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Introduction

Questions were set to test candidates’ knowledge, application and understanding from the six
Physics topics in the Paper 5 section of Combined Science specification:

« Topic 1 - Key concepts of physics.

+ Topic 2 - Motion and Forces.

+ Topic 3 - Conservation of energy.

+ Topic 4 - Waves.

+ Topic 5 - Light and the electromagnetic spectrum.

+ Topic 6 - Radioactivity.
It was intended that the examination paper would allow every candidate to show what they knew,
understood and were able to do. Within the question paper, a variety of question types were
included, such as objective questions, short answer questions worth one or two marks each and
longer questions worth three or four marks each. Some questions were designed to target
candidates’ knowledge and understanding of practical work. This included assessing their
fundamental knowledge of practicals specified in the specification; specifically, the refraction of

light through a rectangular glass block and the investigation of waves using a ripple tank. There
was also one extended open response question on radioactivity, worth six marks.

Although the specification required candidates to recall certain equations, a full list of all relevant
Physics equations was also provided in a separate booklet as an appendix to the examination
paper. Therefore, the assessment of candidates’ mathematical skills involved selection of the
relevant equations and became more demanding as the paper progressed with some questions
requiring two or more steps to arrive at a correct answer.

Successful candidates:

+ were well-acquainted with the content of the specification.
* had been engaged with practical work during their course.

« were competent in quantitative work, especially in being able to rearrange equations and use
numbers in standard form.

* recognised key command words such as “describe” and “explain” and constructed their
responses accordingly.

+ were willing to apply physics principles to the novel situations presented to them.
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Less successful candidates:

* had gaps in their knowledge of the topics of this paper.
+ struggled to demonstrate procedural knowledge relating to their practical work.

+ could recall important concepts such as Newton's 3rd law but were uncertain about how it
applied.

« failed to set out calculations in a logical way that could be easily followed by the examiner.

+ did not focus sufficiently on what the question was asking.

Overall, this exam gave ample opportunity for candidates to display their knowledge and
understanding at grades 4-9.

Candidates have continued to do well with most calculation questions, although many didn't cope
well with the units involved, which included the prefixes kilo and nano.

The standard of answers on practical questions was variable with some candidates showing good
procedural knowledge, whilst for others there was difficulty in clearly describing the necessary
steps. Based on their performance on this paper, candidates should make the most of
opportunities afforded in school laboratories where they can become acquainted with practical
work from the specification. This concerns both core practicals and the suggested practicals. It
would benefit candidates to always question ‘What is the purpose of this experiment? making
sure they are clear in their minds about it.
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Question 1(a)i

Most candidates successfully identified the resultant force as being the force that accelerated the
ball. After substituting into the equation given, they could rearrange the equation and evaluate
the acceleration as 3.68 m/s2. Note that the mark scheme shows a correct answer of 3.7. This is
because the values of mass and force were given to 2 significant figures. Therefore, the answer
should be to the same number of significant figures. However, in most cases, unless the question
specifies the number of significant figures required, examiners will give credit for an answer that
would be displayed on a calculator.

Some candidates found difficulty in identifying the force that accelerated the beach ball and
rearranging the equation given.

Because this was the first question on the paper and targeted at grade 4-5, candidates could gain
partial credit for successfully rearranging the equation but using the incorrect force of 2.5N;
which is the weight of the ball rather than the resultant downward force.

This approach is not necessarily adopted in later parts of the exam paper where higher grade
responses are expected.
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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in one of the four boxes [X. If you change your
mind about an answer, put a line through the box §& and then mark your new answer with
a cross [X.

1 (a) Figure 1 shows the two forces acting on a beach ball as it falls through the air.

air resistance

weight=25N

{Source: © Stepan Bormotov/Shutterstock)

Figure 1
The resultant of these two forces is 0.92N downwards.
(i) The mass of the beach ball is 0.25kg.
Calculate the acceleration of the beach ball as it falls.

Use the equation

F=mxa
- 0 -41LN a = (3)

F=0 F - a
= 0.1% ™

oL . A

o. 18

6B
acceleration= ... ?’ ...................................... m/s?

ﬂ ResultsPlus
Examiner Comments

A well laid out answer. The accelerating force (0.92 N) has been clearly identified. The
substitution and rearrangement are correct and the final evaluation gives the right answer.
The examiner had no hesitation in awarding the full 3 marks.
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(3)

acceleration = O'Q-:H .......................... m/s*

IN

~ '{ ResultsPlus
b/‘---.. Examiner Comments

Because the candidate had written the values immediately below the equation the examiner
could see that the correct force (0.92 N) had been selected. The rearrangement was wrong,
however, and so the evaluation was incorrect. It scored 1 out of a possible 2 marks.
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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in one of the four boxes [X. If you change your
mind about an answer, put a line through the box & and then mark your new answer with
a cross [X.

1 (a) Figure 1 shows the two forces acting on a beach ball as it falls through the air.

air resistance

weight =25N

(Source: © Stepan Bormotov/Shutterstock)

Figure 1
The resultant of these two forces is 0.92 N downwards.,
(i) The mass of the beach ball is 0.25kg.
Calculate the acceleration of the beach ball as it falls.

