biomass might be allowed to decay and 

enrich the soil. It might also be harvested and used as 

fuel. 

 

A rough calculation  

During the growing season in Ireland (say, April to September) the average solar radiation is 

about 400 W per square metre for about 10 hours a day. Over the six month period this amounts 

to 2600 MJ per square metre: 400 × 60 ×60 ×10 × 6 × 30 = 2592 MJ The energy stored in sugar 

(or cellulose) is about 15.6 MJ/kg (1560 kJ per 100 g). 

So, assuming 1% photosynthetic efficiency one might expect to obtain about 1.7 kg  

(2600 MJ × 1% ÷ 15.6 MJ/kg) of dried biomass per square metre or about 17 tonnes per hectare. 

For reasons stated earlier actual yields are closer to half that value (i.e. about 8 to 10 tonnes per 

hectare). 

Energy inputs  

In calculating the overall energy potential of crops the energy expended in tilling, fertilising, 

planting, irrigating, pest control, harvesting, transporting, drying, processing (e.g. chopping) and 

waste disposal must all be taken into account. These can offset the perceived benefit of many 

energy crops. 

Some plants are perennial, that is, once they become established they regrow each year. This 

eliminates the tilling and planting and so reduces energy inputs. 

Short rotation willow (also called ‘Short Rotation Coppice’), once it has become established, can 

be harvested every two years and may last 25 to 30 years. Miscanthus (a type of large grass) can 

be harvested every year. These two plants are considered suitable for cultivation in Ireland as 

fuel crops. 

 

Other costs  

Harvesting  willow for fuel 
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The cost of specialised equipment for harvesting is likely to remain a significant factor, 

especially in the case of willow, until the crop area is large enough to make such investment 

worthwhile. It is likely that grant aid for such purchases will be necessary, at least in the start-up 

phase of the development of crops for energy. 

Liquid fuel crops  

There will be a need for liquid fuels for the foreseeable future. 

Corn or potatoes can be fermented to produce ‘bioethanol’ which can be substituted, at least in 

part, for petrol. Oil from plants such as rapeseed or soybeans can be used to produce ‘biodiesel’. 

However the final fuel yield of these crops is only about 5% of that of combustible crops and 

two or three times as much energy is used in the production process (e.g. distillation). 

Student activity  

1. The heat of combustion of ethanol is 1300 kJ mol
-1

. The molecular formula for ethanol 

is C2H5OH. Calculate the heat of combustion of ethanol in MJ kg
-1

. 

2. Calculate the energy yield from a hectare of Miscanthus assuming • the dry mass yield 

of a Miscanthus crop is 10 tonnes per hectare • the dry mass is cellulose/glucose • the 

heat of combustion of glucose is 15.6 MJ kg
-1

 (2805 kJ mol
-1

). 

3. Assuming that the yield of ethanol from fermentation of corn or potatoes is 350 litres 

per hectare, calculate the energy yield per hectare (using the result obtained in question 

1 above). 

How does this compare with the energy yield per hectare for combustion of Miscanthus 

(using the result obtained in question 2 above). 

4. (Exercise suitable for groups) Each group examines the potential of a specific energy 

crop, preferably one that is grown locally. The findings should be summarised under the 

headings: estimates of the energy output per hectare per annum, the initial setup costs, 

pest control, harvesting, processing, and other costs. The summary might usefully be 

presented in poster format. 

 

Source  

This article is largely taken from one of the many lessons that you can download from 

www.sta.ie. More than 200 lessons are available on topics in biology, chemistry and physics. 

Each lesson is accompanied by student excercises and learning resources. For over ten years an 

new edition of Science and Technology in Action has been delivered, free of charge, to all 

second level schools in Ireland. 
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Limestone, lime and limewater 

Using sparkling water to demonstrate important carbonate reactions 

Limestone and Lime  

The underlying rock in about 50% of the Irish Republic is limestone 

which was formed in the Carboniferous era (300–340 million years 

ago). The main ingredient in limestone is calcite (calcium carbonate, 

CaCO3) — often making up more than 95% of the rock.  

For thousands of years people have used limestone as the raw material 

for the production of lime (calcium oxide, CaO; also known as 

quicklime or burnt lime). Lime was used to make plaster and mortar 

in the construction of buildings. To this day it is an essential 

ingredient in making concrete.  

Calcite is not easily decomposed; a temperature of at least 825 °C is 

required and in practice a temperature of around 1000 °C is generally 

used.  

  CaCO3 ==> CaO + CO2  

When calcium oxide cools it can absorb carbon dioxide again to reform calcium carbonate.  

Calcium hydroxide  

Pure calcium oxide is a white solid. It reacts with water in the ratio of about 3:1 (56:18) to form 

another solid called 'slaked lime' or 'hydrated lime' — calcium hydroxide, Ca(OH)2. The reaction 

is quite exothermic.  

