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Introduction

This was the seventh year of examining this specification, being paper 3 of combined science
at higher level. Questions were set to test candidates’ knowledge, application and
understanding from six topics in the 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 two multiple choice questions, short answer questions worth one or
two marks each and longer questions worth three or four marks each. Items were set
assessing candidates’ knowledge of practical procedures, namely Qu5(c) and (d), the latter
being of three separate parts concerning radioactivity. The standard of answers on these
practical items was variable with some candidates showing good procedural knowledge,
whilst for others there was a clear lack of familiarity shown, especially with the how to
measure the background radiation, beyond knowing that a GM tube was used.

Candidates continued to do well with most calculation questions, although some didn’t cope
well with significant figures.

Successful candidates were:
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+ well-acquainted with the content of the specification

+ skilled as a result of having been engaged with practical work during their course
« competent in quantitative work, especially in using equations

+ well-focused in their comprehension of the question-at-hand

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

+ had gaps in their conceptual knowledge of the topics of this paper

*+ had gaps in their procedural knowledge, relating to their practical work

* misread and/or misunderstood the symbols used in equations

« did not focus sufficiently on what the question was asking

« found difficulty in applying their knowledge to new situations

This report will provide exemplification of candidates’ work, together with tips and/or
comments, for a selection of questions. The exemplification will come from responses which
highlight successes and pitfalls, with the aim of aiding future teaching of these topics.
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Question 1 (a)
Most candidates scored full marks on this.

It did involve rearranging the formula; most had no trouble doing this.

(@) The person rides the skateboard down the ramp from P to Q.
The gravitational potential energy of the person decreases by 980 J.
The mass of the person is 35 kg.
Calculate h, the height of the ramp.
Use g= 10 N/kg.
Use the equation

change in gravitational potential energy=mxgxh
(2)

GPE = m_xﬁx‘n
B0 = 36x10%N
h = Q%0
236%\0
= Q%0

380
= 2.5

N,

ﬂ( < ResultsPlus
/---.. Examiner Comments

A full complete answer, well set out by the candidate.
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(a) The person rides the skateboard down the ramp from P to Q.
The gravitational potential energy of the person decreases by 980 J.
The mass of the person is 35 kg.
Calculate h, the height of the ramp.
Use g= 10 N/kg.
Use the equation

change in gravitational potential energy=mx g x h
(2)

H o= m Y- =5 < (O
dose in  GfE Y0

\(/KR&suﬁsﬁus
Examiner Comments

Here we see a wrongly rearranged formula. Nevertheless, the
candidate scored one mark for a correct substitution of values into the
incorrectly rearranged equation.

- V’ ResultsPlus
\-/

) Examiner Tip

Showing the working carefully enables the award of intermediate
marks.
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(a) The person rides the skateboard down the ramp from P to Q.
The gravitational potential energy of the person decreases by 980 J.
The mass of the person is 35 kg.
Calculate h, the height of the ramp.
Use g = 10 N/kg.
Use the equation

change in gravitational potential energy =mx g x h
(2)

g0
3 18

PREARAD=ING

N\

iﬁ ResultsPlus
Examiner Comments

The value of 'g' is omitted. This means no intermediate marks could be
awarded.
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Question 1 (b)

Candidates invariably find questions involving v2 more demanding than ones without a
power.

Nevertheless, this question was well answered by most candidates. Most achieved full marks.

(b) The kinetic energy, KE, of the person at Q is 950..
The mass of the person is 35kg.
Calculate the velocity of the person at Q.
Use the equation

(3)

2x 9450 2
— = Sq'és
39

velocity = 7'4' m/s

N ﬁ{ ResultsPlus

/'--.. Examiner Comments

Full marks are seen, with clear communication of the calculation
involved.
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(b) The kinetic energy, KE, of the person at Q is 950J.
The mass of the person is 35kg.
Calculate the velocity of the person at Q.
Use the equation

/2 2xKE
m (3)

2.X 950 = 1900 =54.2

e S

a\___

iﬁ ResultsPlus
Examiner Comments

The first two marking points are seen in the response, but they have
not taken the final square root to get the correct evaluation.

9 GCSE Combined Science 1SC0O 1PH




(b) The kinetic energy, KE, of the person at Q Is 950J.
The mass of the person is 35kg.
Calculate the velocity of the person at Q.
Use the equation

m 7x 9RO (3)

velocity = Q’ ?ﬁ) 3 m/s |

AN

i( ResultsPlus
Examiner Comments

The first marking point is scored but the candidate then has confused
working, with no more marks possible.
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Question 1 (c)(i)
This was very well answered by most candidates.

In this question the answer required spelling out what the lower arrow, represented by X,
stood for.

Thermal (energy/store) was expected.

’

(c) Figure 2 is a diagram that represents energy changes from P to Q.

increase in kinetic

decrease in gravitational energy = 950 J

potential energy = 980 J

A

G
;‘;)
X
.
[ PR
Yo
T

not to scale

Figure 2

(i) State what is represented by X.
(1)

—W\gm@lﬁhﬁrajbgﬁnn;ﬁaﬁ“

.

[ ™, .
Y / ResultsPlus
/--.‘: Examiner Comments

Thermal (energy/store) scores the mark.

The 'of friction' addition was an alternative energy transfer idea also
worthy of credit.
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Question 1 (c)(ii)
Very many candidates obtained the mark here.

It just required a simple subtraction of the input energy minus output kinetic energy to yield
the remainder.

(ii) Calculate the value of X,

4g0 =950 = 20

m

value of X = 30 J

Y ‘{ ResultsPlus
/--._ Examiner Comments

Clear working.

The correct number on the answer line scores the mark anyway.
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Question 1 (c)(iii)

This question required a straightforward calculation of efficiency from values in the energy
diagram.

Most students obtained full marks on this item.