Use the equation

F=mxa
2_5—_ 023 x O (3)
1.5 - O
0.25
lo - oo
acceleration = ..o l Qo m/s?

N,

W < ResultsPlus
/'--.. Examiner Comments

The candidate has chosen to use the wrong force. 2.5 N is the weight of the ball and not the
resultant force (0.92 N). Nevertheless, the equation has been correctly rearranged and the
evaluation is consistent with this. The examiner allowed this initial error to be carried
forward and so could award 2 marks out of the possible 3.
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Question 1(b)ii

Candidates could usually extend the given line up to h=0.9m and read the corresponding force of
3.1N.
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Question 1(b)iii

Candidates usually drew a triangle on the graph to help them find the gradient of 3.9 N/m.
Examiners gave some tolerance and allowed values between 3.8 and 4.0. Answers with a value
outside this range were usually because the drawn triangle was too small to allow precise
readings. They could still score a mark for showing the method, however.

The students then measure values of the force, F, for several different values of h,
the height of the runway.

Figure 3 is a graph of F against h.
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] height hinm
=
“~

’ Figure 3
(i) Use the graph in Figure 3 to determine the value of F when h = 0.80m.
(2)
(iii) Determine the gradient of the graph in Figure 3. l g 5
- . (2}

gradient = ?LIZ'CM) N/m

(Total for Question 1 = 9 marks)
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N
\( { ResultsPlus

Examiner Comments

A triangle has been clearly drawn and so scores one mark. The height and width of this
triangle has been found and, from those values, the gradient has been correctly calculated.
It scores the full 2 marks.
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The students then measure values of the force, F, for several different values of h,
the height of the runway.

Figure 3 is a graph of F against h.
3.5

3.0
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Figure 3
(i) Use the graph in Figure 3 to determine the value of F when h = 0.80m.

{2)
O~

(iii) Determine the gradient of the graph in Figure 3.

bu} (2)
Ly —0gn ONL ox
_22 o
\ 2 2SS cu

O. 12
gradient = . Lhz N/m
(Total for Question 1 = 9 marks)
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\( { ResultsPlus

Examiner Comments

A triangle has been drawn for one mark. However, this is too small for the candidate to be
able to make precise readings from the graph and as a result the calculated value is out of
the acceptable range. It scores 1 out of a possible 2 marks.

4  ResultsPlus
\

Examiner Tip

When finding the gradient of a graph try to use as much of the graph as you can. This will
make it easier to find a precise value.
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Question 2(a)iii

This question tested candidates’ recall of a core practical that investigated waves, in this case the
determination of wave speed. Two methods were possible. A wave crest could be timed over a
known distance and then the equation wave speed = distance + time could be used. An
alternative method could be to use the equation wave speed = wavelength x frequency. Since the
wavelength had already been determined in the previous part, candidates just needed to
describe how to determine the frequency by counting the number of wave crests that passed a
point in a given amount of time.

Candidates could usually show either of the acceptable equations to use. Descriptions of
measurement of distance and time were generally clearer than descriptions of counting wave
crests.

(iii) The water wave shown in Figure 4 is generated in a Iarge tank.
A student observes the wave.

Describe how the student could determine the wave speed of the wave.

(2}

eausse Bne Livne 0o e WOE UNNS Ol TSI
...... do. e dissonce/xnac. BO.ges dc. Wovespeedl ...

N
\/ { ResultsPlus
/---. Examiner Comments

A suitable equation to use has been selected for one mark. The measurement of the
relevant distance and time is missing, however. 1 mark out of a possible 2.
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N

% ResultsPlus
Examiner Comments

There is a clear description of timing a wave (crest) over a known distance for one mark. A
suitable equation has been selected for the second mark. It scores 2 out of a possible 2
marks.

AN 0lous s eRed (Al AWS. QK Y eroedhOom..
B AN NET IV %ou COUN . 08Q

P\

ig ResultsPlus
Examiner Comments

A suitable equation has been selected for one mark. There is no attempt to describe how to
measure frequency and so no further marks can be awarded. It scores 1 out of possible 2
marks.

N

% ResultsPlus
Examiner Comments

This starts with an acceptable description of how to determine the frequency. However, it
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continues with an incorrect statement about how to determine speed. It scores 1 mark out
of a possible 2.

GCSE Combined Science 1SC0O 1PH
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Question 2(b)i

Candidates could usually recall an example of a transverse wave and electromagnetic waves (with
light or radio waves being the most common). The most frequently incorrect answer was sound.

16 GCSE Combined Science 1SCO 1PH



Question 2(b)ii

Candidates often struggled to give a clear description of the rock being moved by a transverse
wave. Examiners were looking for horizontal vibrations or oscillations perpendicular to the
(vertical) direction of the wave.

Many candidates had the idea of vibrations (although often described in terms of the rock
shaking) but either wrote that this was an up and down motion or failed to specify the direction at
all.

Many candidates drew on the diagram, but these additions were rarely clear enough to support
their description.

It was quite common to read answers concerning a possible eventual result of the earthquake
such as the rock breaking. Such results would not necessarily occur, and examiners ignored these
suggestions.

