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Description automatically generated]Primary science investigation
The leaky bottle
The leaky bottle
The leaky bottle demonstration: A demonstration video can be viewed at rsc.li/3yUFHJd
The investigation allows learners to explore air pressure for themselves along with viewing the leaky bottle demonstration.
Age group: 7–9
Learning objectives
· To develop a simple definition of pressure in terms of force.
· To develop an awareness that the air around us exerts pressure on the objects it comes into contact with.
· To appreciate, through practical experimentation, that although air pressure is not often felt, its actions can be seen and explained.
Background science
Learners may think of the term pressure as being a sort of stress. They need to be encouraged to find examples of its use in science, related to forces. From the moment we are born, we all experience air pressure – the push of air on surface areas. However, because we are so used to it, it goes unnoticed until the pressure acting upon us changes for some reason. When in an aircraft, for instance, we can detect changes in the air pressure around us. We tend to want our ears to ‘pop’ in order for the pressure of the air, which is naturally trapped in our inner ear, to equalise with the reducing air pressure during climbing. When on a trip to the swimming pool, many learners will enjoy sitting on the bottom of the pool. When doing so, pressure, in this case caused by the water, is felt against the body in a more obvious way than when out of the pool in the air pressure we’re used to.
Learners may have heard of a ‘pressure washer’ – a hosepipe that spurts water with greater force than a garden hose. This uses an electric pump to force the water to flow more quickly.
Prior learning
Learners should already know that force is a push or a pull and that area is the space occupied by a flat shape or an object’s surface.
Links
The concept of air pressure is also explored in Sticky cups and Anti-gravity bottle.
Key words and definitions
Air – a mixture of gases that surround us and which we breathe. It is not ‘nothing’ as some learners may describe it, but is a gas made up of physical matter. It consists of approximately 78% nitrogen; 20% oxygen; less than 1% argon; less than 1% carbon dioxide and other gases and the rest is water vapour. 
Force  – a push, pull, or combination of both which occurs whenever objects (solids, liquids or gases) come into contact with each other. A force can cause an object to speed up, slow down or change direction. 
Pressure – a measure of a force over a specific area. A force on a large area creates less pressure than the same force on a much smaller area. So, air pressure is the amount of force exerted by the air on a given area.
Gravity – the force which pulls all objects downwards towards the centre of Earth.
[bookmark: _Hlk72229000]Teachers may wish to hide the meanings/examples on the PowerPoint slide and discuss the learners’ ideas first.
Equipment list
Leaky bottle demonstration (or per group if desired):
· Plastic water bottle with screw-top lid
· Map / push pin
· Plastic tray to catch excess water
· Water to fill bottle
Main investigation (each group will need):
· 30 cm ruler
· Two identical sheets of newspaper
· Clear table top with a straight edge
Pound or discount stores often stock cat litter trays which are excellent as they tend to have high sides and can be used over and over again in class.
You may wish to distribute safety goggles for the pupils. However, the risks are very low. The investigation can be carried out quite safely with supervision.
Method
Ask the learners if they have ever heard anyone say that they are ‘under pressure’. Let them pair and share to discuss what it may mean. Slides 5–7 in the PowerPoint can help with these discussions. As the pairs report back, you can record ideas on the board.
Explain that today, when we are talking about ‘pressure’, we’ll be referring to its scientific meaning. Explain that pressure is a measure of an amount of force pushing on an area. If necessary, discuss what is meant by a force. Use sitting on the bottom of the swimming pool as an example of where you may experience a different pressure – in this case pressure due to the force of the water. 
Demonstrate the leaky bottle as in the video or allow students to try it in groups.


Main Investigation
1. Place a 30 cm ruler at the edge of the table. Ensure that 10 cm is hanging over the edge.
2. Scrunch up a sheet of newspaper into a ball and place on the ruler portion resting on the desk.
[image: ]
3. Firmly strike the overhanging ruler downwards with the edge of the palm.
4. Place the ruler on the table again (as point 1).
5. Spread a sheet of newspaper over the part of the ruler resting on the table. Make sure that the ruler has a roughly equal amount of paper on either side of it.
6. Smooth the paper down on to the table, especially around the ruler.
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Description automatically generated] 
7. Firmly strike the protruding end downwards and observe what happens this time.
Whilst the ball of paper is catapulted forward (be prepared for some class ‘mayhem’) the ruler under the flattened sheet will hardly move. 
Draw out that the same amount and type of paper is used, the ruler protrudes the same distance and the force applied should be roughly the same. The only thing that changes is the amount of air pressing against the paper. In the case of the smoothed-out paper, the air pressure is exerted over the entirety of its large surface area. The scrunched ball, however, has much less air pressure acting upon it due to its reduced surface area. 
Supplementary
The learners may never forgive you if they don’t get to try the ‘leaky bottle’. It can be tricky to set up. An easier way is to fill and seal the plastic bottle, then use the push pin to make some holes. No water should leak as it is held in place by external air pressure. Unless, that is, the lid is loosened to allow the air pressure entering the bottle neck to force the water out. 


