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All Candidates' performance across questions

Question Title N Mean SD Max Mark FF Attempt %
lai 6927 2 1.2 3 67.7 98.6
1aii 6393 0.2 0.4 1 23.9 91
1aiii 6282 0.1 0.3 1 11.3 89.5
1b 6798 1.4 0.8 2 69.7 96.8
2ai 7016 0.9 0.3 1 86.1 99.9
2aii 6476 0.4 0.5 2 21.9 92.2
2aiii 6895 0.4 0.5 1 40.1 98.2
2aiv 6783 0.8 0.4 1 81.1 96.6
2bi 7010 0.6 0.5 1 63.1 99.8
2bii 6359 1.5 0.8 2 77.2 90.5
3a 6427 0.7 0.9 3 22 91.5
3b 6491 1.3 1.3 4 32.8 92.4
4a 6581 2.3 1.3 6 37.8 93.7
4bi 5901 0.7 0.5 1 66.2 84
4bii 6889 1.9 1.3 4 47.4 98.1
4biii 6690 1 1 3 33.7 95.3
5ai 6972 0.8 0.4 1 82.6 99.3
Saii 6912 0.8 0.4 1 75.3 98.4
Saiii 6697 1.5 0.6 2 74.5 95.4
5bi 6864 0.8 0.4 1 80.2 97.7
Sbii 6257 1 1.1 3 334 89.1
5ci 6787 0.8 0.6 2 40.9 96.6
Scii 6379 0.8 0.4 1 79.9 90.8
Sciii 6828 0.7 0.7 2 32.7 97.2
6a 6853 0.3 0.5 1 31.7 97.6
6b 5352 0.5 0.6 2 22.5 76.2
6ci 6756 0.9 0.8 2 46.9 96.2
6c¢ii 6611 0.7 0.4 1 73.4 94.1
6d 5572 0.8 1.3 3 26.9 79.3
6e 6291 0.7 0.7 2 32.8 89.6
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Examiner

i
4. (a) Since 2017, new bi-modal electric/diesel trains have been introduced to run between oY

Swansea and London.
A velocity-time graph for one of these trains is shown below.

Velocity
'

0 | D o
0 Time

1q300F0M

Use information from page 2 to compare the distances travelled and accelerations for
the parts of the journey labelled AB, BC, CD and DE. [6 QER]
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(b)

The diagram shows a 5-carriage bi-modal electric/diesel train.

The table below shows information about two types of bi-modal electric/diesel trains.

Mass Maximum Standard Standard Emergency
Train (x10°kg) speed acceleration | deceleration | deceleration
g (m/s) (mis?) (mis?) (m/s?)
5
carriage 2.3 55.8 0.7 1.0 1.2
9
carriage 4.4 55.8 0.7 1.0 1.2

For the journey from Swansea to London two of the 5-carriage trains are joined, making
a 10-carriage train.
The 10-carriage train has the same speed and acceleration as a 5-carriage train.

(i)
il O LFQYCR T MONS K. ACCCHEXOAOA. ...
(i)

State Newton's second law of motion as an equation.

(1]

Use information from the table to answer the following questions.

I.  Use an equation from page 2 to calculate the resultant force needed to

accelerate the_10-carriage train.. [2]
5 F = M % A
LSLLLLAnNy -~ .
i = (2:3x2) % (6-1%x2)
= C-aaw

Resultantforce=_ S -4 & N

Il.  Use the equation:

change in velocity
time

acceleration =

to calculate the time taken to accelerate the 10-carriage train from rest to its
maximum speed. [2]

acCeueraion =anaNoR \a vV - - B3N +« 3q-: T
tivwe o S |
aof = 55-8' i T 463)
0 = \2)
Time = 46-S s
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(iii) A student states that the 9-carriage train is approximately double the mass of
the 5-carriage train and if they are both travelling at the same speed it will take

approximately double the time to stop in an emergency.
Explain whether the 2 claims made by the student are correct.
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4. (a)

Swansea and London.

Velocity
A

5

CA

A velocity-time graph for one of these trains is shown below.

Since 2017, new bi-modal electric/diesel trains have been introduced to run between

Time’ il

Use information from page 2 to compare the distances travelled and accelerations for

the parts of the journey labelled AB, BC, CD and DE. [6 QER]
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(b)

The diagram shows a 5-carriage bi-modal electric/diesel train.

The table below shows information about two types of bi-modal electric/diesel trains.

Mass Maximum Standard Standard Emergency
Train (x1 0k ) speed acceleration | deceleration | deceleration
g (mis) (mis?) (m/s?) (m/s?)
5
carriage 2.3 55.8 0.7 1.0 1.2
9
carriage 4.4 55.8 0.7 1.0 1.2

a 10-carriage train.

The 10-carriage train has the same speed and acceleration as a 5-carriage train.

For the journey from Swansea to London two of the 5-carriage trains are joined, making

(i) (1

State Newton's second law of motion as an equation.

(i)  Use information from the table to answer the following questions.
I. Use an equation from page 2 to calculate the resultant force needed to
accelerate the 10-carriage train.

(2]

(= wma
Lo % Ly 2
GLUwooo
Resultant force =M N
Il.  Use the equation:
: change in velocity
acceleration =

time

its

[2]

to calculate the time taken to accele@te the 10-carriage train from rest to
maximum speed.