GCSE Combined Science 1SC0O 1PH 17



Question 2(b)iii

This question required careful reading in order to be answered correctly. Candidates needed to
refer back to the diagram to be sure that they were calculating the correct distance.

Many candidates could use the equation distance = speed x time to calculate the distance from

Earth's surface to the rock and gain at least 1 mark.

(iii) The wave from X reaches L 3.8 seconds after it passes through R,
The speed of the wave is 4500m/s. d 1’ !
Calculate the distance between X and R. L W

w9 (2)
Looutied = Qudacw,
tina,

| 500 < 4500% 5.§ = 17400

X

319

N
\( { ResultsPlus

Examiner Comments

Correct calculation of distance from R to L scores 1 mark. There was no attempt to find the
distance from X to R and so it did not score a second mark. 1 mark out of a possible 2.

Fewer candidates referred back to the diagram to use the given distance between the Earth’'s
surface and X (where the earthquake happened) to determine the distance between the rock and
X to score the 2nd mark.
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(iii) The wave from X reaches L 3.8 seconds after it passes through R.
The speed of the wave is 4500m/s.

Calculate the distance between X and R.
(2)

dskonce rrovelled = wsage GFU&d X e
Jd=3KE

0= 4500MISX 3% = 1) 19Om= 1.} kow,

'U:-)m\ - r\ A= ?, . c\m distance = I_qoo

= 2400 "Total for Question 2 = 9 marks)

N

N { ResultsPlus
/--.. Examiner Comments

The distance from R to L is correctly calculated for one mark. The distance between X and R
is then found by subtracting the previous value from 20km for the second mark. It scores

the full 2 marks.

A few candidates chose an alternative method. They calculated the time for a wave to travel from
X to the Earth’s surface (4.4s) and then, using the time given for the wave to travel from the rock

to the Earth's surface (3.8s), calculated the time taken for the wave to travel from X to the rock.

This can then be used, together with the speed of the wave, to determine the distance from X to

the rock.

GCSE Combined Science 1SC0O 1PH
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V&)

Lxgo 20H000 L(Ll
3 L 500

LU -‘5.%:@-6“
SO0 XO-6u = 2,900 distance = ... & LT m

(Total for Question2=9marks)

ﬂ ResultsPlus
Examiner Comments

Correct calculation of time (4.4 s) from X to L for one mark. Correct calculation of distance
(from X to R) using the difference in time for the second mark. Total 2 out of 2 marks.

20
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Question 3(a)

This question required candidates to describe an investigation that produced a ray diagram using
a ray box and a glass block.

It was common to read of a suitable starting point; draw round the block and then shine a ray on
the block. Clear descriptions of marking the path of the ray (for example with crosses on the
paper underneath) were less common and simply “draw the rays” was often seen. Very few
candidates mentioned connecting the entry and exit points of the ray after the block was
removed.

GCSE Combined Science 1SC0O 1PH 21



3 (a) When light travels from air into glass, it is refracted.
To investigate this, a student has a rectangular glass block and a ray box.
The ray box produces a ray of light.

Describe how the student should use the glass block and ray box to produce a
refracted ray and mark its position.

You may dra ram to help your answer.

Sk

wt i
Nt

(4)

DLk up HL. 0ppartid. . dh@ss:. o @Y. A Koy box ushlths. ...

_produce Light. shoule be placed in Jnent q) floss block.........
Jounol. pndpine ot the glass block. there b A Nap.

_4vom. one mudiven 0. anotha. Mamk @ oliows ot

Moy an angle en tie papen ond adso. pldaus- rormalk
whith o panpendicd 4D néctangudan box.
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a\ -
ResultsPlus

Examiner Comments
There is a mark for either the labelled diagram or for the statement " ... ray box... placed in

front of the glass block ". There is another mark for marking/drawing the ray of incidence.
There is no further rewardable content. It scores 2 marks out of a possible 4.

(4)

. N
X3 ! w&'iq “ &S G0

a\ -
ResultsPlus

Examiner Comments

This is a short answer that describes the method in a few lines. It mentions all of the
available mark points; how to send the ray into block, draw round the block, how to mark
the rays and how to join them up. It scores the full 4 marks.

GCSE Combined Science 1SC0 1PH
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Many candidates seemed to read the question in terms of describing or showing the refraction of
light rather than describing how to use the equipment.

T\\g\k. S,
e VN
—i S RNeay
— = S oy
Pesmolk
tﬂ\\'igu\i- AN
“\mﬁm\\%\t\hbmwm}s{\ (3 S
‘ﬂ-gmat‘:mm ................. EONCRE NN < £

a\ -
ResultsPlus

Examiner Comments

This could have scored one mark if the diagram had been fully labelled but there is no ray
box shown with a label. The rest of the response does not describe a method. It scored 0
marks.

T
z/z.-"‘\ II
-

/\Vl ResultsPlus

) Examiner Tip

If you draw a diagram, make sure that you include all the necessary labels.
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Question 3(b)i

Most candidates analysed the data in the table to conclude that the wavelength increases when
light goes from glass to air.
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Question 3(b)ii

Most candidates analysed the data in the table to conclude that the frequency does not change
when light goes from glass into air.
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Question 3(b)iii

Two approaches to this calculation were possible. The speed in glass could be found and then the
difference between this speed and the given speed in air would produce the answer. Most
candidates adopted this approach. The most common error was handling the powers of ten
involved in frequency and converting 350 nanometres into metres. Examiners would give 1 mark
for the use of the equation speed = frequency x wavelength even if incorrect powers of ten were
used. A second mark was awarded if the evaluation was fully correct (2.2 x 108 m/s).