  CaO + H2O ==> Ca(OH)2        ΔH = −63.7 kJ/mol  

The lime that is sold for making concrete is in fact calcium 

hydroxide and is usually labelled 'Hydrated lime'. Agricultural 

'lime' is usually not lime but just crushed limestone (CaCO3); it 

reduces the acidity of soil but doesn't make it alkaline.  

Limewater  

Calcium hydroxide is alkaline but it is not very soluble in water — 

less than 2 g per litre. This solution is called limewater.  

  Ca(OH)2 <==> Ca
2+

 + 2OH
−
  

To make limewater just put about 10 g of calcium hydroxide in a 1 

L bottle and add water. Shake it and then leave it to settle, 

preferably for 24 hours. Most of the calcium hydroxide will settle 

to the bottom. Pour off the clear limewater when required and top 

up the remainder with water. It should last for years.  

The limewater test  

To a small extent, carbon dioxide reacts with water to form carbonic acid:  

  CO2 + H2O <==> H2CO3  

Carbonic acid reacts with calcium hydroxide solution (limewater) to form 

calcium carbonate as an insoluble precipitate. 

water 

CaO 

Ca(OH)2 

limewater 
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   Ca(OH)2 + H2CO3 => CaCO3 + 2H2O  

This reaction is not easily reversed.  

The reaction can be demonstrated by blowing into 

limewater in a beaker or wide test tube for a minute or two. 

It can be demonstrated much more quickly and dramatically 

by adding some 'sparking water'* to limewater.  

1 Whitewash 

This same reaction occurs (slowly) as whitewash absorbs carbon dioxide from the air and 

hardens to a white crust of calcium carbonate.  

  Ca(OH)2 + CO2 => CaCO3 + H2O  

To show this add a little sparking water to some limewater. A precipitate of calcium carbonate 

forms and makes the solution cloudy. 

2 Formation of limestone caves  

Limestone, which is mostly calcium carbonate can be slowly 

dissolved by carbonic acid in rainwater.  

  CaCO3 + H2CO3 => Ca(HCO3)2  

  solid    solution  solution  

The product is calcium hydrogen carbonate and it is soluble in 

water.  

To show this, add some more sparking water to the previous 

suspension; the white suspension dissolves.  

Note: The solution is no longer limewater; it is in fact 

temporarily hard water — a solution containing calcium ions. 

(This is an easy way to make temporarily hard water.)  

This is the reaction that causes the formation of caves and grykes 

in limestone areas such as the Burren.  

3 Reversing the reaction 

Heat some of last clear solution in a test tube. The previous reaction will be reversed. Calcium 

carbonate will be precipitated and carbon dioxide will also be driven off.  

  Ca(HCO3)2 => CaCO3 + CO2 + H2O  

This reaction cause the formation of limescale in kettles. It also accounts for the formation of 

stalactites when solutions of calcium hydrogen carbonate slowly evaporate and leave behind 

insoluble calcium carbonate. 

This reaction demonstrates why temporarily hard water is so named; the hardness is removed by 

heating resulting in the removal of calcium ions from the solution. 

Permanent hardness, due to the presence of chlorides and sulfates of calcium (and to a lesser 

extent, magnesium); boiling does not change them. 

  

*Sparkling water is just carbonated water; it contains dissolved carbon dioxide some of which 

reacts with the water to form carbonic acid, which gives it its 'tang'. 

A gryke in the Burren 
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Investigating the combustion of 
hydrocarbon  

Apparatus  

Portable gas stove (or Bunsen burner), large block of metal (several 

kilograms of steel or aluminium), preferably with a handle.  

 

Safety note: students should be advised on the possible dangers 

of burning and be provided with safety goggles. 

Procedure 

1. Ask students what will happen to in if the stove is lit for 30 

seconds.  

Typical responses include: 

 It will get hot. 

 It will expand. 

 It will change colour. 

 It might melt.  

 It might burn. (Steel wool burns) 

2. Ask someone feel the block (to confirm that it is at room 

temperature). Then place it on the stove. 

3. Turn on the stove for 30 seconds. Then ask the same person to 

feel the block again. The most noticeable change is that the 

block is wet. It may also be slightly warmer than it was 

earlier. 

4. Explain why you think this happens. 

 

 

 

 

 

5. Write a balanced equation for the reaction. 

C4H10 +  ____ O2    =>  ____ CO2  + ____ H2O 

 

Teacher Note 

The gas (butane, C4H10) is a hydrocarbon and when it burns the two products are carbon dioxide 

and water. 
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Precipitation reactions 

Apparatus 

Goggles, disposable gloves, two or more test tubes, 2 plastic 

droppers, solutions of calcium chloride, sodium carbonate and 

magnesium sulfate (‘Epsom Salts’). 

Background 

Some salts are soluble while others are not. Calcium chloride and 

sodium carbonate are soluble in water and dissociate forming 

positive and negative ions.  

