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Who Are We?
Dr Martin Khechara

Associate Professor For Engagement In STEM
"The STEM response team is an award winning outreach and
public engagement team from the Faculty of Science and
Engineering (FSE) at the University of Wolverhampton. It’s
mission is to bring fantastic science, technology, engineering
and maths (STEM) activities to schools and the community
spaces across the West Midlands and country as a whole
and address areas of particular need where aspirations may
be low. From science shows in theatres, street entertainment,
corporate events or workshops in classrooms the STEM
response team can bring STEM to life in any venue."

In order to maintain our role in the economy, the regeneration
of the Black Country and to meet national and global demand
the University is committed to growing its base in Science,
Technology, Engineering and Mathematics (STEM).
The Black Country is the home of much of the manufacturing
base and it needs a strong vocational university to support
it. The traditional science academic disciplines lay the bedrock
for much of the applied curriculum. In short, the University of
Wolverhampton has committed to build a distinctive Science
Base and to become the Widening Participation science
Higher Education Institute in the broader region by further
building relationships and developing a curriculum based on
ladders of progression.

CABBAGE
CHEMISTRY
Follow these instructions to learn about acids and bases using red
cabbage. This activity requires the use of a knife, poisonous chemicals and hot water. Ask an
adult to assist you. Always follow the safety advice on the products you are using.
You will need:
Fresh red cabbage
Sharp knife
A cutting board
Hot tap water
7 clear plastic disposable cups
7 plastic spoons
A large plastic bottle
A range of the household substances which may include:
strongly acidic, e.g. powdered toilet cleaner
acidic, e.g. vinegar, lemon juice, white wine, lemonade or citric acid
weakly acidic, e.g. cream of tartar
neutral, e.g. pure water, shampoo or baby shampoo
slightly basic, e.g. bicarbonate of soda
basic, e.g. milk of magnesia, washing soda or floor cleaner
strongly basic, e.g. dishwasher liquid or powder
What to do:
Using a sharp knife and cutting board, finely slice three or four red cabbage leaves.
Place the cabbage leaves in the plastic bottle, half fill the bottle with hot water and screw the
lid on tightly.
Shake the bottle for a few minutes until the water becomes a deep purple colour.
Leave the solution to cool.
Strain the solution and add sufficient water to the solution to make about 1 L. In each of the
cups, place a small amount of one of the above household substances in the following order:
strongly acidic; acidic; slightly acidic; neutral; slightly basic; basic and strongly basic.
Now half fill each cup with the red cabbage water and stir the solution. If arranged in order,
the jars should display a spectrum of colours from cherry red (strongly acidic), pink-red
(acidic), lilac (slightly acidic), purple (neutral), blue (slightly basic), green (basic) and yellow
(strongly basic).

CABBAGE
CHEMISTRY
What’s happening?
The things we eat and drink are all acidic, and the things we use for
cleaning are basic. This is because basic substances taste unpleasant,
but a cleaning agent usually needs to be basic to remove dirt and grease.
Substances that are acidic or basic make the eyes sting, so baby
shampoo is made neutral.
Acids
Acids are a very common group of chemical compounds, many of which
occur naturally. Acids can be strong or weak. Citric acid, which occurs
naturally in lemons, is a weak acid. Hydrochloric acid (used for soldering)
and sulfuric acid (battery acid) are very strong acids.
Bases
Bases (often called alkalis) are another group of chemical compounds
that have different chemical properties from acids. When bases and acids
are added together, they will neutralise each other’s properties.
We describe whether things are acidic, basic or neutral by using a scale
called the pH scale. The pH scale ranges from zero to 14. A substance
with a pH of:
0: a very strong acid
3 - 5: a weak acid
7: neutral
8 - 9: a weak base
13 - 14: a very strong base
Pure water has a pH of seven and is regarded as neutral. Acids and bases
can be detected by a group of chemical compounds called acid-base
indicators. One of the first known naturally occurring indicators was a
type of lichen called litmus. (Lichens are plant-like growths that are often
found on rocks and tree bark.) Litmus turns red in the presence of an acid
or blue with a base.
Most indicators used today to detect acids and bases are man-made.
However, many plant pigments, such as the red cabbage you used,
contain chemicals that act as acid-base indicators.

