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Introduction

This guide has been put together using student responses to our sample assessment
materials in GCSE (9-1) Physics. We have grouped the answers according to the overall
themes that developed through the marking process, and hope that this will give you
more information on key development areas for students studying for this qualification.

The assessment of practical skills covers both knowledge of core practicals, and
candidates’ ability to apply that knowledge to new contexts, or to apply investigative
skills to scenarios presented in the examinations. These scientific enquiry skills are
something candidates will need to practice, such as questions which focus on knowledge
and understanding of specific methods in practicals and drawing conclusions based on
practical work. It is important to note that questions set in a practical context but testing
the theoretical knowledge and understanding will not count towards the 15% marks
allocated to practical skills. Questions that are assigned to this percentage will be ones
where candidates are at an advantage if they have carried out the core practical.

There is a set percentage of maths marks (30%) to be met in these papers. When
looking at maths content to be assessed, there are two factors that need to be
considered. Firstly, the breadth of maths to be covered (which can be found in Appendix
1 in the specification) and secondly the level of maths as specified by Ofqual. In general,
candidates will need to practice answering maths questions in the same way as they do
now. Practicing answering these types of questions will help to minimise the minor
calculation errors or mistakes that are made. Is it also important to highlight the
importance of checking their answers, particularly when reading data from a graph or
table, using an equation to substitute given numbers in a question, or giving answers to
a set number of significant figures.

The extended open response questions (6 mark questions) test candidates’ ability to
construct a sustained line of reasoning. Questions assessing this are marked with an
asterisk. As these items are more open ended, they are marked using a levels-based
mark scheme. Our 2011 qualifications contained 6 mark questions, and candidates
generally respond well to them. The general areas to develop and focus on when
answering these questions are still focused on ensuring candidates answer the whole
question and are able to make links both using information given in the question, and
using their own knowledge. They should be able to draw conclusions, and make
arguments or analyse information (backed up with their own knowledge) if the question
requires it.

The question examples in this guide will give you a range of answers relating to the
themes highlighted above to show you the varied answers candidates may give. There
are also detailed examiner comments for each answer to explain how the marks have
been allocated, and the merits or development points for each answer.



Practical skills

Practical skills

Combined Science (Foundation)

Example 1 - Question 2a
2 (a) A studentis standing 600 m from a firework display.
A firework explodes with a loud bang, and a flash of light is seen.

Describe how a student can measure the time it takes for the sound wave from
the loud bang to travel 600 m.

Mark scheme

Question Answer Mark
number
2(a) An answer that combines the following points of

understanding to provide a logical description:

¢ use a stopwatch (1)
¢ start timing when flash is seen and stop when bang is
heard (1) (2)

Student answers

2 (a) Astudentis standing 600 m from a firework display.
A firework explodes with a loud bang, and a flash of light is seen.

Describe how a student can measure the time it takes for the sound wave from
the loud bang to travel 600m.

Examiner Comments

This response scores both marks, 1 mark for saying what is being measured (the
time between seeing the flash and hearing the bang) and 1 mark for saying what
it is measured with. ‘“Timer’ is just about acceptable here as a measuring device.

Marks awarded = 2
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Practical skills

2 (a) Astudentis standing 600m from a firework display.
A firework explodes with a loud bang, and a flash of light is seen.

Describe how a student can measure the time it takes for the sound wave from
the loud bang to travel 600 m.
’ (2)

bocousse lighst.is. faster +hon_setncl,
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Examiner Comments

What this student says is true but it is not answering the question so scores no
marks.

Marks awarded = 0O

Example 2 - Question 8d

8 Figure 10 shows two students investigating reaction times.
Student B supports his left hand on a desk.

Student A holds a ruler so that the bottom end of the ruler is between the finger and
thumb of student B.

When student A releases the ruler, student B catches the ruler as quickly as he can
with his left hand.

The investigation is repeated with the right hand of student B.

student A
£ be

student B ﬁ

N
=V

Figure 10

© Pearson Education Ltd 2016.



Practical skills

(d) Explain whether any of the readings are anomalous.

Mark scheme

Question Answer Additional guidance Mark
number
8(d) An explanation that combines

identification via a judgement
(1 mark) to reach a conclusion
via justification/reasoning

(1 mark):
* 25.5is an anomalous result ignore 19
(1)
* (because) it is much further
away from the mean than the
other results (1) (2)

Student answers

(d) Explain whether any of the readings are anomalous.

Or‘ % hOe nOJ froul 2,

e 15 .25 Sy 4S5 C(ﬂ,ﬁ’m%(cw
bp(@tuiﬁ ,p s a- bJQ “ditferonce
....... compared B e ofters.

Examiner’s comments

Here the anomalous result is correctly identified for the first mark and would
have scored the second mark with a bit more detail about ‘the difference’.

Mark awarded = 1

© Pearson Education Ltd 2016. 3
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Practical skills

Example 3 - Question 8e

8 Figure 10 shows two students investigating reaction times.

Student B supports his left hand on a desk.

Student A holds a ruler so that the bottom end of the ruler is between the finger and
thumb of student B.

When student A releases the ruler, student B catches the ruler as quickly as he can
with his left hand.

The investigation is repeated with the right hand of student B.

student A
e &

-

Figure 10

(e) Give two ways that the students can improve the quality of their data, other than
ignoring anomalous results.

Mark scheme

Question Answer Mark
number
8(e) « Take more readings (1)
» Idea that a third student should also measure the
reaction time (1) (2)

© Pearson Education Ltd 2016.




Practical skills

Student answers

(e) Give two ways that the students can improve the quality of their data, other than
ignoring anomalous results.

(2)

tests e j O usteaol oA

Examiner’s comments
A good response, close to the mark scheme. Scores both marks.

Marks awarded = 2

© Pearson Education Ltd 2016. 5



Practical skills

Example 4 - Question 8f

8 Figure 10 shows two students investigating reaction times.
Student B supports his left hand on a desk.

Student A holds a ruler so that the bottom end of the ruler is between the finger and
thumb of student B.

When student A releases the ruler, student B catches the ruler as quickly as he can
with his left hand.

The investigation is repeated with the right hand of student B.

student A
£ fe

3

student B ﬁ

Figure 10

N

(f) Describe how the students could develop their investigation to investigate how
reaction time changes with another variable.

© Pearson Education Ltd 2016.



Practical skills

Mark scheme

Question Answer Additional guidance Mark
number
8(f) An answer that combines the

following points to provide a
logical description of the
plan/method/experiment:

= using a larger group of
students/large population of
students (1)

= and measure how their
reaction time varies with
age/height (1)

allow any suitable
variable

(2)
Student answers
(f) Describe how the students could develop their investigation to investigate how
reaction time changes with another variable.
{2}

oo NPRAES . DEOGEIAL.... o Y B e —————————————

Examiner’s comments

This has the idea of using a larger group of people and identifies another variable
to investigate. Scores both marks.

Marks awarded = 2

(f) Describe how the students could develop their investigation to Investigate how
reaction time changes with another variable.

Examiner’s comments

This identifies a new variable, tiredness, but does not give quite enough detail
about how it is to be tested.

Marks awarded = 1

© Pearson Education Ltd 2016. 7



Combined Science (Higher)

Example 1 — Question 5a and b (also Maths)

Practical skills

5 Astudent uses a digital calliper to measure the length of a spring, as shown in

Figure 10.

Figure 10

The spring is bendy and difficult to measure.

The student takes the six readings shown in Figure 11.

mm EEIH " mm

"y

- 9m33 "

Figure 11

(a) Calculate the average length of the spring.

© Pearson Education Ltd 2016.



Practical skills

(b) The student investigates the stretching of a spring with the equipment shown in
Figure 12.

spring

weights

Figure 12

The student investigates the extension of the spring using six different weights.

