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Introduction

The Pearson Edexcel International AS-level paper WPH13, Practical Skills in Physics | is worth 50
marks and consists of four questions, which enable candidates of all abilities to apply their
knowledge and skills to a variety of styles of question.

Each question assesses the candidate’s knowledge and understanding of the skills developed
while completing practical investigations.

There were questions that are familiar to candidates who have revised using the earlier series of
WPHO03 and WPH13 papers, but some performances would suggest some candidates were
unfamiliar with the practical skills outlined in the specification for Unit 3.

At all ability levels, there were some questions which candidates answered with generic and pre-
learned responses, rather than being specific to the scenario as described in the question.
Additionally, understanding the meaning of the standard command words (such as 'deduce' and
'determine') proved a challenge to candidates at the lower end of the ability range.

Successful candidates could:
+ use the resolution of a measurement, or the range of repeated measurements to determine
the percentage uncertainty.
+ describe measuring techniques that would improve accuracy
+ outline a method to describe how to measure data for unusual practical scenarios

* carry out calculations and round the answer to a suitable number of significant figures
Less successful candidates:

« forgot to include units with numerical answers
+ plotted graphs using scales with unsuitable increments, or were too small to be useful
« did not use specific key terms when describing errors (eg random error, systematic error)

+ did not name equipment when describing a method.

A candidate’s understanding of the 8 core practical tasks is assessed by the WPH11 and WPH12
papers. As such, the practical contexts met in the WPH13 paper may be less familiar, but will have
similarities to the practical investigations candidates would complete during their AS Physics
studies.

The scenarios outlined will be related to content taught during the study of WPH11 and WPH12.
However, the focus of WPH13 is the assessment of the practical skills the candidates have
developed, during the completion of the required core practical tasks and any other experiments,
as applied to the physics context described in the question.

Candidates who do little practical work will find this paper more difficult as many questions rely
on applying their learning to unfamiliar experiments.
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Question 1(a)

This question tested a candidate’s ability to determine the percentage uncertainty in
measurements for a single reading, using half the resolution of the instrument.

The display shows a value of 135 g, without a decimal point. As such, the resolution of the device
was 1g.

When calculating the percentage uncertainty in 1(a)(ii), candidates were expected to halve their
answer from 1(a)(i) and use the value shown.

Some candidates converted both values to kg, which was unnecessary but was credited if done
correctly.

1 A student made measurements on the solid metal prism shown.

(a) The student used a balance to determine the mass of the metal prism.
The reading on the balance is shown below.

0135

(i) State the resolution of the balance.
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Fortunately, the candidate changed the answer for 1(a)(i); it was common for candidates to
state standard resolutions for balances they may have used in centres (eg 0.1g or 0.0001 kg).
This was correctly halved and used with the given value to determine percentage
uncertainty. This example scored full marks.

< ResultsPlus
<

Examiner Tip

Make sure to focus answers on the scenario of the question, not just what you have
memorised from practical work in class.

Int Advanced Level Physics WPH13 01



1 A student made measurements on the solid metal prism shown.

(a) The student used a balance to determine the mass of the metal prism.
The reading on the balance is shown below.

035 g

(i) State the resolution of the balance.
(1))

9’@00’} S
(ii) Determine the percentage uncertainty in this reading.
et o.00

@)

032293
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This was a common error, where a candidate has: assumed a decimal place is between 0
and 1 on the display (eg 0.135 g) converted to kg, but given the wrong unit. So, this example
scored O for 1(a)(i). However, this was correctly halved and used with the given value (with
the same conversion error) to determine percentage uncertainty. This example scored full
marks for 1(a)(ii).

1 A student made measurements on the solid metal prism shown,

(a) The student used a balance to determine the mass of the metal prism.
The reading on the balance is shown below.

H3S g

(i) State the resolution of the balance.
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In this case, the candidate has given an incorrect resolution for the reading shown. However,
error carried forward was applied, so full marks were awarded for 1(a)(ii).
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Question 1(b)i

Candidates are assessed on their ability to "describe how to measure relevant variables using the
most appropriate instrument and correct measuring techniques".

One standard technique is to repeat measurements across different positions, which would also
include different orientations if the object were round, like a sphere (as in Core Practical 2) or a
wire (as in Core Practical 7). In this case, it would not be sensible for measurements to be taken in
different orientations, so such answers were not accepted.

As the candidates were told the measurements were to be taken using vernier calipers, they
should know that these should be checked for zero error before taking any measurement.

As this question asked candidates to explain the technique, they were required to identify the
error that would be eliminated/reduced by the technique described.

(b) The student used vernier caligirs to determine the lengths a, b and c.

Not to scale

(i) Explain one technique he should use to determine accurate values for

these lengths.
@

prevent fg_;*cwu‘-l

e.nnorl, 1.«3 Qﬂll'cmhr\'l& be_FvM,lrU\é
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&y elimisate laadom enpon.
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This candidate explained two techniques. Both techniques were correct (and both appeared
on the mark scheme). Full marks were awarded.
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Examiner Tip

Avoid lists of answers. For this question candidates were asked to explain one technique. If a
candidate offers more than one suggestion, they may contradict themselves for the same
marking point. Generally if two answers are given for a marking point - the rule is right +
wrong = wrong.