RUBBER EGG
Follow these instructions to make an egg bounce while learning about
chemical reactions.
You will need:
A hard-boiled egg (with the shell on)
A glass of vinegar.
What to do:
Put the egg into the vinegar – you should see bubbles start to form on
the egg.
Leave the egg undisturbed for at least a day.
You should see some wonderful scum form.
Take the egg out of the vinegar and rinse it with water. The shell will rub
off.
Give the egg a poke with your finger and squeeze it gently.
What’s happening?
Vinegar, or dilute acetic acid, ‘eats up’ the calcium carbonate in the egg
shell, just leaving the inner membrane, or skin, of the egg behind. As the
calcium carbonate is responsible for making the shell hard, the vinegar
soaked egg feels soft and rubbery.
When calcium carbonate (the egg shell) and acetic acid (the vinegar)
combine, a chemical reaction takes place and carbon dioxide gas is
released. That’s why you can see the bubbles. The chemical reaction keeps
happening for about a day until all of the calcium carbonate in the egg is
used up. Calcium carbonate is in eggshells, seashells, limestone, and many
other materials.
Let’s have a closer look at the chemical reaction. Calcium carbonate’s
formula is CaCO3 and acetic acid is CH2COOH.
So the reaction is:
CaCO3 + 2CH3COOH ---------> Ca2+ + H2O + CO2
The calcium ions (Ca2+) float free in the solution. Ions are
atoms or molecules that have an electric charge due to the loss or gain of
electrons.

RUBBER EGG
Real-Life Applications
Limestone is a sedimentary rock that is largely made of calcium
carbonate. It is ordinarily white, but may be coloured by impurities;
iron oxide making it brown, yellow, or red and carbon making it blue,
black, or grey. The texture varies from coarse to fine.
Most limestones are formed over thousands of years from the
skeletons of marine invertebrates. Among the important varieties of
limestone are marl, chalk, oolite, travertine, dolomite, and marble.
Acid rain causes reactions like the ones in this activity. One kind of
acid rain can come from air pollution caused by burning fuels that
have sulfur atoms, which when burnt produce sulphur dioxide gas.
When the sulfur dioxide mixes in with rain, it turns to weak sulfuric
acid. When the acid rain hits the limestone it slowly makes it fall
apart, like the egg shell did. People use limestone in buildings and
statues. This is why over time, buildings and statues are being
damaged by acid rain.
If you collect small rock samples and drop them in vinegar, you may
see bubbles appear, like they did on the egg. The presence of
bubbles indicates that calcium carbonate may be present in the
sample.
Calcium carbonate reacts with acids to produce carbon dioxide gas,
which we observe as bubbles. This is called the ‘acid test’. The ‘acid
test’ is one of many tests that geologists use to determine the
identity of a rock sample.

CREATING
CRYSTALS
Follow these instructions to make your very own crystals at home,
whilst learning about chemistry at the same time!
You will need
Sugar
Salt
Bi-carbonate of soda
Warm water
3 eye-droppers
3 spoons
3 plastic containers or bowls
Measuring cup
3 small plastic cups
Marker
What to do:
Label the containers/bowls ‘sugar’, ‘salt’ and ‘bi-carb’.
Pour half a cup of warm water into the container labelled ‘sugar’.
Add a spoonful of sugar to the water and stir until dissolved. Keep
adding sugar until no more will dissolve.
Repeat Steps 2 and 3, but with the salt instead of sugar.
Again repeat Steps 2 and 3, but this time with bi-carb soda instead
of sugar or salt.
Label the small plastic cups ‘sugar’, ‘salt’ and ‘bi-carb’.
Use separate eye-droppers to put a few drops of each container’s
solution into the matching cup.
Place the cups in a warm, sunny place and leave them until the
liquid has evaporated. What do you see?
You can try this activity with other crystalline substances as well.

CREATING
CRYSTALS
What’s happening?
When a solid (or ‘solute’) is dissolved in the water until no more
dissolves, the solution is ‘saturated’.
The amount of substance that dissolves in water increases
with temperature.
As the solution cools back down to room temperature, there is
now more solute in the water than would normally be the case
– the solution is ‘supersaturated’. As the water evaporates, the
solute precipitates out of solution in the form of crystals. This
is an example of crystallisation.
You will notice that each precipitate forms slightly different
crystals: they might be different in size and shape. The size and
shape of a crystal depend on a number of factors including
chemical formula, temperature and pressure. In general,
crystals that form slowly tend to be larger than crystals that
form quickly.