  CaCl2  => Ca
++

  +  2Cl
−
 

  Na2CO3 =>  2Na
+
  +  CO3

2−
  

Calcium carbonate is not soluble in water and so if calcium ions are 

added to a solution containing ions, tiny white calcium carbonate 

particles cause cloud the solution and eventually fall to the bottom 

as a precipitate, indicated with a downward arrow. 

 Ca
++

  +  2Cl
−
  +   2Na

+
  +  CO3

2−
  =>               


   +          +   

Procedure 

 Add about 2 cm
3
 of a sodium carbonate solution to a test tube. 

(This is a clear solution.) 

 Add a several drops of calcium chloride solution. The solution 

becomes cloudy. Leave it aside to settle.  

A similar precipitation reaction occurs between magnesium sulfate and calcium chloride. 

(Calcium sulfate is only slightly soluble in water.)  

Try it out and then write the chemical equation representing the reaction. 

Extension 

If available, try the following pairs of solutions and record your 

results. 

5. Sodium carbonate and copper sulfate 

6. Sodium chloride and silver nitrate (just a few drops; don’t 

get it on your hands!) 

7. Potassium iodide and lead nitrate (or lead acetate). These are 

clear solutions but when mixed a vivid yellow precipitate of 

lead iodide forms.  

(See https://www.youtube.com/watch?v=73dw6w0zNXA ) 

Results 

 

 

 

https://www.youtube.com/watch?v=73dw6w0zNXA
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Investigating atomic structure 

Apparatus  

Periodic table of elements, modelling clay (red, gray and 

blue) or coloured beads, A4 paper or card (with circles as 

shown, ‘Blu-tack’ (if beads are used)  

Procedure 

1. Using modelling clay or coloured beads, 

demonstrate to students how to make a model of an 

oxygen atom (as shown). 

2. Then assign a different element to each student (or 

pair of students). They should consult the periodic 

table to find the element number and the mass 

number. The element number gives the number of 

electrons and also number of protons. The mass 

number gives the total number of particles in the 

nucleus (i.e. protons and neutrons, on average). 

From these they should find the number of 

neutrons. 

3. Students then make up their own models for the 

assigned element e.g.  

This matchbox represents the helium atom with 2 

protons and 2 neutrons in the nucleus and 2 

electrons orbiting outside the nucleus. 

 Students could be encouraged to be creative and 

make their own atomic models.    

Note: The size of an atom 

Imagine a carbon atom magnified to the size of Croke 

Park stadium. The nucleus would then be about the size 

of a pea (7 mm) in the middle of the pitch. The electrons 

would occupy the space as far as the outer stands.  

(Diameter of carbon atom: 1.82 × 10
 −10

 m; diameter of 

carbon nucleus: 5.8 × 10
 −15

 m; ratio: 31,000) 

 

With the unaided eye it is possible to see objects that are 

about one twenty fifth of a millimetre in diameter, i.e. 

about 0.04 mm or 40 μm. With an optical microscope we 

can see objects that are about 1 μm in diameter, i.e. 

slightly larger than the wavelength of visible light (0.4 to 

0.7 μm  = 400 to 700 nm). Atoms are much smaller still. 

The largest atoms are about 0.25 nm or 2.5 × 10
 −10

 m in 

diameter.  

1 

3 

2 

nucleus 

Oxygen 

8 electrons 
8 protons 
8 neutrons 
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Teacher Notes 

The maximum number of electrons in a particular main energy level is 2n
2
, where n is the energy 

level. So level 1 has 2 electrons (max.), level 2 has 8 electrons (max.), level 3 has 18 electron 

(max) etc. (However, the order in which electrons occupy the energy levels is not 

straightforward, e.g. once level 3 has eight electrons, the next tow electrons go into the 4
th

 level. 

The periodic table of elements illustrates this.) 

 

Students may well ask how we know that electrons have different energy levels within atoms. 

Since we cannot see atoms we can not see subatomic particles. 

 

In the early 1800s Joseph Fraunhofer found that the spectrum of the Sun had dark lines in it; he 

counted 574 of them. Using diffraction gratings that he made he measured their wavelengths. In 

1836 Wheatstone demonstrated that different metals had characteristic line spectra. In 1849, 

Foucault showed that the dark absorption lines had the same wavelength as the emission lines. In 

the 1860 Bunsen and Kirchhoff made a systematic study of the spectra of eight elements and 

could identify the presence of these elements in various compounds by examining their spectra. 

In the 1880s Balmer discovered that 

the wavelengths of the four visible 

specrtral lines of hydrogen could be 

expressed as simple functions of the 

numbers 2, 3, 4…. Still, nobody 

knew why the elements produced 

these colours. 

 

In 1896 J.J. Thomson first identified 

electrons as subatomic particles. The 

electrons were shown to be 

negatively charged. Thomson 

speculated that atoms were made of 

positive ‘lumps’ with embedded 

electrons, which neutralised the 

positive charge. 