The results are shown in Figure 13.

weight (N) extension (mm)
0.20 4.0
0.40 8.0
0.60 12.0
0.80 16.0
1.00 20.0
1.20 240
Figure 13

© Pearson Education Ltd 2016. o



Practical skills

(i) Draw a graph for the readings, using the grid shown.

(3)
(ii) The student writes this conclusion:
‘The extension of the spring is directly proportional to the weight stretching
the spring!
Comment on the student’s conclusion.
(3)

10

© Pearson Education Ltd 2016.



Practical skills

Mark scheme

Question | Answer Additional guidance Mark
number
5(a) evidence that anomalous reading accept 101.57 (+5)
excluded (1) for first mark
evaluation (1)
average length = 20.31 (mm)
accept 20.314 (mm) (2)
Question Answer Additional guidance Mark
number
5(b) (i) * Axes with linear scales that use
more than half of each edge of
the grid and labelled with units
from table (1)
* All points correctly plotted to +
half a square (1) allow 1 mark if only one
¢ Single straight line passing |:_)Iott|ng =Irer anc! Carreet
line drawn for points
through all points and the origin plotted
(1)
(3)
Question Answer Additional guidance Mark
number
5(b)(ii) A comment that makes reference
to the following points:
(using table)
* idea that equal increments of
force/weight/mass cause equal
increments of extension (1)
* correct reference to figures in
the table (1)
OR
(using graph)
* the graph line is straight (1)
* the graph line passes through
the origin (1)
AND
therefore the student’s conclusion last marking point can
is correct (1) only be achieved if at
least one of the other two
marks is awarded (3)

© Pearson Education Ltd 2016.

11




Practical skills

Student answers to (a)

5 Astudent uses a digital calliper to measure the length of a spring, as shown in
Figure 10.

Figure 10

The spring is bendy and difficult to measure.

The student takes the six readings shown in Figure 11,

gl

e

Figure 11

(a) Calculate the average length of the spring.
(2)

20,3 1220136220338

Tl
,{{f average length= O35 mm
e

Examiner’s comments

This answer cannot be awarded the first mark as the anomalous result has been
included. The evaluation is correct for six readings and gains one mark.

Mark awarded = 1

12
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Practical skills

5 A student uses a digital calliper to measure the length of a spring, as shown in

Figure 10.

Figure 10

The spring is bendy and difficult to measure,

The student takes the six readings shown in Figure 11,

" 2034

" 20 ‘-"-!

el

| Pl e L Ay n SEALH P T

" 2038

Figure 11

{a) Calculate the average length of the spring.

20-31 + 1033 F10°304 2033

10153 ( 46)
= 20Ye

average length =

Lo 3o

103\

.. M

Examiner’s comments

The working here is clear and the answer deserves full marks.
Marks awarded = 2

© Pearson Education Ltd 2016.
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Student answers to (b)

Practical skills

{b) The student investigates the stretching of a spring with the equipment shown in

Figure 12,

Figure 12

The student investigates the extension of the spring using six different weights.

The results are shown in Figure 13,

weight (N) | extension (mm)
0.20 4.0 |
o0 | 80 |
0.60 12.0
0.80 16.0
B 1.00 20,0
1.20 24.0
Figure 13 -

14
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Practical skills

(it Draw a graph for the readings, using the grid shown.

W

{ii} The student writes this conclusion:

‘The extension of the spring is directly proportional to the welght stretching
the spring!

Comment on the student’s canclusion,

L}g ...... oS...co0eet. :ﬂdﬁ ...... @j k{’.-.ﬂ.sf&ﬂ.......ﬂ \:\Qf ______ ,_gp_mﬂ __________ w créages
\f;i ... mmé‘ QAL E'Jenj k\ £ wh—&n _______________ € Mass..

Examiner’s comments

(i) ‘Draw a graph’ involves drawing the axes (including labels and units) plotting
the points and drawing a suitable line. This student has done all that and so
scores all 3 marks.

(ii) All 3 marks scored here, using the first alternative in the mark scheme. The
‘0.2N increase each time’ is a good enough reference to the figures in the table to
get the second mark.

Marks awarded = 6

© Pearson Education Ltd 2016. 15



Practical skills

(i) Draw a graph for the readings, using the grid shown,
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(i) The student writes this conclusion:
‘The extension of the spring is directly proportional to the weight stretching
the spring.
Comment on the student’s conclusion.
{3

T sywdtul iy fgeered Bloewsr W oas B Vv et Lt “‘wﬂ" Mg eIt . ill""”‘l L

Lk UL A W R

Examiner Comments

Full marks for part (i) and full marks for part (ii) using the second alternative in
the mark scheme.

Marks awarded = 6

16
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Practical skills

Separate Physics (Higher)

Example 1 — Question 9c

(c) A student is interested in the way that submarines are controlled.

She has several regular wooden blocks, a set of weights and a tank of water.
Wood floats in water.

The student plans to immerse the wooden blocks fully in the water and investigate
the relationship between the upthrust and the weight of water displaced.

Describe how she should determine one of the variables in this investigation.

Mark scheme

Question Answer Mark
number
9(c) An answer that combines the following points to provide a

logical description of the plan:

EITHER
» (determine upthrust) by adding weights until the block of

wood is fully immersed and recording the load required (1)
» calculate upthrust by adding load and weight of block (1)
OR
* (determine the weight of water displaced) by using a ruler
to measure the dimensions of the block and multiplying
them together to find the volume (1)
* calculate the weight of water from volume x density x g

(1)

(2)

Student answer
{c) A student is interested in the way that submarines are controlled.

She has several reqular wooden blocks, a set of weights and a tank of water.
Wood floats in water.

The student plans to immerse the wooden blocks fully in the water and investigate
the relationship between the upthrust and the weight of water displaced.

Describe how she should deterimine one of the variables in this investigation.

SR\ ORI YV T, S I € N 1Y) YO \ g MRl G
ok foado SN Al Black  hefas

Examiner’s comments

© Pearson Education Ltd 2016. 17



Practical skills

This answer gains the first marking point for the basic method but cannot gain

the second mark as there is no attempt to explain how to use the results
obtained.

Marks awarded = 1

18

© Pearson Education Ltd 2016.



Maths skills

Maths skills

Combined Science (Foundation)

Example 1 -

Question 2d

(d) An earthquake causes a sea wave.

This sea wave travels 26 400 m in two minutes.

Calculate the speed of the wave.

Use the equation

wave speed =

Mark scheme

distance
time

Question Answer Additional guidance Mark
number
2(d) two minutes = 120s (1)

substitution (1) ecf unit change

26400 + 120

award full marks for correct
answer (1) numerical answer without
220 (m/s) working
(3)

© Pearson Education Ltd 2016.
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Maths skills

Student answers

(d) An earthquake causes a sea wave.
This sea wave travels 26 400 m in two minutes.
Calculate the speed of the wave.

Use the equation

distance
wave speed = ———
time

_,Z/({SEQC—D* = 13700
A

(3)

m/s

speed = '62

Examiner’s comments

This answer does not show the required unit conversion of minutes to seconds for
the time. Error carried forward is allowed leaving the two remaining marks to be
awarded.

Marks awarded = 2

20
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Maths skills

(d) An earthquake causes a sea wave.
This sea wave travels 26400 m in two minutes.
Calculate the speed of the wave.

Use the equation

distance

wave speed = ————
time

2 L-00 M

Wove Speed- 720 s

- 20m /4

(3)

Examiner’s comments

Marks awarded = 3

This answer is set out well and gains full marks

© Pearson Education Ltd 2016.
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Maths skills

Example 2 - Question 8c
(c) The students took five results for the left hand and five results for the right hand.