(i) Calculate the efficiency of the system represented in Figure 2.
(2)

t.;“ { 57 - . — ()
w ’%5 = 0.96%.. xl= 97%
weﬂ@@

efficiency = qi%

N

Y 1{ ResultsPlus
/--.. Examiner Comments

This shows such a detailed well-communicated answer.
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(ili) Calculate the efficiency of the system represented in Figure 2.
(2}

Efuuniy = Witk wiay

L LR L ERN NN NN EAN Y Y]

2 A AEPNP
Gf0
T30 7

efficiency =........ 5.3
(Total for Question 1 = 9 marks)

g g

- J\ —
ﬂ ResultsPlus
Examiner Comments

One mark out of two is scored for the initial substitution.

il
.-'sz"\I L

- P
T\ ResultsPlus
\_) Examiner Tip
Leaving the answer in fractional form, where the answer required is a
decimal, sells yourself short in a physics exam.
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Question 2 (a)(i)

This was very high scoring, requiring reading off from the intersection of the two lines on the
graph.

Allowance was also made for misinterpretations of the question, whereby candidates were
calculating a remaining distance to be run (accepting 32 to 36 then).

f N E:
2 (a) Two people, L and M, have a 100 m race.
L starts running before M.

Figure 3 shows a distance/time graph of the race,
110

100

90

w &

70

50

30

20

10

0O 2 4 6 8 10 12 14 16
timeins

Figure 3
(i) State the distance that L has run when M overtakes.
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N ﬁ{ ResultsPlus
/'--.. Examiner Comments

This was the expected answer.

A range from 64 to 68 was accepted to allow for variations in using the
graph.
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Question 2 (a)(ii)

Most scored the full two marks, but some failed altogether or were allowed a compensatory
mark for choosing any identifiable values of distance and time from the graph.

(i) Calculate the of L when running the 100m race.
(2)

N\

ﬂ ResultsPlus
Examiner Comments

This answer lies within the acceptable range (rounding to a value
between 6.5 and 6.7 (m/s)).
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(i) Calculate the velocity of L when running the 100m race.

(2}
\0 O . 25
(& H
6 I/L-l— - 6 as
velocity = 6'..'2'5., .. m/s

a\ -
iﬁ ResultsPlus
Examiner Comments

This answer goes outside that accepted range, with a misreading of the

time involved.

It still scores 1 mark for the 'any identifiable values of distance and

time".

GCSE Combined Science 1SCO 1PH 18



Question 2 (b)(i)

As long as the candidate took the correct values from the question, they scored full marks in
this question.

Most did this well.

— —
7

(b) A motorcycle is travelling at a velocity of 6.2 m/s.
The motorcycle accelerates at 2.5 m/s” until its velocity is 10 m/s.
(i) Calculate the time taken for this acceleration.

Use the equation
time taken = change in velocity
acceleration o)
i 10-6:Z .\, 52
2.5

time taken = l ¢ S 2 s

B N N N M o I R W AT MW MK M M KN KR BRI S

.'\_ -
ResultsPlus

Examiner Comments

A model answer, substituting the correct values with a successful
evaluation.
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(b) A.motorcycle is travelling at avelocityof 6.2 m/s, .
The matorcycle accelerates at 2.5 m/s* until its velacity is 10 m/s.
(i) [Calculatg the time taken for this acceleratign.
Use the equation

change in velocity
acceleration (2)

& -0 - L2)
b 2T &

NGl ™
N Sﬁ? 1@‘15 time taken = 5‘172 s

time taken =

boo

a\ o
ResultsPlus

Examiner Comments

The substitution is correct, earning a mark.

The candidate then makes a mistake jumping to a conclusion that their
answer was in hours, and so spoiling their final answer.

GCSE Combined Science 1SC0O 1PH 20



Question 2 (b)(ii)

This was not quite so successfully done as the previous part, but many did get through to a
correct evaluation.

There were many ways candidates could go astray with answering this, as the clips
demonstrate.
(i) The motor cycle now decelerates (slows down) from 10 m/s to a stop.

The deceleration is at a constant rate of 4.4 m/s’.

Calculate the distance the motorcycle travels as it slows down to a stop.

Use the equation

vi-u? =2xaxx
o—1_N

PR{ENE

=W 36,2
S\W“

h

Q.G-. distance = ... B | ||
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e
\/ { ResultsPlus

Examiner Comments

This candidate scores the first marking point:
10-6.2

2.5

is seen.

However they present two alternative calculations, with no final choice
on the answer line.

Had they put 11.4 on the answer line they would have scored 2 marks.

)  ResultsPlus
\

Examiner Tip
You can't hedge your bets by leaving alternative answers.

The correct evaluation is needed, clearly shown, to get the second
mark point.
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(i) The motor cycle now decelerates (slows down) from 10 m/s to a stop.
The deceleration is at a constant rate of 4.4 m/s’.

Use the equati 2 2
se the equ on__m 0 4y ?

vi-u?=2xaxx
J N S bg,
inikgy end %/ﬂﬂq

distance =

3
|

Calculate the distance the motorcycle travels as it slows down to a sto?.

T S T e e

(2)

Oohince - Qb axa yvx o
WANDR IxY.4 x |oty
2R x (0O
= 30

g

2

|
e

S
F

Sy

i e W R S Y T

2 ResultsPlus

Examiner Comments

This gets the substitution mark.

question.

The maths part then goes wrong.

This is allowed for values written clearly above an equation in a
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S R T o A e B I P I B I I R I I I I P I I A P e O B P g S il 0 o

(i) The motor cycle now decelerates (slows down) from 10 m/s to a stop. Omys
The deceleration is at a constant rate of 4.4 m/s’,
Calculate the distance the motorcycle travels as it slows down to a stop.
Use the equation B R

vi-u?=2xaxx

%= (V2 u?) (2 xQ)
(o' -10") 2wy

(2)

a\___

iﬁ ResultsPlus
Examiner Comments

This question scores for either substitution OR rearrangement for the
first mark.