 

The big breakthrough came in 1913 when Neils Bohr speculated that electrons in atoms were on 

‘orbits’ of different energy. On that basis he calculated, from first principles, the wavelengths 

of light that would be emitted if electrons moved from higher energy levels to lower ones. His 

results corresponded exactly with the known spectrum of hydrogen. This feat confirmed his 

theory and earned him the Nobel prize in Physics in 1922.  

Bohr’s theory used another strange idea − that energy comes in discrete ‘packets’ or ‘quanta’. 

This is the key idea in quantum theory. 

 

 

 

Balmer series 
hydrogen 

spectral lines 

1 

7 
6 

5 

4 

3 

2 
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Introdution to Geogebra 

What is Geogebra 

GeoGebra is an interactive geometry, algebra, statistics and calculus 

application, intended for learning and teaching mathematics and 

science from primary school to university level.  

GeoGebra is available on multiple platforms with its desktop 

applications for Windows, macOS and Linux, with its tablet apps for Android, iPad and 

Windows, and with its web application based on HTML5 technology. (Wikipedia)  

Awards 

Here are just some the the major awards it has merited: 

 Microsoft Partner of the Year Award 2015: Finalist, Public Sector: Education (Redmond, 

WA, USA) 

 MERLOT Award for Exemplary Online Learning Resources – MERLOT Classics 2013 (Las 

Vegas, Nevada, USA) 

 NTLC Award 2010: National Technology Leadership Award 2010 (Washington D.C., USA) 

 Tech Award 2009: Laureate in the Education Category (San Jose, California, USA) 

 BETT Award 2009: Finalist in London for British Educational Technology Award 

Downloads 

Geogebra runs on Windows, Mac, and Linux. It can be downloaded from: 

https://www.geogebra.org/download?lang=en  (select Classic 5  or Classic 6) 

Geogebra may also be used online at the following address: 

https://www.geogebra.org/classic 

Complex 

Note that Geogebra is not a trivial piece of software. It requires some work and perseverance to 

get started with it but the effort pays off. It is an amazingly powerful application. 

Tutorials 

There are loads of tutorials available online as well as ready-made classroom resources. 

 

Project Maths website: 

 https://www.projectmaths.ie/for-students/learn-to-use-geogebra/ 

 

YouTube videos:  

1 https://www.youtube.com/watch?v=1cBXWi66-tY 

2 https://www.youtube.com/watch?v=p1xeRhgEB2U 

3 https://www.youtube.com/watch?v=Wwtv2aZwf4s&t=2s  and many more. 

https://www.geogebra.org/download?lang=en
https://www.geogebra.org/classic
https://www.projectmaths.ie/for-students/learn-to-use-geogebra/
https://www.youtube.com/watch?v=1cBXWi66-tY
https://www.youtube.com/watch?v=p1xeRhgEB2U
https://www.youtube.com/watch?v=Wwtv2aZwf4s&t=2s
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Examples of online Geogebra science resources 

(See: https://www.geogebra.org/search/science ) 

 

https://www.geogebra.org/search/science
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The International System of Units (SI) 
SI units of measurement link: http://physics.nist.gov/cuu/Units/units.html  

SI : Système International d’Unités 

In 1969 the Irish Government adopted the SI units in place of the imperial system.  

This system was a development of the metric system which was rationalised in 1954 (as MKSA) 

and renamed SI in 1960. Some refinements have been made since then. 

 

The seven fundamental units are: 

m (metre) length 

kg (kilogram) mass 

s (second) time 

A (ampere) electric current 

K (kelvin) temperature 

mol (mole) amount of substance 

cd (candela) luminous intensity 

 

Some derived units 

Quantity Unit Meaning 

velocity m s
−1

  

acceleration m s
−2

  

force        N (newton) kg m s
−2

 

pressure Pa (pascal) N m
−2

 

energy J (joule) N m 

power W (watt) J s
−1

 

 

Common Multiples 

µ micro 1/1000000 10
−6

 

m milli 1/1000 10
−3

 

c centi 1/100 10
−2

 

h hecto 100 10
2
 

k kilo 1000 10
3
 

M mega 1,000,000 10
6
 

Examples 

ms (millisecond) 

MHz (megahertz) 

nm (nanometre) 

hPa (hectopascal), 

µg (microgram). 

GHz (gigahertz) 

Standard prefixes  

1 m = 1 m metre 

1 dm = 10
−1

 m  decimetre 

1 cm = 10
−2

 m centimetre 

1 mm = 10
−3

 m millimetre 

1 µm  = 10
−6

 m micrometre 

1 nm  = 10
−9

 m nanometre 

1 pm  = 10
−12

 m picometre 

… 

1 m = 1 m metre 

1 dam = 10 m  *decametre 

1 hm = 10
2
 m hectometre 

1 km = 10
3
 m kilometre 

1 Mm = 10
6
 m megametre 

1 Gm = 10
9
 m gigametre 

1 Tm = 10
12

 m terametre 

… 

* not much used 

http://physics.nist.gov/cuu/Units/units.html
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SI Usage 

1. Always leave a space between the value and the unit; e.g. 12.5 m  not 12.5m 

2. The names of units are always written in lower case; e.g. joule, not Joule 

3. Symbols should not be given a plural form; e.g. 120 m (metres) not 120 ms (which has an 

entirely different meaning). 