INVISIBLE INK
By following these instructions, you will be able to make your
very own invisible ink - and write secret messages!
You Will Need:
Half a lemon
Water
Spoon
Bowl
Cotton bud
White paper
Lamp or other light bulb
What to do:
Squeeze some lemon juice into the bowl and add a few drops
of water.
Mix the water and lemon juice with the spoon.
Dip the cotton bud into the mixture and write a message onto
the white paper.
Wait for the juice to dry so it becomes completely invisible.
When you are ready to read your secret message or show it
to someone else, heat the paper by holding it close to a light
bulb.
What's happening?
Lemon juice is an organic substance that oxidizes and turns
brown when heated. Diluting the lemon juice in water makes it
very hard to notice when you apply it the paper, no one will be
aware of its presence until it is heated and the secret message
is revealed. Other substances which work in the same way
include orange juice, honey, milk, onion juice, vinegar and wine.
Invisible ink can also be made using chemical reactions or by
viewing certain liquids under ultraviolet (UV) light.

HOT ICE
By following these instructions, you will not only be able to see an
almost instant magic trick, but also feel it get hot! Make sure you
have a responsible adult assist you with this one, and that you do
this in a well-ventilated area.
You Will Need:
3 cups of vinegar
3 tbsp baking soda
A glass/jar/bowl
Some small (tiny) Ziploc bags
What To Do:
Pour 3 cups of vinegar into the pot. Slowly add 3 tbsp of
baking soda into the mixture. Add a little bit at a time.
Place the pot over the stove, and boil it on medium heat for
about 30-60 minutes.As the liquid reduces you'll start to see
crystals form on the walls of the pan.
Once the liquid has reduced down to about 25% of the initial
amount, look out for a thin layer of film over the surface. Once
you see the film, turn off the heat and transfer the liquid to a
clean jar, leaving the crystals behind.
When the pot has cooled down, carefully scrape the white
crystals off the walls and into the Ziploc bag. You want to get
just the dry crystals.
While the liquid is still warm, pour it out into a second Ziploc
bag. You may want to double bag it to prevent leaks.
Place the liquid solution bag into the freezer for 10 to 15
minutes. Once the liquid is chilled, activate the hot ice by
carefully opening the bag with the solution and dropping in a
small pinch of the white crystals you scraped off the pot.
Watch the mixture solidify, and feel it get warm!

HOT ICE
What's Happening?
When vinegar and baking soda mix, they form a
chemical called sodium acetate. That's your hot ice!
One interesting thing about sodium acetate is that the
freezing point of the crystals is really high over 55°C.
(Compare to water, which has a freezing point of 0°C).
When you heated your sodium acetate solution, you
took it above the freezing point. When you separated
out the crystals and cooled it down, you took the
solution below its freezing point. But, you did it in such
a way that the sodium acetate was unable to form
crystals or freeze.
When you dropped the crystals into the solution, that
allowed the liquid to crystallize fast! This process of
crystallization is an exothermic reaction, which means
it releases a lot of heat.
In fact, this reaction is how many commercial heating
pads and hand warmers work!

HOW LIGHT AFFECTS
PLANT GROWTH
By following these instructions, you will investigate
how light affects plant growth. You can use any plants,
but cress will grow more quickly so that you can
observe your results quickly.
You Will Need:
Cress
Styrofoam bowls/cups
Potting Soil
Ruler
Camera
What To Do:
Place some soil in the cups/bowls, and plant the
cress seeds in each one.
Label one of the cups "windowsill/sunlight" and
"cupboard/darkness".
Place one cup on a windowsill/in direct sunlight,
and one in a cupboard/in the dark.
Leave overnight.
Take photos of each of the cups at the same time
each day for 5 days. Also, measure the height of the
tallest sprout each day using a ruler, and record the
results on a piece of paper.
After 5 days, take a look at the photos, as well as
the numbers you have written down. Use this data
to come to your own conclusions on how sunlight
affects plant growth.