A correct rearrangement and substitution is seen, but that can still only
score the first mark.

The second mark requires a correct evaluation which is not seen here.
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(i) The motor cycle now decelerates (slows down) from 10 m/s to a stop.

The deceleration is at a constant rate of 4.4 m/s?,

Calculate the distance the motorcycle travels as it slows down to a stop.
Use the equation

: vi-u?=2xaxx

: (2)
O- \O =1 -"4L4.¢

T ¥ &.¢

distance= ... > "

A L P L L S A i et e e S S e S e e R S i E S e S R S .

N
ig ResultsPlus
Examiner Comments
The candidate has omitted squaring the 10.

The mark scheme says (additional guidance) accept 1.1(36) for one
mark ie acknowledging that one slip.
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Question 2 (c)
Various factors were permitted for the first mark.

The second mark was dependent upon the first, needing a corresponding equation linking
force with the chosen factor.

(c) A car collides with a barrier on a road.
The time of the collision is very short.

Explain one factor, other than the time of the collision, that would affect the force
on the car in the collision.

Your explanation should refer to an equation in the Equation Booklet.

(Total for Question 2 = 9 marks)

g = (my-mu)RE

N

ig ResultsPlus
Examiner Comments

Momentum is a chosen correct factor.

It is linked with A momentum/time for the second mark.
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(c) A car collides with a barrier on a road.
The time of the collision is very short.

Explain one factor, other than the time of the collision, that would affect the force
on the car in the collision.

Your explanation should refer to an equation in the Equation Booklet.
(2)

<’¢_§ ResultsPlus
Examiner Comments

Now acceleration is the chosen factor, linked with F=m x a.

These also feature in the mark scheme.
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Question 3 (a)(i)
The answers to this item were very variable.

A good number correctly associated the UVC having the lowest wavelengths with potential
danger, getting the first mark.

Others saw that absorption by the atmosphere could afford protection for humans, getting
the second mark.

Others were confused about wavelength and danger. Still others thought 100% absorption
by the atmosphere to be a dangerous thing for humans.

GCSE Combined Science 1SCO 1PH 28



3 Ultraviolet (UV) waves from the Sun travel towards the Earth.
Ultraviolet waves can be grouped by wavelength.
The three groups of wavelengths are UVA, UVB and UVC.
Figure 4 shows, for each group,

« the wavelength range (

+ the effect of the Earth’s atmosphere on each type of UV wave,

400 nmto 315 nm 314 nm to 280 nm 279 nm to 100 nm

5% 95% 100%

Figure 4

(@) () Explain why UVCis potentially the most dangerous yltraviolet radiation but
does not cause harm to people.
(2)

o becavse # 100%. ¢ tts energy ic absorbe

.....................

¢ ResultsPlus

Examiner Comments

This scores both marks.

The comparative shorter was allowed for mark point 1. See additional
guidance in the mark scheme.

'100% absorbed by the Earth's atmosphere' evidence used to gain the
second part of the atmosphere.

This also equals their comment 'can't penetrate' seen at the end of the
clip.
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s 7 .

3 Ultraviolet (UV) waves from the Sun travel towards the Earth.
Ultraviolet waves can be grouped by wavelength.
The three groups of wavelengths are UVA, UVB and UVC.
Figure 4 shows, for each group,

« the wavelength range
« the effect of the Earth’s atmosphere on each type of UV wave.

400 nmto 315 nm 314 nmto 280 nm 279 nmto 100 nm

5% 95% 100%

Figure 4

(a) (i) Explain why UVC is potentially the most dangerous ultraviolet radiation but
does not cause harm to people.

‘\' (5. W

.......1{5 ok %
ham pealle Lo _;.e zao/ of T _enefuy
s absorbed _hy

{2)

J%d“ous beryse  of

ResultsPlus

Examiner Comments

'Because its low wavelength' is insufficient for the first mark; no
comparative seen at all.

The second mark is scored.
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@ ResultsPlus
<

Examiner Tip
The question involved comparison:

'why UVC is potentially the most dangerous'?

To answer some comparison of the wavelengths of UVC with others is
expected.

'low wavelength' isn't a comparison. You could argue they are all low
wavelengths (nanometres).
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Question 3 (a)(ii)
Most candidates scored 2 marks here, out of a possible 3.

Most candidates did not know nm was 1072 metres so lost the final mark.

5 T 20U 1L COTVVOVTIVBAL 4V) | UT” MITTNAUS WA ] 4T AUINE ST Ah (g
(i) The speed of electromagnetic radiation is 3.00 x 10® m/s.

Calculate the frequency of the shortest wavelength of UVB radiation.

(3)

';LB@ A .$x o’

\.O)(ho‘aq
.< *Bx\
H-00 Y2 ,b_f_,//

1'%?{;0’ !ﬁ 33(10 frequency =
\07xo¥= 1

N—,

ﬁ/ 1{ ResultsPlus
/--.. Examiner Comments

This candidate chose the correct equation to use, substituted and
rearranged and understood what nanometres were.

A\ ResutsPus
<)

| Examiner Tip
The whole science specification needs a good recall and understanding
of units:

giga(G), mega(M), kilo(k), centi(c), milli(m), micro(uy) and nano(n).
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(i) The speed of electromagnetic radiation is 3.00 x 10® m/s.

equency ofthe shortestwavslength of UYB radiation.
wave Speed:-s— frequency X wave lengin’

30X0Sys = 2 xata 34

g
sgﬁlo* = 55414-0127

frequency -q .................

N\

ig ResultsPlus
Examiner Comments

Substitution and rearrangement with an incorrect wavelength was
allowed one mark, with no other mark scored. See additional guidance
in the mark scheme.
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Question 3 (b)
This question was poorly answered by most candidates.