(b) The student used vernier calipers to determine the lengths a, b and c.

Not to scale

(i) Explain one technique he should use to determine accurate values for
these lengths.

................................... Ir  1elutp  sadot. gpur Apodhl du Momiln v mdh
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This example came very close to two marks, but the candidate did not specify that the
"several measurements" were to be taken in different places, so was not awarded the first
mark.

10
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Question 1(b)ii

Most candidates took the same approach, having realised the end of the prism was a right-angled
triangle. These candidates described Pythagoras' theorem in some form, which would only apply
if the angle was 90°.

There is a length ¢ on the diagram, but we allowed some benefit of doubt when candidates
referredto _a 2+ b 2= _c 2.

There were some candidates who applied their advanced level Mathematics skills and described
the use of the cosine rule, as this would give the unknown angle, so this was credited. However,
other students referred to sine and tangent trigonometric functions, which would be used to
calculate the other two angles of a right-angled triangle.

(ii) The student checked that the angle between the side of length a and the side
of length b was a right angle. He did not have a set square or an instrument to
measure the angle directly.

Describe how he could use one other measurement and a calculation to check

this angle.
(2)

CThe  Seadeat  toald  mMeasure. the. other side of po

Acangle , HH lepo kAL of R (038 mSeCHrn ard wse .

py¥nagoctan torum v Mo @ 1f a¥t b hgpot?;&iw
Lot GEE s Al Je can. dedemnl lersth a and b org 4B
otk other.
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This is a good example of the first approach - using Pythagoras' theorem to prove the angle
was 90°. This scored full marks.

(ii) The student checked that the angle between the side of length a and the side
of length b was a right angle. He did not have a set square or an jnstrument to
measure the angle dirgctly,

Describe how. he could use one O_t_bﬂmt and a calculation fo check
this angle.

e chudert voust . have dne. . \enghs  for ajb,ar  E—

-
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nhmﬁ\mwmmwmmmdbh ......... BLa‘&\g,b\éusmg
krdgenemehac formular CosB = of v~ &* ; dwe u“%u";*co; e
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. \

sk des we oo o rﬁs\;c oorey\L o

The ‘3\'\:&0&' Cor alse uvse ta F’H\n’aﬁm Ahuorem - Fo—eletcmina_
@ W A sum squae of 4, o0 L s Ak squared vake
oA e shan olragoral ferﬁh. letueern o and PR e (-
tateb2ot | Ak Shdeat  ean b ersired Al Ak argle bfen
A b je. B is Do -s0 s o right arele .
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This candidate chose the more difficult approach, but successfully described how to apply
the cosine rule to determine the angle 6, and compared it to 90°. This also scored full

marks.
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Question 1(b)iii-iv

Candidates are assessed on their ability to "perform calculations, using the correct number of
significant figures" and to "discuss uncertainties quantitatively".

In 1(b)(iii), candidates were required to use given data to determine the density of metal. This also
required them to recognise the shape shown in the diagram.

As all the values provided were to 3 significant figures, their final answer should also be rounded
to 3 significant figures.

For 1(b)(iv), candidates were expected to apply a 0.9% uncertainty to their calculated value to
determine the range of uncertainty, then use this range to decide whether the metal was or was
not copper.

If candidates applied 0.9% to the given value, they were not awarded the first mark.

(iti) Determine the density, in gcm™, of the metal.

a=253mm
b=249mm
¢ = 49.6 mm
mass of prism = 135¢g
(3)
V= S 405 10w xuab = 1% b ow’
T -
P TR s A T %t\?\-}‘?ﬂw .................
Density = . {3 ' 'D\I’ _ gem”’
(iv) The percentage uncertainty in this calculated value of the density of the metal
is 0.9%.
The accepted value for the density of copper is 8.94gem™,
Deduce whether the prism could be made of copper.
(2)

AW e = aeTTh g o I
............... %..‘a.\t..ﬁ“‘lﬂ\v 4 Tryom’
__________ 0] gqow < g“l\}*jcw]' | o
C,o %hz__]?wt,m Cowld ot be wmw'LQ o-lr Copper.
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In this example, in 1(b)(iii) we see a correct volume calculation, leading to a correct density
value. It is also rounded correctly to 3 s.f. In 1(b)(iv) we see a correct calculation of the range
of uncertainty and a conclusion supported by a comparison.

ResultsPlus
‘\

Examiner Tip

Whenever a question uses the command word "deduce" - remember the 3Cs. Calculation
Comparison Conclusion. NOTE - when calculating the range of uncertainty, it is not always
necessary to calculate both ends of the range. In this case, 8.94 g cm - 3 is higher than 8.64 g
cm - 3, so the upper end of the range is the most relevant to the comparison.

