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Amgen Teach aims to deepen student interest and achievement in Science by strengthening
the ability of science secondary school teachers to use inquiry-based teaching strategies in the
classroom. Amgen Teach uses training workshops and distance learning events to provide
educators with the skills and confidence necessary to transform the student experience in
learning Science.

Amgen Teach supports science teachers across Europe by providing training workshops and
distance-learning events that supply educators with the skills and confidence to transform the
science classroom experience for students. Science teachers in Austria, Belgium, Czech
Republic, France, Germany, Ireland, Italy, Poland, Spain, and Turkey are supported with free
training sessions that emphasize hands-on, inquiry-based experiential learning for their
students.

Learn more about Amgen Teach and how to get involved at amgenteach.eu
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Introduction
These Investigations were compiled for non-physics specialists and non-chemistry specialists
to support an identified Coursework B Science need identified during day 1 workshops 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
•
•
•
•
•
•
•
•

Interactive strategies
Talking through problems with others
Inquiry based science
Development of thinking skills and order of thoughts
Group activities/involving students
Helpful insights into basic physics and chemistry
Misconceptions
Fun

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.

References
Junior Science Support Service
PDST Physics Support
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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)
0 - 360°
Protractor

A

B

Normal

i

Procedure

r

Plane mirror

1. Place the proctractor 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 drection 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.
8. Repeat for 5 different angles of incidence and complete the results table shown.
What do you notice from the results?

Angle of incidence i Angle of reflection r
45°

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

Normal

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-physicsproblems.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
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Exploring shadows
Apparatus
Light source, A4 card (preferably dark in colour) with a hole in the centre
(⌀ < 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
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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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Extension
At the steepest viewing angle move the coin forward
until it is just out of sight. Measure the sloping distance
h
(h) from the top front edge of the bowl to the far edge
of the coin. Using two rulers, measure the vertical
distance (d) from the top of the bowl to the top of the
coin. The ratio h ÷ d should approximate to the refractive index of water.
Extension note: d ÷ h is the sine of the critical angle.

d

Teacher Notes
The pencil appears distorted because of a property of light called refraction. Refraction
causes light to bend when it passes from one substance into another, in this case from air to
water.
You may observe refraction affecting your own body when you are at the swimming pool.
The parts of your body out of the water may not line up with the parts in the water. This
distortion is all due to the bending of light.
The term "refraction" is not exclusive to light. Refraction refers to the turning or bending of
any wave, such as light and sound, when it passes through a substance of differing density.
We most commonly see refraction occur when light passes between air, water and glass.
Refraction has many applications in optics and technology. A lens uses refraction to form an
image of an object for many different purposes, such as magnification (magnifying glass).
A prism uses refraction to form a spectrum of colours from an
incident beam of light. Refraction also plays an important role in the
formation of a mirage and other optical illusions.
When sunlight passes through air, and then passes through a cloud or
rain, we see a rainbow as the light is refracted and reflected within
the raindrops.
Atmospheric refraction: the atmosphere made up of air layers with
different density and temperature. These layers have different index of refraction so light is
refracted. This causes distortion of the shape of the Moon or Sun at horizon and apparent
position of stars different from actual one. When the layers of air move due to temperature
change it causes the effect of twinkling.
Total internal reflection
An effect that combines both refraction and reflection is total internal reflection. It
occurs when light is travelling from a more dense material such as glass into a less
dense material like air. If the angle of the incoming light exceeds a certain angle
(about 500 for glass), the light is reflected back into the more dense material.
Optical fibres which are used in communication, medicine, science, decorative
room lighting, photography etc are based on this principle.
For more visit: https://en.wikipedia.org/wiki/Optical_fiber
Extension: Use a Perspex or glass rod from your static electricity box
and shine laser through. Observe the beam as it bounces through.
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Exploring lenses
Apparatus
a pair of lenses (large and small), image formed by a lens (as in a camera), screen (e.g. an A4
sheet of paper or card), ruler and measuring tape
Procedure
1. Arrange the screen so that it faces a window.
2. Place a large lens against the screen and
gradually move it, in the direction of the window,
until an image of the window appears on the
screen.
3. Describe the image.
4. Measure the size of the image (height or width)
and the corresponding size of the window (the
‘object’).
5. Measure the distance from the lens to the screen
and from the lens to the window.
6. Can you find a relationship between the
measurements in (4) and (5) above?
7. When the ‘object’ is far away, the distance from
the ‘image’ to the lens is called the focal length of
the lens. Estimate the focal length of the two
lenses (large and small).
8. Arrange the lenses as shown to make an
astronomical telescope. When distant objects are
in focus what is the distance between the two lenses?
9. You may have noticed two reflections of a window in each of the photographs above. In
each case, one is inverted and the other is upright. How do they arise?

Teacher Notes
A telescope with just two convex lenses is called
an astronomical telescope. The fact that the image
is inverted is not a significant problem in
astronomy. A terrestrial telescope can be formed
by adding a third lens to make the image upright
again but can add more distortion.
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Exploring forces and friction
Apparatus
Force meter (0 − 5 N), a rectangular block, thread, a table or other flat surface
The three dimensions of the block should be different so that the frictional force between it
and the table can be measured for different orientations of the block.
Procedure
1. First find the weight of the block in newtons (W)
2. Tie a loop of thread around the block so that it can be pulled by the force meter. Place the
block on a table on other flat surface.
3. Attach the force meter and gently increase the pull until the block begins to move. Try to
keep it moving slowly but at a steady speed. Note the reading on the force meter (F).
This is the kinetic (or sliding) friction force.
4. Repeat the pull and note the maximum force before the block moves. This is the static
friction force. This generally greater than the kinetic friction force.
5. Repeat steps 2 & 3 but with the block standing on different sides.
6. What do the results indicate?