Figure 11 shows their results.

which distance dropped {cm)
hand trial 1 trial 2 trial 3 trial 4 trial 5 average
left 10.1 255 18.4 14.6 11.7 14
right 17.5 16.1 19.4 18.6 20.2
Figure 11

(i) Calculate the average distance dropped for the right hand. Give your answer
correct to 2 significant figures.

(ii) Calculate the average time for the left hand.

Use the equation

.o distance
time® = ——
500

22
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Maths skills

Mark scheme

Question Answer Additional guidance Mark
number
8(c)(i) calculating the mean (1) award full marks for
correct numerical
18.36 answer without working
rounding to 2 s.f. (1)
18 (cm) (2)
Question Answer Additional guidance Mark
number
8(c)(ii) Rearrangement (1) award full marks for
distance correct numerical answer
r= 500 without working
Substitution and answer (1) allow answers which
time = 0.17 (s) round to 0.17, e.g. 0.1673
(2)

Student answers

© Pearson Education Ltd 2016.
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Maths skills

[} The students took five results for the left hand and five results for the right hand.

Figure 11 shows their results.

which distance dropped (cm) |
hand tiall | trial2 trial 3 trial 4 trial 5 | average |
lett | 1041 ; 235 184 14.6 1.7 14 i
right 175 ‘ 16.1 19.4 186 202 |18
| CHE I
Figure 11
(i} Calculate the average distance dropped for the right hand. Give your answer
correct to 2 significant-figures.—
(2)
=S _
v ') » | ®..55
& 5 (Cﬁ _.cg 30y
\g b
. - \ 2
Ja_&ig (335
| =«
S |
distance = __ l 8 e CITH
(i) Calculate the average time for the left hand,
Use the equation
.3 distance
time* = ———
500
(2)
] 02g — ___\_Lj_
E}D‘@ average time = 0:- 028 s

Examiner’s comments

The answer to (i) gains full marks. The calculation is correct and the answer is
given to 2 significant figures.

In (ii) this student has not taken the square root and so cannot gain any marks.
Marks awarded = 2

24
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Maths skills

{c) The students took five results for the left hand and five results for the right hand, |

Figure 11 shows their results,

which distance dropped (cm) _
hand trial 1 trial 2 trial 3 trial 4 trial 5 average |
left |0 | 285 | 184 | Tas | 11T | T
| right 17.5 161 | 194 186 202
Figure 11

lil Calculate the average distance dropped for the right hand. Give your answer
correct to 2 significant figures.

Rsrle -+ Qe g .66200 = 9.8
5
= l%:}ﬁn

distance = _. H'bi’ .. €M

it Calculate the average time far the left hand,

Llze the equation

3 _ distance
S0

time

tinats 4
So00
:‘\j U+ﬁ1..s average time = . G']b':l' 5

= 0-l6%

Examiner’s comments

In (i) the student is only awarded 1 mark for a correct calculation of the mean
because the answer is not given correct to 2 significant figures

In part (ii) both marks are awarded for this completely correct answer.
Mark awarded = 3

© Pearson Education Ltd 2016.
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Maths skills

(i) Calculate the average time for the left hand.
Use the equation

e distance
500

Lol 4y @)
/2 e ™ - 500
=0 -00% -
-
/OOZ% » Oo {675326663 f avm

Examiner’s comments
This clearly presented answer is correct and gains the 2 marks.
Marks awarded = 2

Example 3 - Question 9a

9 A car accelerates at a constant rate of 1.83m/s? aleng a flat straight road.
(@) The force acting on the caris 1.870kN.
Calculate the mass of the car.

Give your answer to three significant figures.

Mark scheme

Question Answer Additional guidance Mark
number
9(a) rearrangement (1)
med
4]
maximum 2 marks if kN
substitution and conversion (1) not converted to N
1870
83 award full marks for

correct numerical

answer and rounding to 3 s.f. (1) | @nswer without working

1020 (kg) (3)

© Pearson Education Ltd 2016.



Maths skills

Student answers
9 A car accelerates at a constant rate of 1.83 m/s? along a flat straight road.
(a) The force acting on the car is 1.870kN.
Calculate the mass of the car.

Give your answer to three significant figures.

(.8 _
T ~ 0. MfpoacLsy

\ 76

(3)

Examiner’s comments
This student does not gain any marks for this incorrect rearrangement of the
equation.

Marks awarded = 0

Combined Science (Higher)
Example 1 — Question 5
5 (a) Acar accelerates at a constant rate of 1.83m/s? along a flat straight road.
The force acting on the car is 1.870 kN.
Calculate the mass of the car.

Give your answer to three significant figures.

(h) The car accelerates from rest for 16 s.

Calculate the speed of the car after 16 s.

© Pearson Education Ltd 2016.
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Maths skills

(c) The car starts on another journey.

Figure 6 shows the graph of the car’s movement.

A

32

~— M

velocity / 28
m/s

24

20 /

16

-

N

12

———

o 5 10 15 20 25 30 35 40 45 50

time/s
Figure 6

Show that the distance travelled when the car is moving at a constant speed is
greater than the distance travelled when the car is slowing down.

(4)

28
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Maths skills

Mark scheme

Question Answer Additional guidance Mark
number
5(a) Rearrangement (1)
med . .
T maximum 2 marks if kN
not converted to N
Substitution and conversion (1)
1870 award full marks for
m=—— correct numerical
1.83 . :
answer without working
Answer and rounding to 3 s.f. (1)
1020 (k
(kg) (3)
Question | Answer Additional guidance Mark
number
5(b) _
Rearrangement of M= a (1)
t
v=u-+af
Substitution (1)
v=0+ 1.83x 16
Answer (1) award full marks for
29.3 (m/s) .
correct numerical
answer without working
(3)
Question Answer Mark
number
5(c) Correctly identifies data points from the graph to calculate
areas (1)
Calculates area under AB (1)
240 m
Calculates area under CD (1)
135m
distance travelled at constant speed = 240 m is greater than
distance travelled when slowing down = 135m (1) (4)

© Pearson Education Ltd 2016.
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Maths skills

Student answers to (a) and (b)

5 (a) A car accelerates at a constant rate of 1.83 m/s? along a flat straight road.
The force acting on the car is 1.870 kN.
Calculate the mass of the car.

Give your answer to three significant figures.

F=ma
=B -
mef o2 B2 . 0o e

€3
z \020

mass = 1020 ka

(b} The car accelerates from rest for 16 s,

Calculate the speed of the car after 16 s.

Qs Void ve ot tu
1 =(1-g3% 16)+ 0

= 20.2%8

speed = RA:%Y . .m/s

Examiner’s comments

Part (a) is set out well with working clearly shown. Correct answer given to three
significant figures. Full marks.

Part (b) is also set out clearly and gains full marks.
Marks awarded = 6

© Pearson Education Ltd 2016.



Maths skills

Student answers to (c)

(c) The car starts on another journey.

Figure 6 shows the graph of the car's movement.

a3
37 - m 5 . 4§ . :LT_T T :ﬂé._.:!::ﬁ_f._ J .....
| L AT AN 1
velocity / 28 - i uERE 1 - 1-}'-;~— L
m/s EEERE EREREH
24 {0 B H RN A ) W
R HH /N v
20 A SR NN maEEnaERE
T FE N ;N 1
16 -5+ e g
THTH -. EERNE it
12 FEFEEAR : '_:__!_ 13
2 5 ) { N
o i i~ SR A I
g Hf ’1‘1 T !.:._.E:. |t
i SRASEESEARAL ') )
H 0 \
4 e b L e e \
Y ; r_-i"i f I_::_Ifl' i 1 |
B B T T D
0 20 25 30 35 40 45 50
time/s

Figure 6

Show that the distance travelled when the car is moving at a constant speed is
greater than the distance travelled when the car is slowing down.