Int Advanced Level Physics WPH13 01
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(iii) Determine the density, in gecm™, of the metal.

a=253mm
b=24.9mm
¢ =49.6mm
mass of prism = 135g

3)

2283 = 283 b 2= 14em (- 4o
e l&lxl‘t‘ﬂqu 3_! 2Sem>
m |

P AT 4 313/:»»‘

A\l

Density = Lt 32‘ e gem™

(iv) The percentage uncertainty in this calculated value of the density of the metal
is 0.9%.

The accepted value for the density of copper is 8.94gem ™.
Deduce whether the prism could be made of copper.

Lt}lel*ﬁ%)%?lgw’
471 <87
$o hmert Jm{ Cou‘ﬂ{ LL
.. F”“Q o+ _Lapper

)
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This candidate calculated the volume of a cuboid, not of the triangular prism shown. So they
were only awarded the second mark for 1(b)(iii). However, error carried forward applied to
1(b)(iv) - so both marks were awarded.

Int Advanced Level Physics WPH13 01
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Question 2(a)

In this question, candidates are assessed on their ability to "describe how to measure relevant
variables using the most appropriate instrument and correct measuring techniques" and to
"comment on how the experiment may be improved, possibly by using additional apparatus".

In many practicals candidates will have completed, the measurement of a length would usually
be along a straight object. In this case, the object was a curved track, so some "standard"
responses, such as "take measurements at eye-level" were not relevant. We needed to see how
they would accurately measure a point that could not be closely aligned with the metre rule, as
the a horizontal metre rule could only align with one of either the start position or the rest
position.

Some responses were too vague, eg "make sure the ruler is horizontal" and even if set squares
were mentioned, answers were often unclear how the set square was used to ensure the metre
rule was horizontal.

As such, it meant that many candidates only scored one or two marks (usually the first and third
marking points).

18 Int Advanced Level Physics WPH13 01



2 A student investigated the motion of a small sphere on a curved track using the

apparatus shown.
50cm Not to scale
sphere
curved track -
- start position
rest position of sphere

of sphere

(a) The student marked the track at the rest position of the sphere.
The student then marked the track at the start position of the sphere.

She used a metre rule to measure the horizontal distance d between the two marks
on the track.

Describe an accurate method to measure a single value of d.

b

sysrewnt L evvor. & et
use ovothdy - rUleva set Squme T align S0 With Gtart, i piction.
" v redutt

paraliax
tivor

Int Advanced Level Physics WPH13 01 19



%
,

" / ResultsPlus
/'--.'. Examiner Comments

See below.

WA\ ResultsPlus
\ Examiner Tip

The first marking point can be seen clearly in the candidate’s first sentence. However, their
second sentence is not clear enough for marking point 2 - a set square must be set against
something vertical to make sure the metre rule is horizontal. "Read the measurements at
eye-level" would not have been enough for the fourth marking point, but the addition of the
set square added the necessary detail, particularly when combined with the final sentence.
Finally, the third marking point could be awarded for the description of aligning zero with

the rest position. So, this response scored 3 marks.

20
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Question 2(b)

In this question, candidates were assessed on their ability to "perform calculations, using the
correct number of significant figures" and to "determine the percentage uncertainty in
measurements for multiple readings using the half range".

In 2(b)(i) there was no clear anomalous value in the data provided. Candidates were expected to
include all four values.

As all values were rounded to 3 significant figures, the candidate’s final answer should also be
rounded to 3 s.f.

For 2(b)(ii), candidates should calculate half the range (largest value - smallest value) to
determine the percentage uncertainty in the mean.

(b) The student placed the sphere at the start position on the track.

The student released the sphere. She used a stopwatch to measure the time ¢ for the
sphere to come to rest at the rest position.

The student repeated the measurement several times and recorded the
following data.

t/'s 5.23 5.89 5.66 5.01

(i) Determine the mean value of ¢.

S.O1+5.234 5.66 4571 @
= .

Mean value of ¢ = EQS':;

(ii) Determine the percentage uncertainty in the mean value of 7,
.ga — 5.0 (2)

Y (O

S A

R

Percentage uncertainty = gf/ .
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2 ResultsPlus

Examiner Comments

For 2(b)(i) we see a correctly calculated mean value, using all four data values. Then in 2(b)(ii)
the range had been calculated and halved, leading to a correct percentage uncertainty. Full
marks.

/'2 \ ResultsPlus

Examiner Tip

Remember to give the unit for any value, even if calculating the mean.

f
(b) The student placed the sphere at the start position on the track. /.

The student released the sphere. She used a stopwatch to measure the time ¢ for the
sphere to come to rest at the rest position.

The student repeated the measurement several times and recorded the
following data.

t/'s 5.23 5.89 5.66 5.01

22 Int Advanced Level Physics WPH13 01
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In this example, the candidate has assumed 5.01 s was an anomalous result, so did not
include it in the mean calculation (crossed it out). However, they did calculate a mean, so
were awarded the first mark point in 2(b)(i). Applying error carried forward, for both the
mean value and the range, both marks were awarded for 2(b)(ii)

' ResultsPlus
D

Examiner Tip

Do not assume there must be an anomaly in repeated data.

