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Our examiners’ reports are produced to offer constructive feedback on candidates’ performance in the
examinations. They provide useful guidance for future candidates. The reports will include a general
commentary on candidates’ performance, identify technical aspects examined in the questions and
highlight good performance and where performance could be improved. The reports will also explain
aspects which caused difficulty and why the difficulties arose, whether through a lack of knowledge, poor
examination technique, or any other identifiable and explainable reason.

Where overall performance on a question/question part was considered good, with no particular areas to
highlight, these questions have not been included in the report. A full copy of the question paper can be
downloaded from OCR.
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This is the first of the ‘Depth in Physics’ papers in this new specification. Even though all papers are now
synoptic, covering the whole specification, candidates generally scored well, and the difficult
mathematical aspects were well tackled. As this paper consists of long questions structured around
specific topics, candidates need to scan each question to discern its structure before diving in to part
(a)(i). As an example, Q1 started with a gentle pair of questions, parts (a)(i) & (ii), on interpreting the
resistance-illumination graph for the Light-Dependent Resistor, after which candidates were expected to
incorporate those ideas into an analysis of a potential divider circuit in (b)(i) to (b)(iii).

Candidates were generally well prepared for the two extended-response questions in this paper as these
had featured extensively in papers for the previous Twenty-First Century Science: Physics specification
J245.

A new feature of this paper is the examination of skills related to practical work; in this paper Q2, on
specific latent heat, and Q6, on forces and motion, were met with different degrees of success.
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1  This question is about using an LDR (light-dependent resistor) to measure light intensity.

(a) The resistance R of an LDR varies with illuminance (the amount of light energy per unit area
hitting a surface) as shown in the graph.

100

80

60

==

20 N

0 20 40 60 80 100
illuminance (lux)

(i) Which of the following statements correctly describes this variation?

Tick (v') one box.

The resistance is directly proportional to the illuminance.

The resistance and the illuminance have a positive correlation.

As the illuminance increases, the change in resistance becomes less and less.

The resistance is greater at 80 lux than at 20 lux.

[1]
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(i) Use the graph to estimate the change in resistance of the LDR when the illuminance
increases from 10lux to 70lux.

Change inresistance = ..........ccoooiiiiieiieeccee kQ [2]

|These introductory questions were answered well by almost all candidates

(b) The LDR is connected in series with a fixed resistor of resistance 10k and a 4.5V battery.
The total resistance at 30 lux is 22000 Q.

45V

10kQ I

(i) Calculate the current in the circuit.

CUITENt = L.t A [3]
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(ii) Calculate the potential difference across the fixed 10kQ resistor when the illuminance is
30 lux.

Potential difference = ... V [3]

Most candidates found part (b) more challenging. Many ignored the statement in the question stem that
the total resistance at 30 lux is 22000 Q. These candidates used 10 Q, or 10000 Q, or 12000 Q, or
even 32000 Q. About one fifth of candidates gained all three marks.

OCR support  The Mathematical Skills handbook provides advice and guidance on the use
of units, rounding and conversions.

Exemplar 1 is not untypical and shows how many candidates were able to be credited with a
compensatory mark for their correct recall of the equation. Although like Exemplar 1, they forgot to
convert 10kQ to 10000Q.

(i) Calculate the current in the circuit. g .
P = vk L res isvaice

=S covreend

eQ
c-,{‘(_

US = 10 = oS

X X

Current = O"L"\S_ .......... A [3]
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In Exemplar 2 the candidate has answered the question correctly but uses the recurring decimal
notation. It would have been more appropriate to round the result to 0.00020 Q or 2.0x10™ Q.

(i) Calculate the currentin the circuit. | .y W= O 5

Vs tebe “.5 -
R o
S : Y
Y-S oz W50 L J“«
\oe=® . Current=....0.2.000204% A [3]

(ii) Calculate the potential difference across the fixed 10kQ resistor when the illuminance is
301ux.

Potential difference = ..........cccooeiiiiiiniiiceiiiee V [3]
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In Exemplar 3 the candidate has made an error in Q1(b)(i) but fortunately error carried forward (ECF)
was applied to Q1(b)(ii) which allowed the candidate to gain full credit for their answer to Q1(b)(i).

(i) Calculate the current in the circuit.