Candidates often showed little or no recall of electron energy levels and their role in
absorption and re-radiation of the uv energy as visible light.

For ease of reference here are the mark scheme points:

1) UV/energy absorbed by electrons (1)

2) electrons change orbit/energy level/shell (1)

3) electrons in an ‘excited’ state (1)

4) electrons emit energy/ move to lower energy level/fall down/de-excite (1)
5) (energy) emitted as (visible) light/at a different frequency/wavelength (1)
6) (process is called) fluorescence/(light emitted is) fluorescent (1).

Please note the mark scheme points must be hit explicitly. Examiners cannot do the work for
candidates by inferring or seeing these as implicit. Clearly judgement is required as
candidates' language varies.
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(B) LV radiation of wavelength 365 nm Is used to detect forged banknotes.

In a genuine banknote there are marks that cannot be seen using visible light.
These marks can be seen using UV radiation.

Explain why the marks can be seen when the UV radiation shines on
the banknote,

Your answer should refer to the enerqy of electrans in atoms.

You may draw a diagram to help with your answer.

(4)
encrg] {orwcele
EM ¥ ol Ol Sy
“ E"M.A:'I\“ J Mlu'
A W /"-""'FM
CM roclicdhen

o IUnrdUMﬁj‘

lvanalte i) cucol

Lo

Sarel o

are nat “elecivon

,Nhﬂ,ﬂuwm‘/w VorY hoigd 4 J"E? @ Bocx Jhu,

......

_ ResultsPlus

Examiner Comments

Mark points 2, 3, 4 and 6 are most clearly met, with points 2,3 and 4
being discernible in the diagram alone.

A

&Y\ ResultsPlus

Wise use of diagrams can really help your answers.
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(b) UV radiation of wavelength 365 nm is used to detect forged banknotes.

A —

% In a genuine banknote there are marks that cannot be seen using visible light.
These marks can be seen using UV radiation.

Explain why the marks can be seen when the UV radiation shines on
the banknote.

Your answer should refer to the energy of electrons in atoms.

You may draw a diagram to help with your answer.
(4)

Awis b beconn UV rodiokin hn..sezmqh. ,,,,,, enamy ..
koe the. ek o e afoms an Bar oS o

_eledhon. run.sz( aLu.orL o the mg;,nod..mr%q lgmL
At conanik  Ths em.naj __________ which, . amted Qo
okon...so.. Mk ave. can. e the,

saome. o the waodhy, .ﬂ-dmm'l' Iw.m ﬂg nf.{k} a.m:m}af mmg{

g ResultsPlus

Examiner Comments

This clearly scores mark points 2 and 4.
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(b) UV radiation of wavelength 365 nm is used to detect forged banknotes,

In a genuine banknote there are marks that cannot be seen using visible light.
These marks can be seen using UV radiation.

Explain why the marks can be seen when the UV radiation shines on
the banknote.

Your answer should refer to the energy of electrons in atoms.
You may draw a diagram to help with your answer.

i
..

\ & - '
On g

N \

(4)

%Z ResultsPlus
Examiner Comments

This scores mark points 2 and 6.
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(b) UV radiation of wavelength 365 nm is used to detect forged banknotes.

In a genuine banknote there are marks that cannot be seen using visible light.
These marks can be seen using UV radiation.

Explain why the marks can be seen when the UV radiation shines on
the banknote.

Your answer should refer to the energy of electrons in atoms.

You may draw a diagram to help with your answer.

(4)

BN \«*3\:\».:
......umbu, \%Wmmuw-;mmufho&wﬂ——h%
Maw«msmws

JI'I\ R
’Y/gResuﬁs?Ius
Examiner Comments
This is an example of where equivalence to a mark point is seen. Mark

point 1 describes UV energy being absorbed by electrons. UV radiation
giving electrons energy is taken as equivalent to that.
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Question 4 (a)(i)

Most candidates read the values of 20s and 45s off the graph, within whose bounds the
velocity was constant.

| 4 (a) A car starts from rest and then travels for 70 s as shown on the graph in Figure 5.
16 AEEEAEmEES 28 EEE NN S = -
i AamERa N
14 oo 1: ™
12 F s
?
10 :
N
velocity in 8 i i an
m/s 1 ;
6 ; - :
Y i : I
4 | :
2 : :
0 _ i =
0 10 20 30 49 50 60 70
' timeins
Figure 5
(i) Complete the sentence using data from Figure 5.
m
The car is travelling at constant velocity from ... 2. O . S

ResultsPlus

Examiner Comments

Perfect answer.

' ResultsPlus

Examiner Tip
Note both values needed to be correct to get the single mark available.

39 GCSE Combined Science 1SCO 1PH



'S

4 (a) Acarshmfro_rn'}uundthentmelsform“uhownonthemphlh Figure 5.

'6 . | I AR N N N R

14

12

~m

25
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41

(ii) Use data from the graph in Figure 5 to show that the car travels a total
distance of about 710 min 70 s.

(3)
(ZSWIS - fl‘?‘)-s .;-.\

.

S
_EEL_ - ¥ \30 T \ ":\7\2.-5'1‘11705
, 7

2.
(ole Yo 2(0

%5 %1S -4 23S

(ili) Calculate the average speed of the car for the total distance travelled.
(1

212.S
70

average speed = {O""?? m/s

I\

% ResultsPlus
Examiner Comments

(ii) areas calculated correctly yielding a final correct evaluation for the
last mark point of (ii)

Substitution and evaluation correct for part (iii)
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r

4 (a) A car starts from rest and then travels for 70s as shown on the graph in Figure 5.

14
12

Figure 5

GCSE Combined Science 1SCO 1PH
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43

(i) Use data from the graph in Figure 5 to show that the car travels a total
distance of about 710 min 70 s.

