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A teacher demonstrated how the pressure in a gas varies with temperature.

The figure below shows some of the apparatus used.

Pressure gauge

b J | Conical flask

S 4 \ - Gas

The teacher heated the conical flask.
The temperature of the gas in the flask increased.
(a) How did heating the gas affect the average speed of the gas particles?

Tick (V') one box.

The speed decreased.

The speed stayed the same.

The speed increased.

1)
(b) How did heating the gas affect the average kinetic energy of the gas particles?
Tick (V) one box.
The kinetic energy decreased.
The kinetic energy stayed the same.
The kinetic energy increased.
)
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As the temperature of the gas increased, the pressure of the gas inside the flask increased.

(c) How did increasing the pressure affect the number of collisions each second between gas
particles and the walls of the flask?

Tick (V') one box.

The number of collisions each second decreased.

The number of collisions each second stayed the same.

The number of collisions each second increased.

1)

(d) What happened to the force exerted on the walls of the flask by the gas particles when the
pressure increased?

Tick (V') one box.

The force exerted decreased.

The force exerted stayed the same.

The force exerted increased.

1)

Page 2 of 52


https://thealevelphysicstutor.com

AQA GCSE - 4.3.3 Particle model and pressure - Questions

(e)

(f)

At different temperatures, nitrogen can be a gas, a liquid or a solid.

thealevelphysicstutor.com

Draw one line from the state of matter to the arrangement of particles in each state.

State of matter

Liquid

Solid

Gas

Arrangement of

particles
O
P Y
"'_"'H. lk_f‘ll
@)

()

The boiling point of nitrogen is =196 °C and the melting point of nitrogen is —210 -C.

What is the state of matter of nitrogen at a temperature of —200 °C?

Tick (v) one box.

Solid

Liquid

Gas

(1)
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(9)

What is the state of matter of nitrogen when the temperature is lower than the melting point
of nitrogen?

Tick (V) one box.

Solid Liquid

Gas

1)

(h) As a substance melts, the temperature of the substance is constant.

What happens to the kinetic energy and the potential energy of the particles as the
substance melts?

Tick (v)) one box in each row.

Decreases Stays the same Increases

Kinetic energy of particles

Potential energy of particles

)
(Total 10 marks)

2 A scientist poured some liquid nitrogen into a container.

The container was then sealed.

The figure below shows the container.

Liquid —

nirogen  \\ )
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(a) The liquid nitrogen was at its boiling point.

When 9950 J of thermal energy was transferred to the liquid nitrogen, 50 g of the nitrogen
turned into a gas.

Calculate the specific latent heat of vaporisation of nitrogen.

Use the Physics Equations Sheet.

Specific latent heat of vaporisation = J/kg

(4)

(b) Explain how the internal energy of the nitrogen changed as the nitrogen turned from a liquid
to a gas.

©)

Page 5 of 52


https://thealevelphysicstutor.com

AQA GCSE - 4.3.3 Particle model and pressure - Questions thealevelphysicstutor.com

(c) After the nitrogen had boiled, the temperature of the gas increased.

Explain how the pressure in the container changed as the temperature increased.

4
(Total 11 marks)

A student investigated how the pressure in a fixed mass of air varies with the volume of the air.

Figure 1 shows the equipment used.

Figure 1

__— Pressure gauge

When the plunger was pushed slowly into the syringe, the temperature of the air stayed the
same.
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(@) How did pushing the plunger in affect the volume of air in the syringe?

Tick (V) one box.

The volume decreased.

The volume stayed the same.

The volume increased.

(1)

(b) How did pushing the plunger in affect the distance between the air particles in the syringe?

Tick (V') one box.

The distance decreased.

The distance stayed the same.

The distance increased.

1)

(c) How did pushing the plunger in affect the frequency of collisions between the air particles
and the syringe walls?

Tick (V') one box.

The frequency of collisions decreased.

The frequency of collisions stayed the same.

The frequency of collisions increased.

1)
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(d) How did pushing the plunger in affect the air pressure in the syringe?

Tick (V) one box.

The air pressure decreased.

The air pressure stayed the same.

The air pressure increased.

1)
A fire piston is a special type of syringe that can be used to start fires.

Figure 2 shows a fire piston.

Figure 2
Flunger )
Piston -
=
Air
Cotton wool - —=

The plunger is pushed quickly downwards and compresses the air.