HOW LIGHT AFFECTS
PLANT GROWTH
What's Happening?
Plans require light to make their own food - in a
process called photosynthesis. Plant growth is
therefore affected by light in the sense that for
photosynthesis to occur, a source of light must
be present (e.g. the sun).
Without light, plants can’t make any food - this
explains why the leaves on some plants can turn
yellow if they are deprived of light. What is the
green coloring matter in plants, called
'chlorophyll', is what is responsible for absorbing
light pigments, which ultimately helps the plants
carry out photosynthesis.

A NERVOUS
EXPERIMENT
How do you know when your hand touches something?
How do you know if something brushes against your
shoulder? Do you think you need the same number of
nerves in every part of your body? By following these
instructions, you will be able to predict which part of your
body (fingertip, arm or shoulder) will be most sensitive and
explain why.
You will need:
A ruler (that shows centimeters)
1 un-ravelled paperclip, so that it's a 'c' shape
Paper and pencil
What to do:
Prepare your table of results (see next page)
Open the paperclip and spread the ends - use the ruler to
measure the distance between each end. Adjust them
until they are exactly 4cm apart.
Touch both ends of the paper clip to your finger tip. A
gentle touch is all that is required.If you feel both ends,
write a “2” in the first square in the chart as shown in the
example above. If you only feel one paper clip end, that
means both ends of the paper clip are touching the
same neuron. If this happens, write a “1” in the
appropriate square in your table.
Repeat this on your upper arm and back, and record your
results in your table. (Hint: If you have a hard time
reaching your back, ask someone for help.)
Using your ruler, push the paper clip ends 1/2 centimeter
closer together. Repeat steps 2 and 3, bringing the paper
clip ends closer each time until they are touching.

A NERVOUS
EXPERIMENT

A NERVOUS
EXPERIMENT
What's Happening?
Most people will feel both ends of the paper clip when
they are 4 centimeters apart almost everywhere on the
body, but once those paper clip ends get closer
together, that starts to change. Some parts of the body
will begin to feel only one end. Most people find that
their fingers are most sensitive and their backs are
least sensitive.
Why do you think fingers would be most sensitive?
What do you use your fingertips for? Apart from the
usual desire to touch things - especially prominent in
museums and efforts to annoy your brother or sister people have been using their sensitive fingers for some
very practical purposes. Babies learn, artists perfect
their masterpieces, chefs check the sharpness of their
knives all with the sensitivity of their fingers.
The blind have even been using their fingers to read
braille since its invention by Louis Braille in the 1800’s.
Can you do that with your upper arm or back?
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BREAKING PROTEINS
Proteins are an essential building block for all life on earth. When a
protein is exposed to conditions too far outside of a range it can
tolerate, that protein’s shape will come undone. This is called
“denaturing” (basically, breaking) a protein. By following these
instructions, you will be able to break some proteins yourself, and be
able to observe the physical changes that take place.
You will need:
Stovetop
Saucepan
1 fork
1 pair of scissors
A bowl
4 small glass containers (the same size)
1 egg, with the white separated into 4 parts.
150ml water
75ml rubbing alcohol
What to do:
Pour 1/3 cup rubbing alcohol into one glass container, room
temperature water (1/3 cup) into another, and the rest of the
water (1/3 cup) into a microwave-safe container (or into a pot).
Crack egg into the bowl, removing the yolks.
Cut the egg white into pieces so you can add ¼ into each glass
container.Heat up the water for your hot water treatment and
pour into one of the empty glass containers.
Quickly put ¼ of the egg yolk into the boiling water. Then put ¼
into the alcohol, ¼ into the room temperature water, and the
remainder into the final, empty glass container.
Observe any immediate changes that occur in terms of egg white
color and consistency. If you try stirring the different treatments,
rinse your fork between stirs.
Wait for 30 minutes.
Use the fork to inspect the state of the egg whites in each
treatment and note how they may have changed over time.