V-V
V-L )f\;\g - c\'\wmi)g n \1,\“\*) .
i (Z THAPIN SRR

(* N

I
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Examiner
|
(i) A student states that the 9-carriage train is approximately double the mass of o

the 5-carriage train and if they are both travelling at the same speed it will take
approximately double the time to stop in an emergency.
Explain whether the 2 claims made by the student are correct. [3]
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Examiner
4. (a) Since 2017, new bi-modal electric/diesel trains have been introduced to run between .

Swansea and London.
A velocity-time graph for one of these trains is shown below.

Velocity

é Time}

L)

Use information from page 2 to compare the distances travelled and accelerations for
the parts of the journey labelled AB, BC, CD and DE. [6 QER]
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(b) The diagram shows a 5-carriage bi-modal electric/diesel train.

The table below shows information about two types of bi-modal electric/diesel trains.

Méia Maximum Standard Standard Emergency
Train (><105 kg) speed acceleration | deceleration | deceleration
9 (mis) (m/s?) (m/s?) (m/s?)
5
carriage 23 55.8 0.7 1.0 1.2
9
carriage 4.4 55.8 0.7 1.0 {2

For the journey from Swansea to London two of the 5-carriage trains are joined, making
a 10-carriage train.
The 10-carriage train has the same speed and acceleration as a 5-carriage train.

(i) Setate Newton'’s second law of motion as an equation. 1]

e X awekeedion .

(i) Use information from the table to answer the following questions.

I.  Use an equation from page 2 to calculate the resultant force needed to
accelerate the 10-carriage train. [2]

RF- ma
ﬂfzéa.éwo‘)) XO. 7

RFF- 460000 xO 7
RF. 322000 M

Il.  Use the equation:

change in velocity
time

acceleration =

to calculate the time taken to accelerate the 10-carriage train from rest to its
maximum speed. [2]

0.7 _55.%-0 € 79.7%
-

. £-55%

Time =

o7
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(i) A student states that the 9-carriage train is approximately double the mass of
the 5-carriage train and if they are both travelling at the same speed it will take
approximately double the time to stop in an emergency.

Explain whether the 2 claims made by the student are correct. [3]
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Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

4. | (a)

Indicative content:

AB and CD have a gradient of 0 which means the acceleration is 0. The
train moves at constant velocity between AB and is stopped from CD.
BC has a [constant] gradient which is double the value of DE so has a
[constant] acceleration that is double. However, BC has a negative
gradient and DE a positive gradient. BC is a deceleration or negative
acceleration, whereas DE shows a positive acceleration.

The area under AB is 4 squares, BC 2 squares, CD 0 squares and DE
4 squares. AB and DE have identical areas so the train travels equal
distances in both. In comparison BC is % the area of AB or DE so % the
distance is travelled.

5-6 marks

Detailed comparison of distances travelled and accelerations.

There is a sustained line of reasoning which is coherent, relevant,
substantiated and logically structured. The candidate uses appropriate
scientific terminology and accurate spelling, punctuation and grammar.

3-4 marks

Limited comparison of distances travelled and accelerations

or detailed comparison of either distances travelled or acceleration.
There is a line of reasoning which is partially coherent, largely relevant,
supported by some evidence and with some structure. The candidate
uses mainly appropriate scientific terminology and some accurate
spelling, punctuation and grammar.

1-2 marks

A brief comparison of either distances travelled or accelerations.
There is a basic line of reasoning which is not coherent, largely
irrelevant, supported by limited evidence and with very little structure.
The candidate uses limited scientific terminology and inaccuracies in
spelling, punctuation and grammar.

© WJEC CBAC Ltd.






Question

Marking details

Marks available

AO1

AO2

AO3 Total

Maths

Prac

0 marks
No attempt made or no response worthy of credit.

(b)

(i)

F = ma or accept in words

(ii)

Total mass of train = 2.3 [x 10°] x 2 (1) =[4.6 x 10%] [kg]
=4.6 x10°x 0.7
= 3.22 x 10°(1) [N] accept 322 x 10° [N]
Award maximum of 1 mark for
2.3 x10°x 0.7 =1.61 x 10°[N] accept 161 x 102 [N]
Award 1 mark for answer of 3.22 or 1.61

Substitution: 0.7 = 5578 1)

Rearrangement: time = 79.7 (1) [s] accept 80 [s]

(iii)

2.3 [x10%] x 2 = 4.6 [x10%] (2)

which is approximately 4.4 [x10°] so this part of claim correct (1)
Both trains have same emergency deceleration / 1.2 m/s? and

so will take the same time to stop / this part of the claim is incorrect

(1)

Alternative:
4.4[ x10°
[—5]: 1.9 (1)

2.3[ x10°]

which is approximately 2 so this part of claim correct (1)

Both trains have same emergency deceleration / 1.2 m/s? and
so will take the same time to stop / this part of the claim is incorrect

(1)

© WJEC CBAC Ltd.






Question

Marking details

Marks available

AO1

AO2

AO3 Total

Maths

Prac

Alternative:
4.4 x10°
AA4X10°] _ 5 5 109 (1)

which is approximately 2.3 [x10°] so this part of claim correct (1)

Both trains have same emergency deceleration / 1.2 m/s? and
so will take the same time to stop / this part of the claim is incorrect

(1)

Question 4 total
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Examiner

i
4. (a) Since 2017, new bi-modal electric/diesel trains have been introduced to run between oY

Swansea and London.
A velocity-time graph for one of these trains is shown below.

Velocity
'

0 | D o
0 Time

1q300F0M

Use information from page 2 to compare the distances travelled and accelerations for
the parts of the journey labelled AB, BC, CD and DE. [6 QER]
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Sticky Note

This is a bottom band response. The candidate has made no numerical comparisons between the regions. 2/6





(b)

The diagram shows a 5-carriage bi-modal electric/diesel train.