Int Advanced Level Physics WPH13 01

23



Question 2(c)

In this question, candidates were assessed on their ability to "comment on the number of
readings taken, the range of measurements taken and on significant figures" for the recording of
the data as shown.

This question appears regularly on WPH13 (and WPH16), with similar marking points each time,
but with some adaptation for the particular scenario.

One common response which is often worthy of credit is "no evidence of repeats". However,
candidates have just been shown evidence of repeats of time measurement in 2(b), so this was
not accepted; however if their answer suggested that the repeat readings were not shown in this
table, we did credit this.

Many candidates did identify 82 s as an anomaly. However, most did not criticise the recording of
82 s (eg they did not identify the missing decimal place).

(c) The student investigated how varying the distance d affected the mean time 7.

She recorded the following data.

d/em Mean #/s
12 3.6
14.5 5.12
17 82
19.5 12.66

The student used the data to plot a graph.

Criticise the data recorded by the student.
3

The fue of A ad ¢ B0 5 ke stwe oAeny/

ﬂms‘fvnquff ot  tuen ,z'" o f(‘t’ 4 Aduurale
T valse  oF t ad T 0w sl

Zo((o'-.y*k*‘m@fre«o(.aﬁ% 4‘"“’ be §-2c castead of

92,
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All three marking points are clear to see (in mark scheme order).

P
e
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- 4 ResultsPlus
\/

| Examiner Tip

When discussing measurement data, the values should be recorded to the same resolution
as the measuring device. In this case, a metre rule has a resolution of 1 mm. So, the d values
should be recorded to 0.1 cm. So, for d, we expect values with 1 decimal place. When
carrying out a calculation (in this case, calculating the mean), final values should be rounded
to the same significant figures as the data. The time values in 2(b) are recorded to 2 decimal
places (3 s.f.) so the mean t should be rounded to 3 s.f.

(c) The student investigated how varying the distance d affected the mean time 7.

She recorded the following data.
d/cm Mean #/s
12 3.6
14.5 5.12
17 82
19.5 12.66
The student used the data to plot a graph. OO

Criticise thg data recorded by the student.

3)
........... .Z:)?é’arsfj/em‘wzéeﬂc?ijxzﬁmz/@z//es
for Mean Vs Ere js mo Cridence. ot

4770777&'/&#5“#/”&96/%@«”%4
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This response scored only 1 mark - the first marking point. In other series, saying "no
evidence of repeats" might have been accepted, but in this case there is evidence the
student in the question has carried out repeats. They have not "shown" the repeats in this
table. Finally, stating "there is an anomalous value" is too simple a statement at Advanced
Level.

26
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Question 2(d)

Candidates are required to "comment on how the experiment may be improved, possibly by
using additional apparatus" and to "suggest realistic modifications to reduce errors and improve
the experiment".

In this question, it was suggested that a video camera should be used. Candidates were asked to
explain how this could improve the measurement of time.

Since a video played at normal speed would not make any difference to reaction time or accuracy,
the second marking point was dependent on students describing a method of viewing the video
at a slower speed (eg in slow motion or frame-by-frame).

Candidates may have used similar slow-motion video techniques in class (eg during Core Practical
2), while those who discussed "frame-by-frame" are more likely to be older students retaking
WPH13 (who have carried out Core Practical 10). Either description was credited for the first
marking point.

(d) The student suggested using a video camera to record the motion of the sphere.

Explain how using a video recording could improve the measurement of z.

o Vides. fomine, cowdd bt used o w-\ck}ei'\ AN
Lypaoien mlsp Aess. yefCo&l.uat ummfcuk&ﬁ

LooWe g ldene  @ET U /‘eﬂfﬂ}rm time s in. TH.. SW
.snmoﬂu..cm‘:)\{ﬂ_m"nog'\'*

(2)
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Here we can see the first marking point, along with both versions of the second marking
point. So, this example scored full marks.

/'{-' .\'

/\Vl ResultsPlus

) Examiner Tip

Note - human reaction time is acceptable, but a generic "human error" would not be.

(d) The student suggested using a video camera to record the motion of the sphere.

Explain how using a video recording could improve the measurement of ¢.

@)
e G NG conveniend  beccune . ):% ....... sl T w—
............... o \idee yvetording e can View tt n_ Slow
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The first marking point can be seen clearly, "view it in slow motion". However, the key term
"precise" does not mean more accurate.

04\ ResultsPlus
\ Examiner Tip

Candidates should ensure they study the glossary in Appendix 10 of the specification.
Accuracy - A measurement result is considered accurate if it is judged to be close to the true
value. It is a quality denoting the closeness of agreement between measurement and true
value. Precision - A quality denoting the closeness of agreement (consistency) between
values obtained by repeated measurement. A measurement is precise if the values ‘cluster’
closely together.

Int Advanced Level Physics WPH13 01
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Question 3(a)i

Questions often test a candidate’s ability to "identify health and safety issues and discuss how
these may be dealt with" in both familiar and unfamiliar situations.

During Core Practical 8, candidates may have been advised to ensure the variable resistor was at
maximum resistance initially, to ensure the current (and any heating effects) were at a minimum.