When the air is compressed quickly, the temperature of the air increases.
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(e) How does an increase in temperature affect the mean speed of the air particles inside the
syringe?

Tick (V) one box.

The mean speed of the particles decreases.

The mean speed of the particles does not change.

The mean speed of the particles increases.

1)

(f)  When the air is hot enough, a small piece of cotton wool in the piston catches fire.
The energy transferred to the air in the piston is 0.0130 J.
The mass of air in the piston is 2.60 x 1078 kg.

specific heat capacity of air = 1010 J/kg °C

Calculate the temperature change of the air.

Use the Physics Equations Sheet.

Temperature change = °C

3)
(Total 8 marks)
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4 A student investigated how the pressure in a fixed mass of air varies with the volume of the air.

Figure 1 shows the equipment used.

Figure 1

(@) When the plunger was pushed slowly into the syringe, the pressure in the syringe
increased.

The temperature of the air remained constant.

Explain why the pressure increased.

3)
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A fire piston is a special type of syringe that can be used to start fires.

Figure 2 shows a fire piston.

Figure 2
Plunger
|
Fiston
=
Air
Cotton wool 3

N

The plunger is pushed quickly downwards and compresses the air.
When the air is compressed quickly, the temperature of the air increases.

(b) How does an increase in temperature affect the air particles inside the piston?

Tick (V) one box.

The mean kinetic energy of the particles increases.

The mean potential energy of the particles increases.

The mean separation of the particles increases.

)
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(c) When the air is hot enough, a small piece of cotton wool in the piston catches fire.
The energy transferred to the air in the piston is 0.0130 J.
The mass of air in the piston is 2.60 x 1078 kg.
specific heat capacity of air = 1.01 kJ/kg °C
Calculate the temperature change of the air.

Use the Physics Equations Sheet.

Temperature change = °C

4)
(Total 8 marks)
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S.
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A teacher demonstrated the relationship between the pressure and the volume of a fixed mass of
gas at a constant temperature.

Figure 1 shows the equipment used.

Figure 1

Gas in tube —

Complete the sentence.

Choose the answer from the box.

circular paths random directions

the same direction

Particles in a gas move in

1)
Complete the sentence.
Choose the answer from the box.
a constant speed a constant velocity arange of speeds
Particles in a gas move with
1)
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(c) The table below shows some of the results.

Pressure in kPa Volume in cm?3
300 10
200 15
150 20
120 25
100 30

Complete Figure 2. The first point has been plotted for you.

You should:

. plot the points from the table above

. draw the line of best fit.

Pressure
in kPa

3504

300

250

200

150

1001

a0

Figure 2

5 10 15 20 25 30
Volume in cm?

35

thealevelphysicstutor.com

®3)
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(d) The relationship between the pressure and the volume of a gas is given by the equation:
pressure x volume = constant
Calculate the constant when the pressure of the gas was 300 kPa.

Use the table above.

Constant = kPa cm3
)

(e) When the volume of the gas increases, the pressure in the gas decreases.

The temperature of the gas stays the same.

How does increasing the volume affect each of the following quantities?

Tick (V') one box in each row.

Stays the
same

Quantity Decreases Increases

Mean time between collisions of the
particles with the tube

Mean distance between the particles

Mean speed of the particles

®)
(Total 10 marks)
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6 The image below shows air being pumped into a car tyre.

'
Vigh

Ziri
e

" '\

!

(a) Complete the sentence.

Air particles in the tyre move quickly in directions.
1)
(b) When the tyre is at the correct pressure, pumping more air into the tyre causes the
pressure to increase further.
The volume and temperature of the air in the tyre do not change.
Explain why the pressure increases as more air is pumped into the tyre.
)
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(c) The air pressure in a car tyre changes if the temperature of the air in the tyre increases.

Explain why.

(4)
(Total 7 marks)
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7.

(a) A student investigated the three states of matter.

The arrangement of particles in the three states of matter are different.

Draw one line from each particle arrangement to the state of matter.

Particle arrangement

State of matter

Solid
\
O O Liquid
395¢
Gas
-
"
I,/' ™
[
A large lump of ice was heated and changed state.
The figure below shows how the temperature varied with time.
150-
100 : D
Temperature i
in °C ol ¢ l
%1 A : |
—50 ; ' % N . ~ ;
0 50 100 150 200 250

Time in seconds

thealevelphysicstutor.com
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(b)  Which part of the figure above shows when the ice was melting?