Result
If the three surfaces are similar then
the frictional forces will be
independent of the area of contact.
Why then do racing cars have wide
wheels?
F
The ratio
is called the coefficient
W
of friction for the pair of substances
involved.

Approximate coefficients of friction (µ) for
some pairs of substances (Link)
Static
Sliding
Rubber
Glass
2.0+
Glass
Glass
0.9
0.4
Asphalt (dry)
Rubber
0.9
0.7
Asphalt (wet) Rubber
0.8
0.3 – 0.5
Steel
Steel
0.7
0.6
Wood
Wood
0.3 – 0.5
0.2
Metal
Wood
0.2 – 0.6
Nylon
Nylon
0.2
Graphite
Graphite
0.1
Ice
Ice
0.1
0.03
Synovial joints
0.01
0.003

Teacher Notes
Friction opposes the relative motion of surfaces that are in contact.
It is a property of the two surfaces involved that opposes slippage, e.g. the tyre of a skidding
car on an asphalt road (kinetic friction) or the tyre of a car parked on a slope (static friction).
(Note: Rolling resistance is quite a different matter.)
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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 beverages are prepared by putting the beverage 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 6 or 7 raisins into the glass. Watch the raisins for a few
seconds.
Describe what is happening to the raisins. Do they sink or float?
Keep watching: what happens in the next several minutes?
Give an explanation for what you observe?
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?
a. Yes
No
Will an orange sink when it is peeled?
c. Yes
d. No
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
Density is the mass per unit volume of a substance. What effect will temperature have on
density?
Archimedes: King Hiero had commissioned a new royal crown for which he provided solid
gold to the goldsmith. When the crown arrived, King Hiero was suspicious that the goldsmith
only used some of the gold, kept the rest for himself and added silver to make the crown the
correct weight. Archimedes was asked to determine whether or not the crown was pure gold
without harming it in the process. Archimedes was perplexed but found inspiration while
taking a bath. He noticed that the full bath overflowed when he lowered himself into it, and
suddenly realized that he could measure the crown's volume by the
amount of water it displaced. He knew that since he could measure the
crown's volume, all he had to do was discover its weight in order to
calculate its density and hence its purity. Archimedes was so exuberant
about his discovery that he ran down the streets of Syracuse naked
shouting, “Eureka!” which meant “I've found it!” in Greek.
http://archimedespalimpsest.org/about/history/archimedes.php
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 is 92%
(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.
A hydrometer is an instrument used to measure the specific gravity (or relative
density) of liquids; that is, the ratio of the density of the liquid to the density of water.
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.
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Investigating Archimedes Principle
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.
Does the reading on the balance
a. Increase
b. Decrease
c. Remain the same?
Investigate:
 What did you observe?
 Explain:
Extension 1:
If you insert your finger deeper into the water.
 Predict what will happen to the reading on the balance.
Investigate:
 What did you observe?


Explain:

Investigating the density of a gold ring
Apparatus
Digital scales, small beaker, ring, a few centimetres of thin wire
(or non-absorbent thread).
Procedure
1. Place a small beaker of water on the scales. Zero the reading
(press ‘Tare’).
2. Place the ring on the scales beside the beaker. Record the
reading (m1).
3. Place the ring on a thin wire hook and hold it in the water. It
should be fully immersed but not touching the bottom of the
beaker. Record the reading (m2).
4. Calculate the density of the gold ring.
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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.
Isaac Newton worked out that if you apply a force to something, you will feel an equal and
opposite force (every action has an equal and opposite reaction). So if the water is applying
an upthrust to your finger, your finger must be applying a downward force to the water.
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

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.
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
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Investigating atmospheric pressure
Apparatus
Luggage scales or force meter (up to 50 N), a 20 cm3
syringe + plug, a ruler;
Optional: twine or wire (to facilitate pulling the
plunger), callipers

32 N
Procedure
1.
2.
3.

Push the plunger to zero volume level. Seal the syringe.
Record the force (F) required to pull the plunger to the 5, 10, 15 and 20 cm3
marks.
What do you notice? How do you explain the results?

4.

Pressure is force per unit area (P =

5.

F
). To measure atmospheric pressure we still
A
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
d
(r= ) and A = πr2.
2
Calculate the pressure in N/cm2 and N/m2. What does this represent?

Teacher Notes
1.

2.

3.

4.

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.
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).
Atmospheric pressure is generally close to 100,000 N/m2. This can
be written in the following equivalent forms:
100,000 Pa, 100 kPa or 1000 hPa.
One pascal is one newton per square metre: 1 Pa = 1 N m−2
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Extension 1
Apparatus
Luggage scales or force meter (up to 50 N), ruler, rubber or plastic sucker.
Procedure
1.
2.
3.
4.

Wet the surface of the rubber sucker and stick it
to a smooth flat surface.
Record the force (F) required to pull the sucker
straight off.
Measure the diameter of the sucker. (minimum
diameter?)
Calculate the force per unit area required to
remover the sucker. What does this represent?

Extension 2
Apparatus
Bathroom scales, a 20 cm3 syringe + plug
Procedure
This method presumes Boyle’s Law.
1.
Set the plunger at the 20 cm3 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 cm3. (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 power 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 cm3
syringe + plug, a glue gun.
Procedure
1.