VIR 2 to—="TZT K%

weo 4+ 1lo000 T 3‘2000.;9.

T = -E- 45 i
?5___20"‘3 = 4oy ™
O. 0o | 4|
Current=...0:000& 1 . A 3]

(ii) Calculate the potential difference across the fixed 10kQ resistor when the illuminance is

30Iux.
Uz IR

10 0 ¥0.0elf: -4l ECF

[ 4Y eV 3]

Potential difference = ...ccocoiiciiievennitoii et

(iii) Describe, without any calculations, how the potential difference across the fixed resistor
will change when the illuminance increases from 30 lux to 100 |ux.
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Exemplar 4 is a rare example here of a candidate who understands what is happening in the circuit; a
number of others gained marks for increase in p.d., or decrease in resistance, even if their explanations
were not as clearly expressed as they could be.

TLepoi’eMr W mmssmf,xeérf&w

Will....ineeta30: This 18, hecomse k. 100 lux Hhe 165w
OF.. 1kt LOR i8. amch. Lot ¥ and. eteams e V=1% .
&bl gotentiol Aiffertn is. Shartd . bLtwih lorpuintS
0.0 Series. Cinewak - Sourtnt . #b2 S5me_in.all (omponent s i

0. Stcins Coccnll: S0 Yhe. it will increase. inthe Ciauit. 13
(betonse of less RSStant i fIL [oe) So the fiwj

rSiSor will get por pfential ) ffeene (v=IR).

2 Sarah carries out an experiment to measure the specific latent heat of vaporisation of water. She
does this by finding the energy needed to evaporate a known mass of water.

The apparatus she uses is shown in Fig. 2.1.
electrical

heater
to electrical circuit -—

-

|__bubble
o | of steam

boiling o
water E

top pan balance

Fig. 2.1

Using this apparatus, Sarah takes these readings.

Measured
value
current 3.0A
potential difference 12V
time 150s
balance reading at start 185.3¢g
balance reading at the end 184.3¢g

Table 2.1
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(a)* Sarah is not happy with her results.

Sarah

The book says the specific latent heat of vaporisation of water
should be 2300 J for every gram evaporated. The readings in
Table 2.1 give an answer that's far too big.

Is Sarah right?

What could Sarah do to get an accurate value of the specific latent heat of vaporisation of
water from her experiment?
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Like many more able candidates, Exemplar 5 follows the hint in the speech bubble and uses the data to

calculate a specific latent heat of 5400 J/g. They also evaluated Sarah’s experimental procedure for full
marks.

What could Sarah do to gét an accurate value of thé specific latent heat of vapotisation of
water from her experiment? ‘

_;\ss\‘i».;(} Secedy . couhd use inf;ulo_‘c:/\% Y-Qm bes. mg,uj,u}f,
lf\xa keeJ L oerder N FLM \v,,ﬁpk- ’c'ne. \n,ec& Aoss, \_ﬂ_;,ul.ed =g
U U O S S
i@ Ao 3y C'mm&&' I %, "T.
SX'SD:%L"DOQW\Hf"’»meav‘b”'@*‘r
Asoxiz @ rren &S%DD’S%SMM«
LA odmaesl Al
Wee o reodbeol AL coidd be pomee Mook Sexady,..
hes wisteed  Wee  resdings  Cor one of. e velwes WLMP.Y*
.o gwe elenadd c\hows dowddve dneddn ot ACes pether .
S*-Lon > 11&6

Ao torredX es  She feadungs

( ‘)"“Bt vothe LoV hues clearer MMW“) et sssisnasenesess s sessasesesssssensosssessseni [O]

2. S\
Table 2.1 ek oo ~ s € oL

€h iyt

2%
3 \ 342 |

° fc:‘*‘*g\ﬁ |
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Level 2 candidates either had a good evaluation of the procedure (Exemplar 6, 4 marks) or else correct
calculation with limited evaluation, probably overlooking the heat losses (Exemplar 7, also 4 marks).

Is Sarah right?
L2

What could Sarah do to get an accurate value of the specific latent heat of vaporisation of

water from her experiment?
- ln odor . komake. €9 test Mo

el s, ol AN COLCa S ...

Is Sarah right?