The table below shows information about two types of bi-modal electric/diesel trains.

Mass Maximum Standard Standard Emergency
Train (x10°kg) speed acceleration | deceleration | deceleration
g (m/s) (mis?) (mis?) (m/s?)
5
carriage 2.3 55.8 0.7 1.0 1.2
9
carriage 4.4 55.8 0.7 1.0 1.2

For the journey from Swansea to London two of the 5-carriage trains are joined, making
a 10-carriage train.
The 10-carriage train has the same speed and acceleration as a 5-carriage train.

(i)
il O LFQYCR . F MONS K. AcCeHexaion.
(i)

State Newton's second law of motion as an equation.

(1]

Use information from the table to answer the following questions.

I.  Use an equation from page 2 to calculate the resultant force needed to

accelerate the_10-carriage train.. [2]
5 F = M % A
LSLLLLAnNy -~ .
i = (2:3x2) % (6-1%x2)
= C-aaw

Resultantforce=_ S -4 & N

Il.  Use the equation:

change in velocity
time

acceleration =

to calculate the time taken to accelerate the 10-carriage train from rest to its
maximum speed. [2]

acCeueraion =anaNoR \a vV - - B3N +« 3q-: T
tivwe o S |
aof = 55-8' i T 463)
0 = \2)
Time = 46-S s
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Sticky Note

Correct equation. 1/1



Sticky Note

The candidate here gains one mark for recognizing that the mass has doubled, despite missing the factor of x 100 000. Unfortunately they have also doubled the acceleration.  1/2



Sticky Note

This candidate has provided two answers, one correct, one incorrect, so cannot be credited. 0/2





(iii) A student states that the 9-carriage train is approximately double the mass of
the 5-carriage train and if they are both travelling at the same speed it will take

approximately double the time to stop in an emergency.
Explain whether the 2 claims made by the student are correct.

ALCOVINING O w2 cOiwnie oGuiN CAILMYOA S e QWML

0. COrYyRCT. LL.. SV SEUALNI.O3LY LMOGSQ. . xeiw

A enme . o Qs

...... CONNR LK. . AOLIRNRN.. .S L RALCIOLALE AN AN

LllanQelepenOni.. QA oM eTWRy. S o N

CotmMmoLete ¢\ vuy [he Scame ciive «ono )
NGt OW\ Oncle v tve ricwence O QLCO el
Gy D Cofvedx arptning on Uit =
evniulvomewnooiy Congclitic ns

e .cy. asvipeq
TYaaCws

i

© WJEC CBAC Ltd {3430UFQ 1)

Turn over.

N _AaGwnvae. L. antuancn. v

Examiner
only
[3]
L . Y
14

$430UF0
08




Sticky Note

The candidate does not address the numerical information presented so has not addressed the question. 0/3










4. (a)

Swansea and London.

Velocity
A

5

CA

A velocity-time graph for one of these trains is shown below.

Since 2017, new bi-modal electric/diesel trains have been introduced to run between

Time’ il

Use information from page 2 to compare the distances travelled and accelerations for

the parts of the journey labelled AB, BC, CD and DE. [6 QER]
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Sticky Note

This is a bottom band response. The only comparisons between the regions offered is in terms of time rather than distance travelled or acceleration. The motion in each region is clearly identified. 2/6





(b)

The diagram shows a 5-carriage bi-modal electric/diesel train.

The table below shows information about two types of bi-modal electric/diesel trains.

Mass Maximum Standard Standard Emergency
Train (x1 0k ) speed acceleration | deceleration | deceleration
g (mis) (mis?) (m/s?) (m/s?)
5
carriage 2.3 55.8 0.7 1.0 1.2
9
carriage 4.4 55.8 0.7 1.0 1.2

a 10-carriage train.

The 10-carriage train has the same speed and acceleration as a 5-carriage train.

For the journey from Swansea to London two of the 5-carriage trains are joined, making

(i) (1

State Newton's second law of motion as an equation.

(i)  Use information from the table to answer the following questions.
I. Use an equation from page 2 to calculate the resultant force needed to
accelerate the 10-carriage train.

(2]

(= wma
Lo’ x oy 2
GLUwooo
Resultant force =M N
Il.  Use the equation:
: change in velocity
acceleration =

time

its

[2]

to calculate the time taken to accele@te the 10-carriage train from rest to
maximum speed.

V-V
V-L )f\;\g - c\'\wmi)g n \1,\“\*) .
i (Z THAPIN SRR

(* N

I
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Sticky Note

No answer presented.



Sticky Note

The candidate is credited for doubling the mass but they have selected an incorrect acceleration. 1/2



Sticky Note

The correct answer here scores both marks though it would be better for the candidate to substitute before rearranging and to show their workings. 2/2





Examiner
|
(i) A student states that the 9-carriage train is approximately double the mass of o

the 5-carriage train and if they are both travelling at the same speed it will take
approximately double the time to stop in an emergency.
Explain whether the 2 claims made by the student are correct. [3]
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Sticky Note

The candidate has not determined what double the mass of the 5 carriage train would be in order to make a comparison. There is no consideration of the second claim by considering the deceleration values.  0/2
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Examiner
4. (a) Since 2017, new bi-modal electric/diesel trains have been introduced to run between .

Swansea and London.
A velocity-time graph for one of these trains is shown below.