=% x <& "’bi'i%}—

N 20 % 5
&}5'0 — @Qm: (50 r

O
D= 20 S=
/(""."- "l.:.‘k:’$ ’},LO - \O-kk'k
- = _
X average speed=...... L. \«LL: ................... m/s

GCSE Combined Science 1SCO 1PH
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™,
\-\.

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

(ii) The candidate calculates areas A and B effectively.

They attempt the last area, but miscalculate, taking the wrong time
interval.

Areas attempted get up to 2 marks in this question.

They cannot then score the final evaluation mark.

(iii) average speed correctly calculated.
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(

4 (a) A car starts from rest and then travels for 70 s as shown on the graph in Figure 5.

16

S
4

il
= i

1.1
LT

- I

14

12
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(i) Use data from the graph in Figure 5 to show that the car travels a total
distance of about 710 m in 70 s.
(3}
B
$ - .

150 s | = distera

o | “s-Ww p-us

S 7511502 15.5 = 7f0-5m

(LS E
o210
19x (us-ua = 375m
70-' ,i,(,{
{ili) Calculate the average speed of the car for the total distance travelled.
(1)
210 [0 ll’Brh/
— (U, § b
70 J) I ’
Al 10- i g
[ average speed = /0‘/ m/s
/ ResultsPlus

Examiner Comments

(i) The candidate calculates all three areas well.
Unfortunately, their addition is mistaken.

They cannot then score the final evaluation mark.

(iii) average speed correctly calculated.
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Question 4 (b)

This requires a rearrangement, following on from identifying F= m x a, to get 'm’".

z (b) The inertial mass of an object is a measure of how difficult it is to change the
g velocity of the object.
i A force of 450 N acts on a car to give the car an acceleration of 0.35 m/s’.
g Calculate the inertial mass of the car.
: (2)
Foree = W\s§ scecalelotron
b
* ~Tcelarstion = — | 29¢ 7
3 035
inertial mass of car ll@(?.’
.

’Y/KResuﬁsﬁus
Examiner Comments

This candidate explains their process very well, arriving at the correct
evaluation.

This question had no significant figures associated with it, so values
which rounded to 1300 kg were accepted, like this one.
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Question 4 (c)(i)

This question asked for the identification of the appropriate variables corresponding with
those in the straight line general equation y = mx + c.
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(c) Figure 6 shows a different velocity/time graph.
This straight line graph can be representedﬁl:':y the equation
' ~T

y= mx\+c
\70
25 4
20
15
velocity in
m/s 17
10
5
| 0 i X
0 30 60 120
timeins
Figure 6

. (i) Give the quantities that x and y represent in the equation.

y represents \fffﬁ&ty in. m / S
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e

ResultsPlus

Examiner Comments

The variables are
time for x

velocity fory

Units are ignored.
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Question 4 (c)(ii)

Now an attempt to find the gradient of the graph was needed for the first mark point. This

attempt was deemed satisfactory if it would yield a value between 0.18 and 0.24 (m/s?).

Success for the second mark point was indicated by a value of 'm' lying between 0.20 and
0.22 (m/s?).

F

(i) Calculate the value of m from the graph in Figure 6.
(2)

125 . _je%_f’_:'%_

(@,n5) (m, ) Z&

n Y |
"Q%V;:geiﬁ s 252"
Y%

m=. @,Q(BB m/s

ﬂﬂesuﬁsﬁtﬁ
Examiner Comments

Full marks are awarded for an answer lying between 0.20 and 0.22

(m/s?).

This student spells out the relevant coordinates.
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\
(ii) Calculate the value of m from the graph in Figure 6.
(2)
Chugeiny  15-0 = B3 4 90q3
' -0 " Co "~
o & wJeHa 021113
m=..0:Zhon. m/s

ResultsPlus
Examiner Comments
Fully successful using intervals:
Av
At
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53

(i) Calculate the value of m from the graph in Figure 6.
Y =M + C -

W= rHs=s .
e

(2)

a\___

% ResultsPlus
Examiner Comments

Full marks are always awarded for 'the correct answer without
working'.

This is inside the range required.

A
// |

Q ResultsPlus

Examiner Tip
There is always the danger of not getting an intermediate mark if you
don't spell out your calculation.
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Question 4 (c)(iii)
The value of 'c' is the y-intercept.

Since the graph goes through the origin 'c' = 0.

(iii) State the value of ¢ from the graph in Figure 6.
(1)

value of ¢ = O

JAN

N 1{ ResultsPlus
/---. Examiner Comments

This is all we need.
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Question 5 (b)

The meaning of the term 'ionising' was asked for. The mark scheme looks for loss/gain of
electrons.

Occasionally candidates cited harm caused as an answer. That was not answering the
guestion.

(b) Alpha, beta and gamma are all ionising radiations.

Give the meaning of the term ionising.
(1)

™ C =

e IDEN. CONODe Cause. . BT
L. AT ONS . Fenkya

¥ &{ ResultsPlus
/'--.. Examiner Comments

The idea of losing/gaining electrons is there for the mark.

We would not quibble over their slightly misleading use of language in
this.
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Question 5 (c)

£ marks were available for a question asking for a practical procedure to find the background
radiation count.

Many candidates talked of using a GM tube, but not much else.

There were six possibilities given in the marks scheme for scoring those 3 marks.

(c) A teacher determines the background radiation count rate in a laboratory.

Explain how to determine a value for the background radiation count rate.

....... 6{.&—6\&3%3&;:00;\& (.ond. laoid a¥ VP .
NSRBI na Mony  beeps. vou. ear o ..

N,

ﬂ/ < ResultsPlus
b/-----. Examiner Comments

This shows how relatively straightforward it was to obtain 3 marks.

Here for mark points 1,3 and 6.
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(c) A teacher determines the background radiation count rate in a laboratory.