[tz] What could Sarah do to get an accurate value of the specific latent heat of vaporisation of
water from her experiment?
/J'

- , =ien CJL Ol
AN it
‘!43‘ . e
gy woh = DXIR502 wo
?\00 - 5qoajm ,ﬁﬂ’!ﬂl
swdn s itk T for ﬁﬁﬁﬁﬁﬁﬁﬁ.ﬁfﬁ'ﬁﬁfﬁiﬁﬁﬁfﬁﬁﬁ"ffﬁﬁ  thok e
W TR ey DX arem. s
S Y e | T N
bt Wy by e o ooy omowa,




GCSE (9-1) Twenty First Century Science Suite - Physics B - J259/04 - Summer 2018 Examiners’ report

This is a Level 1, 2 mark answer. This candidate has made generic comments about improvement that
could apply to any investigation. Another typical Level 1 approach was to make limited and faulty attempt
at the carrying out the specific latent heat calculation.

Is Sarah right?

What could Sarah do to get an accurate value of the specific latent heat of vaporisation of
water from her experiment?

Ry =Y =" ST > T T Y . S = e
VRV RSO =3V W'=Y —E a0 — Wi "X v SOOIy 2 ~ SOOI -7 — SN P L 2o ol = SN

Yo = S - - — ST e SOOI

TS S SR Y F Y ¥ 1E S :

k4

R =X NI X =0 ) TN ~ S X SR =3 @~ L= €'\ =24 N SO
o R RN BT e B DD D R SR e
AN NBCBEC BRI G 1D BNE O

AT T = A T <2, A 41 4 | Oy S U O U T U SO DT OrOTUUTT PO PR

(b) Sarah’s book has this information about vaporisation of two liquids.

Liquid Specific latent heat of vaporisation
(J per gram)

water 2300

alcohol 950

Suggest why it takes more energy to evaporate 1 gram of water than it does to evaporate
1 gram of alcohol.
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Very few candidates had the clear understanding about bonds/attractive forces between particles shown
by Exemplar 9, which scored 3 marks.

¥agteas EVAPABRAQ. WEERE...a00,. .. CRGIAIE. MOR.. 0E0Y...
e, e NS, Dehwren e, WOKEC 000KECUES......
ofe. Smiges..and... ecefe. e 4. ghec HRKNG.
PAAE.. ... LOPRLE,. Alcolaal.. BAS. . LR, AEASIEY. S0

g&&%&@.{@b{&@l&ﬂp&ﬁ&mm\ Y M’ham&q [3]
hge svolle oS and e tighter thon wak, with

PAOR) wengy readd ot rvore

There are a number of alternative marking points in the mark scheme and many managed to gain a mark
for a general statement such as in this exemplar.

Suggest why it takes more energy to evaporategl gram of water than it does to evaporate
1 gram of alcohol.

\WHEC LS O AN alcohol. SO.........
MOR.en LIV 10 N2R0. LOCWNAICK......

3  There is a film about an astronaut named Mark Watney. He is left alone on the planet Mars. He
has to use science to stay alive until he can be rescued.

(a) Mars is a cold planet, and Watney has a radioactive thermal generator. This contains
radioactive plutonium-238 which emits alpha-particles, giving an isotope of uranium.

(i) Complete the radioactive decay equation for plutonium-238.

238 ...........

[3]

Most knew how to calculate the nucleon and proton numbers of the uranium nuclide. About one third of
all candidates did not know the values for an alpha particle.
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Although this candidate has mistaken an alpha particle for a neutron, the application of error carried
forward (ECF) allowed them to be credited with two compensatory marks for demonstrating a correct
understanding of .standard nuclear notation.

(i) Complete the radioactive decay equation foggplutonium-238.
(1"3 i

QSEPU . [}Lx M 6 %1

(i) The plutonium emits 1.6 x 10" alpha particles every second, each with an energy of
9.0 x 107134.

The energy released is all transferred to the internal energy of the generator.

Show that the input power of the generator is about 1500 W.

[3]

This question was done well done by most candidates, who gained full marks for calculating 1440 W.
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(iii) Watney uses the generator to heat up water for a bath. He heats 100kg of water from
20°C to 37°C.

Show that it takes more than an hour (3600s) for his bath to warm up using his 1500 W
generator.