4. Only certain symbols are written with capital letters (specifically those named after 

people)  e.g. K, J, W; use small letters for m, kg, s. 

 

Clarifications 

 Strictly speaking the litre is not an SI unit. It is equivalent to 1 dm
3
 

 The symbol for the litre is L (now preferred to ‘l’ which can be misleading). The use of ml 

(for millilitre) is not advised; it is better to use mL or, preferably, cm
3
 instead.  

 Abbreviations for prefixes are all single letters except in the case of deca- (abbr. da, e.g dam 

= decametre) and is rarely used.(link) 

 The unit of mass is exceptional in having a ‘built-in’ prefix (k); however its multiples do not 

contain the ‘k’ ( g, mg, Mg …)  

 1 inch = 2.54 cm (exactly), 1 lb = 0.4536 kg 

http://www.npl.co.uk/reference/measurement-units/non-si-units/  

 

Miscellaneous 

 The weight of a kilogram varies from place to place. At sea level it is about 9.81 N  

 Human power averages about 110 J s
−1

  (80 J/s during sleep and maybe 250 J s
−1

  in very 

strenuous activity) 

 The pressure of the atmosphere is about the same as the pressure of 10 m of water; this is 

about 10 N cm
−2

 , 100 000 N m
−2

 , 10
5
 N m

−2
  or 1000 hPa  (1000 hectopascal) 

 1 are = 1 dam
2
 (‘one decametre squared’, i.e. a square 10 m × 10 m)  = 100 m

2
 

1 hectare =  100 are  = 10,000 m
2
  =  100 m  ×  100 m  (= 2.47 acres) 

Try these… 

Explain the following: 

8 m;  5 km;  8 ms;  3 m s
−1

 (m/s);  1013 hPa;  9.81 N kg
−1

;  1000 kg m
−3

;  2 GHz;  540 nm;  0.54 

µm;   88 MHz;  230 V;  5 A;  1 MΩ;  3 kV mm
−1

;  9.81 m s
−2

; 60 mA;  7800 kg m
−3

; 7.8 kg dm
−3

 

Express the following in another form: 

630 nm;  14 psi (pounds per square inch;  not an SI unit) 

0.005 A;  250,000 V;  0.25 kg;  1000 kg m
−3

;   

3 × 10
8
 m s

−1
;  60 mph (miles per hour;  not an SI unit)  

 

http://www.npl.co.uk/reference/measurement-units/non-si-units/
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Correct the following: 

100 Joules _____________ 

a force of 50n _____________ 

75kg _____________ 

30.4°C  _____________ 

273.15 °K _____________ 

 

Non-SI Units 

There are certain units, which are accepted for use with the SI. It includes units which are in 

continuous everyday use, in particular the traditional units of time and of angle, together with a 

few other units which have assumed increasing technical importance. 

There are also units which are currently accepted for use with the SI to satisfy the needs of 

commercial, legal and specialist scientific interests or are important for the interpretation of older 

texts. 

Some non-SI units accepted for use with the International System 

http://www.npl.co.uk/reference/measurement-units/non-si-units/  

Name Symbol Value in SI Units 

minute min 1 min = 60 s 

hour h 1 h = 60 min = 3600 s 

day d 1 d = 24 h = 86 400 s 

degree of arc ° 1° = (π/180) rad 

minute of arc ' 1' = (1/60)° = (π/10 800) rad 

second of arc " 1" = (1/60)' = (π/648 000) rad 

litre l, L 1 L = 1 dm
3
 = 10

-3
 m

3
 

tonne t 1 t = 10
3
 kg 

More notes from ASE 

http://www-saps.plantsci.cam.ac.uk/docs/symbolsandunits.pdf  

The solidus (/) is discouraged in favour of the negative index when writing symbols of reciprocal 

units. For example:  It is preferable to write N m
−2

 rather than N/m
2
 

The solidus must never be used more than once in any unit. Example. The molar gas constant,  

R = 8.314 J K
−1 

mol
−1

 (not 8.314 J/K/mol) 

Symbols are used only when they are preceded by a numerical value. Symbols should not be 

used as abbreviations within a sentence.  

Example 1. ‘It is sold by the cubic metre’ (not ‘it is sold by the m
3
’)   

Example 2. ‘there are 10
6
 mm in 1 km’ (but not ‘there are many mm in a km’). 