2.

3.

4.
5.

6.

Fit the bicycle valve into the cap of the
bottle. It is best to seal this in place using a
glue gun.
Set the syringe to maximum volume. Plug
the syringe. Mark the syringe at the half
volume position.
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.
Weigh the bottle and contents. (m1)
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)
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.
2.
3.

Calculate the mass of 1 cubic metre of air.
Measure the dimensions of the room and calculate the mass of air in the room.
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.
2.
3.
4.

A fizz stopper may also be used to pump the air out of the bottle.
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.
How does the mass of a litre of air relate to atmospheric pressure?
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.
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Investigating the weight of a bag of air
Apparatus
Digital scales, plastic bag, clothes peg (or large clip).
Procedure
1.
2.
3.
4.
5.

Weigh the uninflated bag along with a clothes peg.
Inflate the bag without breathing into it. Close the bag using the clothes peg.
Weigh the inflated bag + clothes peg.
Discuss the result.
If a balloon were used instead of a plastic bag would the result be the same?
Explain your answer.

Teacher Notes
1.

2.

3.

A helium-filled balloon will rise in air if its total
weight is less than that of the air it displaces. The
mass of a cubic metre of helium (at STP) is 178 g,
i.e. about 14% of the density of air.
A commonly used size for a hot air balloon is 2800
cubic metres. It displaces about 3. 4 tonnes of air
(2800 m3 × 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 m3 × 0.9 kg m−3). Therefore,
if it is to rise, the total mass of the balloon material,
burner, fuel tanks, basket and passengers should be
less than 900 kg (3.4 tonnes – 2.5 tonnes).
These are examples of the application of the principle
of Archimedes. A body in a fluid (such as air or
water) experiences a buoyancy effect which reduces
its weight; the weight loss is exactly equal to the
weight of fluid displaced.

Further information / resources
1.
2.

Atmospheric pressure:
https://en.wikipedia.org/wiki/Atmospheric_pressure
Archimedes principle and buoyancy
https://www.boundless.com/physics/textbooks/bound
less-physics-textbook/fluids-10/archimedes-principle93/buoyancy-and-archimedes-principle-344-5623/
http://hyperphysics.phyastr.gsu.edu/hbase/pbuoy.html

3.

Solar balloon: https://en.wikipedia.org/wiki/Solar_balloon
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Measure surface tension
Apparatus
Digital scales (measuring to 0.01 g or 10 mg,), small beaker,
glass microscope slide
Background
It is a well know fact that the surface of water acts as if it
had a kind of ‘skin’. Many kinds of insects can run around
on it.
If the narrow edge of a glass slide brought in contact with the
surface of water, the water clings to the edge and a small
force is required to pull it out again. If this procedure is
repeated using the long edge of the slide then a larger force is required to withdraw it.
Surface tension is the force per unit length along the surface of a liquid.
Procedure
1.

Place a small beaker of water on the digital scales.
Set the reading to zero. (Press ‘Tare’.)

2.

Hold the glass slide vertically and carefully lower
it until the narrow edge touches the water. The
water will cling to the edge of the slide.

3.

Slowly and carefully withdraw the slide. Note that
as it is raised a negative reading appears on the
scales. This corresponds with the surface tension
around the edge of the slide, i.e. twice the width
and twice the thickness. This is typically about 52
mm.

4.

Convert the reading to newtons and calculate the
force per metre. For clean water this is about
0.07 N m−1 (72.8 millinewtons per meter at
20 °C).

Glass
microscope
slide

Small beaker of
water on digital
scales

Further information: https://en.wikipedia.org/wiki/Surface_tension
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Investigating capillarity and surface tension
Apparatus
Small beaker, glass tubing, glass capillary tube, dye
Procedure
Capillarity is a consequence of surface tension. Surface tension is the
force per unit length. In this case the length is the internal circumference
of the capillary tube, i.e. 2πr. The force is the weight of the column of
water that it pulls up, i.e. its volume × density × g. The volume is πr2h
and, in the case of water, the density is 1000 kg m−3. Remember to get the
weight of the water column in newtons and all lengths in metres.
Surface tension = (1000 πr2h g ) ÷ (2πr ) = 500 r h g
Dye makes the water column more easily visible but it may also change
the surface tension.
To measure surface tension by this means requires that the internal
diameter of the capillary be known. This can be found using a suitable
microscope (such as a ‘travelling microscope’)

h

Alternatively, if the surface tension is already known, then the internal diameter (d) of the
tube can be found.
Surface tension = (1000 πr2h g ) ÷ (2πr ) = 500 r h g = 4905 r h
0.0728 N m−1 = 4905 r h
Verify that:
r ≈ 15 ÷ h
d ≈ 30 ÷ h

(where r and h are in mm)
(where d and h are in mm)
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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.
 What happens?
 Why do you think this happens?
 What might happen if your hair/jumper was damp?
Rub the balloons off your hair/jumper again and suspend them close together.



What do you observe?
What can you conclude?