@’-‘JSX)E ® = xap
=P40m 2

40 > 138

Examiner’s comments

Part ¢ gains full marks. It is a succinct and fully correct answer.
Marks awarded = 4

© Pearson Education Ltd 2016.
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Maths skills

(c) The car starts on another journey.
Figure & shows the graph of the car's movement,

A

32 ::....!...'.:'..."

velocity / 28
mis

24

20

ok

12

HHHHH=H b HHHH
R e I: 1 | 11
T

N .

A

I:\ D

.

O
T
-

15 20 25 30 35 40 45 50

time /s
Figure 6

Show that the distance travelled when the car is moving at a constantspeed is
greater than the distance tr‘? lled when the car s slowing down.,

4

= Prea ok
frionale
s x\e _

i

.

Detence

hLom €15 w

————
e

Examiner’s comments

The points are not correctly identified since the area of constant speed is not
included.

This answer cannot make a correct comparison therefore and only one mark is
awarded (for the correct working for the area under the graph for section CD).

Marks awarded = 1

© Pearson Education Ltd 2016.



Maths skills

Example 2 — Question 5 (also Practical)

5 Astudent uses a digital calliper to measure the length of a spring, as shown in
Figure 10.

Figure 10

The spring is bendy and difficult to measure.

The student takes the six readings shown in Figure 11.

S dodi o 2
= b =T
- cidd o doA

Figure 11

(a) Calculate the average length of the spring.

© Pearson Education Ltd 2016. 33



Maths skills

(b) The student investigates the stretching of a spring with the equipment shown in
Figure 12.

spring

weights

Figure 12

The student investigates the extension of the spring using six different weights.

The results are shown in Figure 13.

weight (N) extension (mm)
0.20 4.0
0.40 8.0
0.60 12.0
0.80 16.0
1.00 20.0
1.20 240
Figure 13
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Maths skills

(i) Draw a graph for the readings, using the grid shown.

(3)
(ii) The student writes this conclusion:
‘The extension of the spring is directly proportional to the weight stretching
the spring!
Comment on the student’s conclusion.
(3)
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Mark scheme

Maths skills

Question | Answer Additional guidance Mark
number
5(a) evidence that anomalous reading accept 101.57 (+5)
excluded (1) for first mark
evaluation (1)
average length = 20.31 (mm)
accept 20.314 (mm) (2)
Question Answer Additional guidance Mark
number
5(b) (i) * Axes with linear scales that use
more than half of each edge of
the grid and labelled with units
from table (1)
* All points correctly plotted to +
half a square (1) allow 1 mark if only one
¢ Single straight line passing |:_)Iott|ng =Irer anc! Carreet
line drawn for points
through all points and the origin plotted
(1)
(3)
Question Answer Additional guidance Mark
number
5(b)(ii) A comment that makes reference
to the following points:
(using table)
* idea that equal increments of
force/weight/mass cause equal
increments of extension (1)
* correct reference to figures in
the table (1)
OR
(using graph)
* the graph line is straight (1)
* the graph line passes through
the origin (1)
AND
therefore the student’s conclusion last marking point can
is correct (1) only be achieved if at
least one of the other two
marks is awarded (3)

36
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Maths skills

Student answers to (a)

5 Astudent uses a digital calliper to measure the length of a spring, as shown in
Figure 10.

Figure 10

The spring is bendy and difficult to measure.

The student takes the six readings shown in Figure 11,

gl

e

Figure 11

(a) Calculate the average length of the spring.
(2)

20,3 1220136220338

Tl
,{{f average length= O35 mm
e

Examiner’s comments

This answer cannot be awarded the first mark as the anomalous result has been
included. The evaluation is correct for six readings and gains one mark.

Mark awarded = 1
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Maths skills

5 A student uses a digital calliper to measure the length of a spring, as shown in
Figure 10.

Figure 10

The spring is bendy and difficult to measure,

The student takes the six readings shown in Figure 11,

“e3i” a3

" 20 ‘-”-! LB E'i

20337 2030

| Pl e

Figure 11

{a) Calculate the average length of the spring.

20-31 + 1033 F10°304 2033

v 1o 30
10153 ( 46)
=20 S1g
average length = 193.’- . MM

Examiner’s comments

The working here is clear and the answer deserves full marks.
Marks awarded = 2
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Maths skills

Student answers to (b)

{b) The student investigates the stretching of a spring with the equipment shown in
Figure 12,

Figure 12

The student investigates the extension of the spring using six different weights.

The results are shown in Figure 13,

weight (N) | extension (mm)
0.20 4.0 |
o0 | 80 |
0.60 12.0
0.80 16.0
B 1.00 20,0
1.20 24.0
Figure 13 -

© Pearson Education Ltd 2016.
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(it Draw a graph for the readings, using the grid shown.

W

{ii} The student writes this conclusion:

‘The extension of the spring is directly proportional to the welght stretching
the spring!

Comment on the student’s canclusion,

L}g ...... oS...co0eet. :ﬂdﬁ ...... @j k{’.-.ﬂ.sf&ﬂ.......ﬂ \:\Qf ______ ,_gp_mﬂ __________ w créages
\f;i ... mmé‘ QAL E'Jenj k\ £ wh—&n _______________ € Mass..

Examiner’s comments

(i) ‘Draw a graph’ involves drawing the axes (including labels and units) plotting
the points and drawing a suitable line. This student has done all that and so
scores all 3 marks.

(ii) All 3 marks scored here, using the first alternative in the mark scheme. The
‘0.2N increase each time’ is a good enough reference to the figures in the table to
get the second mark.

Marks awarded = 6

40
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Maths skills

(i) Draw a graph for the readings, using the grid shown,

{31
MO e ER g pp e e M ek A |
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o 1
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o .
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0 t.10 PRT 1.4 0. bu Lol EES
\,.H."\-E"H.* {M "l
(i) The student writes this conclusion:
‘The extension of the spring is directly proportional to the weight stretching
the spring.
Comment on the student’s conclusion.
{3

T sywdtul iy fgeered Bloewsr W oas B Vv et Lt “‘wﬂ" Mg eIt . ill""”‘l L

Lk UL A W R

Examiner Comments

Full marks for part (i) and full marks for part (ii) using the second alternative in
the mark scheme.

Marks awarded = 6
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Maths skills

Example 3 — Question 9c
(c) The distance between the Earth and the Sunis 1.50 x 10" m.
Light takes 500 s to travel from the Sun to the Earth.
The wavelength of red light is 670 nm.

Calculate the frequency of red light, using only the data provided.

Mark scheme

Question Answer Additional guidance | Mark
number

9(c)

Substitution into v=- to find v (1} | ¢ is distance
{

11
v=ﬂ award full marks for
500 correct numerical
Substitution into v = f x4 and unit | answer without
conversion (1) working
1.5x10" .
vo == [ X 670410 ? maximum 3 marks if

Transposition (1) Ain nm

Rearrangement (1)

(1.50x10")
" 500x(670x10” )

4.4776 x 10** (Hz)
Answer (1)
4.5 x 1014 (HZ) (4)
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Maths skills

Student answers

(c) The distance between the Earth and the Sunis 1.50 x 10" m.
Light takes 500 s to travel from the Sun to the Earth.
The wavelength of red light is 670 nm.

Calculate the frequency of red light, using only the data provided.

Afe%uemai = haves ffm%we l f‘ﬁ*)a
¢ m'm?’m@o.oooooom
s:4{ = 14 677000

16 %10V
<0 o0 = 3 60000050

frequency = tl"‘t??éxlﬂm- Hz

Examiner’s comments
A fully correct answer gaining 4 marks. It is well set out.
Marks awarded = 4

Separate Physics (Higher)
Example 1 — Question 4b
(b) Fuel weighing 230000N is pumped into the aircraft.
This fuel moves upwards through a vertical height of 4.7 m.
The power developed by the pump is T600W.