 

2.4 kWh _____________ 

50 kgs _____________ 

6 mg. aspirin _____________ 

a flow rate of 5 Lmin
−1

 _____________ 

1 mμm _____________ 

http://www.npl.co.uk/reference/measurement-units/non-si-units/
http://www-saps.plantsci.cam.ac.uk/docs/symbolsandunits.pdf
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Appendix 1: Protractor 

From ‘Teacher’s Reference Handbook: Physics’ (page 74)  

https://www.education.ie/en/Schools-Colleges/Information/Curriculum-and-Syllabus/Senior-

Cycle-/Syllabuses-and-Guidelines/lc_physics_teachers_guide.pdf  

 

https://www.education.ie/en/Schools-Colleges/Information/Curriculum-and-Syllabus/Senior-Cycle-/Syllabuses-and-Guidelines/lc_physics_teachers_guide.pdf
https://www.education.ie/en/Schools-Colleges/Information/Curriculum-and-Syllabus/Senior-Cycle-/Syllabuses-and-Guidelines/lc_physics_teachers_guide.pdf
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Appendix 2:  Investigating how to 
use the multimeter     

Digital meters give an output in numbers, usually on a liquid 

crystal display. They usually have three sockets: COM, V Ω, mA 

and 10A.  

The central knob has lots of positions and you must choose which 

one is appropriate for the measurement you want to make. If the 

meter is switched to 20 V DC, for example, then 20 V is the 

maximum voltage which can be measured, This is sometimes 

called 20 V fsd (i.e. ‘full scale deflection’). 

DC ranges are indicated by  on the meter. Sometimes, you 

will want to measure smaller voltages, and in this case, the 2 V or 

200 mV ranges are used. 

What does DC mean? DC means ‘direct current’. In any circuit 

which operates from a steady voltage source, such as a battery, current flow is always in the 

same direction.  

AC means alternating current. In an electric lamp connected to the domestic mains electricity, 

current flows first one way, then the other. That is, the current reverses, or alternates, in 

direction. In Ireland (and most of the world, apart form North & Central America) the mains 

frequency is 50 hertz. (It changes direction 100 times per second.) 

Each of the different meters has two leads. One lead is always put into the COM (‘common’) 

socket and this is attached to the negative side of the circuit or component. 

The other lead is put into the V Ω socket to measure voltage or resistance or into the 10A socket 

to measure current. This lead is then connected to the positive side of the circuit or component. 

It is conventional to use a black lead for negative (COM) and a red lead for positive. 

Measuring voltage or resistance: Before putting the multimeter into the circuit, turn the pointer 

to the function you wish to measure. Set the pointer to the highest range setting. If the figure 1 

appears on the display, move to the next range. Continue until a reading is obtained on the scale. 

Measuring current:  Students must be careful when using a multimeter to measure current. It is 

very easy to blow the fuse or fuses. Always start with the lead in the 10 A socket and the 10 A 

setting. If the current is less than 0.2 A, disconnect the multimeter, put the red lead into the V Ω 

mA or mA socket and use the 200 mA setting for a more accurate reading.  

Many multimeters do not have a setting for measuring AC current, as shown above.  

Teacher Notes 

 Do not switch from one function to another while the multimeter is in the circuit. This can 

damage it and may cause the fuse to blow. Always disconnect it before changing the 

function. 

 If the mA scale is not working, the fuse is probably blown. The multimeter will still work as 

a voltmeter or ohmmeter. The 10 A scale also still works using the 10 A socket.  

 The meter must be inserted in series to measure current and in parallel to measure voltage. 

 The ohmmeter should not be used to measure the resistance of component while current is 

flowing through the component 
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Appendix 3: Error concerning polarity of water  
The deflection of a stream of water by an electric charge is often cited as a demonstration of the 

polarity of water molecules. The idea is not uncommon in text books and sometimes appears on 

examination papers. Students are expected to say that the deflection of the stream of water is due 

to the polarity of water molecules.  

Oxygen is more electronegative than hydrogen and since water molecules are not linear the 

centre of positive charge does not coincide with the centre of negative charge; therefore water 

molecules are electric dipoles. 

What’s wrong with this explanation? 

Water molecules are polar; this is true. However it is also true that they electrically neutral and 

that they are very small. If a negatively charged rod is held 10 cm away from a water molecule 

then the attractive force on the hydrogen side and the repulsive force on the oxygen side are, for 

all practical purposes, equal and opposite. 

Easily disproved  

Here are some simple demonstrations that clearly show that the 

‘polarity argument’ is unsatisfactory. 

1.  No deflection occurs if the water becomes a stream of 

separate drops, unless the charged rod is sufficiently 

close to the point where the stream becomes 

discontinuous. 

(This immediately refutes the polarity argument.) 

2.  Get a 500 mL plastic drinks bottle. Using an awl or nail 

make a hole (about 1 mm in diameter) in the side of the 

bottle a few centimetres from the bottom. Place the bottle on a 

large insulated block (e.g. styrofoam container) near a 

sink. Fill the bottle with water and arrange it so that a 

stream of water flows into the sink. If a charged rod is 

brought near the stream it will not show a continuous deflection. (It may show a slight 

deflection initially but it will not last.)  