BREAKING PROTEINS
What's Happening?
Why does denatured egg white turn from clear to white? If more than one
treatment denatured egg whites, do you think the treatments denatured the
egg whites in the same way?
Let’s look at each of the treatments that you used.
Control:
Egg whites start out clear. They are almost 90% water, but the other 10% is
packed with proteins. Egg whites contain more than 50% of the proteins
found in the egg. The main protein in egg white is called albumin. The small,
folded proteins in the egg white don’t take up much space, and the gel-like
egg white looks clear. The control egg showed us that, when left at room
temperature, the egg whites stay clear, meaning the proteins maintain their
original shape. These proteins were not denatured.
Cooking (hot water):
Whenever eggs are cooked with heat, the egg whites turn from clear to
white, and the gel becomes more rubbery. As heat denatured the proteins in
the egg white, it broke apart some of the bonds (mostly hydrogen bonds)
that were holding the proteins in their original shape. The proteins unfolded,
taking up more space (turning the gel white) and hardening them in place
next to one another.
Alcohol:
Alcohol also denatures proteins. It does this the same way as heat, by
breaking the bonds that hold parts of the protein in a folded shape.
Sometimes the alcohol molecules bond directly to some of the parts of the
protein, disrupting the normal way the protein would bond to itself. (So
alcohol is called a “bond disruptor.”) The proteins again unfolded, taking up
more space and hardening in place next to one another. This process took
much longer with alcohol than it did with heat, however. The longer time for
denaturation with alcohol is simply because it spreads more slowly than
heat. The alcohol had to diffuse (or move through the fluid) into the egg in
order to affect the proteins it touched.
Room temperature water:
Sometimes in this experiment, room temperature water has a small
denaturing effect on some of the egg white. It acts in the same way, by
breaking bonds, but its effect isn’t nearly as strong as alcohol or hot water.

STRIPEY CELERY
All plants need water to survive. In order to move water
up from the soil and into their shoots and leaves,
plants have developed a system of water transport.
This system is called “xylem.” By following these
instructions, you can observe the movement of water
through xylem transport (also known as capillary
action).
You will need:
A container (e.g. a jar or vase)
Celery
Food colouring
A measuring cup
Water
What to do:
Add 1 cup of water to the empty container. Add 2
drops of food coloring to the water (or however
many it takes to achieve the color desired) and stir
well to mix.
Choose a celery stalk that has leaves attached to
the top. Cut about 1 inch off the bottom of the stalk.
Place the stalk upright in the container, making sure
the bottom of the stalk is immersed in the water.
Leave the celery out over night. Observe what
happens. Take the celery out of the water and cut it
open to get a better look at the path the water took.

STRIPEY CELERY
What's Happening?
Plants use a system called xylem to pull water up from
the ground and transport it up through the shoot into
their leaves. This process is passive, meaning it
doesn’t require any energy in order to occur. That’s why
the celery was able to pull water up overnight.
The celery pulled colored water through its stalk via the
xylem transport system. The colored water traveled all
the way into the leaves, staining them.
The xylem transport system can be seen more clearly
when the celery is cut. The colored water stains the
xylem cells, making them visible.

THE BALANCING
APPLE
To balance something is to put it in a stable position
where it remains upright. Even weight distribution
helps to keep something balanced or stable - and by
following these instructions, you will be able to balance
a paper apple on the tip of your finger!
You Will Need:
Thin card/paper plates
Coloured pencils/crayons
Clothes pegs
Template (see next page)
What To Do:
Using the template on the next page, cut out the
apple shape from the card/paper plate.
Colour the apple in however you'd like.
Use the clothes pegs to equally distribute the weight
of the apple.
Adjust the peg placement until the apple balances
perfectly upright ion the end of your finger.

THE BALANCING
APPLE

THE BALANCING
APPLE
What's Happening?
Even weight distribution helps to keep something
balanced or stable - like this balancing apple. The
clothes pegs create a balanced force, which in turn
alters center of gravity - allowing this paper apple to
balance on the tip of your finger!
The center of mass/gravity is the unique point at the
center of an object, that has the property of making the
most weighted position exactly in the center - thus
meaning that the object can balance on that point.
The science of balance and weight distribution is used
in many engineering industries - including exploring
and managing the weight within a vehicle, such as
cars, airplanes, and trains that we use and see every
day.

LEGO BALLOON CAR
Explore simple concepts like force and motion. By
following these instructions, you'll be able to make your
very own Lego car, that will really go!
You Will Need:
Basic Lego Bricks
Lego Wheels
Balloons
Small tape measure
LEGO piece: 1×2 flat with a handle
What to do:
Build your chosen cars! Make the front big on one,
the back big on another. Try making them different
sizes too.
Attach the 1x2 flat piece onto the top, and fit the
balloon end into it, with the end facing the opposite
direction that you want your car to move.
Blow up your balloon car, place it on your start line,
and let it go!
Use your tape measure to measure how far it
travelled - make sure to write these distances down!
Which car travelled the furthest? Why do you think
this is?