Calculate the time needed to refuel the aircraft.
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Maths skills

Mark scheme

Question Answer Additional guidance Mark
number
4(b) Equating energy in both equations

(1)

E = weight x height = power x

time

Rearrangement (1)
(weight x height)

power

time =

Substitution and evaluation (1)

time = 230000 x -/
1600

time = 680 (s) allow answers which (3)
round to 680, e.g. 675.6
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Maths skills

Student answers
(b) Fuel weighing 230000 N is pumped into the aircraft.
This fuel moves upwards through a vertical height of 4.7 m.
The power developed by the pump is 1600W.
Calculate the time needed to refuel the aircraft.

675 . 6251

- -

i = b3— 676

2%0, 080 x 44

-

676
— = )L bp. .-

&

= 112

S hor 93 aila

(3)

Examiner’s comments
An example of a fully correct answer gaining full marks.

Marks awarded = 3
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Maths skills

{b) Fuel weighing 230000 N is pumped into the aircraft.
This fuel moves upwards through a vertical height of 4.7 m.
The power developed by the pump is 1600W.

Calculate the time needed to refuel the aircraft.

. (3)
E = xV Xt
€= E
| ¥ v
LLo000 X (7
(660

time = é?l({? s

(%)

Examiner’s comments

An interesting variation with | < V taken as 1600W. This more unusual answer
gains full marks

Marks awarded = 3
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Maths skills

Example 2 — Question 8a

8 (a) All objects emit electromagnetic radiation.

The intensity and wavelength of the emitted radiation vary with the temperature
of the object.

Figure 12 shows this variation for a filament lamp at two different temperatures.

The visible region of the electromagnetic spectrum is also shown.

4 visible
intensity ! light |
]

_ high temperature curve

gt low temperature curve

v

390 700
wavelength/nm

Figure 12

(i) Explain why a filament lamp appears brighter and less red as its temperature increases.

(i) The intensity of gamma radiation can be measured using a Geiger-Miiller tube
and counter.

The count rate recorded by the counter tube depends on how far away the
Geiger-Mdller tube is from the gamma radiation source.

The equation relating count rate to distance from the source is

count rate = L
d2

where d is the distance from the source and k is a constant.

A Geiger-Mdiller tube is placed 0.70 m from a source of gamma radiation.
The counter displays a count rate of 85 000 count per minute.

Calculate the count rate recorded when the Geiger-Miiller tube is placed 1.3 m away
from the same gamma radiation source.
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Maths skills

Mark scheme

Question | Answer Mark
number
8(a)(i) An explanation that combines identification via a judgement
(2 marks) to reach a conclusion via justification/reasoning (2
marks):
* intensity of radiation increases with temperature (1)
+ the distribution of the emitted wavelengths of radiation is
affected by temperature (1)
+ at low temperatures the intensity of radiation emitted is
low and the (range of) emitted wavelengths (of
radiation) are high so the lamp appears dull red (1)
¢ at higher temperatures the intensity of the radiation is
greater and the (range of) emitted wavelengths (of
radiation) are low so the lamp appear to be brighter and
less red (1) (4)
Question Answer Additional guidance Mark
number
8(a) (i) Substitution and
rearrangement to find & (1)
k = 85000 x 0.70% 41650
Substitution to find new
count rate (1)
count rate = 85000 x 0.70°
1.2
Answer (1)
25000 (counts per minute) 24645 (counts per minute) (3)

48
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Maths skills

Student answers
8 (a) All objects emit electromagnetic radiation.

The intensity and wavelength of the emitted radiation vary with the temperature
of the object.

Figure 12 shows this variation for a filament lamp at two different temperatures.
The visible region of the electromagnetic spectrum is also shown,

& visible
intensity ! light

high temperature curve

low temperature curve

v

390 700
wavelength/nm

Figure 12

(i) Explain why a filament lamp appears brighter and less red as its temperature increases.
4)

Examiner’s comments

The points are made in a different order to the mark scheme but are all here so
full marks is given.

Marks awarded = 4
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(i)

Maths skills

The intensity of garma radiation can be measured using a Geiger-Milller tube
and counter.

The count rate recorded by the counter tube depends on how far away the
Geiger-Miller tube is from the gamma radiation source.

The equation relating count rate to distance from the source is

k
countrate = —

where d is the distance from the source and k is a constant.

A Geiger-Miller tube is placed 0.70 m from a source of gamma radiation.
The counter displays a count rate of 85 000 count per minute,

Calculate the count rate recorded when the Geiger-Miiller tube is placed 1.3 m away
from the same gamma radiation source,
(3)

F = ssoooX o to

= 59roe

(K — 5950

count rate =(-l§'-f"sq Z ...... counts per minute

Examiner’s comments

No marks can be awarded here because the student has not started with distance
squared.

Marks awarded = 0O

50

© Pearson Education Ltd 2016.



Extended open response

Extended open response

Combined Science (Foundation)

Example 1 - Question 9c

*(c) Figure 12 is a speed-time graph for a different car moving on a horizontal road.
A

speed

A J

time
Figure 12

Describe the energy transfers taking place during the movement of the car.

You should refer to energy stores as well as transfers between energy stores for all
three sections of the graph.

© Pearson Education Ltd 2016.
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Other answers

Mark scheme

Question | Indicative content Mark
number
*¥9(c) Answers will be credited according to candidate's deployment of
knowledge and understanding of the material in relation to the
qualities and skills outlined in the generic mark scheme.
The indicative content below is not prescriptive and candidates
are not required to include all the material which is indicated as
relevant. Additional content included in the response must be
scientific and relevant.
AO2
¢ fuel forms a store of chemical (potential) energy
¢ chemical energy is transferred to kinetic energy and
thermal energy when the car moves
¢ kinetic energy transferred to thermal energy as the car
slows down
AO3
¢ during X, kinetic energy increases as the car’s speed
increases/car accelerates and the increase in kinetic energy
is provided by the chemical energy store
¢ during all three sections, work is done against frictional
forces in the moving parts of the car and against the drag
from the air
¢« during Y, kinetic energy stays constant when the car moves
at constant speed but energy is still transferred to thermal
energy
¢ during Z, kinetic energy decreases as the car slows down (6)
Level Mark | Descriptor
0 No awardable content.
1 1-2 « Interpretation and evaluation of the information attempted but
will be limited with a focus on mainly just one variable.
Demonstrates limited synthesis of understanding. (AO3)
¢+ The description attempts to link and apply knowledge and
understanding of scientific ideas, flawed or simplistic
connections made between elements in the context of the
question. (A02)
2 3-4 + Interpretation and evaluation of the information on both
variables, synthesising mostly relevant understanding. (AQ3)
« The description is mostly supported through linkage and
application of knowledge and understanding of scientific ideas,
some logical connections made between elements in the
context of the question. (A0Q2)

52
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Extended open response

3 5-6 +« Interpretation and evaluation of the information,
demonstrating throughout the skills of synthesising relevant
understanding. (AO3)

+ The description is supported throughout by linkage and
application of knowledge and understanding of scientific ideas,
logical connections made between elements in the context of
the question. (A02)

Student answers

*(c) Figure 12 is a speed-time graph for a different car moving on a horizontal road.
-

speed

Y

time
Figure 12

Describe the energy transfers taking place during the movement of the car.

You should refer to energy stores as well as transfers between energy stores for all
three sections of the graph.

(6)

N SheLs he. Colr ...
reSHS % o4 Y, un 4l o
Z ok IS at Q ﬁezsw SP.Q,QQ
h LJF L-,:—HU B & e =

Examiner’s comments

This student has interpreted the graph as a distance-time graph instead of a
speed-time graph. This illustrates the importance of checking the axes of graphs
when asked to do any kind of analysis. No reference has been made to the
energy involved at the various stages. There is no awardable content here so O
marks.
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Other answers

Marks awarded = O

¥(c) Figure 12 is a speed-time graph for a different car moving on a horizontal road.
A

speed

v

time
Figure 12

Describe the energy transfers taking place during the movem ént of the car.