3.  Clamp a salt cellar on a retort stand so that the salt can flow out. Bring a charged rod near 

the salt stream. It does not deflect. (The charge separation in NaCl is greater than that of 

water; so are the charges. NaCl is about five times more polar than water but it is not 

deflected.)  

4. (Don’t try this one.) A continuous stream of mercury would be deflected by a charged rod 

even though mercury atoms are not polar. 

What’s the right answer  

The right answer is perfectly simple. Continuous conductors may be deflected by an electric 

charge. Water is a conductor and so if, for example, a negatively charged rod is brought near an 

unbroken stream of water coming from a tap then a positive charge can be induced on the part 

of the stream near the rod. The force of attraction between the two will deflect the stream.  This 

cannot happen if the stream is broken into separate drops. 

In the second demonstration (above) even a continuous stream of water is not deflected if it is 

electrically isolated because electric charge has no path along which to flow. 
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Appendix 4:  Investigating the Gaussian Gun –  
magnetic linear accelerator 
Apparatus; neodymium magnets, 5 steel ball bearings and runway track 

 

Set up the apparatus as shown. 

Predict what will happen when the right hand bearing is rolled towards the neodymium 

magnets: 

 

 

What did you Observe? 

 

 

Explain: 

 

 

 

Extension; (i) repeat with varying bearings on the left hand side of the magnets.  

(ii) repeat with stronger magnets  

 

For more details visit;    http://www.miniscience.com/kits/Gauss_Rifle  

http://www.kjmagnetics.com/blog.asp?p=gauss-guns  

http://www.youtube.com/watch?v=LV4P7T76mDQ    

 

Introduction activity; push one coin into a number of stationery like coins and use predict, 

observe and explain to investigate. 

 
Moving 

Coin 

http://www.miniscience.com/kits/Gauss_Rifle
http://www.kjmagnetics.com/blog.asp?p=gauss-guns
http://www.youtube.com/watch?v=LV4P7T76mDQ
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Appendix 5: ‘Five Es’ Teaching and Learning 
Model 

The 5Es teaching and learning model is based on the theory that students learn best when they 

are allowed to work out explanations for themselves over time through a variety of learning 

experiences structured by the teacher. Students use their prior knowledge to make sense of these 

experiences and then make connections between new information and their prior knowledge.  

To help students make the connections between what they already know and new information, 

each Connection unit uses five phases:  

Reference: https://www.primaryconnections.org.au/about/teaching   

For more visit:     http://enhancinged.wgbh.org/research/eeeee.html  

Engage  

Each unit begins with a lesson that mentally engages students with an 

activity or question. It captures their interest, provides an opportunity for 

them to express what they know about the concept or skill being 

developed, and helps them to make connections between what they know 

and the new ideas. Predict, Observe, Explain POE sequences provide an 

important way to enhance  students’ understanding of important scientific 

ideas.   For more details visit: http://static.nsta.org/files/PB281Xweb2.pdf  

or https://www.aare.edu.au/data/publications/2001/mth01583.pdf  

 

Explore  

Students carry out hands-on activities in which they can explore the 

concept or skill. They grapple with the problem or phenomenon and 

describe it in their own words. This phase allows students to acquire a 

common set of experiences that they can use to help each other make 

sense of the new concept or skill.   

Explain  

Only after students have explored the concept or skill does the teacher 

provide the concepts and terms used by the students to develop 

explanations for the phenomenon they have experienced. The significant 

aspect of this phase is that explanation follows experience. 

  

Elaborate  

This phase provides opportunities for students to apply what they have 

learned to new situations and so develop a deeper understanding of the 

concept or greater use of the skill. It is important for students to discuss 

and compare their ideas with each other during this phase.  

 

Evaluate  

The final phase provides an opportunity for students to review and reflect 

on their own learning and new understanding and skills. It is also when 

students provide evidence for changes to their understanding, beliefs and 

skills.  

 

https://www.primaryconnections.org.au/about/teaching
http://enhancinged.wgbh.org/research/eeeee.html
http://static.nsta.org/files/PB281Xweb2.pdf
https://www.aare.edu.au/data/publications/2001/mth01583.pdf


 70 

Appendix 6: A possible approach to investigative 
work – the rota option 

The problem of how best to organise school based ‘hands-on’ investigative work in science is 

ever present.  This arises mainly, but not exclusively, because of constraints imposed by the lack 

of availability of apparatus in many schools.  The rota option addresses this problem in a creative 

way, with the added advantages of excellent educational and organisational outcomes. 

A major difficulty against a rota system is a perceived problem in selecting a set of six/seven 

suitable investigations.  Many teachers feel that it is necessary to fully cover the background 

theory before any investigative work is undertaken.  Certainly, some background theory is 

necessary, but a judicious selection of investigations can keep this to a minimum.  

 

A clear set of instructions and issues to be explored for each investigation facilitates self directed 

student learning.  