The circuit shown in the question is very similar, but for a power supply rather than a single cell.

Although the question clearly stated "max*imum®* resistance", it was common for candidates to
be less specific (eg lower current, limited current).

3 A student investigated the power output of a power supply using the circuit shown.

power supply

N o

The power supply has an internal resistance,

(a) Before switching on the power supply, the student used an ohmmeter to check that
the variable resistor was set to the maximum resistance.

He then measured corresponding values of current and potential difference for a
range of resistances.

(i) Explain why starting from the maximum resistance is safer than starting from
the minimum resistance,
(2)

qurbnﬂ‘gm%ﬂﬂﬂmmum __________ resistance. . limit. Yhe  Curent
qu:IRR:'f,SO‘(:Aem@reUu Comfoner\twm/a/
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The idea that the maximum resistance would "limit the current" is too vague. Any resistance
would limit current for a given potential difference. However, this candidate did state why it
would be safer.

ResultsPlus
0\

Examiner Tip

When answering, make sure to match the type of comparison words used in the question,
eg Comparing upper and lower limits - use "st" words (most/least/biggest/smallest) or "um"
words (maximum/minimum). Comparing changes - use "er" words
(larger/smaller/higher/lower)

Int Advanced Level Physics WPH13 01
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3

A student investigated the power output of a power supply using the circuit shown.,

. powersupply
— =
©

The power supply has an internal resistance.

(a) Before switching on the power supply, the student used an ohmmeter to check that
the variable-resistor was set to the maximum resistance.

He then measured corresponding values of current and potential difference for a
range of resistances.

(i) Explain why starting from the maximum resistance is safer than starting from
the minimum resistance,

@)
o nofimumlesMane soThet cuieut & ok minimum. .

....................................... Vf conert & bo lugev . 1 Gircwdy ) heat up and buvn

........................................................................................................................................................................................................................
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In this example, the candidate has matched the comparison words - maximum and

minimum - so scores the first mark. The safety issue stated was less clear, but sufficient -
"burn the wire or other cells" was accepted as "damaging the components".

3 A student investigated the power output of a power supply using the circuit shown.

The power supply has an internal resistance.

(a) Before switching on the power supply, the student used an ohmmeter to check that
the variable resistor was set to the maximum resistance.

He then measured corresponding values of current and potential difference for a
range of resistances.

(i) Explmn why starting from the maximum resistance is safer than startmg from
the minimum resistance.

)

P( .............. NSy Fafnc,c L6 Mcwmtzm  The CHNgnt...

................ LE. Min mmﬁr& rf 15 wx&r
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This example was much clearer, with both mark points seen as written in the mark scheme.

34
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Question 3(a)ii
Candidates should be able to "discuss whether repeat readings are appropriate".

Repeat readings are not always appropriate, many candidates think that repeat readings will
reduce all errors and lead to more accurate data.

Repeat readings are appropriate when errors are random, as they give the opportunity to
calculate a mean (and recheck/remove anomalies). For a systematic error, the repeat readings are
likely to have the same error.

For this question, there was an argument to be made for both options.

(i) Explain whether repeat readings are appropriate for this investigation.
(2)

UAWTD

kv o apyugt axd  wladide o mess valbe.
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Examiner Comments

This example argues that repeats are appropriate as they allow you to "spot anomalous
values".

(ii) Explain whether repeat readings are appropriate for this investigation.

cpprepis e lerlldes i, od dntic
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This example argues that repeat readings are not appropriate, as the readings of the
"voltmeter... and ammeter do not vary, after the... variable resistor is set."
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Question 3(b)

When the command word "determine" is used, candidates should use the data given, but may
also need to identify any other data needed. In this case, data from the graph.

Here candidates needed to "determine a constant with the aid of a graph", the resistance at
maximum power (the peak of the graph), and use those resistance and power values to "perform
calculations" while using "the correct units throughout".

Most candidates scored full marks, though some chose points from the ends of the line
(maximum and minimum resistance). These candidates usually scored 2 marks, from 3(b)(ii).
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(b) The student used his results to plot a graph of the power output of the power supply
against the resistance of the variable resistor, as shown.

6 7
S'i‘.------

=

Power/W B

0 e 2 4 6 8 10
Resistance /Q

The power output is at its maximum value when the resistance of the variable
resistor is equal to the internal resistance of the power supply.

(i) Determine the internal resistance of the power supply.
(1)

Internal resistance = .........

(i1) Determme the output potentul difference of the power supply when the power
output is a memn

b Pog PRV gER=V T

eI

.......................................................................................................................................................................................................................................
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Examiner Comments

This example scored full marks, with answers and calculations as written in the mark
scheme.

(b) The student used his results to plot a graph of the power output of the power supply
against the resistance of the variable resistor, as shown.

6 !
Gb %

s
Power/W |
oW 4

3

2 :

0 2 4 6 8 10

Resistance /Q

The power output is at its maximum value when the resistance of the variable
resistor is equal to the internal resistance of the power supply.

