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Instructions and answers for teachers
These instructions cover the learner activity section which can be found on page 7. This Topic Exploration Pack supports OCR GCSE (9–1) Gateway Science Physics A and the Twenty First Century Science Physics B qualifications.
When distributing the activity section to the learners either as a printed copy or as a Word file you will need to remove the teacher instructions section.
Mapping to specification level (Learning outcomes)

GCSE (9–1) Gateway Science Physics A/Combined Science A

P1.3a explain how the motion of the molecules in a gas is related both to its temperature and its pressure

P1.3b Explain the relationship between the temperature of a gas and its pressure at constant volume (qualitative only)
P1.3c recall that gases can be compressed or expanded by pressure changes and that the pressure produces a net force at right angles to any surface

P1.3d explain how increasing the volume in which a gas is contained, at constant temperature can lead to a decrease in pressure

P1.3f describe a simple model of the Earth’s atmosphere and of atmospheric pressure

P1.3g explain why atmospheric pressure varies with height above the surface of the planet

P1.3i explain why pressure in a liquid varies with depth and density and how this leads to an upwards force on a partially submerged object

P1.3j calculate the differences in pressure at different depths in a liquid (M1c, M3c)

GCSE (9–1) Twenty First Century Science Physics B/Combined Science B

P6.2.4 explain how the motion of the molecules in a gas is related both to its temperature and its pressure: hence explain the relationship between the temperature of a gas and its pressure at constant volume qualitative only

Introduction

This topic exploration pack is focussed upon how the motion of the molecules in a gas is related to both its temperature and pressure, the relationship between the temperature, pressure and volume and the effect of doing work on a gas. From Key Stage 3, it is expected that learners will have already be familiar with idea of changes of pressure in fluids with height, the arrangement of particles in solids, liquids and gases and a basic understanding of the effect of changes of pressure and temperature on particle behaviour.

The introduction of subatomic particles at Key Stage 3 can be a source of confusion when considering the particle model in gases and fluids.  Another common misconception is that only liquids are classed as fluids and learners forget that gases can also be regarded as fluids.

Task 1: Expanding and collapsing balloons

The aim of this first activity is to encourage learners to think about how the motion of the molecules in a gas is related to both its temperature and pressure. This activity is a demonstration to promote discussion with an accompanying worksheet for learners.

Demonstration:

Provide learners with a balloon that has been blown up and knotted. Ask learners to discuss:

· why the walls of the balloon are now stretched

· how the pressure could be changed in the balloon without letting any air out

Now place the balloon on a radiator and ask learners to predict what will happen. The balloon should expand. This would be a good opportunity to link the idea that energy is transferred to lead to particles moving faster and colliding with the edge of the balloon more frequently and with greater force. Thus the balloon expands. Learners can use Student Task Sheet 1 to explain the behaviour of the balloon. Help learners identify that three factors affect the movement of particles within gases: temperature, pressure and volume.

Now show learners a balloon that has been blown up and placed in a freezer for an hour. The balloon will have shrunk in size. Ask learners to consider why this has happened based on what they learnt about during the previous demonstration. The second part of Student Task Sheet 1 asks learners to write an explanation for the behaviour of gas in the balloon.

Suggested answers:

Explanation 1: The gas in this balloon is at a higher temperature. So the gas particles have more energy. The energy has been transferred from heat to kinetic so the gas particles are now moving at a faster speed. Their collisions with the walls of the balloon become more often and harder. So the pressure in the balloon and its volume increases.

Explanation 2: The gas in this balloon is at a lower temperature. So the gas particles have less energy. These particles are now moving at a slower speed. Their collisions with the walls of the balloon become less often and the balloon becomes softer. So the pressure in the balloon and its volume decreases.

Extension:

Ask learners what they think might happen if a fizzy drinks can was used instead of a balloon; what are the similarities and differences between a balloon and a drinks can? It is essential at this point that you explain that putting objects under pressure with a fixed volume (like aerosols) on to fires causes explosions and can be extremely dangerous. You could ask this as a summary question to test understanding.

Task 2: Jumping from space
This activity focuses on the relationship between the temperature of a gas and its pressure at constant volume. At constant volume, the relationship between pressure and temperature is proportional.

Show learners a packet of unopened crisps. To review learners’ understanding from the last activity, place one bag of crisps onto a radiator (as in the last activity) and ask them what will happen. They should be able to explain that an increase in temperature will result in an increase in pressure.
Now challenge your learners to explain how else they could pop the bag of crisps without squashing it or changing its temperature. Leave the crisp packets in a visible position and refer to the challenge throughout this activity.

Show learners the video of Felix Baumgartner’s parachute jump from the edge of space. 

https://www.youtube.com/watch?v=FHtvDA0W34I 

Ask learners to discuss why he needed to wear a modified spacesuit. Explain if needed that there is less air on the edge of space from where Felix jumped and that he could not survive without it. Now ask learners to look closely at his balloon when it left the ground and now again when it is at the edge of space. Tell them that no extra helium was added during the ascent and if anything it is more likely that some helium escaped. Teach learners that at higher attitudes there is less air pressure forcing the helium inside the balloon and so it can expand more easily. Ask learners to write explanations below the two images of the helium balloon on Student Task Sheet 2. 