Tick (V) one box.

1)

(c) Which part of above the figure above shows when the water was boiling?

Tick (V) one box.

1)

(d)  Which property of the water particles changes as the temperature of the water increases?

Tick (V) one box.

The kinetic energy of the particles

The mass of each patrticle

The number of particles

)
(e) Calculate the thermal energy needed to melt 0.250 kg of ice at 0 °C.

specific latent heat of fusion of water = 334 000 J/kg
Use the equation:

thermal energy = mass x specific latent heat

Thermal energy = J

(2)
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(f) Complete the sentence.

Choose the answer from the box.

condenses evaporates ionises sublimates

A substance is heated and changes directly from a solid to a gas.

The substance

1)
(Total 8 marks)

3 A teacher demonstrated the relationship between the pressure in a gas and the volume of the
: gas.

The figure below shows the equipment used.

(@) What is the range of the syringe?

Tick (V) one box.

From Oto 1 cm3

From0to 5 cm3

From 0 to 25 cm3

(1)
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(b) The relationship between the pressure and volume of a gas is given by the equation:

pressure x volume = constant

Complete the sentence.

For this equation to apply, both the mass of gas and the

of the gas must
stay the same.

)

(c) The initial volume of the gas in the syringe was 12 cm3.

The initial pressure of the gas in the syringe was 101 000 Pa.

Calculate the constant in the equation below.

pressure x volume = constant

Constant = Pa cm?3

2
(d) The teacher pulled the plunger slowly outwards and the gas expanded.

The new volume of the gas was 24 cm3.
Calculate the new pressure in the gas.

The constant has the same value as in part (c)

New pressure = Pa

©)
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(e) Which change occurs when the plunger is pulled slowly outwards?

Tick (V) one box.

The gas particles stop moving.

There are more frequent collisions between the gas patrticles.

There is more space between the gas particles.

1)
(Total 8 marks)
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0.

A teacher demonstrated the relationship between the pressure in a gas and the volume of the

gas.

The figure below shows the equipment used.

Pressure gauge

_J

P

_L— Syringe

Irllrllilllll I]III:Il.II:I

Plunger

Weights

This is the method used.

1.

Record the initial volume of gas in the syringe and the pressure reading before any weights
are attached.

Attach a 2.0 N weight to the syringe.
Record the volume of the gas and the reading on the pressure gauge.

Repeat steps 2 and 3 until a weight of 12.0 N is attached to the syringe.

What was the range of force used?

From N to N

1)

Give one control variable in the investigation.

1)
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(c) When the volume of gas in the syringe was 45 cm3, the pressure gauge showed a value of
60 kPa.

Calculate the pressure in the gas when the volume of gas in the syringe was 40 cm3.

Pressure = kPa

(4)

(d) When the volume of gas in the syringe increased, the pressure on the inside walls of the
syringe decreased.

Explain why.

3
(Total 9 marks)
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10.

The syringe is filled with air.

The table below shows the results.

A student used the equipment in the image below to investigate how the pressure of a gas varies
with the volume of the gas.

Volume in cm?3 Pressure in kPa
24 100
20 120
12 200
10 240

(a) Describe how the student could use the equipment in the image above to obtain the data
shown in the table.

thealevelphysicstutor.com

(4)
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(b)

(c)

thealevelphysicstutor.com

Describe what happens to the pressure of the air when the volume of the air is halved.

()

The temperature of the air in the syringe remained constant during the student’s
investigation.

Which two properties of the air particles would change if the temperature increased?

Tick (V) two boxes.

kinetic energy

mass

shape

speed

volume

2
(Total 8 marks)
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The photograph below shows a balloon filled with helium gas.

11.

(@) Which statements describe the movement of the gas particles in the balloon?

Tick (V') two boxes.

The particles all move in a predictable way.

The particles move at the same speed.

The particles move in circular paths.

The particles move in random directions.

The particles move with a range of speeds.

The particles vibrate about fixed positions.

(2)
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(b) The pressure of the helium in the balloon is 100 000 Pa.
The volume of the balloon is 0.030 m3.

The balloon is compressed at a constant temperature causing the volume to decrease to
0.025 mé,

No helium leaves the balloon.

Calculate the new pressure in the balloon.

New pressure = Pa

(4)

(c) The temperature of the helium in the balloon was increased.
The mass and volume of helium in the balloon remained constant.