Velocity

é Time}

L)

Use information from page 2 to compare the distances travelled and accelerations for
the parts of the journey labelled AB, BC, CD and DE. [6 QER]
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Sticky Note

This is clearly a top band response. The motion in each region is identified and the student has used the grid to determine the relative sizes of the accelerations and distances, using values that they have added. The way this is communicated limits this response to 5 marks; a 6 mark response would compare the sizes using terms such as same distance, half the distance etc.  5/6
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(b) The diagram shows a 5-carriage bi-modal electric/diesel train.

The table below shows information about two types of bi-modal electric/diesel trains.

Méia Maximum Standard Standard Emergency
Train (><105 kg) speed acceleration | deceleration | deceleration
9 (mis) (m/s?) (m/s?) (m/s?)
5
carriage 23 55.8 0.7 1.0 1.2
9
carriage 4.4 55.8 0.7 1.0 {2

For the journey from Swansea to London two of the 5-carriage trains are joined, making
a 10-carriage train.
The 10-carriage train has the same speed and acceleration as a 5-carriage train.

(i) Setate Newton'’s second law of motion as an equation. 1]

(i) Use information from the table to answer the following questions.

I.  Use an equation from page 2 to calculate the resultant force needed to
accelerate the 10-carriage train. [2]

RF- ma
ﬂfzéa.éwo‘)) XO. 7

RFF- 460000 xO 7
RF. 322000 M

Il.  Use the equation:

change in velocity
time

acceleration =

to calculate the time taken to accelerate the 10-carriage train from rest to its
maximum speed. [2]

0.7 _55.%-0 € 79.7%
-

. £-55%

Time =

o7
08
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Sticky Note

Correct equation. 1/1



Sticky Note

A correct calculation here including the power of 10 multiple and doubling the mass as required. 2/2



Sticky Note

A correct response. It is pleasing to see the correct substitution before the rearrangement with clear workings. 2/2
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(i) A student states that the 9-carriage train is approximately double the mass of
the 5-carriage train and if they are both travelling at the same speed it will take
approximately double the time to stop in an emergency.

Explain whether the 2 claims made by the student are correct. [3]
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Sticky Note

This candidate has correctly identified the relationship between the masses and made a sensible comparison. They have not, however, recognized that the stopping time will be the same, as the deceleration is the same. 2/3
















4. (a) Since 2017, new bi-modal electric/diesel trains have been introduced to run between
Swansea and London.
A velocity-time graph for one of these trains is shown below.

Velocity
A
A B E
0 c D -
0 Time

Use information from page 2 to compare the distances travelled and accelerations for
the parts of the journey labelled AB, BC, CD and DE. [6 QER]

07
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Examiner

|
(b) The diagram shows a 5-carriage bi-modal electric/diesel train. o

“rd T T 1 TojTe—

— e — " e " e —

The table below shows information about two types of bi-modal electric/diesel trains.

Mass Maximum Standard Standard Emergency
Train (><105k ) speed acceleration | deceleration | deceleration
9 (m/s) (m/s?) (m/s?) (m/s?)
5 23 55.8 0.7 1.0 1.2
carriage
9
carriage 4.4 55.8 0.7 1.0 1.2

For the journey from Swansea to London two of the 5-carriage trains are joined, making
a 10-carriage train.
The 10-carriage train has the same speed and acceleration as a 5-carriage train.

(i) State Newton’s second law of motion as an equation. 1]

(i)  Use information from the table to answer the following questions.

I. Use an equation from page 2 to calculate the resultant force needed to
accelerate the 10-carriage train. [2]

Resultant force = N

II.  Use the equation:

change in velocity
time

acceleration =

to calculate the time taken to accelerate the 10-carriage train from rest to its
maximum speed. [2]

08
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(iii) A student states that the 9-carriage train is approximately double the mass of o
the 5-carriage train and if they are both travelling at the same speed it will take
approximately double the time to stop in an emergency.
Explain whether the 2 claims made by the student are correct. [3]
14
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6. Following the Chernobyl nuclear reactor accident in 1986, RIMNET (Radiation Incident
Monitoring Network) was installed across the UK to monitor the consequences for the UK of
nuclear incidents abroad.

GM tubes are used to measure background levels of radiation.
The permanent monitoring stations in Wales are located in the places shown on the map
below.

(b) The background count at one of the monitoring stations is 24 counts per minute.
Explain how, using a stopwatch and GM tube connected to a counter, an accurate value
for the background count is determined. [2]
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(c) Two radioisotopes released from the Chernobyl accident were iodine-131 (I-131) and

caesium-137 (Cs-137).

The decay curve for a sample of I-131 is shown on the graph below.

Activity (x10° Bq)
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(i) State the meaning of half-life.
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(i) Use information from the graph to determine the half-life of I-131. 1]

o, ~g00Q

o
% Halfife= . S days

(d) A sample of Cs-137, with an activity of 1.5kBq, was obtained from near Chernobyl.
Calculate the time taken for this sample to reach a safe limit of 5]—2 of its original activity.
The half-life of Cs-137 is 30.2 years. [3]
Space for calculations.
\

“ES, \52 TG v

NT =
(@, 575
SO = e
\%4 TR
1)_75 %%O'z: g%-(-\766"“

12 29 -5
» Timetaken=__F 3 ->  vyears

(e) Explain why in 2021, 35 years after the nuclear accident, scientists were concerned

about the Cs-137 contamination in the Chernobyl area but not 1-131. [2]

‘ ‘ +heres
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6. Following the Chernoby! nuclear reactor accident in 1986, RIMNET (Radiation Incident
Monitoring Network) was installed across the UK to monitor the consequences for the UK of
nuclear incidents abroad.