Now return to the two crisp packets and ask learners again how they could pop the bag of crisps without squashing it or changing its temperature. (They could carry it to the top of a mountain where the pressure inside would be substantially greater than outside which may cause it to pop.) Be clear at this point that a key difference between the crisp packets and the helium balloon is that the packets have a relatively fixed volume. If no learners are able to answer this show them an image of the same packet of crisps at sea level (deflated) and high up a mountain (expanded). Learners have written about this effect on Student Task Sheet 2 so could add to their notes.

Suggested answers:
Explanation 1: Just after take-off Felix’s balloon is surrounded with high density air (more particles are found closer to the Earth’s surface). These particles put pressure on the outside of the balloon. The helium gas particles inside don’t exert much pressure inside the balloon. This reduces its volume and makes it look saggy.

Explanation 2: When Felix’s balloon is nearly in space, it is surrounded with much ‘thinner’ air (at a lower density). This puts much less pressure on the outside of the balloon. The helium gas particles inside the balloon provide a similar pressure inside the balloon as before. So the balloon expands in size.

Another activity that can be incorporated into this lesson is the imploding can demonstration. Instructions for this can be found at: 

http://www.stevespanglerscience.com/lab/experiments/incredible-can-crusher
This is a good starter or plenary to discuss the effects of pressure on the can.
Task 3: Compressing and expanding gases

This activity focuses on gases being compressed or expanded using pressure changes and the concept that pressure produces a net force at right angles to any surface.

Provide each learner with a large syringe without a needle. Give them five minutes to use the syringe to prove something about gases and pressure. It is expected that some learners will state that gases can be compressed (from Key Stage 3) but some may need the link between pressure changes here to be explained. 

If they need more guidance the following activity may be more useful. Ask all learners to fill their syringes with air. They then put their thumbs over the end of the syringe and press down as hard as they can. They will be able to compress the air inside somewhat. Now ask them to push remove their thumbs and expel as much air as they can from their syringe. They then put their thumbs over the end of the syringe and try and pull out the syringe. This explores the concept of expanding the gas by reducing the pressure. Ask learners to complete the activities on Student Task Sheet 3. 

Suggested answers:

Explanation 1: I put my thumb over the end of the syringe and tried to push the plunger in. It moved a little to start with but then stopped. This proves that the volume that gases like air take up can be compressed a little. 

The drawing should show a number of similar sized, circular gas particles relatively equally spaced out.

Explanation 2: I put my thumb over the end of the syringe and tried to pull the plunger out. It moved a little to start with. When I stopped pulling and let go the syringe moved back to its original position. This proves that the volume that gases like air take up can be expanded a little.

The drawing should show a similar number of similar sized, circular gas particles as in the previous drawing but compressed into the bottom of the syringe.

Task 4: Doing work on a gas

This activity explores how doing work on a gas can increase its temperature (Higher Tier only).

Demonstration:

Connect an inner tube of a bicycle to a foot pump and inflate it to its maximum pressure. Ask learners to come and feel the inner tube. It should feel warm. Ask them why it does. Help them understand that doing work on the gas by forcing it into the tyre means that energy is transferred to it. As well as increasing the pressure, this energy helps heat the tyre up. (Note this may also be in part as a result of hysteresis of the rubber.)

Learners could try to explain with links to the particle model how the empty inner tyre compares to the full inner tyre on Student Task Sheet 4.

Suggested answers:

Explanation 1: We have pumped more gas into the inner tube using a pump. So there are now more gas particles inside. These particles collide with the walls of the inner tube more often. This increases the pressure in the inner tube and makes it feel firmer.

Explanation 2: When I did work on the gas by forcing it into the tyre I transferred energy to it. This increased the pressure in the tyre. This energy helped to heat the tyre up.
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Task 1: Expanding and collapsing balloons
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Look at the diagrams of 2 balloons, below.
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Balloon 1 has been on a radiator for 10 minutes. Balloon 2 has been in a freezer for the same length of time. Describe what has happened to the gas particles in each balloon and how this affects the pressure. Use the following words: temperature, pressure, volume, speed, energy and collision. 

Task 2: Felix Baumgartner’s space jump
Here are 2 pictures of Felix Baumgartner’s helium balloon.  The first is near the ground and the second at the edge of space before Felix jumped.  Describe what has happened to the gas particles within each balloon and how this affects the pressure.  Use the following words: pressure, balloon, volume and density.
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Balloon near the ground
Balloon at edge of space
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Task 3: Compressing and expanding gases
Here are 2 drawings of the syringe demonstration that you have just completed.  Underneath each one describe what you did and what you observed.  Draw how you imagine the gas particles are arranged in the two syringes.
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Arrangement of gas particles
Arrangement of gas particles
Task 4: Doing work on a gas
You and your teacher have just pumped up an inner tube using a bicycle pump.  Both the pump itself and the inner tube should feel warm.  

Draw diagrams to show the difference between an empty and full inner tube.



Empty Inner Tube
Full Inner Tube
Explain why a full inner tube feels hard: 

Explain why the pumped up tube feels warm: 
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