(i) Determine the internal resistance of the power supply.
(1

Internal resistance = OcL{/‘JL

(ii) Determine the output potential difference of the power supply when the power
output is a maximum.

(2)
2
................. 1% “-'*%256:\5’32?7\/@:%%\1-:’;%“
.................................................................................... Ao A
Output potential difference = ... 6‘/ .......................
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See below.

- ResultsPlus
<

Examiner Tip

This candidate misinterpreted the sentence which explains that when the circuit resistance
equals the internal resistance, power is at its maximum value. The minimum resistance was
chosen (0.4 Q) in 3(b)(i). However, for 3(b)(ii), they had correctly understood that power
output was at maximum, so selected the appropriate data point on the graph and
completed the calculation correctly - scoring both marks.
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(b) The student used his results to plot a graph of the power output of the power supply
against the resistance of the variable resistor, as shown.

6

T
e
5 am I
Power/W 4 s
2 X
3
2
0 2 4 6 8 10
Resistance /Q
The power output is at its maximum value when the resistance of the variable
resistor is equal to the internal resistance of the power supply.
(i) Determine the internal resistance of the power supply.
(D
Internal resistance = ... ;435 M
(ii) Determine the output potential difference of the power supply when the power
output is a maximum.
. (2)
........................... P B R
Y] EN
.......................... sew=rm om vz lsenus =aasv
Output potential difference = ... . 2‘5" ........................
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See below.

lf \ ResultsPlus
\

Examiner Tip

For 3(b)(i), the value chosen for the internal resistance was more than half a square (1 mm)
from the peak value. With each small square being 0.2 Q, the range of resistances accepted
was set at 1.5 to 1.6 Q. However, error carried forward was applied, so full marks were
awarded in 3(b)(ii).
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Question 3(c)

This is the type of question candidates find the most difficult to answer, where they are asked to
"comment on the implications of physics and its context", so was targeted at a high demand level.

The introduction to the question points out that when the aerial and transmitter resistances are
equal, the power output is at maximum, but efficiency is at 50%.

Candidates were asked to give a positive implication (advantage) and a negative implication
(disadvantage). However, most candidates did little more than repeat the information given (eg
stated that "50% of the power is wasted" or "it can cover a large area"). To be credited, a
candidate’s answer needed to go beyond just restating the information to outline their
advantage/disadvantage.

So, most students did not score a mark, though high-performing students did manage to score 2
marks.

(c) When the power output is at its maximum value, the overall efficienfy is 50%.
Radio transmitters|are used tMver a large area.

The aerial connected to the radio transmitter has an equivalent resistance Guai to
Etlt';intemal resistance of the transmitter.

Suggest or@gﬁ and one d@@f making the resistances equal fora

radio transmifier,

(2)

 Power OMPu{f., so the Otwnl waunld alse hove the maximuwm fe.wer_, ______
producing the stromgest rad:o weves over the arga ( sigmal wau(dbedﬂ

[7is:>~ulw~m_ e The eH:rxenoy (s oﬂi/‘é Solh . which s (cW.So waulol
ate ] of e oo inte st (ot 10 e seroutagt
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This candidate has identified that maximum output power on the transmitter would lead
the strongest radio waves. They have also linked 50% efficiency to the idea that half of the
power would be converted to "heat lost to the surroundings", scoring full marks.

(c) When the power output is at its maximum value, the overall efficiency is 50%.
Radio transmitters are used to transmit radio waves over a large area,

The aerial connected to the radio transmitter has an equivalent resistance equal to
the internal resistance of the transmitter.

Suggest one advantage and one disadvantage of making the resistances equal for a
radio transmitter.

pogeckiod o Tnlesih,. . st infersify, prodleet

& radio ez

Ce Ggﬁ'ﬁﬁ‘ NESM (F in oeﬁhceg&&'mm for Question 3 = 9 marks)
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This candidate has identified that maximum output power on the transmitter would lead
the maximum intensity radio waves. They have also linked 50% efficiency to the idea that
50% of the power/energy would be converted to "heat", scoring full marks.

e | 4

| ResultsPlus
0\

Examiner Tip

Some questions are written to challenge candidates at the higher grade range. However,
these questions can be accessed by all. But there are no marks for repeating information we
gave; candidates need to add to this, or combine different pieces of information, to tell us
something new.

46
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Question 4(a)

During the practical work, candidates have considered how to "identify possible sources of
uncertainty and/or systematic error and explain how these may be reduced or eliminated".

In this scenario, students were asked how to reduce a source of uncertainty when using the
equipment as set up in the diagram.

Some students focused on "zero error" and described a need to align the zero of the metre rule
with the water level. However, without considering the two options given in the mark scheme,
moving the metre rule close to the cylinder and ensuring it was vertical, then aligning the zero,
would make little difference to the uncertainty in L.

4 A student determined the speed of sound in air using the apparatus shown.

wires from signal generator

loudspeaker [ Not to scale

stand

air

transparent cylinder

metre rule

(a) The student used the metre rule to determine the distance L between the level of the
water and the top of the transparent cylinder.