Explain how to determine a value for the background radiation count rate.

~RO30R._FEPRAL. . RAPRAMENg. . £D.. K50 QN OVREAGE .o

TCount  Ehe  nember. 0. bEees the GM  counte Mmokes.

N\

ig ResultsPlus
Examiner Comments

This gained 3 marks for
e GM counter mention
e repeat readings
e take an average

57 GCSE Combined Science 1SCO 1PH



Question 5 (d)(i)
This was of variable attainment.
A good number got full marks (2).

Many scoring 1 out of 2 had 3 items labelled including the GM tube, but then positioned the
aluminium inappropriately.

a N

(d) The teacher now investigates the absorption of beta radiation by different
thicknesses of aluminium.

The apparatus available is
+ asource of beta radiation
. a Geiger-Mdller (G-M) tube and counter
« 10 pieces of aluminium, each 0.5 mm thick
« ametre rule.

(i) Sketch alabelled diagram showing the positions of the apparatus when the
measurements are ken

v th MU "'
K ua‘v ww C}fifﬂow% g w ¢

[@—;' “’ﬁ R

g PR

m,ol—r(/ r“r/J« 24

R e e P e R e e e e P R e A P P o (P g A o

|

ig ResultsPlus
Examiner Comments

Full marks achieved with the aluminium sheets between the source
and the GM tube.
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(d) The teacher now investigates the absorption of beta radiation by different
thicknesses of aluminium.

The apparatus available is

« asource of beta radiation

« aGeiger-Miiller (G-M) tube and counter

« 10 pieces of aluminium, each 0.5 mm thick
+ ametre rule.

(i) Sketch a labelled diagram showing the positions of the apparatus when the
measurements are being taken.
(2)

R R R L A R IR A RN IR, T I B MR X I It 7 I I IR X R IR I SIS BB™ B SIS B PAE SIS DS Pl S PP S S P PP B Ry

: ResultsPlus

Examiner Comments

Another well drawn sequence with the correct idea.
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Question 5 (d)(ii)

A significant number recognised the thickness of aluminium as the independent variable.

e« S
? (i) Give the indgpendent variable in this investigation.
9 (1)

’yfﬁﬂesuﬁsﬁm
Examiner Comments

Correct response.
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Question 5 (d)(iii)
This showed low achievement.

Candidates appeared not to be able to apply their procedural knowledge to this item.

(iii) Name a quantity that must be kept constant during the investigation.

N\

iﬁ ResultsPlus
Examiner Comments

This was the expected response, earning the mark.

v
(iii) Name a quantity that must be kept constant during the investigation.
(1)

_the delane between he source aacl Mo

.......... ONMAU LI oo

N

iﬁ ResultsPlus
Examiner Comments

This is also a possible constant.

6 possible ways of getting the mark are listed in the mark scheme.
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(ii) Name a quantity that must be kept constant during the investigation.

a\ o
ResultsPlus

Examiner Comments

This was an all too frequent response, unfortunately.

It is not a control variable.

An amount of radiation would also be time dependent.
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Question 5 (d)(iv)

B - radiation has a proton number of - 1, with the remainder for 'Y' being 39 to balance that
on the left and side of the equation.

A compensatory mark reflecting the balancing totals was given where the proton number of
B was not put at - 1.

(iv) Strontium-90 is the source of beta minus radiation in this investigation.

Complete the nuclear equation for this emission of beta minus radiation.

90 0 90
385r - [ + Y
- 9
.r‘"jl:\ -
S ResultsPus
‘ Fully correct response.

iv) Strontium-90 is the source of beta minus radiation in this investigation.

Complete the nuclear equation for this emission of beta minus radiation.

90
38

90

Sr > 0[3 + Y

- | 5
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’Y/ﬁﬂesuﬁs@iﬁ
Examiner Comments

First marking point scored, but not the second.

Numbers in the boxes should add up to 38.

(iv) Strontium-90 is the source of beta minus radiation in this investigation.

Complete the nuclear equation for this emission of beta minus radiation.

90 0 90
38SI’ - [ + Y
\ &1

’Yfg ResultsPlus
Examiner Comments

B proton number was wrong but a second mark awarded for numbers
that add up to 38.
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Question 6 (a)(ii)

Most candidates scored the mark on this one.

(i) The ball is moving at constant speed. Give one reason why the velocity of the
ball is continuously changing.
(1)

B § 0\ Y- 4 le Yore =T a "W €¢I NS N eBIE - t (B e (= S0
...... ou:z A BAl 1S COOUNOSIY. . thg 0.

/

i( ResultsPlus
Examiner Comments

This matches mark point one on the mark scheme very well.

(i) The ball is moving at constant speed. Give one reason why the velocity of the
ball is continuously changing.

(1)

oving N aoh @crem dn ye.cxon Iy
h kS OLC emnng

|

ﬂ ResultsPlus
Examiner Comments

This candidate elaborates further, showing good understanding, and
also matching mark point one.
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(ii) The ball is moving at constant speed. Give one reason why the velocity of the
ball is continuously changing.
(1)

.. V&Lounbammgea ..... tf..lfw:» iiarc.ch‘m .........

N\

ig ResultsPlus
Examiner Comments

This matches mark point 3 on the mark scheme.

(ii) The ball is moving at constant speed. Give one reason why the velocity of the
ball is continuously changing.
(1)

at_ diftecent _points...of . the. Clicle.. the... UCLOCIIY. wilf......
he  QUICKer due 0 YUY

I\

% ResultsPlus
Examiner Comments

An example of a spurious argument concerning gravity, which ignores
the question stem which says the ball is travelling in a horizontal circle.
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Question 6 (b)

A small minority of candidates achieved all three marks. This was often because of a lack of
following up the question asking for answers 'to an appropriate number of significant
figures'.