You should refer 1o energy stores as well as transfers between energy stores for all

three sections of the graph.
(6)

Ane m‘iﬁ& Aot of mﬁmc; ..... g
ceeded  wotd e
X pecanDe @cfeier@jaﬂ ..... o
Hokes Ao mo“‘ﬁ e

g ot ac @4@:@

......... L) pﬁp G (G

oda ol Mo Yecne  foC
_whale Mads uwa 36(@ e O
NOF e am __--a,-a,m,e"_;\_r O u Ofe... 3O
fessard oo GE(\CH ALOCUOt of
AUNE. K NDIED %Cf“ i?h)fﬂﬂ ________________________

@(\Ofa \tj o,
. - ~ (Total for Question 9 = 12 marks)

Examiner’s comments

There is a limited attempt at interpreting the graph in that section X is correctly
identified as the section where the car is accelerating. Even though energy is
mentioned, there is no reference made to the ideas of the source of the energy or
the transfers involved. This is level 1, scoring 2 marks.

Marks awarded = 2
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Extended open response

*{c} Figure 1215 a speed-time graph for a different car moving on a horizontal road.
F

speed

L

tirme
Figure 12

Describe the energy transfers taking place during the movement of the car.

You should refer to energy stores as well as transfers between energy stores for all
three sections of the graph.

At Xy tHO o 7 ocsefivasi O a onfeant MOV, 05

Examiner’s comments

This response has a full analysis of a velocity-time graph but confuses energy and
forces. It applies some knowledge of velocity to the analysis by correctly using
the term acceleration. The analysis of the graph puts it into level 2 but it needed
some correct application of knowledge about energy. It is, therefore, level 2 but
only 3 marks.

Marks awarded = 3
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Other answers

*{e) Figure 12 is a speed-time graph for a different car moving on a horizontal road.
&

speed

v

time

Figure 12
Describe the energy transfers taking place during the movement of the car,

You should refer to energy stores as well as transfers between energy stores for all
three sections of the graph,
(&)
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Examiner’s comments

This response interprets the whole of the graph correctly and links this to the
ideas of the energy sources and transfers involved, even though the words ‘store’
and ‘transfers’ are not used. There is also no mention of the fuel being the source
of the chemical energy.

Mark awarded = 5
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Extended open response

Combined Science (Higher)
Example 1 — Question 9b

*(b) Figure 13 shows a beam of red light approaching one side of a rectangular glass block.
The beam of light will pass through the block and leave through the opposite side.

AB is a wavefront.

beam of
light
B
air
A
glass
block
Figure13

Discuss the path of the wavefront AB as it enters and leaves the glass block.

Mark scheme

Question Answer Additional guidance | Mark
number

9(c)

Substitution into v =2 to find v (1) | 2 e distsnes
t

11
V=ﬂ award full marks for
500 correct numerical
Substitution into v = ¥ x4 and unit | answer without
conversion (1) working
1.5x10" o
V=W: Fx 670 x10 maximum 3 marks if

Transposition (1) Ain nm

Rearrangement (1)

(1.50x10")
500 (670x107 )

4.4776 x 10** (Hz)
Answer (1)
4.5 x 10 (Hz) (4)
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Other answers

Student answers
*(b) Figure 13 shows a beam of red light approaching one side of a rectangular glass block.
The beam of light will pass through the block and leave through the opposite side.

AB is a wavefront,

beam of
light
air
glass
block

Figure 13

Discuss the path of the wavefront AB as it enters and leaves the glass block.

¢ bt A sttt

Examiner’s comments

This response demonstrates accurate and relevant physics understanding
throughout. It describes what happens to the beam. It shows understanding that
this is due to a decrease in speed as the beam enters the block and an increase
in speed as the beam leaves the block and also why these changes in speed

cause the changes in direction. It has a well-developed structure which is clear,
coherent and logical.

This is level 3.
Marks awarded = 6
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Extended open response

*(b) Figure 13 shows a beam of red light approaching one side of a rectangular glass block.
The beam of light will pass through the block and leave through the opposite side.

AB is a wavefront,

beam of
light

air

glass
block

Figuhs\ \

Discuss the path of the wavefront AB as it enters and leaves the glass block.

as. . /(t écu, @f é M Lps de j‘duss éém._u“’
jq..'ﬂl ........ Moun. .« 4@1 . btad Forecd. le. ﬂ%«/
U‘—o"? f; '1*3“‘“-' Zi:adlq téi(. é.g oy ,f;f:ﬁ«/ @b o St
gt en it fln enbs Y it it! egue Lewe
af te  4ppe ongh G 4... Mﬁ'/z whensh Lbtle Goss.

;&aj\ ¥ "S" G, ng.. L. }{f&" N T ”3 2. o dty... pfm

Examiner’s comments

This response demonstrates accurate and relevant physics understanding but is
not fully developed. It describes what happens to the beam. It shows
understanding that this is due to a decrease in speed as the beam enters the
block and an increase in speed as the beam leaves the block but does not discuss
why this change in speed causes a change in direction. It has a structure which is
clear, coherent and logical.

This is level 2.

Marks awarded = 4
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Other answers

*(b) Figure 13 shows a beam of red light approaching one side of a rectangular glass block.
The beam of light will pass through the block and leave through the opposite side.

AB is a wavefront.

beam of
light

air

glass
block

Figure 13

Discuss the path of the wavefront AB as it enters and leaves the glass block.
(e)

mue  dene ‘m::clm 1:. 2\ q"\t’

Ao, MWJL hw L are mot

_pabden b weae. B o ';hf‘ leeenhe

NG /\“‘: Do decones. o S0ceh A greoncnns
he... b hede, Qe soelonpdt

B

Examiner’s comments

This response demonstrates elements of physics understanding, some of which is
inaccurate. It describes what happens to the beam. and knows that this is due to
a change in speed but has the wrong change in speed. It does not discuss why
this change in speed causes a change in direction. It has some structure and
coherence.

This is level 1.

Marks awarded = 2
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Extended open response

Separate Physics (Higher)
Example 1 — Question 8b

*¥(b) Sulfates and black soot are particles formed by industrial processes.

Some of these particles are found in the atmosphere over the Arctic Ocean.

The sulfates stay in the atmosphere and reflect (scatter) sunlight.
The black soot falls onto the Arcticice.

Discuss how a reduction in these industrial processes is likely to affect the
temperature of the atmosphere.

© Pearson Education Ltd 2016.
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Mark scheme

Other answers

Question Indicative content Mark

number

*8(b) Answers will be credited according to candidate's deployment

of knowledge and understanding of the material in relation to
the qualities and skills outlined in the generic mark scheme.
The indicative content below is not prescriptive and candidates
are not required to include all the material which is indicated
as relevant. Additional content included in the response must
be scientific and relevant.
AO2 (6 marks)
+ the soot could make the ice black
+ black ice will absorb more IR radiation than white ice
« black ice might cause an increase in the temperature
of the Earth because absorption of IR radiation {(can)
cause an increase in temperature
+ reduction in soot might reduce warming because the
ice will not be as black/will be more white
* shiny sulfates (are good at) reflecting/scattering IR
radiation which means less heat absorbed
+ sulfates scatter the IR and this reduces the amount of
IR radiation falling on the Earth
+ sulfates might cause a decrease in the temperature of
the Earth
» reduction in sulfates might increase warming (6)
Level Mark | Descriptor
0 No rewardable material.