Predict what will happen if you bring a charged balloon near an empty
can of coke.
 What do you observe?
 Explain what happens.
Task 2
Apparatus: plastic comb/biro/ruler, pieces of tissue paper
Rub the comb against a wool sweater, or comb it through your hair repeatedly,
this creates a charge of static electricity. The static is attracting the tissue paper
and making it look like it is magically rising
 Explain what happened.
Teacher Notes
A spark is a stream of electrons jumping across an air gap, heating
the air until it glows and expands. Certain conditions can cause
enough static electricity build-up to cause a spark or lightning.
A single stroke of lightning can heat the air around it to 30,000
degrees Celsius. This extreme heating causes the air to expand at an
explosive rate creating the thunder.
 Explain why there is a time difference between the sight of
lightning and the sound of thunder?
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Investigating charged drinking straws
Apparatus: two plastic drinking straws, timber toothpick, glass tube, fur or wool cloth
Stick a toothpick through the
centre of a straw and
vertically into a supported
piece of straw so that it can
rotate as shown.
Predict what will happen
when the shorter plastic
straw is rubbed with the
woollen cloth and brought
near the end of the suspended
straw:


What did you observe?



Explain:

Extension 1:
(i)

Repeat using a piece of glass tubing instead of the shorter plastic straw

(ii)

Repeat using different materials instead of the suspended plastic straw.

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.
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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.)
For insulators, the table shown
commonly known as a tribo-electric
table can be used to predict which
will become positive vs. negative
and how strong the effect will be.

The Triboelectric series ranks materials in the order of
their positive or negative charging tendencies

Electro-negativity

Relative
electro-negativity
ranking for some
common materials
from electron donating
materials (+, glass) to
electron accepting
materials (-, teflon)
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Glass
Human Hair
Nylon
Silk
Fur
Aluminum
Paper
Cotton
Copper
Rubber
PVC
Teflon

SCHOOL SCIENCE SUPPORT 2016-2017, TOPIC COURSEWORK B

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.
 What did you observe?
 Explain:
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://ffden2.phys.uaf.edu/104_2012_web_projects/cicely_shankle/Page%202%20%20Coulomb's%20Experiment.html
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Investigating the force exerted by a charged drinking straw
Apparatus:
Plastic tube, glass tube, fur or wool cloth, electronic balance

Rub the plastic tube with the fur or wool cloth and bring
near the top of the electronic balance.


Predict what will happen



What did you observe?



Explain:

Extension:
Repeat using a piece of glass tubing instead of the plastic tube.
Bring the charged straw to within 4 cm of the electronic balance and note the reading.
Bring the charged straw to within 2 cm of the electronic balance and note the reading.
 What can you conclude?
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Investigating current electricity using an-Energy Stick / Ball
Background
These are very useful devices to use when 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.
Electric current will not flow until the circuit is
complete
Task 1
Have a group of (4-30) participants hold hands.
Have the two participants at each end to touch the different electrodes.
 What do you notice?
 Why do you think this happens?
Note: It may be necessary to moisten the finger touching the electrode in dry conditions
Further Investigations: Request participant A to break the circuit by letting go of the hand
of participant B who is next. Now invite participant A to touch participant B (i) on the face
(ii) on the jumper.


What do you notice?



What can you conclude?

Task 2 Testing for Conductivity
Apparatus: Energy stick/ball, participants, materials to test for conductivity e.g. metal,
plastic, water, salty water, etc.
Have a group of participants hold hands. Have the two participants at each end to touch the
different electrodes.
Request any participant A to break the circuit by letting go of the hand of the person next to
them -- participant B. Now invite participant A and participant B to touch materials to be
tested for conductivity.


What do you notice?



Why do you think this happens?



What can you conclude?

Extension:
Repeat this investigation for plastic, water, salty water and other materials and
record your results.
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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.


What did you observe?



Why did this happen?

Questions/comment/conclusion:


What effects of current does this demonstrate?



What conditions are essential for current to
flow?

Extension 1: Use a multimeter to find the current through and voltage across the bulb.
I=

V=

Extension 2: Insert a diode in the circuit, then complete the circuit and observe what
happens. Now reverse the diode and repeat.
Explain what you observed:
Extension 3: Investigating conductivity
Apparatus: 6 V battery, mounted 6 V bulb, 3 leads, 4
crocodile clips and material to be tested e.g. copper pipe,
plastic, water, salty water, etc.
Connect the black and red leads to the copper pipe to
complete the circuit.


What did you observe?



Why did this happen?



What can you conclude?

Repeat this investigation for plastic, water, salty water and other materials
and record your results.
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Investigating the heating and lighting effect of electricity
Apparatus: 6 V battery, steel wool and tongs
Use a tongs to connect a piece of fuse wire/ threads of
battery.



What did you observe?



Why did this happen?



What did you feel?

steel wool directly to a 6 or 9 V

Steel wool
strands

Questions/comment/conclusion:


What effects of current does this demonstrate?
1.
2.



How could it be used to introduce the concept of a

fuse?

Teacher Notes
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. Ensuring to cover the positive terminal of a 6 V battery with
the plastic safety cap may prevent this.
Some scouts now use this method to start a fire using a 9 V cell and some steel wool.
Nichrome: refers to any alloy of nickel, chromium, and often iron and/or other elements or
substances. Nichrome wire alloys are typically used in resistance wire, in the coil of electric
toasters, in the coil of hair dryers, in a filament of bulbs and coil/element in electric heaters.

P28

SCHOOL SCIENCE SUPPORT 2016-2017, TOPIC COURSEWORK B

Investigating the emf/voltage of a human electrochemical cell
Apparatus: two leads and crocodile clips, different pieces of metal e.g. copper, iron, zinc,
aluminium, silver coin, gold ring, multimeter
Procedure
Connect the first 2 metals to the multimeter in mV scale as shown.
Predict what will happen


What did you observe?



Explain:

List the electrodes and electrolyte.
Extension: (i) repeat using different
metals and record emf/voltage .