GM tubes are used to measure background levels of radiation.

The permanent monitoring stations in Wales are located in the places shown on the map

below.

(@) Suggest why there is more than one monitoring station located in Wales. 1]

6%# L\aue G Aiahaéo)f’meJqume ...... monuér

~ (b) The background count at one of the monitoring stations is 24 counts per minute.
Explain how, using a stopwatch and GM tube connected to a counter, an accurate value
for the background count is determined. [2]
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(c) Two radioisotopes released from the Chernobyl accident were iodine-131 (I-131) and
caesium-137 (Cs-137).

The decay curve for a sample of 1-131 is shown on the graph below.

Activity (x10% Bq)
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~" (i) State the meaning of half-life.
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(i) Use information from the graph to determine the half-life of I-131. ] N

Half life = b? days

(d) A sample of Cs-137, with an activity of 1.5kBq, was obtained from near Chernobyl.

Calculate the time taken for this sample to reach a safe limit of 51—2 of its original activity.
The half-life of Cs-137 is 30.2 years. [3]
Space for calculations.

e eel

¢

1.7 _g.qaa68#5 0

—
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)

¥
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94

(e) Explain why in 2021, 35 years after the nuclear accident, scientists were concerned
about the Cs-137 contamination in the Chernobyl area but not I-131. [2]
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6. Following the Chernobyl nuclear reactor accident in 1986, RIMNET (Radiation Incident
Monitoring Network) was installed across the UK to monitor the consequences for the UK of
nuclear incidents abroad.

GM tubes are used to measure background levels of radiation.
The permanent monitoring stations in Wales are located in the places shown on the map
below.

(a) Suggest why there is more than one monitoring station located in Wales. 1]

bo. MonLker. KN onsequuan@.. Jor. e k. £
N Lo INUelenss ovooapl - - (9}

(b) The background count at one of the monitoring stations is 24 counts per minute.
Explain how, using a stopwatch and GM tube connected to a counter, an accurate value
for the background count is determined. [2]
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(©)

Two radioisotopes released from the Chernobyl accident were iodine-131 (I-131) and

caesium-137 (Cs-137).

The decay curve for a sample of 1-13] is shown on the graph below.

Activity (x10? Bq)
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END OF PAPER

(i) Use information from the graph to determine the half-life of I-131. Ml

Half life = ... (ZLl’ .................. days

(d) A sample of Cs-137, with an activity of 1.5kBq, was obtained from near Chernobyl.
Calculate the time taken for this sample to reach a safe limit of 3—]-2— of its original activity.

The half-life of Cs-137 is 30.2 years, [3]
Space for calculations.
Timetaken= ... .. ... years
(e) Explain why in 2021, 35 years after the nuclear accident, scientists were concerned
about the Cs-137 contamination in the Chernobyl area but not I-131. [2]
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Marks available

Question Marking details
AO1 AO2 AO3 Total | Maths | Prac
6. | () Radiation may come from different directions or to monitor radiation 1 1
levels across Wales or background radiation may vary across Wales
(b) Measure count for a lengthy period of time e.g. 5 minutes (1)
Divide the count value by the time to get cpm (1) 2 2 2
Alternative:
Measure count for 1 minute (1)
Repeat this numerous times and calculate a mean to get cpm (1)
© | @ It is the time taken to halve (1)
number of radioactive particles or nuclei or atoms / activity / mass / 5 2
amount of substance / count rate (1)
(i) 8 [days] 1 1 1
(d) I S I e e e - el ()
9 [half-lives] (1)
The first mark can be implied if 9 half-lives shown so two marks can
be awarded. 3 3 5
9 x30.2 =271.8 (1) [years]
Alternative:
2"=512 (1)
n=9(1)
9 x 30.2=271.8 (1) [years]

© WJEC CBAC Ltd.
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Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

(e)

I-131 has a shorter half-life [than Cs-137] (1) accept converse
and nearly all of it will have decayed [in 35 years] (1)

Alternative:

Cs-137 will not be safe for 271.8 years or the activity of Cs-137 will
still nearly be a half [after 35 years] (1)

I-131 will be safe after 72 days (1)

Question 6 total

11
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6. Following the Chernobyl nuclear reactor accident in 1986, RIMNET (Radiation Incident
Monitoring Network) was installed across the UK to monitor the consequences for the UK of
nuclear incidents abroad.

GM tubes are used to measure background levels of radiation.
The permanent monitoring stations in Wales are located in the places shown on the map
below.

(b) The background count at one of the monitoring stations is 24 counts per minute.
Explain how, using a stopwatch and GM tube connected to a counter, an accurate value
for the background count is determined. [2]
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Sticky Note

This candidate was awarded BOD (benefit of doubt) because they have conveyed the idea that the radiation will be coming from different directions. 1/1



Sticky Note

The candidate does not appear to have understood what this question was asking, There is no indication of the practical method used. 0/2
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(c) Two radioisotopes released from the Chernobyl accident were iodine-131 (I-131) and
caesium-137 (Cs-137).
The decay curve for a sample of I-131 is shown on the graph below.