The third mark was for finding the difference between this speed and the speed in air. This mark
could be awarded even if the speed in glass was incorrect.

Examiners saw many fully correct answers but most scored 2 out 3 marks.

(i) The speed of blue light in air is 3.0 x 10°m/s.

Calculate the change in the speed of blue light when it travels from air
into glass.

Use the equation 250 nmn = 2.5 g \0—7 ™

v=FxA
(3)

blue gt speed wn qgloss = Fx N

™m ) -7
mf:\“) T 4x\0%* x 3.5x10
Y

" - 224000000

224 x\0°
3.0x \6%- 2.24 % 10% - 76.000 000

7.6 x\0"

change in speed = .../, 6% \0T  mys

(Total for Question 3 = 9 marks)

N
\( / ResultsPlus
/‘--‘. Examiner Comments

A nicely laid out answer. The candidate has correctly converted nanometres to metres
before substituting and evaluating the speed in glass. This was then correctly subtracted
from the speed of light in air to arrive at the correct answer. It scores the full 3 marks.
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N = f x N
- oL x\0"™ x 3SO

7 'lut 1‘-.'(0"?

Wi

¥

- 22— 2Llxw'"

change in speed = ... xet m/s
(Total for Question 3 =9 marks)

N
\/ / ResultsPlus
/--.‘: Examiner Comments

There is a good attempt to find the speed in glass, but the wavelength has been kept in
nanometres. This produces a speed which is much too large. Nevertheless, the candidate
has found the difference by subtracting the speed in air from (the much larger) calculated
value of the speed in glass. It scores 2 marks out of a possible 3.

A . ResultsPlus
)

Examiner Tip

Check the units carefully and know how to handle prefixes such as n (nano) as well as m
(milliy and p (micro).

An alternative approach was to calculate the change in wavelength as it travelled from air to glass
and then multiply this change by the frequency to find the change in speed. This was possibly a
simpler approach but did require the understanding that the frequency did not change.
Examiners saw much fewer examples of this approach. Once again, partial credit was given for
use of suitable equations with a power of ten error.
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6.uxto' = 6.4k 0
v=FfxA | D

3
Shil v« -

-q = Y. Ixt0” pumbes

0% 10
=
7 50 Klﬂ-q =~ WA 3.5kl

- -1
!'-{,""l:i-m:""1 -3.5x10" 7 = [.2xlo

. 2xt0” ' X 6.4xt0"™"z 76300000
¢

7. 6‘8,‘!6
Vooive . 1 -
, 800,000 4 Y 000000 = '!C#iﬁofow

-
change inspeed= ... 1. 68%lo m/s
(Total for Question 3 = 9 marks)

N,

W < ResultsPlus
/'--.. Examiner Comments

This starts out with a correct conversion of the wavelengths in air and glass from nm to m.
The change in wavelength is then multiplied by the frequency to give the change in speed. It
scores the full 3 marks.
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VvV = 2.0 ¥ 0% x 7o -3 50
V9.0

. l 0
change in speed = 36\":0

(Total for Question 3 = 9 marks)

..m/s

a\ o
ResultsPlus

Examiner Comments

The working shows an attempt to find the change in wavelength (even though they are both
in nm). It can score one mark. There was no further successful progress, however. It scores 1
out of 3 possible marks.

30
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Question 4(a)i

This question required candidates to extract the relevant information from the values given to
calculate h using the equation for change in GPE. Most candidates rearranged the equation
correctly and substituted the correct given values into the rearranged equation for 1 mark.

The 2nd mark was for a correct evaluation. In those few cases, where this mark was lost, either a
zero was lost in the working or the calculator was incorrectly used.

4 (a) Figure 7 shows a skier sliding down a slope.

/ skler

200 m

—

hs'f'.'?

l

(i) The gravitational potential energy of the skier decreases by 39000J between
the top and the bottom of the slope.

Figure 7

The mass of the skier is 70kg.
Calculate the height, h, of the slope.
The value of g is 10N/kg.
Use the equation
AGPE=mxgxh
Acre @
Mxy

DR000 - g5 4yZ8S 7!
x589 e ST2

e m

_ ResultsPlus

Examiner Comments

A well laid out answer with the correct value given. 2 out of 2 marks.

Avoidable mistakes were often made.
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The mass of the skier is 70kg.
Calculate the height, h, of the slope.

m-\'gkh

The value of g is 1T0N/kg.

Use the equation = '?,—,L:’%—
AGPE=mx g xh
239000 h 2 2900 (2)
n: 3510 7 o0

h- §.6F 12357

a\ -
ResultsPlus

Examiner Comments

This started out well and scored one mark for the rearrangement and substitution.
Unfortunately, a zero got lost in the top line and the answer was 10 times too small. 1 mark
out of 2.