Electrode 1

Electrode 2

copper

iron

copper

zinc

copper

aluminium

copper

silver

copper

gold

iron

zinc

Voltage / mV

etc


What did you observe?



Explain:

For more details visit: http://www.scifun.ed.ac.uk/pages/exhibits/ex-human-battery.html
Extension: Stick the two pieces of metal into different fruit e.g. apple, banana, orange or
vegetables. Check which produces the most voltage
For further details visit:
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.

•

The negative electrode is called the anode and the positive electrode is called the
cathode.

•

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 cathode making it positive. 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 reverse the chemical reactions that have taken place
to recharge the battery.
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.

•

Metal

Potential,
Volts

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

Gold

-1.100

Hydrogen

0.000

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 solutions of their salts can cause
electrons to flow through an external wire which leads from the zinc to the copper.
The above table can be used to calculate theoretical voltages for various metal
combinations.
For more details visit:
http://hyperphysics.phy-astr.gsu.edu/hbase/chemical/electrochem.html
http://hilaroad.com/camp/projects/lemon/vinegar_battery.html
http://www.miniscience.com/link/make_electricity.html
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Investigating the resistance of different resistors using a multimeter
Apparatus: multimeter, carbon resistor, in-home wire, transformer coils,
bulb, light dependent resistor, thermistor
Measure the resistance of the given resistors
Please fill in your results
6V bulb:

______ Ω

Brown carbon resistor: ______ Ω
1 m nichrome wire wound on plastic comb:

Coil of 800 turns:

______ Ω

Coil of 1000 turns:

______ Ω

______ Ω

Light Dependent resistor:
In darkness:
______ Ω
In torchlight:

______ Ω

Thermistor:
At room temperature:

______ Ω

At hand temperature:

______ Ω

Questions/comment/conclusion:

Extension 1: Draw a circuit diagram for any of the above.
Extension 2: Investigate how a rheostat resistance changes.
Extension 3: Connect the bulb to a 6V 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. Predict the resistance. Use these measurements to work out the resistance of bulb
when current is flowing through it. If different to what was expected, explain.
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Investigating resistors in series and in parallel
Apparatus: 4 resistors, leads, crocodile clips, multimeter

R1

R2
6V

Ω
Fig. 1
Connect each resistor to the multimeter in ohmmeter scale and note the resistance.


Predict (i) what will happen to the multimeter reading when the 2 resistors are
connected in series as shown in Fig. 1:



What did you observe?



Explain:



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

Predict (ii) what will happen to the multimeter reading when the 2 resistors are connected in
R1
parallel as shown:


What did you observe?



Explain:

R2

Ω
Write down the equation for resistors in parallel and verify that it holds.
Extension: (i) repeat using 3 resistors in series
(ii) repeat using 3 resistors in parallel
Note: (i) When resistors are in series the same current must flow through both
(ii) When resistors are in parallel the current has a choice and the total resistance is
always smaller than the smallest resistor.
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Investigating the action of a potential divider
Apparatus: Two resistors( e.g. 2000  and 1000 Ω), 6 V battery, voltmeter

6V
2000

B

1000

A

V

Procedure
1. Set up the apparatus as shown.
2. What is the voltage value of the supply voltage?
3. What is the voltage across each of the individual resistors?
4. What is the voltage across resistors A and B together?
Observations
Comment on the voltage across each of the resistors. What can you conclude?
What happens to the voltage reading as the value of the resistance increases?

Extension:
Use the multimeter as an ohmmeter to investigate
how the resistance of a resistor changes as you
move the slider.
Describe how this principle is used as a potential
divider.

rheostat

For Printed Circuit Boards visit: http://www.allaboutcircuits.com/textbook/directcurrent/chpt-5/building-simple-resistor-circuits
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Using an ammeter to measure currents
Apparatus: Bulbs, 6 V battery / power supply unit, switch, leads, ammeter
An ammeter measures current in amps (A) or milliamps (mA).

Switch

6V
Ammeter

A

˂˂Position 1
Position 2

Bulb

˅˅

1. Build this circuit with the ammeter in the position 1 as shown.
2. Close the switch. Record the current and note the brightness of the bulb in the table
below.
3. Open the switch.
4. What do you think will happen if you move the ammeter to position 2 and close the
switch? ___________________________________________________________________
5. Test your prediction. Record the current and note the brightness of the bulb.
_________________________________________________________________________

Position

Current

Brightness of bulb

1
2
6. Is the current the same at all points in the circuit? __________________________________
7. Explain why you think this is the case.
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Investigating currents in a parallel circuit
Apparatus 60 mA bulbs, 6 V battery / power supply unit, switch, leads, ammeter
A
Ammeter
Switch

6V

Bulb 2

Bulb 1

1.

Build the circuit shown in the diagram. (bulbs in parallel).

2.

Close the switch.

3.

Measure and record the current from the battery: _______mA.

4.

Would you get the same reading if you placed the ammeter on the other side of the
battery? __________________________________________________________________
If you are unsure check it out.

5.

On the circuit diagram mark the position with an X where would you place the ammeter
to measure the current in bulb 1?
_______________________________________________________________________

6.

Predict what current you would expect in bulb 1.
_______________________________________________________________________

7.
8.

Place the ammeter in the correct circuit position to test your prediction.
Predict what current you would expect in bulb 2 and state why.
_______________________________________________________________________

9.

Place the ammeter in the correct circuit position (marked with a Y) to test your
prediction.