You can assume that all the input energy to the generator is transferred to the internal
energy of the water.

specific heat capacity of water = 4200J/kg°C

S (3]

The calculations here were done well by most. Weaker candidates calculated the internal energy gain of
7140000 J and went no further. About two-third of all candidates then used this energy with the 1500 W
(or 1440 W) to calculate a time longer than an hour, or calculated the power required to transfer that
energy in one hour and stating that it was more than that available.
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(b) To be rescued, Watney needs to drive a vehicle to a site 3200km away. The vehicle is
powered by batteries of capacity 18 kWh.

Watney knows that the vehicle can travel at 25km/hour using 5kW of power from the
batteries to do this. When the batteries are discharged Watney has to wait until the next day
to continue. He has solar panels to recharge the batteries after a day’s travel.

(i) Use these data to calculate the smallest number of days it would take to drive to his
destination.

Number of days = ... days [4]

Most made good effort in this question which involves a number of calculation stages, with some
estimating extra time needed between runs to allow the batteries to regain full charge.

(ii) Give one reason why it would actually take longer than the time calculated in (b)(i).

Some answer here lacked enough detail, e.g. ‘not enough Sun’ rather than ‘Sun obscured by dust
clouds’ but many answers showed they had forgotten the context of the whole question (Exemplar 12).
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Question 4 (a) (i)

4 This question is about a measurement of the speed of sound in air that Isaac Newton made over
300 years ago.

At Newton’s college in Cambridge there was a long outdoor corridor where clapping his hands
would give a loud echo a fraction of a second later.

(a) Newton measured the distance from where he stood to the reflecting wall as 64 m.
To measure the time, he made a very tiny pendulum — a weight swinging on a thin cotton
thread — and adjusted the length until one to-and-fro swing of this pendulum matched the
time between the clap and the echo.
This happened when the length L of the pendulum was 4.6 cm (0.046 m).
(i) Newton showed that the time of one swing, T, was given by the equation:
T2= kL

L = the length of the pendulum
k =4.02s%/m.

Calculate the swing time T of his 0.046 m pendulum.

19 © OCR 2018
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(ii) Use Newton's data to calculate the speed of sound.
Distance to wall = 64 m

Speedofsound = ..o m/s [3]

Most correctly calculated the pendulum period as 0.43 s in (a)(i), but a number then forgot to double the
distance in (a)(ii), losing a mark.

This candidate successfully calculates the swing time (i) gaining 3/3 but then forgets to double the
distance (ii). However, the application of ECF allowed them to be credited with 2/3 because they had

shown their workings.

Calculate the swing time 7 of his 0.046 m pendulum.

T b kL
TV U-0L Llng 0. 0k6

a gl ol v

T=0- 406201 s
T=0-Ulg

(i) Use Newton's data to calculate the speed of sound.
Distance to wall = 84 m

S:é JS‘_:, ﬂx
t @{@...-. -
g~ (U ¥ - §ullgsImlg - V4

= YAdg e
\(_qu I¢ Speed of sound = [({q mis [3]
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(b) Newton’s calculated value for the speed of sound was low when compared with the speed
found by modern measurements.

(i) Explain which of Newton’s measurements (distance or time) was likely to be the least
accurate.

Few candidates were specific enough to suggest why the time measurement was Newton’s poorer
observation. This was probably because they had not considered the effect of judging the synchronicity
of the pendulum swing and the echo for such a small intervals would have on the observation error.
While Newton would be able to measure the distance accurately even with the instruments available to
him in the 1680s.

(ii) Explain why Newton's value for the speed was too low.

Only a few candidates were specific enough to suggest in (b)(i) why the time measurement was the
poorer one. However, many realised that the over-large value for time would result in a too low a value
for the speed of sound. A few candidates suggested that Newton’s value was too low because he had
not doubled the 64 m in his calculations.
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5 Alex is investigating how the initial kinetic energy of a trolley will affect the distance it travels
before it stops.

Fig. 5.1 shows his apparatus.

Each time, the trolley starts at the same marked point and Alex measures how far it goes along
the test surface before it stops. The centre of the trolley is marked with a dot.

800g
trolley

o test
surface

20cm

starting
point

Fig. 5.1

(a) Alex makes this calculation to find the energy.
Kinetic energy gained by the trolley = gravitational potential energy store it had at the top of
the slope.
= mass x g x height =800g x 10N/kg x 20cm = 160J

The value for the energy calculated by Alex is too large.