32
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Use the equation

G)PE AGPE=mxgxh
(2)
91h 29000 = 553)-4
Z0 x |O

h="8SSZl-% .. m

N

N { ResultsPlus
/--.. Examiner Comments

The rearrangement and substitution were correct for one mark. In the evaluation, however,
the candidate seemed to have used the calculator to divide 39000 by 70 and then multiply
by 10 (rather than dividing again by 10). The final value was 100 times too big. 1 mark out of
2.

” V \ ResultsPlus
\

| Examiner Tip

Make sure you know how to use your calculator to evaluate expressions with a
multiplication on the bottom line.

GCSE Combined Science 1SC0O 1PH
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Question 4(a)ii

This question required candidates to extract the relevant information from the diagram to
calculate the acceleration of the skier along the slope. There were two possible approaches.

Candidates could select and use the equation v2-u2 = 2x ax x. The value of v was given as 27 m/s.
The value of x is the distance along the slope (200 m) which can be found from the diagram.
Many candidates confidently rearranged and evaluated to arrive at a value of 1.8 m/s2 for the full
3 marks. Those candidates who used the wrong value for x; usually taking the vertical height of
56 m previously calculated in part (i), could gain partial credit for 2 marks.

For this reason, examiners could see the answer to part (i) when marking part (ii).
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4 (a) Figure 7 shows a skier sliding down a slope.

/
—

200m

«—>—>

Figure7

(i) The gravitational potential energy of the skier decreases by 39000 between
the top and the bottom of the slope.

The mass of the skier is 70kg.
Calculate the height, h, of the slope.
The value of g is 10N/kg.
Use the equation
AGPE=mxgxh
39000 =70% O xh e

557. = h

e
[l

(i) The skier starts from rest at the top of the slope.
The velocity of the skier at the bottom of the slope is 27m/s.

Using information from Figure 7, calculate the acceleration of the skier along
the slope.

vZ-ut o 2o X (3)
271_01: 2 > o < 200

729 = 40O x =
r:gz...: oo

acceleration = ]'8(15‘2) m/s?
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N { ResultsPlus
/'--.. Examiner Comments

A well laid out answer with the correct final value. It was pleasing to see a suitable number
of significant figures on the answer line. It scores the full 3 marks.

N - Q= 2% x x

24Oy =
T2 = 2AXAXLOO
-2 -2
42F = A X200 2 .63%
“ilo TLToo  acceleration = ..o m/s?

~ { ResultsPlus
/--.. Examiner Comments

This started well with the selection of a suitable equation and substitution of the correct
values to score one mark. However, the rearrangement process was incorrect and the final
answer wrong. It scores 1 out of a possible 2 marks.

Another approach was to use a = (v-u) / t. This required the candidate to understand that t is
calculated from the average speed (13.5 m/s) and not the final speed (27 m/s). Few candidates
appreciated this and simply divided 200 by 27 and scored no marks.
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Examiner Comments

The candidate has chosen to use a different method. This would have worked if the average
speed down the slope had been used rather than the final speed. Because the physics was
incorrect from the start it scored 0 marks.
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Question 4(a)iii

Energy dissipated can be determined by subtracting the kinetic energy at the bottom of the slope
from the change in gravitational potential energy between the top and bottom of the slope and a
statement such as this would score 2 marks. Although many candidates could write about
subtraction of energies, their responses were often imprecise and scored only 1 of the 2 available
marks.

Candidates would often discuss how or why energy is dissipated rather than how the amount

could be determined.

(iiiy When the skier slides from the top to the bottom of the slope, some energy
is dissipated.

Explain how to determine the amount of energy dissipated.

.......... to.. Yo ground amViidhmvel pofeakial

N

i{ < ResultsPlus
/--.. Examiner Comments

This typical response describes dissipation of energy but does not address how this can be
measured. 0 marks scored.

N,

<{ < ResultsPlus
/---. Examiner Comments

This answer tries to address why energy is dissipated but not how to determine the amount.
0 marks scored.
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Stronger answers included the idea of subtracting amounts of energy, even if those two amounts
were not clearly stated.

BN Y N R X T 2T T BRI AN o T =Y R T [ W= S

N '{ ResultsPlus
/---.. Examiner Comments

Here, the candidate has indicated the calculation of dissipated energy for one mark but has
not described how it can be determined in the context of the question. 1 mark out of a
possible 2.

A complete answer would mention the kinetic energy at the bottom of the slope and the change
in gravitational potential energy of the skier between the top and bottom of the slope.

~ { ResultsPlus
/--.. Examiner Comments

This answer clearly describes the two energies and how to use them. Although gravitational
potential energy is not described as being a change between top and bottom but rather a
value at the top, examiners would accept "at the top" in this context. 2 marks out of a
possible 2.
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Question 4(b)i

Candidates could often recall that velocity has magnitude and direction or that the direction of
each athlete was changing and so score the mark.
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Question 4(b)ii

In order to find the gradient at 2.5 s, candidates had to draw a tangent to the curve at this point.
The gradient is then calculated from the gradient of this tangent. It was pleasing to see that many
candidates tackled this confidently and gave an answer with a value in the acceptable range of
5.0 to 7.0. It was common, however, to see calculations based on just one point on the line and
those responses could not score any marks.
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(i) The athletes start the race on a straight section of track.
Figure 9 shows a distance/time graph for one of the athletes.
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. R SES : : T
L 1 e R e ,*' '
= T ]i : = L N - - f_wz
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D 11 j 1T -1
0 1 2 3 4 5
timeins
Figure 9