Activity (x10° Bq)
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(i) State the meaning of half-life. 2]
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Sticky Note

1 mark awarded here. The candidate has identified that the half-life is the time for something to halve but not indicated that it the number of nuclei or equivalent that is halving. 1/2
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(i) Use information from the graph to determine the half-life of I-131. 1]

o, ~g00Q

o
% Halfife= . = days

(d) A sample of Cs-137, with an activity of 1.5kBq, was obtained from near Chernobyl.
Calculate the time taken for this sample to reach a safe limit of 5]—2 of its original activity.
The half-life of Cs-137 is 30.2 years. [3]
Space for calculations.
\

“ES, \52 TG v

NT =
(@, 575
SO = e
\%4 TR
1)_75 %%O'z: g%-(-\766"“

12 29 -5
» Timetaken=__F 3 ->  vyears

(e) Explain why in 2021, 35 years after the nuclear accident, scientists were concerned

about the Cs-137 contamination in the Chernobyl area but not 1-131. [2]
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Sticky Note

The value has been read correctly from the graph. 1/1



Sticky Note

The candidate has attempted to halve the activity rather than halving from 1 to determine how many half-lives will have passed to get to 1/512. 0/3



Sticky Note

The candidate has made a comparison between the length of the half-lives with the reference to I-131's half-life being only 8 days. Without the word only they would not have gained credit. 1/2
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6. Following the Chernoby! nuclear reactor accident in 1986, RIMNET (Radiation Incident
Monitoring Network) was installed across the UK to monitor the consequences for the UK of
nuclear incidents abroad.

GM tubes are used to measure background levels of radiation.

The permanent monitoring stations in Wales are located in the places shown on the map

below.

(@) Suggest why there is more than one monitoring station located in Wales. 1]

6%# L\aue G Aiahaéo)f’meJqume ...... monuér

~ (b) The background count at one of the monitoring stations is 24 counts per minute.
Explain how, using a stopwatch and GM tube connected to a counter, an accurate value
for the background count is determined. [2]
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Sticky Note

This answer does not address the issue of identifying radiation coming from different directions. 0/1



Sticky Note

This candidate has the correct idea that they should time using the stopwatch and has given a specific time period but they do not develop the answer further. 1/2
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P (i)

'fb\m\flhnum\)e( ...... of..@‘ecﬁonﬁ -

Two radioisotopes released from the Chernoby! accident were iodine-131 (I-131) and
caesium-137 (Cs-137).
The decay curve for a sample of 1-131 is shown on the graph below.

Activity (x10% Bq)
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State the meaning of half-life.
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Sticky Note

1 mark awarded here. The candidate has identified that the half-life is the time for something to halve but have indicated that it is the number of electrons rather than the nuclei or equivalent that is halving. 1/2
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Examine|

(i) Use information from the graph to determine the half-life of I-131. ] N

Half life = b? days

(d) A sample of Cs-137, with an activity of 1.5kBq, was obtained from near Chernobyl.

Calculate the time taken for this sample to reach a safe limit of 51—2 of its original activity.
The half-life of Cs-137 is 30.2 years. [3]
Space for calculations.
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(e) Explain why in 2021, 35 years after the nuclear accident, scientists were concerned
about the Cs-137 contamination in the Chernobyl area but not I-131. [2]

G- 13} Vlaéo\mwhlmge(ﬁm((-ln‘cém* ...

4&/4: ........ lqngc( ........ fo ....... é%ﬁfjlvméafilem/w’wcrca&#le
=151 tabkes a. voatdec _of A«ye Ao be ato sup lerl.

1"

END OF PAPER

16

© WJEC CBAC Lta. (3430UF0-1)



Sticky Note

The value is correctly read from the graph. 1/1



Sticky Note

This candidate has identified that 512 is 2 to the power 9 hence 9 half-lives have elapsed. 3/3



Sticky Note

The candidate has made a sensible comparison of the half-lives but has not completed the answer by stating that most of the I-131 will have decayed or determining the number of days it would take to be at the safe level. 1/2
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6. Following the Chernobyl nuclear reactor accident in 1986, RIMNET (Radiation Incident
Monitoring Network) was installed across the UK to monitor the consequences for the UK of
nuclear incidents abroad.

GM tubes are used to measure background levels of radiation.
The permanent monitoring stations in Wales are located in the places shown on the map
below.

(a) Suggest why there is more than one monitoring station located in Wales. 1]

bo. MonLker. KN onsequuan@.. Jor. e k. £
N Lo INUelenss ovooapl - - (9}

(b) The background count at one of the monitoring stations is 24 counts per minute.
Explain how, using a stopwatch and GM tube connected to a counter, an accurate value
for the background count is determined. [2]
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Sticky Note

This repeats the question and does not explain why we need more than one station to do this. 0/1



Sticky Note

The candidate does not appear to understand what the question demanded. 0/1
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(©)

Two radioisotopes released from the Chernobyl accident were iodine-131 (I-131) and

caesium-137 (Cs-137).

The decay curve for a sample of 1-13] is shown on the graph below.

Activity (x10? Bq)
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Sticky Note

The candidate shows no understanding of half-life. 0/1
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END OF PAPER

(i) Use information from the graph to determine the half-life of I-131. Ml

Half life = ... (ZLl’ .................. days

(d) A sample of Cs-137, with an activity of 1.5kBq, was obtained from near Chernobyl.
Calculate the time taken for this sample to reach a safe limit of 3—]-2— of its original activity.