Explain why the pressure exerted by the helium inside the balloon would increase.

(4)
(Total 10 marks)
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12.

A student investigated how the pressure exerted by a gas varied with the volume of the gas.

Figure 1 shows the equipment the student used.

Figure 1

Gas in tube—|

- Pressure gauge

A pump was used to compress the gas in a tube. As the volume of the gas decreases, the
pressure of the gas increases.

(@) The student only recorded one set of results.
Give two reasons why taking repeat readings could provide more accurate data.

1.

(2)
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(b) Figure 2 shows the position of the student’s eye when taking volume measurements.

Figure 2

Explain what type of error would be caused if the student’s eye was not in line with the
level of the liquid in the tube.

2
(c) Ifthe gas is compressed too quickly the temperature of the gas increases.

Explain how the temperature increase would affect the pressure exerted by the gas.

(@)
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(d) One of the student’s results is given below.

pressure = 1.6 x 10° Pa
volume = 9.0 cm3

Calculate the volume of the gas when the pressure was 1.8 x 10° Pa.

The temperature of the gas was constant.

Volume = cm3

®3)

(e) Figure 3 shows a person using a bicycle pump to inflate a tyre.

Figure 3
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13.

The internal energy of the air increases as the tyre is inflated.

Explain why.

2)
(Total 11 marks)

A student investigated how the pressure of a gas varied with the volume of the gas.
The mass and temperature of the gas were constant.

The diagram shows the equipment the student used.

(&) What is the range of the syringe?

Tick one box.

Otolcm3

0to5cm3

0to 20 cm3

0to 25 cm3

)
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(b) What type of variable was the mass of gas?

Tick one box.

Control

Dependent

Independent

1)

The student compressed the gas in the syringe and read the pressure from the pressure gauge.

The graph shows the student's results.

2001

1801

Fressure
inkpa 160

1401

120

100

7 8 9 10 11 12 13 14
Valume in em?3

(c) The student concluded that when the pressure was multiplied by the corresponding volume
the answer was the same.

Use data from the graph to show that the student's conclusion was correct.

)
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(d) Complete the sentences.

Choose the answers from the box.

Each answer may be used once, more than once or not at all.

decreases increases remains the same

When the gas is compressed, the volume of gas in the syringe

So the number of collisions each second between the gas particles inside the

syringe and the inside surface of the syringe

This means the force exerted on the inside surface of the container

walls

3)
(Total 7 marks)

A student investigated how the pressure of a gas varied with the volume of the gas.

14.

The mass and temperature of the gas were constant.

Figure 1 shows the equipment the student used.

Figure 1

(&) What is the resolution of the syringe?

cm3

1)
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The student compressed the gas in the syringe and read the pressure from the pressure gauge.

Figure 2 shows the student's results.

Figure 2

2001

1804

Pressure
inkpa 160

140

120

100

7 8 8 10 M 12 13 14
Valume in cm?

(b)  What conclusion can the student make from the data in Figure 2?
Use data from Figure 2 in your answer.

Give the reason for your answer.

3)
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(c) Explain why the pressure in the gas increases as the gas is compressed.

4)
(Total 8 marks)

The figure below shows a balloon filled with helium gas.

,%’LD%Q\”/JD_.\
o

s
'\flf,_f {D%

15.

(@) Describe the movement of the particles of helium gas inside the balloon.

(2)
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(b)

©)

(d)

thealevelphysicstutor.com

What name is given to the total kinetic energy and potential energy of all the particles of

helium gas in the balloon?

Tick one box.

External energy

Internal energy

Movement energy

Write down the equation which links density, mass and volume.

1)

The helium in the balloon has a mass of 0.00254 kg.
The balloon has a volume of 0.0141 m3,

Calculate the density of helium. Choose the correct unit from the box.

1)

m3/ kg kg /m?3 kg m3

Density = Unit

®3)
(Total 7 marks)
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16.

thealevelphysicstutor.com

In this question you will be assessed on using good English, organising information
clearly and using specialist terms where appropriate.

The information in the box is about the properties of solids and gases.

Use your knowledge of kinetic theory to explain the information given in the box.

Solids:

have a fixed shape
are difficult to compress (to squash).

will spread and fill the entire container
are easy to compress (to squash).

You should consider:
the spacing between the particles
the movement of individual particles
the forces between the particles.
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Extra space

(Total 6 marks)
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