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Mark schemes

(a) the speed increased

1. .
(b) the kinetic energy increased
1
(c) the number of collisions each second increased
1
(d) the force exerted increased
1
(e)
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do not accept more than one line from a box on the left
allow 1 mark for 1 or 2 correct lines
2
(f)  liquid
1
(g) solid
1
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(h)

thealevelphysicstutor.com

Decreases

Stays the same

Increases

Kinetic energy of
particles

v

Potential energy
of particles

do not accept more than one tick in each row

m= 0.050 (kg)

[10]

all subsequent marks can score using an incorrectly / not converted

value of M

9950 = 0.050 x L

= Q950
© 0.050

L = 199 000 (J/kg)

the potential energy of the particles increases

(but) the kinetic energy of the particles does not change (as temperature does

not change)

(so the) internal energy increases
MP3 dependent on MP1 and MP2
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(c) the (mean) kinetic energy of the gas particles increased
allow the (mean) speed of the gas particles increased

(so) particles exert a greater force on the walls of the container during each
collision

(and) the frequency of collisions of the particles and the walls of the container
increases

allow ‘rate of for ‘frequency’

(so) pressure increases
this mark is dependent on scoring at least 1 other mark

[11]
3 (@) the volume decreased
' 1

(b) the distance decreased
1

(c) the frequency of collisions increased
1

(d) the air pressure increased
1

(e) the mean speed of the particles increases
1

(f) 0.0130 =2.60x10-8 x 1010 x AO
1

3 0.0130
(2.60 x 10~ x 1010)
1
AB =495 (°C)
allow a correct answer given to more than 3 s.f.
1
(8]
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4 (a) (air) particles are closer together
: ignore reference to kinetic energy of particles
ignore reference to concentration of air particles
1
(so) frequency of collision between air particles and syringe walls increased
do not credit MP2 if linked to an increase in kinetic energy
1
larger (total) force on a smaller (surface) area
allow larger force per unit area
if no other marks score allow 1 mark for pressure increases
because volume decreases and pV = constant
1
(b) the mean kinetic energy of the particles increases
1
(c) c¢=1010 (J/kg °C)
allow full credit for a correct method using E = 0.0000130 (kJ)
1
0.0130 = 2.60x1078 x 1010 x A8
allow a correct substitution of an incorrectly / not converted value of
c
1
_ 0.0130
(2.60 x 10°° x 1010)
allow a correct rearrangement of an incorrectly / not converted
value of ¢
1
AB =495 (°C)
allow an answer consistent with an incorrectly / not converted value
of c
allow a correct answer given to more than 3 sig figs
1
(8]
5 (@) random directions
: 1

(b) arange of speeds

Page 43 of 52


https://thealevelphysicstutor.com

AQA GCSE - 4.3.3 Particle model and pressure - Mark Scheme

(€)

350 f—+—+——1
300

250+

Pressure

inkPa <907

150

100+

501

0 5 10

15 20

25 30 35

Volume in cm?
2 marks for plotting 4 points correctly

1 mark for plotting 2 or 3 points correctly

1 mark for line of best fit

(d) 300 x 10 = constant

allow use of any correct pair of values

constant = 3000

(e)

Quantity

Decreases

Stays the
same

Increases

Mean time between
collisions of the particles
with the tube

Mean distance between
the particles

Mean speed of the
particles

additional tick in a row negates the mark for that row

thealevelphysicstutor.com

[10]
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(@) random

6.

allow all / any
ignore many different

(b)  more (air) particles (in the tyre)

greater number of collisions with tyre (walls) per second
allow collisions with tyre (walls) are more frequent
allow greater rate of collisions with tyre (walls)

do not credit MP2 if linked to an increased air
temperature or increased speed / E, of particles

ignore greater force per m?

(c) (astemperature increases the) air particles have greater (mean) kinetic energy
allow particles move with greater speeds (on average)

(so) more collisions with tyre (walls) per second
allow collisions with tyre (walls) are more frequent
allow greater rate of collisions with tyre (walls)

(and) greater force in each collision

allow greater rate of change of momentum in each
collision

greater (mean) force per square metre causes greater pressure (on wall of tyre)
allow 'on a given area’ for 'per square metre'

[7]
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7.

(@)

(c)

(d)

(e)

(@)

(b)

(c)

2 marks for all correct
1 mark for 1 or 2 correct

the kinetic energy of the particles

E =0.250 x 334 000

E =83 500 (J)

sublimates

0to25cm3

temperature

101 000 x 12 = constant

constant = 1 212 000 (Pa cm?)

thealevelphysicstutor.com

(8]
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(d)

(c)

px24=1212000
allow ecf from question (c)

_ 1212000
P= =1

p =50 500 (Pa)
there is more space between the gas particles

0(.0) to 12(.0)
allow 2(.0) to 12(.0) (N)

mass of gas (in the syringe)
or
temperature (of the gas)

constant = 60 x 45
or
constant = 2700

2700 =p x 40
_ 2700

P20

p =67.5 (kPa)

allow 68 (kPa)

there is more time between collisions of particles and the walls of the syringe

or

thealevelphysicstutor.com

(8]

there are less frequent collisions between the particles and the walls of the syringe

(causing) a lower (average) force on the walls of the syringe

(and) pressure is the total force per unit area

(9]
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(a) Level 2: The method would lead to the production of a valid outcome. Key steps are
identified and logically sequenced.