Explain how to reduce a source of uncertainty in the measurement of L.
(2)

’F*"})‘m!&f“‘ G(t.?e.. s f"“j’{‘?t-“:t;f{“’cr--uf(-—jwmf

'I}’é'Pr"d"*’w”}‘fL‘ﬂgf@“'Jﬂ'wf measire af exe. leve! te cvere

arq_n( e ryroeE
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This is an example of the first option on the mark scheme, putting the ruler as close as
possible and measuring at "eye level" (which is accepted to mean perpendicular to the
metre rule). It also links this method to a reduction in parallax error. Note, the section about
"making sure it is perpendicular to the ground" was not sufficient, as it did not state how (eg
set square, plumb line).

ResultsPlus
<\

Examiner Tip

When discussing errors or uncertainties, always include the name of the specific error or
source of uncertainty.

48
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Question 4(b)

In this question, candidates needed to "comment on how the experiment may be improved,
possibly by using additional apparatus". Completion of two of the Core Practicals will have given
candidates examples of types of technique that could be used.

The first option given in the mark scheme relates to Core Practical 5, where candidates would
identify a maximum (in that case the maximum amplitude of the standing wave on a string) from
higher frequencies and from lower frequencies.

Although this was expected to be the most common approach, most candidates went with the
second option, which relates to Core Practical 4, where a microphone and CRO were used to

visualise a sound wave.

A third option was added, as some candidates focused their answer on how to determine how
loud the sound was, so suggested the use of some form of sound level meter.

(b) The student connected the loudspeaker to a signal generator. She set the frequency f
of the signal generator to its lowest value.

The student gradually increased f until a standing wave was produced in the
transparent cylinder. The sound from the cylinder was loudest at this value of /.

Explain a technique the student could use to determine, as accurately as possible,

when a standing wave is produced in the cylinder.
lodest  Sonnd = 5#«010‘5 wave Goy has beea J'Ot'm!wrﬁ[}c)l'e @)

(mmda,m:cmplnotdowfoﬁwbmi{—oa.osfn‘“‘w;"
B bk bhe loudest  soade, Boplitade 05 e highes £
S€en.....00.... Bl loscopen.... Stteon... ek down. et el

Repew}aniamﬂq)eemexpuwﬁﬂf* 200 e Speiod.

eqképmi- to reovt @) Socal and marh o) & refueng— whan
apparatus  murks  loudest gowrd . (—Souab—pstie—bat)

(-
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This example shows option 2, with a clear link between the use of a microphone and an
oscilloscope, and the identification that the loudest sound has the highest amplitude.

(b) The student connected the loudspeaker to a signal generator. She set the frequency f
of the signal generator to its lowest value.

The student gradually increased f until a standing wave was produced in the
transparent cylinder. The sound from the cylinder was loudest at this value of f.

Explain a technique the student could use to determine, as accurately as possible,
when a standing wave is produced in the cylinder. % b apvnad ol}fb\

ﬁw o~ mmL f e ow#ﬁz ealt
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In this example, we see option 3, with a sound meter (measuring sound in dB) used to
measure sound intensity, and looking to see the maximum value of sound intensity.
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Question 4(c)i

Candidates are expected to be able to "discuss how the data collected will be used", which in this
case required them to explain how a graph can be used to determine the speed of sound v.

This format of question is commonly seen on WPH13 papers, and WPHO03 before it, so candidates
are generally well practised.

In some series, the equation given needs to be rearranged into y = mx + ¢ format, which adds
demand to the question. However, in this paper the equation is given in the required format, so
candidates only needed to compare to y = mx + ¢ and explain how the gradient can be used to
determine v.

A 5(«‘p

(¢) The student recorded the value of f for the first loud sound. She continued to

increase f and recorded the next five values of f that also produced a loud sound.

She gave each of these recorded values a number n. For the lowest frequency n = 1
and for the highest frequency n = 6.

The student suggested that the relationship between f and » is given by the formula

(s

where
v is the speed of sound in air
k is a constant.

(i) Explain how a graph of f against n can be used to determine the value of v.
(2)

of  CFimtl ke €0y aets  aed 0 5 xeany
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In this example, we can see a good comparison between the equation and y = mx + ¢ for the
first mark. This is followed by a correct description of how to use the gradient to determine
v. So, both marks were awarded.

et
A

A ResultsPlus

) Examiner Tip

There are many different ways to describe the equation of a lineused.y=mx+cy=kx +a
y =a x + b. As such, it is important to link the appropriate quantity to the feature on the
graph, eg m = v /2 L would not be sufficient for the second mark point without a statement
that m is the gradient.

(c) The student recorded the value of  for the first loud sound, She continued to
increase f and recorded the next five values of f that also produced a loud sound.

She gave each of these recorded values a number n. For the lowest frequency n = 1
and for the highest frequency n = 6.

The student suggested that the relationship between f and » is given by the formula

(e

where

v is the speed of sound in air
k is a constant.

(i) Explain how a graph of f against n can be used to determine the value of v.
(2)
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In this example, we do not see a comparison between the equation and y = mx + c for the
first mark. There is a correct description of how to use the gradient to determine v, which is
an independent mark, so was awarded.