Determine the gradient of this graph at a time of 2.5s.
cW € o t} (2)
CLrovEe =~
:L.;u‘ - 9. ® 79

S- \- ¢

gradient = 5.701 ..m/s
({Total for Question 4 = 10 marks)

ResultsPlus

Examiner Comments

A tangent was drawn at 2.5 s for one mark. The gradient of this tangent was correctly
calculated to give a value in the acceptable range. Total 2 out of 2 marks.
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gradient = ... M/S

N '{ ResultsPlus
/‘--.. Examiner Comments

A tangent was drawn at 2.5 s for one mark. The calculation of the gradient was incorrect and
scored no further marks. Total 1 out of a possible 2 marks.

.-.-___- p—

7 $-15=
S

gradient = ... M/S

N { ResultsPlus
/'--.. Examiner Comments

No tangent was drawn at 2.5 s. This meant that it was not possible to find the gradient of
the graph at this point. Although there is a calculation with an answer in the acceptable
range, this is not a calculation of gradient and so scored no marks. Total 0 out of a possible 3
marks.
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Question 5(a)i-ii

Most candidates could select and apply the equation to calculate the momentum of the ball.
There was less success in recalling the units of momentum.

Once again there were two possible approaches to calculating the duration of contact between
the foot and the ball.

The most popular approach was to select and use the equation force = change in momentum /
time. Because the value for momentum had to have been calculated in the previous part,
examiners would give credit either for either using the correct value (15 kg m/s) or the value that
had been previously calculated. One mark was awarded for showing that a suitable equation had
been selected and a second mark for rearranging and evaluating to arrive at an answer of 0.0056
S.
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5 (a) Figure 10 shows a footballer and a ball.

(Source: © GelgelNasution/Shutterstock)

Figure 10
The ball is stationary before it is kicked.

The @B of the ball is QEEE:

The kick exerts a (SRR on the ball.
The WD f the ball just after it has been kicked is (.

() (NS of the ball just after it has been kicked.

State the unit for momentum.

P: m ox (3)

P:O-H—S x 36
P = 15. 48

momentum=.. 1 S. 48 ... .

unit . K@t‘hl.s

(i) Calculate the amount of time that the footballer’s kicking foot is in contact
with the ball.
F mv = hMMn (2)

- t
Frs roe
Fz

16, #8 - O
2700 = <
time=..CR.008F ...
2 700 = 5. &9
£
15 %3 L _ 0.005%

2 700
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L Examiner Comments

A nicely laid out answer. In part (ii) the working is clear, the answer is correct and the unit of
momentum is given for the full 3 marks. Examiners would allow values from a calculator
(such as 15.48) although it is best practice to always give your answer to the same number
of significant figures as the values given in the question. So here, the best answer value is
15. In part (iii) clear working is shown leading to a correct answer that is rounded to 2
significant figures.
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5 (a) Figure 10 shows a footballer and a ball.

(Source: @ GelgelNasution/Shutterstock)

Figure 10
The ball is stationary before it is kicked.
The mass of the ball is 0.43 kg.
V.43 )
The kick exerts a force of 2700N on the ball.
The velocity of the ball just after it has been kicked is 36 m/s.
(i) Calculate the momentum of the ball just after it has been kicked.

State the unit for momentum.
(3)

Mo entum = TNOSS » Ve\ouﬁj

p s \nx V

- 04y K3

momentum = \Sliq
= 1 S4¥ unit MeA. NS

(i) Calculate the amount of time that the footballer’s kicking foot is in contact
with the ball.
F - (Mv-mo) @
[

27100 = 19-1\"

NS x

H time = L\\—lqch

X T S 4% X Y00

i3 = B\
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Examiner Comments

In part (ii) the calculation is correct but the unit is not. It scored 2 out of a possible 3 marks.
In part (iii) a suitable equation was selected and the value from part (ii) was correctly
substituted into that equation for one mark. The evaluation of time is incorrect however,
probably because the rearrangement was not done correctly. It scored 1 out of a possible 2
marks.

An alternative method was to calculate the acceleration of the ball from force = mass x
acceleration and then use this value for acceleration in the equation acceleration = change in
velocity / time to calculate the time.
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5 (a) Figure 10 shows a footballer and a ball.

(Source: © GelgelNasution/Shutterstock)

Figure 10
The ball is stationary before it is kicked.
The mass of the ball is 0.43 kg.
The kick exerts a force of 2700N on the ball.
The velocity of the ball just after it has been kicked is 36 m/s.
() Calculate the momentum of the ball just after it has been kicked.

State the unit for momentum,

(3)
C. (.“3 x 2 FO90 - )6l
momentum=_ VL& | . ...
(ii) Calculate the amount of time that the footballer’s kicking foot is in contact
with the ball.
(2)
(v-wd . (36700 _ , oos*x
N
Fzmo /
00
k-2 S 62¥9. )
” 0.43
time = 0005?‘ 5
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Although the calculation in part (ii) was incorrect, there was an independent mark for the
correct units of momentum giving a score of 1 out of 3 marks. In part (iii), the acceleration
was calculated using F/m to be 6279.1 (m/s2). This value was then used in the equation (v-
u)/axt to correctly find the time of 0.00573. The candidate correctly rounded this to 2
significant figures in the answer line. This part scored the full 2 marks.