(i) Identify mistakes that Alex has made in his measurements and in his calculation.

This was a new style of question that assesses the candidates’ ability to design a valid experiment.
Lower ability candidates found this question challenging and a third of all candidates gave no creditable
response. The majority of answers identified at least one of the unit errors in the data and the
calculation. However, most candidates could not identify the error in the vertical drop (i.e. centre of mass
to the test surface) and suggested that it should have been measured from the test surface to the lower

tip of the trolley. Very few candidates annotated the diagram which would have been the simplest way to
identify the errors.
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(ii) Describe how Alex should have done this experiment to get a more accurate value for
the kinetic energy of the trolley.

In this question many candidates described how they would have done the experiment rather than
suggesting how Alex should modify how he does the experiment to increase the validity of his data and
hence the accuracy of his final value. Many candidates wanted Alex to use light gates, and very few

suggested that he correct the errors identified in Q5(a)(ii).

(b) Alex carries out this experiment for a range of kinetic energy values.

Table 5.1 shows his results.

1.6 2.4 3.2 3.9 4.8
1.85 1.90 1.95

Initial kinetic energy (J) 0.8

Mean distance travelled (m) 0.80 1.35 1.60

Table 5.1

Some of these data are plotted on the graph in Fig. 5.2.

(i) State the reason why Alex was right to plot a point at the origin, (0,0).

Almost all higher ability candidates indicated that, if the trolley has no kinetic energy, it is not going to go
any distance. However many lower ability candidates stated that you need to plot (0,0) because ‘it's

what you always do’.
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(ii) Plot the three remaining points on the graph in Fig. 5.2 and draw an appropriate best fit
curve.

1.5

mean distance travelled (m) 1

0.5

0 1 2 3 4 5
initial kinetic energy (J)

[2]
Fig. 5.2

Most candidates were able to plot the data points accurately and drew a smooth curve through the data.
Around a quarter of the candidates were less precise in their plotting (the allowed a tolerance was +1
small square) or did not draw their line of best fit as a clear single smooth curve. Some candidates
sketched a feathery rough curve using multiple short strokes.
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(c) Two of Alex's friends make comments about the graph in Fig. 5.2.

Mia

The graph seems to show that the trolley will never go further
than about two metres. | don’t think Alex has enough data to be

sure about this.

/é(\ﬂ\'_"
f/’:ﬁ/‘mﬂf
7

==
a\

Kai
| expect that the friction force on the test surface will be greater

when the trolley moves faster.
As energy transfer = force x distance, this greater force would

result in a smaller distance travelled.

Discuss the statements made by Mia and Kai.

Examiners’ report
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This is a good response which was credited with 3 marks. It is typical of many better answers and
describes what the data shows and then evaluates the comments given based on that.

wa s LT0E L araeh.  seemsS. . T

SRAREERN.... O NS GONGLSNEERS S

mwﬁalmm’nca\erﬁg@%m
AN e AT AP LG K AR AN

-)-....-........... \Ok*_\a\\
eSS e e A Q... R

-

;e,m_c?g}g i4]

This response offers the candidates opinions but does not attempt to answer the question. The
candidate has quoted from statements given by Mia and Kai without any reference to what the data
shows or linking the statements to whether they were true or not. The red up-arrow symbol indicates that
the candidate almost made a valid point about Alex’s data.

|Jf[an- “}LJ /‘/hu- A cqrﬁa(fl ‘ﬁ SUSE..
AT VTR e i
heolec 4. L.LJ iaai {H L..f esechsen sl
Lﬂ cerv\w"# ﬂ : ]
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6 This diagram shows air molecules in a small volume of the atmosphere near to a wall. The arrows
show the velocity of each molecule.

= o

wall

(a) Explain, using ideas of momentum and force, how air molecules exert pressure on the wall.

(b) As you go further from the Earth’s surface, the atmospheric pressure gets smaller.

Explain this in terms of the movement of the molecules at different heights.

It was rare in (a) to see a clear explanation of momentum change leading to force. In (b) many
candidates wrote about the idea of slower molecular or greater separations. However candidate
responses answers were often ambiguous or confused.
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Exemplar 16, was credited with 3/3 and 3/3 on these two parts. The candidate clearly explained the
collisions of particles with the wall clearly in (a) and in (b) kept to a particle model in their explanation.