Question prompts
Main investigation
1. What’s the only thing that’s being changed in this activity? 
The only thing that has changed is the paper. The first time it was scrunched into a ball and the second time it was laid flat. The paper being changed is called a variable.
2. Why is it important to only make one change?
It is important to change only one thing as then we can compare the results effectively.
3. Can you see what is holding the large sheet of paper to the desk? If you can’t, what’s the only thing that it can be? What’s above the paper? 
You can’t see anything above the paper, but you know that air is all around us so you must assume that there is air above the paper. 
4. What words could we use to name the forces that pull the paper down? 
Force, pressure and gravity: see above for definitions.
5. Why does the same amount of paper flick into the air when it’s been scrunched up?  
The most important reason is that crumpling decreases the surface area of the paper, which decreases the air resistance.

Leaky bottle
1. What stops the water leaking out? 
Air outside the bottle creating pressure against it.
2. Why does loosening the lid make a difference? 
Air can enter the bottle and increase the pressure inside it to overcome the pressure from the outside.
FAQs
1. Why do I need to smooth out the paper?
Smoothing out the paper means that the maximum area of desk is covered, giving a greater area for the column of air pressure to act upon. It also means that there is less air under the paper which could push in the opposite direction.
2. I can’t see the air, so how does it ‘press’?
Air is a mixture of gases. Although the particles that make up a gas are quite far apart, they are still there. They move around and bump into each other and surfaces and will exert a pressure against any other object.
3. Why do I have to use newspaper? Won’t it work for anything else?
You could test this! It’s not the type of paper that’s important but the area it covers. Too little paper means that there is a smaller area for the air to exert pressure upon, so it won’t be able to hold the paper in place when the ruler is flicked.
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animplausibly ordered con! ration, and what
we experience as time is the constant drift away
fromt te.

while things may be flowingin the block
universe, time isn't. “Time is the directionon
that block in which physics tells its most
compact. powerful narrative,” says philosopher
of science Craig Callender at the University
of California, San Diego. Reality aswe are
experencng it "now” is like the page of a book

pagesin the direction the laws

evoive.” says Callender.

Sorted? Not quite. Conceptions of time in
modern physics are at odds not just with our
intuitions, butwith each other. That's hardly
any surprise, given that relativity and quantum
theory famously fail to agree on anything.

“RULE 1: FORGET TIME
FLOWS AT THE SAME
RATE. RULE 2: FORGET
IT FLOWS AT ALL"

Amore precise idea of how time works depends
onfinding a theory of quantum gravity to unify
them - still 3 distant dream.

But that might not matter. "We can use our
approximate notion of time in everyday life
anditis fine.” says Rowvelli. “Justlike we can
think that Earthis flatin everyday life, and
thatitdoesn’trotate.” When it comes to
deeperanswers, your guessis asgoodas
anyone’s, says Cortes. “Time is forme the
most mystenious aspect of nature " she adds.

11 knew how to think about it, I'd retire.”

EEE———

PARTICLES

HEN picturing particles,

David Kaiser freely confesses

to physically incorrect

thoughts. “With great

respect to my forebears,

I personally still do start

off picturing marbles,”

says Kaiser, a physicist at the
Massachusetts Institute of Technology.
“Little round objects spinning around
and around.”

The picture has intuitive appeal.
Surely the fundamental particles that
make up matter are tiny, indivisible
objects with concrete properties such
as position and mass? Since the dawn
of quantum mechanics, the theory
that governs their workings, we have
known that particles do spin-orat
least possess a property superficially
similar to the rotation of spherical
bodies that we call spin.

Peerany closer, though, and you
rapidly start losing your marbles.

The rot started in experiments that
shot supposedly fundamental particles
atother particles and saw them
shatter - rather unlike what you would
expect forindivisible units of matter.
In fairly quick succession in the 20th
century, atoms turned out to be nuclei
orbited by electrons, nuclei turned
out to be protons and neutrons, and
protons and neutrons got subdivided
Into even smaller particles, known as
quarks and gluons

But those smaller particles are just
smaller marbles, right? Perhaps, except
that other quantum experiments show
that these particles can sometimes pass
through walls, move through space and
time without taking a detectable path
and be in more than one place at once,

The conclusion we must draw is
as simple as it is baffling. Material
particles are simultaneously also
Immaterial waves that, left to their
owndevices, have no particular
position, and can be described only by
a probabilistic “wave function”. “This
is the quantum mechanical aspect of

particles,” says particle theorist Frank
Wilczek, also of MIT. “They have Wfive'
like properties as well as this classic .
idea of a ball that's in a definite space.