10. Explain why your prediction was either correct or incorrect.
_______________________________________________________________________
______________________________________________________________________
11. Add another bulb in parallel and predict the total current in the circuit. Test and record
your prediction.
_______________________________________________________________________
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Investigating the emf and power produced by a solar cell
Apparatus: two leads and crocodile clips, solar cell, light source e.g. phone torch, multimeter

Connect the solar cell to the multimeter in mV
scale and shine a light on the solar cell.


Predict what will happen



What did you Observe?



Explain:

Extension:

100 Ω

(i) repeat using the multimeter in mA scale.
(ii) insert a suitable resistor e.g. 100 Ω between
both terminals of the solar cell. Measure the
voltage across the resistor and then proceed to
work out the maximum power of the cell.

For further details visit: http://news.osu.edu/news/2014/10/03/batteries-included-a-solar-cellthat-stores-its-own-power
Teacher Notes
Electric Power = V I =

V2
R
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Investigating the magnetic field around a currentcarrying wire
Procedure
1. Place a compass on a flat surface.
2. Lay a long lead close to the compass and parallel to
the needle. Secure near the ends with Blu-tack.
3. Attach the ends of the wire to a 6 V battery for 2 seconds only.
Observation
Why attach to the battery for only 2 seconds?
Arrangement A

Issues to be explored
 Repeat Arrangement A, i.e. let wire run parallel to the compass needle,
only this time place the compass above the wire.
 What is the effect on the compass needle?


Repeat Arrangement A, i.e. let wire run parallel to the compass needle,
only this time change the direction of the current back and forth a
number of times.
 What is the effect on the compass needle?




Arrangement B

Repeat Arrangement B i.e. let the wire run perpendicular to the
compass needle, only this time change the direction of the
current back and forth.
What is the effect on the compass needle?
Explain how the needle moves in one arrangement but not the
other?

Extension 1: Investigating the direction and shape of the induced magnetic field.
Let the wire run perpendicularly through a solid stage e.g. a CD.
Now move a single plotting compass around the platform and see can
you determine the direction and shape of the magnetic field.

Current

Magnetic field

Note the circular
magnetic field
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RIGHT HAND GRIP RULE
We can use what is known as the right hand grip rule to determine the
direction of the magnetic field, if we arrange our right hand as in the
diagram, so that the thumb points in the direction of positive
conventional current then the fingers point in the direction of the
magnetic field.

Extension 2: Investigating the Electromagnet
1. Wrap at least 20 turns of insulated wire around an iron nail.
2. Place some paperclips near the end of the nail
3. Bare both ends and connect to a battery for less than 2 seconds.
Observation:
Discuss how the electromagnet could be made stronger
Teacher Notes
The compass needle moves when the current is parallel to the needle direction and then
remains perpendicular to the wire.
It may give an initial rotation when the current is perpendicular to the compass needle but
will then remain perpendicularly aligned. We conclude that a magnetic field is induced by
current and that the magnetic field direction is perpendicular to the direction of the current.
Safety Considerations
Be careful when handling strong magnets. Don't let them snap to each other because they will
chip or break and small pieces will go flying off.
Watch out where you place these strong magnets.
If they are placed close to an audio tape, portions of the tape will be erased or messed up.
If they are placed close to credit cards, the magnetic strip on the back of the card will be
erased or messed up.
If they are placed close to a TV screen or computer monitor, the screen's colours will become
distorted, and it is not easy to fix it!
The electromagnet has the added advantage that it can be turned on and off at will.
Everyday uses:
Car doors, compasses, door hinges, door bell, microwave ovens, computers, hoovers,
blenders, CD players, washing machines, fax machines, elevators, loud speakers, credit
cards, TVs, fridge doors , toys, jewellery, electric toothbrushes, scrap car yards, roller
coasters, fridge magnets magnetic hotel door card keys, etc.
Human-made compasses work by using Earth as an enormous magnet
and orienting a tiny magnet attached to a needle to the planet's north and
south poles.
Scientists have long known internal magnetic field receptors exist in
many animals — from birds to foxes and possibly even people Migratory
birds may use an internal compass to navigate between their nesting
areas and wintering grounds, which can be separated by thousands of
miles.
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Investigating the force on a current- carrying conductor in a magnetic field
Task 1
Apparatus
6 V power supply, 10  resistor (5 W),
strip of aluminium foil, U-shaped alnico magnet.

6V

10 
U-shaped magnet

S
Aluminium foil
Procedure
1. Set up the apparatus as shown with the foil at right angles to the magnetic field.
2. Close the switch, or complete the circuit, and observe the aluminium foil.
 Observation:

N

Reverse the direction of the current flowing in the foil and observe what happens.
 Observation:
Reverse the direction of the magnetic field and observe the foil when a current flows.
 Observation:


Why is the 10 Ω ohm resistor included?

Teacher Notes
Safety precaution: The circuit described has little resistance and so the current may be large.
To reduce this effect avoid batteries with low internal resistance, i.e. use AA rather than 6V
batteries.
This principle is also known as the motor principle and is the principle behind the electric
motor, the loudspeaker and moving coil meters such as the moving coil galvanometer.
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Investigating Faraday’s Law
Please fill in your results
Push the magnet into the 800 turn coil and note the deflection on the
galvanometer.
 What deflection do you observe when there is no movement?
Pull the magnet out of the coil and note the deflection.
 Observation
Repeat, moving the magnet with different speeds, and observe the
deflection on the galvanometer.
 Observation
Repeat, using a stronger magnet and observe the deflection on the galvanometer
 Observation
Repeat, using a coil with more turns and observe the deflection on the galvanometer
 Observation


What can you conclude?