Level 1 1-2 « The discussion attempts to link and apply knowledge and
understanding of scientific ideas, flawed or simplistic
connections made between elements in the context of the
question. (A02)

+ Lines of reasoning are unsupported or unclear. (AQ2)

Level 2 3-4 * The discussion is mostly supported through linkage and
application of knowledge and understanding of scientific ideas,
some logical connections made between elements in the
context of the question. (A02)

e Lines of reasoning mostly supported through the application of
relevant evidence. (A02)

Level 3 5-6 * The discussion is supported throughout by linkage and
application of knowledge and understanding of scientific ideas,
logical connections made between elements in the context of
the question. (A02)

* Lines of reasoning are supported by sustained application of
relevant evidence. (A02)

62
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Extended open response

Student answers
*(b) Sulfates and black soot are particles formed by industrial processes.
Some of these particles are found in the atmosphere over the Arctic Ocean.
The sulfates stay in the atmosphere and reflect (scatter) sunlight.

The black soot falls onto the Arctic ice.

Discuss how a reduction in these industrial processes is likely to affect the
temperature of the atmosphere.

Examiner’s comments

The discussion is well supported throughout by linkage and application of
knowledge and understanding about how the nature of a surface affects the
amount of thermal energy radiated and absorbed in the context of this question.
The lines of reasoning are mostly supported by the application of relevant
evidence. What prevents this achieving full marks is the reasoning that sunlight
reflected from the white ice will cause an increase in temperature.

This is level 3.

Marks awarded = 5
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Other answers

*(b) Sulfates and black soot are particles formed by industrial processes.
Some of these particles are found in the atmosphere over the Arctic Ocean.
The sulfates stay in the atmosphere and reflect (scatter) sunlight.
The black soot falls onto the Arctic ice.
Discuss how a reduction in these industrial processes is likely to affect the

temperature of the atmosphere.
(6)

wwxllmduﬂﬁﬂsmbwwbg
ey rerMft}balgswLmL tdon W Ardhic leay

Examiner’s comments

The discussion is mostly supported throughout by linkage and application of
knowledge and understanding about how the nature of a surface affects the
amount of thermal energy radiated and absorbed in the context of this question.
The lines of reasoning are mostly supported by the application of relevant
evidence. The discussion about the effects of soot are good but he discussion
about the effects of sulfates is not correct.

This is level 2.
Marks awarded = 4
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Extended open response

*(b) Sulfates and black soot are particles formed by industrial processes.
Some of these particles are found in the atmosphere over the Arctic Ocean.
The sulfates stay in the atmosphere and reflect (scatter) sunlight.

The black soot falls onto the Arctic ice.

Discuss how a reduction in these industrial processes is likely to affect the
temperature of the atmosphere.
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Examiner’s comments

The discussion attempts to link and apply knowledge and understanding about
how the nature of a surface affects the amount of thermal energy radiated and
absorbed in the context of this question but the attempts are flawed. The lines of
reasoning are unclear. It starts off well by stating that the Earth needs to radiate

the same amount of energy it absorbs if it is to maintain a constant temperature
but disintegrates after that.

This is level 1.

Marks awarded = 2
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Example 2 — Question 9d
*(d) Figure 26 shows the submarine stationary and submerged at a depth of 10m.

air

water

buoyancy tank water in buoyancy tank
Figure 26

Explain how pumping water into and out of the buoyancy tank affects the depth
of the submarine below the surface.

Mark scheme

Question Indicative content Mark
number
*9(d) Answers will be credited according to candidate's deployment of

knowledge and understanding of the material in relation to the
qualities and skills outlined in the generic mark scheme.

The indicative content below is not prescriptive and candidates
are not required to include all the material which is indicated as
relevant. Additional content included in the response must be
scientific and relevant.

AO1 (3 marks)

+ upthrust is the force on the submarine in the water
(submerged) in a fluid

+ upthrust on the submarine and its weight act in opposite
directions

« upthrust is equal to the weight of water displaced by the
submarine

+ the difference in pressures on the upper and lower surfaces
of the submarine causes the upthrust

AO2 (3 marks)

« the volume of the submarine is fixed so the upthrust on the
submarine is constant

+ increasing/decreasing volume of water in tanks increases/
decreases weight of submarine but does not affect upthrust

+ if weight increases to become greater than upthrust there is
a resultant downward force on the submarine so the
submarine sinks

« if weight decreases to become less than upthrust there is a
resultant upward force on the submarine so the submarine
rises (8)
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Extended open response

Level

Mark

Descriptor

No awardable content,

Level 1

1-2

Demonstrates elements of physics understanding, some of
which is inaccurate. Understanding of scientific ideas lacks
detail. (AO1)

The explanation attempts to link and apply knowledge and
understanding of scientific ideas, flawed or simplistic
connections made between elements in the context of the
question. (AO2)

Level 2

3-4

Demonstrates physics understanding, which is mostly relevant
but may include some inaccuracies. Understanding of scientific
ideas is not fully detailed and/or developed. (AO1)

The explanation is mostly supported through linkage and
application of knowledge and understanding of scientific ideas,
some logical connections made between elements in the
context of the question. (AO2)

Level 3

Demonstrates accurate and relevant physics understanding
throughout. Understanding of the scientific ideas is detailed
and fully developed. (AO1)

The explanation is supported throughout by linkage and
application of knowledge and understanding of scientific ideas,
logical connections made between elements in the context of
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Student answers

*(d) Figure 26 shows the submarine stationary and submerged at a depth of 10m.

air

water

—

T

buoyancy tank water in buoyancy tank
Figure 26

Explain how pumping water into and out of the buoyancy tank affects the depth
of the submarine below the surface.
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Examiner’s comments

This student knows that pumping water into the submarine increase the weight
and causes it to sink. The explanation given as to why the weight increases is
flawed and no mention is made of the part upthrust plays in this situation.

This is level 1.
Mark scheme = 2
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Extended open response

*(d) Figure 26 shows the submarine stationary and submerged at a depth of 10m. [.

air

water

\ water in buoyancy tank

buoyancy tank

Figure 26

Explain how pumping water into and out of the buoyancy tank affects the depth
of the submarine below the surface.

Examiner’s comments

This student knows that pumping water into the submarine increase the weight
and causes it to sink. The explanation given as to why the weight increases and
why this causes the submarine to sink is an accurate application of physics
knowledge and understanding to this situation. What is missing here is an
explanation of what upthrust is and why it remains constant in this situation.

This is level 2.
Marks awarded = 4
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Other examples

Combined Science (Higher)

Example 1 — Question 5c: Application of knowledge and
understanding

(c) The car starts on another journey.

Figure 6 shows the graph of the car’s movement.

F 3

324 C
velocity / 28 4
m/s

24 4

20 -+

16 -

12 1

D
0 l T | 1 | | T T T >
0 =) 10 15 20 25 30 35 40 45 50

time/s

Figure 6

Show that the distance travelled when the car is moving at a constant speed is
greater than the distance travelled when the car is slowing down.
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Mark scheme

Question Answer Mark
number
5(c) Correctly identifies data points from the graph to calculate

areas (1)

Calculates area under AB (1)

240 m

Calculates area under CD (1)

135m

distance travelled at constant speed = 240 m is greater than

distance travelled when slowing down = 135m (1) (4)

© Pearson Education Ltd 2016.
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Student answers

(c) The car starts on another journey.

Figure & shows the graph of the car's movement.

E

32‘-'_.'

velocity / 2841

)
HETE]

24t

04

16 40

time/s

Figure &

Show that the distance travelled when the car is moving at a constant speed Is
greater than the distance travelled when the car is slowing down.
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Examiner’s comments

The required points are well made in this answer which gains full marks.
Marks awarded = 4
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Separate Physics (Higher)

Example 1 — Question 3: Application of knowledge and
understanding

3 (a) Figure 2 shows some lines in the absorption spectra from four different galaxies
(A, B, C, and D) and from a laboratory scurce.