(b) Figure 8 shows a gymnast landing on a mat and coming to rest.

The gymnast has a mass of 53 kg.
The gymnast lands on the mat with a velocity of 4.0 m/s.
The average force exerted by the mat on the gymnast is 3500N.
Calculate the time taken for the gymnast to come to rest.

e ————
Give your answer to an appropriate number of significant figures.
Use the equation

change in momentum
ime

t
MDWQMMM" WSS X VdDu’.‘}, (3)
- 455 ¢ Y40

/AN

force =

1500 = 2=

2L
o 70.%05
7 3500

time = 04061 s
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N ﬁ{ ResultsPlus
/'--.. Examiner Comments

This shows an excellent response, well worth the full three marks.

4 \ ResultsPlus
\

| Examiner Tip
Well-presented work like this is commended, including showing an
evaluation which is then rounded to an appropriate number of
significant figures.
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(b) Figure 8 shows a gymnast landing on a mat and coming to rest.

gymnast—____

—

Figure 8
The gymnast has a mass of 53 kg.
The gymnast lands on the mat with a velocity of 4.0 m/s.
The average force exerted by the mat on the gymnast is 3500 N.
Calculate the time taken for the gymnast to come to rest.

Give your answer to an appropriate number of significant figures.

Use the equation
force = change in momentum
,1’ 2 time
BSOON— tkime (3) |
y 202
tmg = 2= -4
g0 - 00 0%

time = 006 Og s

Momentum = MussS x \/6‘[0/{,@
2(2 - 63@ x Y. 0 m/s

.'\ o
ResultsPlus

Examiner Comments

This was often seen.

The candidate completes the calculation well but then does not give
their answer to an appropriate number of significant figures.
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(b) Figure 8 shows a gymnast landing on a mat and coming to rest.

The gymnast has a mass of 53 kg.

The gymnast lands on the mat with a velocity of 4.0 m/s.

The average force exerted by the mat on the gymnast is 3500N.

Calculate the time taken for the gymnast to come to rest, |~ 4

Give your answer to an appropriate number of significant figures.

(3)

a}mo,oq-g'{

Use the equation
force = change in momentum g: (P10 = o)
T -
v (‘ﬂ"w:%m“) (53 %1) - (53
5509
time=_. & O . D4Us s
ResultsPlus

Examiner Comments

makes a wrong substitution.

This response gains a mark for a correct rearrangement, but then
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Question 6 (c)

This 6 marker on a momentum conservation (practical) proved to be very difficult for
candidates to achieve level 2 or greater.

Misunderstandings abounded in candidates' answers including an idea that kinetic energies
could cancel each other out.

Three exemplar answers worth 6 marks each are given in the hope of pointing students
forwards to what can be achieved.
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*(c) Figure 9 shows two trolleys, P and Q, moving at the same speed, v, directly
towards each other.

—— -

"t

Figure 9
The trolleys have the same mass.
When the trolleys collide, they stick together and stop.

Explain how momentum and energy are both conserved in this collision.

R g e B seene daviouask of, edae mavgy

4K AU T NBRS. X ..

LY dand an elave Uee wAde, ol

LBank momantom \ea oA Ve NP N RN W1/ T SRV IR DRI 1.

o AN B A Pobay rtna Vond e o Srove RO
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~ / ResultsPlus
/'--.‘: Examiner Comments
This answer recognises that the total momentum before and after are
both zero, understanding that velocities may be regarded as positive
and negative. They also understand energy conservation via
conversion from kinetic to thermal. Well worth 6 marks

This standard of answer was rarely seen.
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*(c) Figure 9 shows two trolleys, P and Q, moving at the same speed, v, directly
towards each other. v v \N“

a“‘
Figure 9

\.,nv
The trolleys have the same mass. cp“‘-.*

When the trolleys collide, they stick together and stop. /ﬂ

Explain how momentum and energy are both conserved in this collision.
v e (6)

‘MM“%W ............ -\-\rs.n.rl&-:nv_-*-\m

PRI O AIREISST.. RN, e LSS T L —
B P VRSPV IT SIVPNRS e e
IS peanss... Rotass..... Haa derkmsd... wastaamatined. e gemna

RLOBRINELN ... F N SATTRMA IO . COYNRA,. A AT M

WQWMWM oo, ST AR

e

MMMMW+MW$ ........ TS

Jeada . e Aok hm*ﬁé‘mhumw .......... < RISRISTAGHIE.. ..

Tharwal, evamgy s raladged due o (Total for Question 6 = 11 marks)
Tha resuitant Coves m O Ales Waa codls maewe .
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N / ResultsPlus
/'--.‘: Examiner Comments

This answer shows good step by step logic as they sequence through
what the question asks for in terms of momentum and energy.

Their momentum argument is particularly compelling, using the idea
that both velocity and momentum are vectors in nature go very well.
Their energy conservation argument is similarly well articulated.

& ResultsPlus
KL

Examiner Tip
Notice how the candidate makes very brief notes underlining key
points in the question, unpacking words like 'conserved'.

This shows in their answer which is then very well composed.
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*(c) Figure 9 shows two trolleys, P and Q, moving at the same speed, v, directly =~ K€24 »m x>y
ikl 2y

towards each other.
4045 ; -
% ,,,_.,wlr -——-; -:— — ?ﬂ-&iv .ﬁh
sa~d

w = 0
.m‘% /
ionsuneh Figure 9 ]
y eyt
The trolleys have the same mass. “"“”p
When the trolleys collide, they stick together and stop.