(a) Explain, using ideas of momentum and force, how air mol exert pressure on the wall.

The...aic..cvaledties. Will bt g wm e Hoough. Faey..
Yane. 0 3l vasS, aose. willbE mamentum (nass X...........
velotiny)..acd..08. fleve'...a...Aange. Jp... AUNELEM ...
fhort Wil be- 1. Chuge. (o, .uanentudl (fcce y skl
;nﬂj.t.lH’Jif.lg.-..l’ﬂ....au...fﬂfﬂﬁ.,..ﬂ(.hﬁg....m....ttf)@--m.f(lkl.\.......................-......... 31

Explain this in terms of the movement of the molecules at different heights.

e, 0. 000 POACS.. ke, yak... i€ JaA.. ave. oL
; gmﬁ meaes.. MAt...the.. densityy......
0w, daNn . g, merels...alee. .. LU 2.
- PEUAC. AT, foce.. IS gIveN.. (0. Q.. certai..
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This response was credited with just one mark in (a) for stating that particles colliding with the wall create
the pressure. For part (b), although they state that the number of “air molecules” reduces with height
they do not go one to explain why the movement of these molecules results in a reduction in air
pressure. This was typical of many candidate responses to Q6.
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7 Solar farms are large power stations made up from many photovoltaic (PV) panels. They have
become very common in Britain.

=

ta A
e Ut =
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s L

(a) Alarge solar farm in England has a total area of 216 000 m? covered by PV panels.
Every square metre of the solar panels receives about 1000 W of power from the Sun during
each day.
The panels have an efficiency of energy transfer of 15%.

Calculate the daily average electrical power produced by the solar farm.

Give your answer in MW (1 MW = 1000000 W).

Average electrical power = ... MW [3]

All candidates responded well to this question with two-thirds of responses gaining all three marks.
Conversion to MW was completed by all candidates, but a few did have difficulty calculating the
percentage efficiency. Some ignored the effect of efficiency totally or else multiplying (or dividing) by
0.85 instead of 0.15.
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(b)* Many people are not in favour of solar farms.

_\

Jane

Solar farms are ugly and take up such a lot of
space. Their output power is very small. A
gas-burning power station can provide

1000 MW all day and night, the whole year long,
and in any weather.

I'm told that extracting and purifying the material
for the PV panels is very polluting, so it’s not
as green as people say.

)

Discuss what Jane has said about solar farms and gas-burning power stations.

Most candidates demonstrated Level 2 performance in their responses to this question, often at the top
of the band.
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This Level 1 response largely restricts itself to paraphrasing Jane’s speech bubble and was credited with
two marks.

o Discuss what Jane has said about solar farms and gas- burmng power stations
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This Level 2 response was credited with four marks and gives a more balanced comparison of the two
types of power stations.
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This Level 3 answer was credited with all six marks. The candidate has written a full and coherent
evaluation of the merits and disadvantages of the two systems.

(5]
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8 This question is about the radioactive isotope americium-241, which is found in smoke detectors.

The graph shows how the activity of a sample of americium-241, with an initial activity of 800 counts

per second, would change with time.
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(a) Use the graph to obtain an estimate of the half-life of americium-241.

Show your working on the graph.

Half-life =

0 =
0 500 1000 1500 2000 2500 3000
time (years)

years [2]

The majority of candidates successfully calculated the correct half-life of **Am., someone in ten
candidates did not show any working on the graph, or quote any data taken from the graph and so could

not be credited with both marks.

terms such as use the graph and show your working on the graph can help

0 AfL It is important to answer the question that has been asked. Underlining key

candidates to check that they are answering the question asked.

Key:

O AfL  Guidance to offer for future teaching and learning practice.
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(b) Americium-241 decays by emitting alpha-particles.
A smoke detector is not a hazard in your house. They usually last 10 years.

Explain why a smoke detector should be disposed of carefully when it no longer works.

Examiners’ report

Many candidates gained a couple of marks for stating that alpha radiation is ionising, and that it can
damage cells. Some also stated that after 10 years the radioactive material is still emitting alpha
particles. There were a number of familiar and persistent misconceptions such as radiation/the alpha
particles could escape from the smoke detector and contaminate the environment. Better candidates did
recognise that a smoke detector crushed in landfill could release radioactive material which could then

enter the food chain.