It is a duality no one can quite
explain. It is why chemistry textbooks
sometimes depict an electronasa
point and sometimes as a diffuse
cloud orbiting an atomic nucleus.

And it contains a further
conundrum. Not only are particles
waves, waves are particles. Something
as immaterial as a light wave is made
of units, photons, that have no mass or
charge but nonetheless can sometimes
be said to be localised in one place, like
an ethereal marble.

PONDS, NOT MARBLES

These particles do not constitute
matter, but are associated with fields
that suffuse space and determine how
matter particles behave. Photons, for
example, embody the electromagnetic
field that acts on electrically charged
particles; the invisible Higgs field
fills all of space to give particles their
mass. Inject enough energy into this
field, as researchers did at CERN near
Geneva, Switzerland, in 2012, and you
prove it exists by getting it to pop out
a particle - the Higgs boson.
Ultimately, because matter works
onlevels we cannot directly see, both
particles and fields are just imperfect
mathematical crutches to support our
understanding of it. But when it comes
to the properties of matter, it's fields and
the forces they generate that call the
shots. They determine why protons
and neutrons huddle togetherin the
atomic nucleus, and why electrons,
whether diffuse or point-like, orbit jt.
Sohere'sa clue: drop the marbles
and think of reality as a pond
‘The fundamental thing is the water,”
says Wilczek, “and the particles are
disturbances in that water.” Whateyer
those particles are, Catherine Brahjc
and Richard Webb

n
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terms of overall points awarded.

To equalise things, we could
8ive the winner of penalty shoot-
OUtsin drawn games 2 points, and
the losery point, Having 3-2-1-0
Possible points in a match means
many more combinations of
Potential points, and this reduces
the share of outcomes that might
induce collusion. As for the
Problematic ones that remain,
collusion is harder because in
many cases teams would have to
collude not only on drawing but
also on who wins the shoot-out.

Toensure fairness, the shoot-
outs must follow the ABBA
Sequence, rather than the
traditional ABAB. My research
has shown that the latter givesa
psychological advantage to the
team that shoots first,

So, potential for collusion exists
with four teams per group and
gets worse with three. It will never
be eliminated unless we move to
a full knockout system, but under
the 3-2-1-0 point system it would
be greatly reduced. Fairness would
improve and the shoot-outs in
drawn matches will make the
beautiful game more exciting.
Ignacio Palacios-Huerta is a professor
of management at the London Schoal
of Economics and author of Beautiful
Game Theory: How saccer can help
economics (Princeton University Press)

electric-powered flight increases.
With engineers farand wide
focused on solving the key
challenge of higher energy
densities for electric propulsion,
itis surely possible that this
will happen in my lifetime
These aircraft will be incredibly
quiet, powerful and fast. With the
huge advantage of planes being
emission free at the point of use,
the airports and skies of the future
could be much cleaner and quieter.
If Norway cracks it, the way is
paved for the world to follow

Peter Wilson is a professor of electronit
| tems engineering at the

ty of Bath, UK

Australia wants a piece
of the space gold rush

e Ke e headquarters in the tiny nation.

The UK space sector has also
AUSTRALIAis launching its space flourished since the launch of a
agency this week in an effort to national space agency in 2010, It
capture a share of the booming space annual revenue has almost doubled
market. The Australian government and the number of people it employs
has committed AS26 million (519 has increased by about 6 per cent a
million) aver four years to set up its year. The agency's annual budget is
operations and a further AS15 million £370 million (S490 million)

($11 million) aver three years to invest With the global space economy
in research and development estimated to have ballooned to

The funding is fairly small - NASA $340 billion a year, it is easy to see
has an annual budget of $20 billion why the Australiang
and the European Space Agency's is inon this new gald rush. But it has
$7 billion - meaning that missions to
Mars are off the table. Nevertheless,
other countries have set up thriving
Space programmes with equally
limited budgets

For example, the first successful

emment wants

rocket launch from New Zealandcame  sor 1€ significant catching up to do
inJanuary, less than two years afterthe  to date, only seven Australian t
nation set up a space agency with a satellites have entered s 3
S3 million-a-year budget. Its latestwas  were launched from ot er count
due as New Scientist went to press. Then again, Aust

Luxembourg also joined the space i0vantage 3S I01S O oty
race in 2016, committing $230 miltion for launch sit d its prox
to support asteroid mining start-ups ator, whe -
Already, US companies such as rotating te
Deep Space Industries and Planetary geta boost into orbit. As

Resources have set up Europea Aust ) )

Dozens of start-up space firms are
already operating across Australia

rotation, allowing it to communicate
with satellites over a vast area of sky
And it already has a deep-space
telescope designed to track spacacrait
on long journeys

Dazens of space companies have

recently popped up a
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