Explain how momentum and energy are both conserved in this collision
(6)

erollays... ... ﬂz.dhr MKT od, B, onorsertlm. s 0. deac.. Lor. O0.NG. M0\ LoV 2
o romodun ~ howdt arogid ond A Ao roia) tor Question 6 = 11 marks)
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N / ResultsPlus
/'--.‘: Examiner Comments

Once again, the key two components of a level 3 answer are focused
upon, these being:

e momentum conservation via the realisation of the impact of
opposite momenta resulting in a sum of zero before and the same in
the stationary situation afterwards

e kinetic energy does not disappear or cancel in some way but is
transferred into thermal stores.

s ResultsPlus
KD

Examiner Tip
Notice the note making in the diagram which proved effective focusing
attention on key factors.
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*(c) Figure 9 shows two trolleys, P and Q, moving at the same speed, v, directly
towards each other.

— -—

"t

Figure 9
The trolleys have the same mass.
When the trolleys collide, they stick together and stop.

Explain how momentum and energy are both conserved in this collision.
(6)

----------------------------------

Sxﬁs:e,m Yoo orreniam

||||||||||||||||||||||||||||||||||||

C;W‘Ld? SSawe. Mﬁr‘) ?;Q:.m LaXAAch

£aUsNg,.. Re... SRARCINM. -’*" decn-m: ......... AN . AR
Nelocwy B crpses. Mgkt Showtd Al a2 e vesuttanr ©1.
Mo neeya can.. Yo Crvaved. of. Gesnuug® (Consroesin |
mﬂﬁ)ﬁllkeﬂmgnmjm}wmw}n
Mo SA0QULings.. Do e £ 0. Sull... A3 S0M0C.....
enersy. . Qo . CRASn . I0und. Mok (KR e viade. ...

s o CINE S0 C AT o P 0. P U7 WP - SO &' YOIP LT < S . & — 0 S-S S
m&w& (Total for Question 6 = 11 marks)
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< / ResultsPlus

/'--.'; Examiner Comments
This is a level 2 answer, not very convincing though, hence an
intermediate mark of 3 marks.

Both momentum and energy conservation explanations are quite
limited eg momenta of the two trollies are seen as equal, but they have
not grasped or included the vector idea. Kinetic energy transfer to
sound energy is proposed, but this ignores a more important thermal
energy store outcome.

En route also they stray into trying to explain using force ideas. This
was the undoing of many candidates trying to answer this question.
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*(c) Figure 9 shows two trolleys, P and Q, moving at the same speed, v, directly
towards each other,

_|+ M
v ! ! v
Figure 9

The trolleys have the same mass.
When the trolleys collide, they stick together and stop.

Explain how momentum and energy are both conserved in this collision.
(6)

_-RNOOQU W newmey uel:ned o domued bu-
mﬁl& Hansfemd ...................................

. B
\'G\Lerﬂ& '? mr\d Q. are.. oping.an. Oﬁmsne
.............. Aechiors. 08 Canomer Oy YONe. .
______ Soone YN L0 m% Qode. . mt;s.. \m.o

=0T 5. VDASS X VELOCAY LY
\Q' e mxu:n;s ......... Ore. MGAING. O ¥he Sime ..
_QPEQC) ....... oA oAre. AN COMOL  INUSS. vhe ...
et fexce wwn e O Hherefrre

vmd Sfop. Xineric. m\@ﬁ Tnos_alse renckal

_\Mlm_m M}«m(’ N’j\m: (Total for Question 6 = 11 marks)
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\'/ / ResultsPlus
/'--.'; Examiner Comments

This is a level 1 answer awarded 2 marks.

There are recognitions that the values of kinetic energy and
momentum of each trolley are equal (in size). A basic statement of the
law of conservation of energy is given, but it is not really applied.

There aren't even any level 2 limited descriptions of either
conservation of energy or of momentum.

The candidate unhelpfully attempts an explanation in terms of
Newton's third law.

The equal and opposite notion was often transferred in students'
minds to kinetic energies and momenta.
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*(c) Figure 9 shows two trolleys, P and Q, moving at the same speed, v, directly
towards each other.
A

_-
'H'! !V

Figure 9
The trolleys have the same mass.
When the trolleys collide, they stick together and stop.

Explain how momentum and energy are both conserved in this collision.
{6)

T Mw cdinicn. WMomontom.a . w Mu&kﬁ

P':W"*\Jmﬂcﬁsms ...... mbum—hq\l%;hmm
WMMUﬂoQBMMM ........ Lanlhlae. T Somas......

S e %Wt%mmx%&mwwcﬂgw;& ............
#“fl\i.: M’Mw

.__mx,ﬁ!.._.____ﬁa _________ ma,jhmk%mlteb

mMNd%*&m}m@Mm%%\\mtm ...... A
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N / ResultsPlus

/'--.‘: Examiner Comments

A level 1 answer which only receives some credit for the isolated idea
of the two trollies having the same momentum (values).

Then there are some unhelpful phrases such as 'force going through
each trolley' and transfers of equal energy to each other.
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Paper Summary

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

Candidates continued to do well with most calculation questions, although many didn't cope
well with significant figures and units, such as nanometres in Q 03(b)(ii).

Candidates were hindered in achieving level 3 responses in the 6 mark answer through their
lack of application of knowledge and understanding regarding momentum as a vector
quantity and kinetic energy as a scalar.

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

e Candidates should make the most of opportunities afforded in school laboratories where
they become acquainted with practical work from the specification. This concerns both
core practicals and the suggested practicals. It would benefit students to always question
‘What is the purpose of this experiment? making sure they are clear in their minds about
it. After the event evaluations are also useful, especially when reflecting about how the
experiment could have been improved.

e Candidates seem to need more practice on handling powers of ten in their calculations.
They should be able to use their calculators with numbers in standard form when needed.
It often helps to put answers in standard form rather than risk writing too many or too few
000s in an answer.

¢ In constructing explanations students need to take note of the marks allocated to a
particular question and respond with a corresponding number of points in their answer.
Candidates should take opportunities, where they can, to use diagrammatic illustrations to
aid and prompt their explanations.
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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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