The half-life of Cs-137 is 30.2 years, [3]
Space for calculations.
Timetaken= ... .. ... years
(e) Explain why in 2021, 35 years after the nuclear accident, scientists were concerned
about the Cs-137 contamination in the Chernobyl area but not I-131. [2]
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Sticky Note

This has not been correctly determined from the graph. 0/1



Sticky Note

There is no comparison of half-lives or sensible comments made. 0/1
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Examiner

Following the Chernobyl nuclear reactor accident in 1986, RIMNET (Radiation Incident on
Monitoring Network) was installed across the UK to monitor the consequences for the UK of
nuclear incidents abroad.

GM tubes are used to measure background levels of radiation.

The permanent monitoring stations in Wales are located in the places shown on the map

below.

(b) The background count at one of the monitoring stations is 24 counts per minute.
Explain how, using a stopwatch and GM tube connected to a counter, an accurate value

for the background count is determined. [2]
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(c) Two radioisotopes released from the Chernobyl accident were iodine-131 (I-131) and
caesium-137 (Cs-137).
The decay curve for a sample of I-131 is shown on the graph below.

Activity (X102 Bq)
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(i) State the meaning of half-life. [2]
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Examiner

|
(i) Use information from the graph to determine the half-life of I-131. 1] o

Half life = days

(d) A sample of Cs-137, with an activity of 1.5kBq, was obtained from near Chernobyl.

Calculate the time taken for this sample to reach a safe limit of 51—2 of its original activity.
The half-life of Cs-137 is 30.2 years. [3]
Space for calculations.

Time taken = years

(e) Explain why in 2021, 35 years after the nuclear accident, scientists were concerned
about the Cs-137 contamination in the Chernobyl area but not I-131. [2]
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Answer all questions.

1. On a farm a fork-lift truck is used to stack wooden crates of Welsh apples.

C | =l

Crate A
0.8 m

0.8 m 08m

(a) (i) Each crate of apples has a weight of 450N and is 0.8 m high.
Use an equation from page 2 to calculate the work done in putting crate A on top
of the 2 other crates. [3]

nong
= : x 450 % O'%

Workdone= Y 30O. ... J
(i) State the gain in potential energy (PE) of the crate when lifted on to the stack. [1]

Gainin PE=__ 130

(i) Give a reason why the fork-lift truck uses more energy lifting crate A than the work
done calculated in part (i). [1]

LA e 0SS NOX R, 2NEXCIL.. CANE O LR . eotierntl. .

Eorcen PUSNIAC, .. aOaindt tne Crae. A oniig..
=2 Wthng-
(b) Each crate of apples has a weight of 450N.

The mass of the empty crate is 12kg.
Calculate the mass of apples contained in the crate.

(On Earth, an object of weight 10N has a mass of 1kg.) [2]
MODS = AR coekignt N : 450
Qo Ao n = W "
Q\ce\-\(\ stYeniin O

= 4 S%q

Mass of apples= .. &4 S . kg
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Answer all questions.

1. On a farm a fork-lift truck is used to stack wooden crates of Welsh apples.

L < |

Crate A
0.8m

] 0.8m 0.8m

(@) (i) Each crate of apples has a weight of 450N and is 0.8 m high.
Use an equation from page 2 to calculate the work done in putting crate A on top
of the 2 other crates. [3]

ORXx0.¢2 = Vb

VIR WSINENSOL e 1 SR S o

Work done = TLOO J

(i) State the gain in potential energy (PE) of the crate when lifted on to the stack. [1]

(i) Give a reason why the fork-lift truck uses more energy lifting crate A than the work
done calculated in part (i). 1]

(b) Each crate of apples has a weight of 450 N.
The mass of the empty crate is 12kg.
Calculate the mass of apples contained in the crate.

(On Earth, an object of weight 10N has a mass of 1kg.) 2]
VL ¥ Vo0 = \10

LWL - VEOZ D30

Mass of apples = 33 O kg

T
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1.

Answer all questions.

On a farm a fork-lift truck is used to stack wooden crates of Welsh apples.

Crate A
0.8m

(@)

(b)

A7 100 )

0.8m 0.8m

(i) Each crate of apples has a weight of 450N and is 0.8 m high.
Use an equation from page 2 to calculate the work done in putting crate A on top
of the 2 other crates. 3
08 0:8= \-6 3]

W= ;L)‘
L= WSO X V-8 750

Workdone= 7¢O J

(i) State the gain in potential energy (PE) of the crate when lifted on to the stack. [1]
L= M(Sn
PE- Lo x\O %X \.627200

(i) Give a reason why the fork-lift truck uses more energy lifting crate A than the work
done calculated in part (i). [1]

Ne
Grosiva . 0dds more. Reeod needed:

GaininPE=_ 7200 J

Each crate of apples has a weight of 450 N.

The mass of the empty crate is 12kg.- 120

Calculate the mass of apples contained in the crate.

(On Earth, an object of weight 10N has a mass of 1kg.) [2]

nyL'a \FL\( \O: \'ZON

LSO LS USO- \20= 3300 = 33kq

(T

Mass of apples = 33 ........ kg
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Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

11

(i)

Substitution: work done = 450 x 0.8 (1)
x 2 (1)

=720 (1) [J]

Answer 360 [J] award 2 marks

Alternative:
2x0.8=1.6[m](1)
450 x 1.6 (1)
=720 (1) [J]

e

(ii)

Answer from (i) ecf expect 720 [J] or 720 [J]

(i)

[Work done in overcoming] friction / lifting the forks
or [energy transferred as] sound / heat

(b)

450 — (12 x 10) = 330 [N] (1)

330 _
E =33 (1) [kq]

Alternative:

450
To - 45 (1) [kq]

45 - 12 = 33 (1) [kg]

Question 1 total
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Answer all questions.