State Faraday’s law of electromagnetic induction:

Extension: Explain the direction of the induced current.
Teacher Notes
Dynamo Hand Powered Flashlight
Transparent case allows the conversion of kinetic to electric
energy to be observed.
Based on Faraday's discovery, squeezing the handle of the
Dynamo generates more than enough electricity to light up light
bulb for as long as you continue squeezing the handle.
Extension
Explore with the Faraday torch and explain how it works
Construct your own Faraday torch by winding a coil of wire around a
visible tube e.g. test tube, and connecting the coil ends to a light
emitting diode.
Place some strong neodymium magnets in the tube and shake.
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Investigating boiling water in syringe
Apparatus
A plastic syringe (e.g. 20 cm3) with a plug, cold water, warm water (e.g. 40°C)
Procedure
1. Draw a few cm3 of warm water into the syringe. Invert the syringe and expel any air.
Plug the syringe.
2. Pull the plunger and observe the water. Bubbles of dissolved gases may appear. If the
plunger is released the bubbles remain. (If you wish you can eliminate these.)
3. Pull the plunger again and you should observe that bubbles continue to form as the water
boils under reduced pressure. These bubbles will disappear if the plunger is released. (A
small pebble inside the syringe facilitates the formation of bubbles.)
4. Water boils when its vapour pressure is equal to the ambient pressure.
5. Repeat the procedure using cold water and compare the results.

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

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 cm3), a test tube, anti-bumping granules or a few grains of sand.
Procedure
1. Place the beaker on the platform. Put a few cm3 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
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Teacher Notes
When water boils it needs latent heat to change its state.
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.
At some temperature, usually around 80 oC, small bubbles
will be observed on the inner surface of a heated beaker.
Many people confuse this with boiling. These bubbles are the
air that was dissolved in the water at room temperature
coming out of solution. Air becomes less soluble in water as
the temperature goes up.
Pressure cooking is the process of cooking food, using water
or other cooking liquid, in a sealed 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.
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Vapour pressure of water
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Investigating the specific heat capacity of water
Apparatus: Timer and plastic 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  1 .
4. Switch on the kettle for a fixed time
(t), e.g. 50 s or 100 s.
5. Read the temperature  2 .
Calculations
Mass of water (mw):
mw = 1 kg
Rise in temperature of water (Δθ):
θ =  2   1
The electrical energy produced by the kettle P×t =
If it is assumed that all the electrical energy went into heating the water, then

Pt  mw cθ
c

Pt
= Specific heat capacity of water.
mw θ

Digital
thermometer

This gives a reasonable value for c.
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?

3.

Why is it necessary to wash out the kettle before use?

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 = 1000 g, P = 1990 W, t = 100 s



Reasonably priced energy monitors may be used to improve accuracy.



Safety note: This experiment involves using the mains power, so is best done as a
teacher demonstration for safety.
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pH investigations
Apparatus
pH meter, tap water, distilled water (if available), drinking straw, sparkling water, ice water,
hot water, washing soda, sparkling water, lemon juice, vinegar, digital scales,
1 M HCl, 1 M 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 make up the latter solutions:
1 M HCl: add roughly 10 cm3 concentrated hydrochloric acid to 120 cm3 of water
1 M NaOH: carefully add 4 grams of solid NaOH to 100 cm3 of water; stir until it is
dissolved.
Procedure
1. Measure and record the pH of tap water.
2. Using the straw, blow bubbles in the water and record the
change in pH.
3. Measure and record the pH of sparking water.
4. Add a few grains of washing soda to the sparking water.
Stir gently and record the pH.
What do you conclude from the results?
5. To 100 cm3 of water add one drop of lemon juice. Measure
and record the pH.
6. To 1000 cm3 of water add one drop of lemon juice. Measure
and record the pH.
7. Take 100 cm3 of the previous solution and dilute it to 1 litre.
Measure and record the pH.
What do you notice in the previous three results.
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Extensions
1.

Make up 100 cm3 of 0.1 molar solution of washing soda (286 g/mol). Measure its
pH and estimate the percentage of carbonate ions that have reacted with water to
form hydrogencarbonate ions:
CO3− − + H2O  HCO3− + OH−

2.

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 ionised.

Teacher Notes
pH is a measure of acidity.
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
or

H2 O

 OH− + H3O+
 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
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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 their collision 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
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Investigating molecular models
Draw and make molecular models
Investigate structural and optical isomers (and cis- trans- isomers) (Trans fats)
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.
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

H
O
N
C

There are two rules:
1.

Hooks link to hooks

2.

No hooks may be left unattached.

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 1 O, 2 C’s and 6 H’s?

…

Using molecular models
The same kind of exercise can then be done
using molecular models (‘ball and stick’
models).

P47

SCHOOL SCIENCE SUPPORT 2016-2017, TOPIC COURSEWORK B

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 more 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.

Challenge
How many structures can you design using:


2 C’s, 6 H’s and one O



1 C’s, 2 H’s and 3 O’s



1 C’s, 2 N’s, 4 H and one O
References



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



https://en.wikipedia.org/wiki/History_of_molecular_theory
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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
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. This number of 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.

2.

What mass of carbon dioxide is produced when 1 kg of carbon is burned?

3.

Sulfur burns to in air or oxygen to form sulfur dioxide. Write a balanced equation
for the reaction.

4.

When methane is burned water and carbon dioxide are formed. Write a balanced
equation for the reaction.

5.

What mass of carbon dioxide is produced when 1 kg of carbon is burned?

6.

Write a balanced equation for the combustion of propane (C3H8).