50

GCSE Combined Science 1SCO 1PH



Question 5(a)iii

It was clear that more candidates could recall Newton's third law than could explain how it
applied to a foot kicking a ball. A good response would quote the law and then describe the force
from the ball on the foot being equal in size to the force of the foot on the ball but in the opposite
direction.

In general, those candidates who stated the law in terms of pairs of forces (for example “when a
force acts on an object, another force of equal size but in the opposite direction acts on another
object”) applied that law more clearly than those who simply wrote “action and reaction are equal
and opposite".

Newton's third law was often stated in terms of action and reaction are equal and opposite.
However, this seemed poorly understood. In particular the term reaction was often seen as a
consequence of the force rather than another force in the opposite direction.

(iii) Explain how Newton’s third law applies to the interaction between the kicking
foot and the football,

Newten s &r%{é&u slafes %} wilh.

a!.w S..00.. wapf?aﬁ;
ki) s e | mwémr bld .S

:Ead Qﬁaﬁa tnecau_at o bl momen éwﬁm o ackan

famz a5_tolal momenbum. a.f!;era, ma.cl%an

ﬂ( '{ ResultsPlus
/'--.. Examiner Comments

There is one mark for a correct statement of Newton's third law. However, the remainder of
the response does not consider forces and scored no further marks.
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Examiner Comments

Here, the examiner could award one mark for the statement of Newton'’s third law. However,
the remainder of the response seems to concern Newton's second law and also energy
transfers. 1 mark out of 3 scored.

Candidates who gave Newton'’s third law in terms of a pair of forces often managed to apply it to
this scenario.

wpﬂhuj. o an obdeckul wru,m
ande oramm fote 5 a,ﬁfvui bac}» ........
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Newton'’s third law is clearly stated for 1 mark. The response goes on to consider the force
exerted by the foot on the ball (ie the action) and the corresponding force exerted by the ball
on the foot (ie the reaction). A nice answer that scored the full 3 marks.
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Question 5(b)

This question required recall of the principle of conservation of momentum and then an
explanation as to how this can be applied to the collision between two trolleys.

Similar to the previous question, many responses showed recall of the principle but fewer fully
explained how this can be applied.

Examiners were looking for an explanation that linked conservation of momentum and the
increase of mass of the system when the trolleys stick together. Then, since momentum = mass x
velocity, an increase in mass must result in a decrease in velocity.

(b) Figure 11 shows a system consisting of two toy trolleys, S and T, on a straight,
horizontal track.

036m/s
e

) L

Figure 11

T is not moving.
S is moving with a velocity of 0.36 m/s towards T.
S collides with T.

The trolleys stick together and move off together.

With reference to the momentum of the system, explain why the velocity of the
trolleys after the collision is less than the velocity of § before the collision.

Oeccecse o oder (o keep tle romonbhm  the

(Total for Question 5 = 11 marks)
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Examiner Comments

This response gave a correct explanation that included all of the required points in a logical
order. It scored the full 3 marks.

Although momentum was often correctly described as mass x velocity, the actual nature of
momentum was often misunderstood. Many candidates seemed to confuse momentum with

energy or force.
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(Total for Question 5 = 11 marks)

AN
ResultsPlus

Examiner Comments

There is a mark for stating momentum = mass x velocity and another mark for realising that
the mass of the moving components of the system had increased. However, this is not
linked to the idea of conservation of momentum and so it scored 2 out of 3 marks.
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Examiner Comments

The principle of conservation of momentum is stated for 1 mark only. The remainder of the
response shows confusion between momentum and energy.
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Examiner Comments

This response starts with a correct summary of the principle of conservation of momentum
for 1 mark only. However, it goes on to try to use Newton'’s second law and energy transfers.
Examiners saw many similar responses that scored 1 out of a possible 3 marks.
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Question 6(a)iii

This question required selection of the equation for kinetic energy and, after substituting the
given values, to correctly handle the powers of ten and the squared term. This was often well
answered with very many candidates giving the correct value.

(iii) The mass of a beta minus particle is 9.1 x 10*'kg.

Calculate the kinetic energy of a beta minus particle moving with a speed of

3.8x10°m/s.
(2)

_ | 2
Kingle  #trgy = /2 X Y\ (LS "((P?Pd\

2

-3 b
KE -« i/2 x A1 x10 "(3'3’“0\
KE - 653 % 10‘5 kinetic energy = ....... b bx!O J

-5
L.k x 10

Fi

\( / ResultsPlus

Examiner Comments

A nicely laid out response that showed a correct substitution for one mark. It was pleasing to
see that the calculated value of 6.57 was rounded down to 6.6. Unfortunately, the candidate
made a mistake with the powers of ten to arrive at an answer of 6.6 x 102 rather than the
correct answer of 6.6 x 1078 so only 1 mark out of 2 was scored.