1. On a farm a fork-lift truck is used to stack wooden crates of Welsh apples.

C | =l

Crate A
0.8 m

0.8 m 08m

(a) (i) Each crate of apples has a weight of 450N and is 0.8 m high.
Use an equation from page 2 to calculate the work done in putting crate A on top
of the 2 other crates. [3]

nong
= : x 450 % O'%

Workdone= Y 30O. ... J
(i) State the gain in potential energy (PE) of the crate when lifted on to the stack. [1]

Gainin PE=__ 130

(i) Give a reason why the fork-lift truck uses more energy lifting crate A than the work
done calculated in part (i). [1]

LA e 0SS NOX R, 2NEXCIL.. CANE O LR . eotierntl. .

COrLedy L PUSNIAC, .. AOAlndt tne Crae. A oniig..
=2 Wthng-
(b) Each crate of apples has a weight of 450N.

The mass of the empty crate is 12kg.
Calculate the mass of apples contained in the crate.

(On Earth, an object of weight 10N has a mass of 1kg.) [2]
MODS = AR coekignt N : 450
Qo Ao n = W "
Q\ce\-\(\ stYeniin O

= 4 S%q

Mass of apples= .. &4 S . kg
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Sticky Note

This candidate has selected an incorrect equation and has not identified that the distance should be 1.6 m. 0/3



Sticky Note

This is a correct response with error carried forward, ecf. 1/1



Sticky Note

The candidate does not mention where external forces arise and appears to be considering air resistance. 0/1



Sticky Note

1 mark is attained here for correctly converting 450 N to 45 N however the mass of the empty crate is ignored. 1/2










Answer all questions.

1. On a farm a fork-lift truck is used to stack wooden crates of Welsh apples.

L < |

Crate A
0.8m

] 0.8m 0.8m

(@) (i) Each crate of apples has a weight of 450N and is 0.8 m high.
Use an equation from page 2 to calculate the work done in putting crate A on top
of the 2 other crates. [3]

ORXx0.¢2 = Vb

VIR WSINENSOL e 1 SR S o

Work done = TLOO J

(i) State the gain in potential energy (PE) of the crate when lifted on to the stack. [1]

(i) Give a reason why the fork-lift truck uses more energy lifting crate A than the work
done calculated in part (i). 1]

(b) Each crate of apples has a weight of 450 N.
The mass of the empty crate is 12kg.
Calculate the mass of apples contained in the crate.

(On Earth, an object of weight 10N has a mass of 1kg.) 2]
VL ¥ Vo0 = \10

LWL - VEOZ D30

Mass of apples = 33 O kg

T
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Sticky Note

1 mark awarded here for recognizing that the distance is 1.6 m. The work done however is incorrect. 1/3



Sticky Note

This is a correct response with error carried forward, ecf. 1/1



Sticky Note

This attains 1 mark, the candidate has not completed the calculation by converting this weight to a mass. 1/2










1.

Answer all questions.

On a farm a fork-lift truck is used to stack wooden crates of Welsh apples.

Crate A
0.8m

(@)

(b)

A7 100 )

0.8m 0.8m

(i) Each crate of apples has a weight of 450N and is 0.8 m high.
Use an equation from page 2 to calculate the work done in putting crate A on top
of the 2 other crates. 3
08 0:8= \-6 3]

W= ;L)‘
L= WSO X V-8 750

Workdone= 7¢O J

(i) State the gain in potential energy (PE) of the crate when lifted on to the stack. [1]
L= M(Sn
PE- Lo x\O %X \.627200

(i) Give a reason why the fork-lift truck uses more energy lifting crate A than the work
done calculated in part (i). [1]

ne
4,.“...G>.A_r__.m.fs¥_.\3. odds. . .more... j%o;?é_.needeol.

GaininPE=_ 7200 J

Each crate of apples has a weight of 450 N.

The mass of the empty crate is 12kg.- 120

Calculate the mass of apples contained in the crate.

(On Earth, an object of weight 10N has a mass of 1kg.) [2]

nyL'a \FL\( \O: \'ZON

LSO LS USO- \20= 3300 = 33kq

(T

Mass of apples = 33 ........ kg
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Sticky Note

The candidate has correctly substituted recognizing that the distance is 1.6 m. 3/3



Sticky Note

The candidate has not recognised that they should simply state their previous answer as the gain in PE is equal to the work done. Instead they have attempted a calculation but substituted weight not mass. 0/1



Sticky Note

This response does not make sense and doesn't address the question. 0/1 



Sticky Note

A correct answer despite requiring two conversions, it would have been simpler to determine the mass of the crate of apples. 2/2
















Examiner
. only
Answer all questions.
1. On a farm a fork-lift truck is used to stack wooden crates of Welsh apples.
[ J ,_:
N
Crate A
0.8 m
) e o
(@ (i) Each crate of apples has a weight of 450N and is 0.8 m high.
Use an equation from page 2 to calculate the work done in putting crate A on top
of the 2 other crates. [3]
Workdone = .. ... J 33
(i) State the gain in potential energy (PE) of the crate when lifted on to the stack. [1]
GaininPE=__ . ... J
(iii)  Give a reason why the fork-lift truck uses more energy lifting crate A than the work
done calculated in part (i). [1]
(b) Each crate of apples has a weight of 450N.
The mass of the empty crate is 12kg.
Calculate the mass of apples contained in the crate.
(On Earth, an object of weight 10N has a mass of 1kg.) [2]
Mass of apples = ... kg 7
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