All the spectra are aligned and to the same scale.

laboratory
source

550

wavelength in nm

Figure 2

(i) Explain, using Figure 2, which galaxy is furthest away from us.

(i) InFigure 2, the reference wavelength, A, is shown at 390 nm.

Estimate the change in the reference wavelength, Aj, for the light from galaxy D.

(iii) Calculate the speed, v, of galaxy D.

Use the equation

[c = speed of light =3 x 10 m/s]
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{b) Figure 3 shows a photograph of galaxy D.

This photograph was taken by a student at his home.

{Source: Paul Curtis)

Figure 3

State two ways that the student can improve the observational techniques so
that the quality of the image is improved.
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Mark scheme

Question Answer Mark
number
3(a)(i) An explanation that combines identification via a judgement

(1 mark) to reach a conclusion via justification/reasoning

(2 marks):

« galaxy C has the greatest red shift (1)

« 50 this galaxy has the greatest speed (1)

« since the galaxy with the greatest speed will be
furthest away, then galaxy C is at the furthest

distance(1) (3)
Question Answer Additional guidance | Mark
number
3(a)(ii) 20 (nm) Allow answers in the
range 19 to 25
(1)
Question Answer Additional guidance | Mark
number
3(a)(iii) Substitution (1) allow ecf from (c)(i)
(3x108)x(20 xlO'g) power of 10 error =
~ (390x107) FrigiK. 1
Answer (1)
accept
= 15400000 (m/s) 15384615 (m/s)
award full marks for
correct numerical
answer without
working
(2)
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Question Answer Additional guidance Mark
number
3(b) Any two from the following allow

improvements:

* use wider aperture
telescope/camera (1)

* Dbetter quality objective
lens (1)

* use longer exposure
time while telescope is
locked onto star (1)

* move telescope to better

seeing conditions, e.g. dry | qe pc to adjust the

desert, higher up a sharpness of the image
mountain, dark skies (1) (2)

improvements from
photography, e.g. use
longer exposure time

use a satellite telescope

ignore

Student answers

3 (a) Figure 2 shows some lines in the absorption spectra from four different galaxies
(A, B, C, and D) and from a laboratory source.

All the spectra are aligned and to the same scale.

laboratory
source
}.,0 750
wavelength in nm
Figure 2
(i) Explain, using Figure 2, which galaxy is furthest away from us.
(3)
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Examiner’s comments

awarded.
Marks awarded = 3

This answer is a more unusual one which does not give the points in the order
given in the mark scheme. Nevertheless, the points are all there so full marks are

(i) In Figure 2, the reference wavelength, A, is shown at 390 nm.

Estimate the change in the reference wavelength, Ak, for the light from galaxy D.

(iii) Calculate the speed, v, of galaxy D.
Use the equation

V=C—

[c = speed of light = 3 x 10® m/s]

. o
REIRC )

VEAWALSTES

(1)

(2)

Examiner’s comments

giving full marks in part (iii)
Marks awarded = 2

The answer given in part (ii) is incorrect but an error carried forward is allowed

© Pearson Education Ltd 2016.
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(b) Figure 3 shows a photograph of galaxy D.

This photograph was taken by a student at his home.

Sy, U

{Source: Paul Curtis)
Figure 3

State two ways that the student can improve the observational techniques so
that the quality of the image is improved.

it M ey

Examiner’s comments

Answer (1) is equivalent to the first marking point ‘use wider aperture’ and
answer (2) is equivalent to the fourth marking point of ‘better seeing conditions
so two marks are awarded.

Marks awarded = 2
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Example 2 — Question 4c: Application of knowledge and

understandi

ng

(c) Figure 9 shows an electrostatic method for spray-painting a car door.

The car door has a negative charge.

The droplets of paint receive a positive charge as they leave the spray gun.

(Source: © Jens Briggemann/123RF)

Figure 9

Explain how charging the door helps the paint to form an even coating on both
sides of the door.

You should use ideas of forces and fields in your answer.

Mark scheme

Question Answer Mark
number
4(c) An explanation that combines identification - application of
knowledge (1 mark) and reasoning/justification - application of
understanding (1 mark):
« (negatively charged) door attracts (positively charged)
paint {(droplets) (1)
Plus any one of the following:
¢ therefore (positively charged) paint (droplets) follow lines
of force and coat both sides of the car door (1)
* since electric field (or lines of force) directed towards the
(car) doar, then positive paint will move to the door (1)
¢ as electric field (or lines of force) touches all parts of the
(car) door hence the positive paint will coat all parts of the
door (1) (2)
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Student answers
(c) Figure 9 shows an electrostatic method for spray-painting a car door.
The car door has a negative charge.

The droplets of paint receive a positive charge as they leave the spray gun.

(Source: @ Jens Briiggemann/123RF)

Figure ©

Explain how charging the door helps the paint to form an even coating on both
sides of the door.

You should use ideas of forces and fields in your answer.

(2)

d. deoC. ASk u aMledd & LAk

Examiner’s comments

This answer clearly gains the first marking point in the scheme for applying
knowledge of forces between opposite charges. Although fields are not mentioned
in the second sentence it is a good explanation using forces of repulsion for the
second mark.

Marks awarded = 2
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Explain how charging the door helps the paint to form an even coating on both
sides of the door.

You should use ideas of forces and fields in your answer.
(2)
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Gree's % M Carr, (Total for Question 4 = 8 marks)

Examiner’s comments
Contrast this answer with the last one (above) to see that the answers can gain
full marks in different ways.

Marks awarded = 2

Example 3 — Question 2b: Application of knowledge and
understanding (new content)

(b) Figure 3 shows three containers A, B, and C.

Each container contains a liquid, as shown.

Not to
scale
water mineral
oil E““"“m \.
water
B C
Figure 3
Figure 4 gives some data about the liquids and containers.
. area of base . .. density of liquid d?pth of Irqmd
container 2 name of liquid 2 in container
(em?) (g/cm?) (cm)
A 16 water 1.00 50.00
B 32 mineral oil 0.91 50.00
C 12 water 1.00 25.00
Figure 4
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Mark scheme

Question Answer Additional guidance Mark

number

2(b) An explanation that combines allow a mathematical
identification via a judgement (1 approach, i.e. calculating
mark) to reach a conclusion via all three pressures from
justification/reasoning (2 marks): the relevant data

» pressure in A is the highest and
pressure in C is the lowest
(pressure in B is between them)
(1)

+ pressure depends on depth of
liquid (s0) can compare A and C
because same liquid (hence)
pressure in A is twice that of C
(1)

» pressure depends on density of
liquid (so) can compare A and B
since same depth hence
pressure in A greater than
pressure in B (1) (3)

Student answers

Explain which container has the highest pressure at the bottom, and which
container has the lowest.

Use information from Figure 3 and Figure 4.
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Examiner’s comments

This answer gains full marks. It is not the same as the answer in the mark
scheme but is a perfectly valid mathematical way of reaching a correct
conclusion. The additions to the table, together with the working and explanation
given, lead to very clear and thorough answer.

Marks awarded = 3
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Explain which container has the highest pressure at the bottom, and which
container has the lowest.

Use information from Figure 3 and Figure 4,

e fom e anafoue.
=R — ?:‘EEO ,,ﬁ, See 2 e

Examiner’s comments

This answer shows an alternative mathematical approach set out in clear steps
and also gaining full marks

Marks awarded = 3

Explain which container has the highest pressure at the bottom, and which
container has the lowest.

Use information from Figure 3 and Figure 4.
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Examiner’s comments

Unfortunately, this answer only gives the pressure in two of the three containers
and therefore prevents a valid conclusion being drawn. Only one mark can be
awarded.

Marks awarded = 1
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