LEGO BALLOON CAR
What's Happening?
So how exactly does the car end up moving so quickly?
It’s all about the thrust and Newton’s Third Law of
Motion that for every action there is an equal and
opposite reaction.
The blown-up balloon is filled with gas. When you
release the balloon the air/gas escapes creating a
forward pushing motion called thrust! Thrust is created
by the energy released from the balloon.
Then, you can bring in Sir Isaac Newton. For every
action, there is an equal and opposite reaction. This is
the third law of motion. When the gas is forced out of
the balloon it pushed back against the air outside the
balloon which then pushes the balloon forward!
Until the balloon is set in action, the LEGO car is at rest
and you put it in motion. This is Newton’s 1st and 2nd
Laws of Motion. An object at rest stays at rest until a
force is added!

LOLLY STICK
CATAPULT
This experiment won’t really launch you into space, but it will
certainly help show energy, gravity and the Laws of Motion at work.
By following these instructions, you will be able to make your very
own mini catapult!
You Will Need:
Lolly sticks
Rubber bands
A plastic spoon
Pom-pom balls
Paint or markers (optional)
A ruler
A pencil
Paper
What To Do:
Make a stack of lolly sticks by stacking them one on top of each
other. Start with five sticks. Optional: paint or color the lolly sticks
before starting.
Wrap a rubber band around each end of the stack to hold the
stack together.
Take two lolly sticks and stack them together. Wrap one rubber
band around one end of these two sticks to hold them together.
Pull the two lolly sticks slightly apart and place the larger stack of
sticks in between the two.
Attach the larger stack to the stick on the top using a rubber band.
Set the spoon on the top lolly stick and use a rubber band to lash
it down.
The spoon should be facing cup side (scoop side) outwards.
Place a pom pom on the spoon.
Hold the catapult with one hand and use your other hand to pull
down on the spoon. Release the spoon to watch the pom pom
launch! Where will the pom pom go? How far will it go?

LOLLY STICK
CATAPULT
What's Happening?
Catapults are very useful in teaching STEM concepts,
particularly Newton’s 3 Laws of Motion – An object at
rest stays at rest unless acted upon by an outside
force; force is equal to the change in momentum per
change in time, and for every action, there is an equal
and opposite reaction.
How can you see some of these laws in action with the
catapult?
Playing with the catapult also provides an opportunity
to observe gravity, kinetic energy, and potential energy.
Will the weight of the projectile make a difference in
how far it travels or how fast it falls to the ground?
Try out other small objects to measure this. Be sure to
use items that are soft stay safe – marshmallows,
plastic eggs or small paper balls.

WHIRLPOOL IN A
BOTTLE
Whirlpools are a fascinating natural occurrence - but in
reality, it's only simple physics at play. By following
these instructions, you can make your very own
whirlpool in a bottle - all in the comfort of your own
kitchen.
You Will Need:
Two large empty plastic bottles (same size)
Duct tape
Water
Food coloring or glitter (optional)
What To Do:
Fill one bottle ¾ full of water.
Add food coloring or glitter if desired.
Tape the empty bottle to the top of the other bottle.
Line the spouts up and tape securely.
Turn the bottles over so that the one with water is
on top. Place your hands at the top of the bottle and
gently, but quickly, rotate the bottles in tight circles.
(Don’t shake it up and down - just swirl.)
Set the bottles back on the table and watch.

RESOURCES
STEM Response Team Twitter:
https://twitter.com/STEMResponseWLV

MEL Science:
https://melscience.com/GB-en/

STEM Learning UK:
https://www.stem.org.uk/about-us

Science Buddies:

https://www.sciencebuddies.org/stem-activities

The STEM Laboratory:

https://thestemlaboratory.com/stem-activities-for-kids/

Do you want us to come along to YOUR event, school, or
organisation? To contact us, and to request our extensive
catalogue, please visit:
@STEMResponseWLV
@STEMResponseTeamWLV

@STEMResponseWLV

STEMResponseTeam@wlv.ac.uk