'  ResultsPlus
\

Examiner Tip

Practice calculations using powers of ten; especially when one value is squared.
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Question 6(b)

This question required recall of the process of beta plus decay and was targeted at higher ability
candidates. Examiners were looking for a description of a proton becoming a neutron (plus a
positron). To their credit, many candidates knew that a proton was involved and scored at least
one mark. Far fewer candidates correctly described the process correctly, however. It was
common to see a description of beta decay with a neutron becoming a proton.

(b) Describe what happens in the nucleus of an atom when a beta plus particle
is emitted.

N { ResultsPlus
/---. Examiner Comments

Reference to a proton scores one mark and a correct description of it turning into a neutron
scores the second mark. Examiners would also accept the symbols p a n for 2 marks.
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N '{ ResultsPlus
/---.. Examiner Comments

There is one mark for a reference to protons but this answer describes beta (minus) decay
rather than beta plus decay. It scored 1 mark only.

GCSE Combined Science 1SC0O 1PH 59



Question 6(c)

This question asked for a comparison of alpha and gamma radiation; both in terms of a
description of the radiation and the effect on the nucleus of an atom when emitted.

Descriptions of alpha radiation could include that an alpha particle consists of 2 protons and 2
neutrons or a helium nucleus. When emitted, the atomic number of the nucleus decreases by 2
and the mass number decreases by 4 to become the nucleus of a different element.

Descriptions of gamma radiation could include that it is a high frequency electromagnetic wave
and therefore has no charge or mass. When emitted by the nucleus there is no change in the
atomic or mass number, but the nucleus does lose energy to become more stable.

In all cases, for either alpha or gamma, one correct fact about the nature or the effect on the
nucleus was sufficient.

A Level 3 answer would include a description of at least one of radiation and the effect of the
emission of that radiation from the nucleus together with either the effect or description of the
other. Examiners saw many Level 3 answers.
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*(c) Radioactive decay can produce gamma radiation and alpha radiation.
Compare the processes of gamma decay and alpha decay.
Your answer should include
« adescription of both gamma radiation and alpha radiation

« the effect of each type of decay on the original nucleus. ©
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(Total for Question 6 = 12 marks)

TOTAL FOR PAPER = 60 MARKS
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Examiner Comments

Alpha radiation is accurately described in terms of what an alpha particle is. It goes on to
describe the effect on the nucleus when an alpha particle is emitted. Gamma radiation is
also described as a wave with no mass or charge. It also mentions that the nucleus loses
energy. The response fully addresses the question and the examiner had no hesitation in
placing it at Level 3 for 6 marks.
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Here alpha particles are accurately described as helium nuclei and the effect on the nucleus
is to decrease the mass number by 4 and the atomic number by 2. Gamma radiation is
correctly described as an electromagnetic wave and when emitted, the mass of the nucleus
does not change. Once again, this is a clear comparison between the two types of radiation
and is a Level 3 answer that scored 6 marks.

A Level 2 answer would typically compare the two types of radiation in terms of their nature but
not describe the effect on the nucleus when emitted.
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Examiner Comments

The structure of an alpha particle is accurately described but there is no description of the
effect on the nucleus when emitted. Similarly, the nature of gamma radiation is correctly
described as an electromagnetic wave, even though it is not correct to say that it has a low
frequency. It is also correctly described as having no charge or mass, but there is no
mention of the effect on the nucleus. In summary this response is a limited comparison of
the two types of radiation with some inaccuracy and is a Level 2 answer. It scored 4 marks.

Many candidates included comparison of the ionisation and/or penetrating properties of the
radiation. Whilst these were not descriptions of the radiation (but rather the effects of the
radiation on matter), such information could be credited as contributing to an otherwise
incomplete response but placing it at the lower end of the appropriate level.
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*(c) Radioactive decay can produce gamma radiation and alpha radiation.
Compare the processes of gamma decay and alpha decay.

Your answer should include

« adescription of both gamma radiation and alpha radiation

+ the effect of each type of decay on the original nucleus.
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Examiner Comments

An alpha particle is correctly described; both as a helium nucleus and consisting of 2
protons and 2 neutrons. Although it says that the nucleus emits an alpha particle, it does
not mention the effect on the nucleus, for example a change in mass or atomic number.
There is no description of gamma radiation either in terms of what it is nor its effect on the
nucleus but there is a comparison of the two types of radiation in terms of their ionisation
and penetrating effects. This comparison partially compensates for the lack of description of
the effects on the nucleus and allows the examiner to place this at the lower end of Level 2

for 3 marks.

GCSE Combined Science 1SC0 1PH

65



Paper Summary

Based on their performance on this paper, candidates are offered the following advice:

Make sure that they have a sound knowledge of the fundamental ideas in all the topics.

Get used to the idea of applying their knowledge to new situations by attempting questions in
support materials or previous examination papers.

When describing a practical procedure, make sure they are clear how the equipment is used
and how the measurements will be taken.

Where a question involves a calculation, make sure they understand the physics of the
situation before recalling or selecting an equation to use in the calculation.

Make sure that they recognise Sl prefixes such as n and k and M and how to handle these in
calculations.

Use the marks at the side of a question as a guide to the form and content of their answer.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:
https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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