7.

Find the mass of water and of carbon dioxide formed when 1 kg of propane
(C3H8) is burned.

8.

Write a balanced equation for the combustion of glucose (C6 H12O6).

9.

Find the mass of carbon dioxide formed when 600 g of glucose (C3H8) is burned.

10.

Write a balanced equation for the combustion of octane (C8H18).

11.

Find the mass of carbon dioxide formed when 1kg of octane is burned.
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Investigating the daily human output of CO2
Using normal human energy intake, calculate the daily CO2 output of one person, the annual
output of all the people in Ireland and of all the people in the world.
Apparatus
(pencil and paper)

Teacher Notes
Typical human daily energy requirement is about 10 MJ (8 to 12 MJ or 2000 to 3000
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 100 gram of glucose.
4.
Calculate the energy that is provided by 1 kg of glucose.
5.
Calculate the amount of glucose required to provide 10 MJ.
6.
Verify that the mass of CO2 produced when 1 mole of glucose is oxidised is
264 g.
7.
Calculate the mass of CO2 produced when 1 g of glucose is oxidised.
8.
Using the answer to number 6 above, calculate the mass of CO2 produced when
10 MJ is produced in respiration. (This approximates to the daily human CO2
output.)
9.
Calculate the mass of CO2 produced by 4 million people in one year, i.e. by the
population of Ireland.
10.
Calculate the mass of CO2 produced by 7 billion people in one year, i.e. by the
population of the world.
Some energy comparisons
1 kg
sugar
crisps
butter
coal
oil
methane
hydrogen
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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 to 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 + a O2  b CO2 + c H2O

Teacher Notes


The gas (butane, C4H10) is a hydrocarbon and
when it burns the two products are carbon dioxide
and water.
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Measure heat of combustion (of food)
Apparatus
digital scales, test tube, clamp and stand, thermometer, food sample (e.g. crisp), a lighter.
Safety note: students should be advised on the possible dangers of burning and be provided
with safety goggles to protect their eyes. Also, avoid using possible allergens such as peanuts.
Introduction
Starch is the main human food energy source.
Starch is composed of glucose units linked
together with the elimination of a water
molecule at each link.
(Source: http://hyperphysics.phyastr.gsu.edu/hbase/Organic/carb.html#c5 )
Its chemical formula is therefore (C6H10O5)n.
C6H10O5 + 6 O2  6 CO2 + 5 H2O

(Heat of combustion is 17.5 kJ/g)

Procedure
1.

Set up the test tube using a stand and clamp.

2.

Add a known amount of water (m). Insert the
thermometer and record the temperature (T1)

3.

Secure the food on the pin. Grip the pin with the
crocodile clip and place it on the digital scales.

4.

Zero the scales and light the food sample.

5.

Observe the negative reading on the scales and the rising
temperature of the water.

6.

When the temperature has risen to about 50°C (T2)
extinguish the flame and record the reading on the scales
(m2)

Test tube,
water and
thermomet
er

Food
sample
(crisp), pin
and
crocodile
clip
−1.23
g

7.

The specific heat capacity (SHC) of water is about
4.2 J g−1 K−1. The heat taken up by the water is:
E = 4.2 × m × (T2 − T1)

8.

Using the loss of weight of the food sample (m2)
(calculate the energy released per gram of food.

9.

This experiment does not give reliable results. Identify the main sources of error.

Teacher Notes
This method gives only a rough estimate of the heat of combustion because much of the heat
escapes. Besides, the water that is produced by the combustion is lost as water vapour and so
its latent heat of vaporisation is not accounted for. Also, when small food sample are burned
in air some of the carbon may remain as an unburnt residue.
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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.
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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)

Oxygen

Procedure
1. Using modelling clay or coloured beads,
demonstrate to students how to make a model of
an oxygen atom (as shown).
nucleus

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.

1
2
3

8 electrons
8 protons
8 neutrons

3. Students then make up their own models for the assigned element e.g.
This match box 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: Magnitude of an atom:
Imagine an atom magnified to the size of Croke
Park. The nucleus of the atom would be the size of a
football in the centre of the pitch, and the electrons
would be orbiting around the outer stands.
Everything in between would be empty space.
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Teacher Notes
The maximum number of electrons in a particular main energy level is 2n2, 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 4th
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 1800’s 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
7
various compounds by examining
6
their spectra. In the 1880’s Balmer
5
discovered that the wavelengths of
4
the four visible specrtral lines of
hydrogen could be expressed as
simple functions of the numbers 2,
3
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.

2
Balmer
series
hydrogen
spectral lines
1

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.
The diameter of a nucleus is about 10−14 m. This is about one ten-thousandth of the diameter
of an atom itself, since atoms range from 1×10−10 to 5×10−10 m in diameter.
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Appendix 1: Protractor
Directly from page 56 of ‘ Teacher’s Reference Handbook Physics’ (page 74 from .PDF file)
to obtain the clearest delineation of the marked angles.
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Appendix 2: Investigating how to use the multimeter
Apparatus: multimeter, 6 V battery, leads, resistors
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, where fsd is
short for ‘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 the mains current reverses
50 times per second.
Each of the different meters has two leads. One lead is always put into the COM 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.
With students it is a good idea to tell them 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 lead into
the V Ω mA or mA socket and use the 200m setting for a more accurate reading.
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
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:
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.
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.
Reference: https://www.primaryconnections.org.au/about/teaching
For more visit: http://enhancinged.wgbh.org/research/eeeee.html
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Appendix 4
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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