10.

34

Level 1: The method would not necessarily lead to a valid outcome. Some relevant
steps are identified, but links are not made clear.

No relevant content

Indicative content:

. record the initial volume of air

. record the initial pressure

. push the plunger of the syringe

. to decrease the volume of air

. read the new value on the pressure gauge
. record the new value of the volume

. repeat for different volumes

(b) (when the volume is halved) the pressure doubles
allow for 1 mark when the volume is halved the pressure increases

(c) kinetic energy

speed

(8]

(@) The particles move in random directions.

11.

The particles move with a range of speeds.

(b) 100000 x 0.030 = 3000

p x 0.025 = 3000

allow a correct substitution using an incorrectly calculated value using pV
= constant

_ 3000

0.025

allow a correct rearrangement using an incorrect value of the constant

p =120 000 (Pa)
allow a correct calculation using an incorrect value of the constant

allow correct substitution into p;V4 = p,V, for first 2 marking points
1
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(c) particles would have a higher (mean) kinetic energy

allow particles would have a higher (mean) speed
do not accept particles vibrate more

(so) increased number of collisions with the walls of the balloon per second
allow greater frequency of collisions with the walls of the balloon

greater forces exerted in collisions (between particles and balloon walls)
allow greater rate of change of momentum (of particles)

greater force exerted on same area
allow description using p=F/A

[10]

12. (a) anytwo from:

. calculate a mean

. reduces the effect of random errors
reduces human error is insufficient

. identify / remove anomalies

allow to assess the repeatability of the data

(b) random error

allow a parallax error
human error is insufficient

(because) eye position would not be the same each time (relative to the liquid)

allow systematic error only if it is clear that the student always viewed
liquid level from above meniscus (or below)

(c) (atemperature increase would) increase the pressure in the tube
(even if the volume was constant)

(because a higher temperature would mean) higher (average) kinetic energy of
molecules / particles

allow higher (average) speed for higher (average) kinetic energy
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13.

14.

(d)

(@)

(b)

()

(d)

(@)

1.6 x 105 x 9.0 (= 1.44 x 109)

1.44 x 106 =1.8 x 10° x V
allow for 2 marks
_1.6x10° x9.0

T 1.8x10°

or
v=1_44:<1EE'

1.8:10°
V =8.0 (cm?d)

an answer of 8.0 (cm?®) scores 3 marks

work is done on the air (in the tyre)

so the temperature (of the air) increases
allow the (average) kinetic energy of the particles increases

0to 25 cm3

control

2 sets of data recorded from line of best fit to show that the product
is the same in both cases (1600)

allow for 1 mark one set of calculated data for one point on the line
of best fit

decreases

increases

increases

1 (cm?)

thealevelphysicstutor.com

[11]

[7]
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15.

(b)

()

(@)

(b)

©)

(d)

pressure is inversely proportional to volume

data to prove inversely proportional relationship
eg 8 x 200 = 1600
and 10 x 160 = 1600

if no other marks score allow for 1 mark: as volume decreases
pressure increases

(as the gas is compressed) the volume of gas decreases

(so there are) more frequent collisions of gas particles with
container walls

(and) each particle collision with the wall causes a force

(so there is a) greater force on walls

range of speeds

moving in different directions
accept random motion

internal energy

density = mass / volume

0.00254 /0.0141

0.18
accept 0.18 with no working shown for the 2 calculation marks

kg / m3

thealevelphysicstutor.com

(8]

[7]
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16.

Marks awarded for this answer will be determined by the Quality of Written Communication
(QWC) as well as the standard of the scientific response. Examiners should also apply a ‘best-fit’
approach to the marking.

0 marks
No relevant content.

Level 1 (1-2 marks)
Considers either solid or gas and describes at least one aspect of the particles.

or
Considers both solids and gases and describes an aspect of each.

Level 2 (3—4 marks)
Considers both solids and gases and describes aspects of the particles.

or

Considers one state and describes aspects of the particles and explains at least one of the
properties.

or

Considers both states and describes an aspect of the particles for both and explains a
property for solids or gases.

Level 3 (5-6 marks)
Considers both states of matter and describes the spacing and movement / forces between
the particles. Explains a property of both solids and gases.

examples of the points made in the response
extra information

Solids
. (particles) close together
. (so) no room for particles to move closer (so hard to compress)

. vibrate about fixed point

. strong forces of attraction (at a distance)

. the forces become repulsive if the particles get closer

. particles strongly held together / not free to move around (shape is fixed)

any explanation of a property must match with the given aspect(s)
of the patrticles.

Gases

. (particles) far apart

. space between particles (so easy to compress)
. move randomly

. negligible / no forces of attraction

. spread out in all directions (to fill the container)
(6]
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