54
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Question 4(c)ii-iv

A candidate’s ability to "plot results on a graph using an appropriate scale", to "determine the
relationship between two variables or determine a constant with the aid of a graph" and to
comment on the relationship obtained from the graph" are vital skills.

Three of the twenty-four points in the WPH13 specification are related to graphs, so the
questions on graphs contribute a significant percentage of the total mark for WPH13.

As such, candidates who score highly are practised at accurately plotting graphs, determining
gradients (and occasionally intercepts) and understanding what the gradient or intercept means
in relation to the scenario.

The plotting of graphs has improved with very few graphs showing excessively large plots (eg the
type you would see as default from a spreadsheet application), however there is a significant
number of candidates who are proving very difficult to use scales (in an attempt to use the whole

page).
Note - the general requirements are;

+ Labelled axes, using a solidus to separate the quantity and unit, eg f/ Hz

+ A scale that has sensible increments (there are 10 small squares every 2 cm, so we use a scale
that is sensibly divisible by 10, eg a power of 10 of 1, 2 or 5) choosing the increment that
allows the graph to be plotted across more than half the available paper in each axis.

Plots that are accurate to 1 mm, so half a small square, and are small/neat enough for such
accuracy to be checked.

+ Aline of best fit that is a single straight line, is balanced, and follows the pattern of the plots.
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(iii) Determine the value of v from the graph.

L=0.595m
(4)

m‘sn AL A e (;Ju%ﬁ) *ffk“"/-'de?'*k I

. j).t&:v#—rk 3

4»-3?1‘93 - g T
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(iv) The student suggested that the nitude of £ i itude of
the gradient. & aguiuee

Determine whether her suggestion could be correct.
(2)

A;m{ula # A//; ,f . r&m/’;

_11 ‘s Tncrves/ (Total for Question 4 = 17 marks)
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This response is an example of the highest quality. For 4(c)(iii) we awarded this candidate 4
out of 5 marks. We can see: both axes correctly labelled with the required format for units
(f/Hz) sensible scale increments every 2 cm (200 on the y -axis and 1 on the x -axis) small,
neat and accurate plotting of the given data. Only the line of best fit raised questions, with
the first two plots below the line suggesting the line should be slightly steeper to correctly
follow the pattern of the data. In 4(c)(iv) this candidate took an unusual approach. Rather
than use the standard approach (calculate the gradient and then determine v ) they took the
data back to the given equation and solved simultaneous equations. As mathematically this
is the same as calculating the gradient (taking two data points, subtracting and dividing) and
then substituting into part of the equation (gradient = v /2 L), it was accepted as equivalent
to the first two marking points. After this, the mark scheme can be applied and the final two
marks awarded. For 4(c)(iv) we can see a comparison between the k value (most candidates
needed to calculate this, as their graph did not show the negative part of the y -axis) and half
the gradient.

1 Plus
\ Examiner Tip

Most IAL Physics papers allocate 1 minute of time per mark, then add time for checking, eg
WPH11 is 90 minutes for 80 marks. WPH14 is 105 minutes for 90 marks. Both WPH13 and
WPH16 allow considerably more time (80 minutes for 50 marks), as both include plotting
and analysing a graph, which is worth a considerable percentage of the total mark (26% for
this paper). As such, candidates might consider starting to answer their WPH13 or WPH16
paper with the graph question, as we often see rushed graphs and incomplete answers.
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Paper Summary

Candidates will be more successful if they routinely carry out and plan practical activities for
themselves using a wide variety of techniques.

These can be simple experiments that do not require expensive, specialist equipment.

They should make measurements on simple objects, using vernier calipers and micrometer screw
gauges, and complete all the Core Practical experiments given in the specification.

In addition, the following advice should help to improve the performance on this paper.
+ Learn what is expected from different command words, in particular the difference between
'describe' and 'explain'.

* Be able to describe how to measure lengths, angles, force, time, potential difference and
current using appropriate apparatus and techniques.

+ Refer to random or systematic errors when explaining techniques.

* Practise writing experimental methods including identifying safety issues specific to that
experiment.

+ Show working in all calculations and give answers using appropriate significant figures and a
unit.

+ Choose graph scales that are sensible, ie the value of the smallest square is 1, 2 or 5 and their
powers of ten only, so that at least half the page is used. It is not necessary to use the entire
grid if this results in an awkward scale, eg 0.25, 3, 4 or 7.

+ Plot data using neat crosses (x or +), and re-check any points that lie far from the best-fit line.

« Use a one-piece, 30 cm ruler to draw straight best-fit lines. Ensure there are data points on
both sides of the line, and the line cannot be rotated. Using a pencil will allow for the line to
be changed if needed.

+ Draw a large triangle that covers at least half of the plotted data using sensible points.
Drawing the triangle on the graph often avoids mistakes in data extraction.

* Learn the definitions of the terms used in practical work and standard techniques for
analysing uncertainties at AS level. These are given in Unit 3 and Appendix 10 of the IAL
specification.
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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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