 

Ideally the specific equipment required for each investigation should be in its own container.  

Initially it will be necessary to use some class time to select groups, draw up a rota calendar and 

explain the contents of each container.  A wheel-in trolley makes an ideal storage and retrieval 

system.  

 

It is much better from the point of view of student understanding to make contact with a concept 

in science as often as possible.  Each group of students becomes responsible for a specific 

investigation– the one that they carried out in week one of the rota.  Each week they check the 

apparatus for that investigation and sort out any difficulties that a group may be having with it.  

This frees the teacher to deal with bigger issues and gives much more time for her/him to move 

among the groups during investigative work.  This allows the teacher to get to know the students 

as individuals and to recognise the strengths and weaknesses in their developing knowledge of 

science.  From the calendar each group knows their upcoming investigation and is obliged (as 

homework) to familiarise themselves with it in the preceding days using the instruction sheet.  

Once the initial effort is made to get all of the investigations running in this fashion, things are 

effectively organised for long periods of time.  Essentially the students run the practical class. 
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Appendix 7: Electroplating 

 

Ensure that the object to be electroplated is very clean before commencing. 

Polish, degrease, wash and rinse the item; avoid handling it after that. 

 

Copper Plating  

Solution required: 30 g of copper sulphate crystals (bluestone) 

 5 cm
3
 of concentrated sulphuric acid (CARE - see note below) 

 12 cm
3
 of ethanol (clear methylated spirit) 

 

Dissolve the above in water and dilute to a total volume of 200 cm
3
 with 

distilled water. 

A PURE copper anode (+) is also required. 

NOTE: Add the acid to water slowly with stirring and cooling 

 

Nickel Plating 

Solution required: 25 g of nickel sulphate crystals (green crystals) 

 3 g of ammonium chloride (white solid) 

 3 g of boric acid (white solid) 

 

Dissolve the above in water and dilute to a total volume of 250 cm
3
 with distilled water. 

A PURE nickel anode (+) is also required. 

NOTE: The nickel sulphate crystals are slow to dissolve. 

  

Cleaning & storage 

Objects which have been electroplated should be washed, dried and 

polished. 

Store each solution in a stoppered bottle. Both solutions have a very 

long shelf life. 
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Appendix 8: Measure heat of combustion of fuel  

Apparatus  

digital scales, aluminium block, clamp and stand, thermometer, night light or alcohol burner 

Background 

Paraffin wax is a hydrocarbon, that is, it is composed of hydrogen and 

carbon only.  

C31H64 is a typical chemical formula for paraffin wax. When it is burned 

the only products are carbon dioxide and water: 

C31H64 + 62 O2 →  31 CO2  + 32 H2O    Heat of combustion: 43 kJ/g 

Procedure 

1. Weigh the aluminium block (M).  

2. Set up the block using a stand and clamp. Insert the thermometer 

and record the steady temperature (T1). 

3. Weigh the night light (m1). 

4. Light the night light and place it beneath the aluminium block. 

5. When the temperature has risen 5 or 10 degrees extinguish the 

flame. 

6. Record the temperature of the block once it has stabilised (T2). 

7. Weigh the night light again (m2). 

8. The specific heat capacity of aluminium is  

0.91 J g
−1

 K
−1

.  

The energy gained by the block is: 

M × SHC × (T2−T1) 

9. The energy produced by the fuel is: 

(m1 − m2) × (heat of combustion per gram) 

Teacher Notes 

This method gives a better estimate of the heat of combustion than the 

previous version using a test tube and water. However, the water that is 

produced by the combustion is lost as water vapour and so its latent heat 

of vaporisation is not accounted for. This may be estimated as follows: 

  C31H64 +  62 O2 →   31 CO2  +  32 H2O 

   436  1984  1364  576 g 

  1.00  4.55  3.13  1.32 g 

So, the burning of 1 g of wax produces 1.32 g of water. The latent heat of vaporisation of water 

is 2265 J/g . So, for each gram of wax burned about 3 kJ are lost in vaporising the water 

(2265×1.32 = 2992). Even with this correction about 25% of the energy of the fuel is lost, i.e. it 

is not absorbed by the aluminium block. 

1.23   g 

Aluminium 
block and 
thermometer 

Night light 
or other 
fuel burner 
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Appendix 9: Periodic Table of Elements 
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My Reflection 
The Investigations I found 

 Title Page Number 

Most Useful   

   

   

Most Challenging   

   

   

Learned most   

   

   

   

 

 

How can you link the selected section of the 

Senior Cycle Infographic with your 

experience today? 
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Notes 
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Evaluation Survey and Resources 
 

Teachers Workshop Survey  

https://surveyhero.com/c/d9b2663d  

 

 

 

 

 

 

 

 

 

 

Teacher Workshop Resources 

https://tinyurl.com/ybe9hymh  

 

 

 

 

 

 

 

 

 

https://surveyhero.com/c/d9b2663d
https://tinyurl.com/ybe9hymh