(c) In schools, the decay of radioactive isotopes such as americium-241 can be modelled by a

game rolling many dice. Each dice has 1 chance in 6 of showing a ‘six’ each time.
In a typical game, 100 dice are rolled onto a table.

The number showing six spots on the top are removed and counted.

The remaining dice are rolled again, and the process continued.

The results are put into a table. The following is an example for one game.

remaining

Roll number 1 2 3 4 5 6 7
Number of sixes 18 13 12 9 6 7 5
Number of dice 82 69 57 48 42 35 30

Each ‘roll number’ stands for an equal interval of time.

(i) What does the number of dice remaining at any roll stand for?
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(ii) What does the number of sixes taken out in any roll stand for?

This was a very challenging question for the majority of candidates. Many candidates used technical
terms such as ‘isotope’ ‘half-life’ and ‘amount of radiation’ in their responses to parts (i) or (ii) but in an
arbitrary way that showed poor understanding.

This straightforward response to Q8(c)(ii) was one of the few which showed a good understanding of the
dice rolling simulation.

%WM&%M&?&#W@”@ Gz lied a.... [

(iii) Explain why the data in this table suggest that the half-life is about 4 ‘rolls’ but that it's not
possible to be exact.

Many candidates were able to analyse the table and identified that the ‘number of remaining nuclei’
roughly halved from 100 to 48 in this time, or that the ‘activity’ dropped from 18 to 9 in about 4 throws
(actually 3). Some gained credit for identifying the random nature of rolling dice to explain why the
figures were not exact. Interestingly, a number of candidates were able to express very clearly their
feeling that the dice model was only a game and not real physics such as measuring radioactive decay
using a radioactive source.
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9 This question is about the refraction of waves.
(a) Layla uses a ray-box to send a ray of white light into a triangular glass prism at point A.

She cannot see clearly what happens inside the prism, but she sees a spectrum of colours
coming out at point B.

The diagram shows the paths taken by the colours at the two ends of the spectrum.

glass
prism
A B
WS
s
b d
% -

(diagram to scale)
Which statements about the physics of this refraction are correct?

Tick (v) two boxes.

Red light and violet light both slow down when going from air into glass.

Red light travels slower than violet light in air.

Violet light travels faster than red light in glass.

When they go from glass into air, both red light and violet light decrease in wavelength.

When they go from glass into air, violet light speeds up more than red light.

[2]
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(b) The diagram below is a section through part of the Earth.

Following an earthquake at X, earthquake waves travel through the Earth.
Two wave paths, A and B, are shown on the diagram.

Earth’s
surface

mantle—__ /
core /
I

(i) Look at path A.

The wave direction changes suddenly at the place ringed.

Explain what this shows about the speed of the earthquake wave as it moves from the
mantle into the core.

(ii) Look at path B.
The wave direction changes continuously.

Explain what this shows about the speed of the earthquake waves in the mantle at
different depths below the Earth’s surface.

This question was an example where many candidates did not see the linking ‘story’ in the question and
treated each item as a standalone question. Part (a) was well done, but fewer candidates gained any
credit for part (b). Only a handful of candidates were credited with all six marks for Q9.
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Examiners’ report

In this exemplar the candidate has clearly understood that the diagrams in parts (a) and (b) are meant to
be compared. The candidate explains in a clear and precise way that the seismic wave is refracted as it
goes from mantle to core in (b), just like the light in (a), and so it must be slowing down. They note that
wave in the mantle is refracting in the opposite direction, and so this must indicate that the wave speed
is greater the deeper you go into the mantle. This candidate is able to express themselves using
appropriate scientific language such as ‘normal’ and the ‘speed must be changing continuously’.

© Tick (/) two boxés.

Red light and violet light both slow down when going from air into glass.

" Red light travels slower than violet light in air;

Violet light fravels faster than red. Ilght in glass.

When they go from glass |nt0 air, both red light and violet light. decreasei m wavelength.

When they go from glass into aif, violet light speeds up-more thanred.light.

Earth’s
surface

mantle

core

(i) Look at path A,

The wave direction changes suddenly at the place ringed.

Explain what th:s shows about the speed of the earthquake wave as it moves. from the

manitle-into-the core.
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