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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 enables candidates of all abilities to apply
their knowledge and skills to a variety of styles of question.

A candidate’s understanding of the 8 core practical tasks will be assessed by the WPH11 and
WPH12 papers. As such, the practical contexts met in the WPH13 paper may be less familiar
but are similar to practical investigations candidates may 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 other
experiments, as applied to the physics context described in the question.

There will always be questions that are familiar to candidates who have revised using the
earlier series of WPHO3 and WPH13 papers, but some performances would suggest some
candidates were unfamiliar with the practical skills outlined in the specification for Unit 3.
A particular issue commonly seen related to the uncertainty in measured data and the
calculation of percentage uncertainty.

At all ability levels, there were some questions which candidates answered with generic and
pre-learned responses, rather than being specific to the particular scenario as described in
the question. Additionally, understanding the meaning of the standard command words
(such as evaluate and determine) proved a challenge to candidates at the lower end of the
ability range.
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Question 1 (a)(iii)

Many candidates interpreted this as a slightly different question. They answered "how she
could reduce the uncertainty in t?" and gave the standard response of "repeat the
measurement in different places and calculate the mean".

However, the question asked candidates to explain how the error (defined in the
specification as "the difference between the measurement value and the true value") in the
single measurement shown (1.72 mm) can be reduced.

The specification also states that errors can be "due to both systematic and random effects".

If the micrometer ratchet is not used while closing the micrometer screw gauge, the rotating
action of the micrometer allows considerable force to be applied by the spindle.

It is possible to permanently damage the micrometer (bending the frame), causing a
systematic error (a zero error), which can be checked for (and either the micrometer can be
recalibrated or the error can be compensated for in the final value).

Or, compression could occur within the object being measured, affecting the thickness (a
random effect).

An explanation of how either sources of error can be reduced was rewarded.
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(iii) Explain how she should reduce a source of error in this measurement of ¢.
(2)
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~ < ResultsPlus

/--.. Examiner Comments

This candidate's answers shows a complete explanation of the first
approach - checking for zero error to prevent systematic error.

"’ 'f \ ResultsPlus
\

) Examiner Tip
Note - this candidate gives two answers, when the question only asks
for "a source of error". Fortunately, the second answer is not wrong -
justirrelevant - as the arrangement of the scales of a micrometer
screw gauge will not cause a parallax error. Beware of giving a list of
answers - as "right + wrong = wrong".
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(iii) Explain how she should reduce a source of error in this measurement of 7.

This candidate's answer uses the second approach.

.-"#_l‘l

)\ ResultsPlus
\_/' Examiner Tip
You may not know the correct names for the parts of every measuring

device (eg ratchet). If in doubt, describe it clearly so examiners can
understand which part you mean.
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Question 1 (a)(i-ii)

The context of this question is a measurement of thickness, made using a micrometer screw
gauge.

Candidates are likely to have taken similar measurements for the diameter of a small metal
ball while completing core practical 2, or a wire while completing core practicals 3 and 7.

QO01(a)(i) shows a diagram of a micrometer screw gauge reading, showing the sleeve and
thimble scales.

Candidates should know that the sleeve of the micrometer is marked in whole and half-
millimetres, with the thimble, marked in 50 parts, rotating twice per mm.

This means the sleeve is showing a measurement of 1.50 mm and the thimble is showing a
further measurement of 0.22 mm, giving a total measurement of 1.72 mm.

QO01(a)(ii) requires candidates to recall that the resolution of a micrometer screw gauge is
0.01 mm and that to calculate the percentage uncertainty of a single measurement they
should use half the device resolution in their calculation.

This is stated in the specification for unit 3 and is described in Appendix 10: Uncertainties
and Practical Work.
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1 A student made measurements of the ruler shown.

(Source: © Dragancel 37/Shutterstock)

(a) She used a micrometer screw gauge to measure the thickness ¢ at the centre of
the ruler.

The diagram below shows the reading on the micrometer.

(i) State the value of  shown on the micrometer.

)
T L3 Ry VY W
(ii) Determine the percentage uncertainty in this value of ¢.
(2)

vz brrzsdukion | Wz g xle0 B
—-L X, .Ot\ Y, | uzs-‘-'ﬁ%x\oa .........................................................................................................................

V2005 ... I.@zgn 2 J ........................................................................... I

Percentage uncertainty in t = 0322&
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N / ResultsPlus
/'-—-'. Examiner Comments

QO01(a)(i) This candidate seems to recall the need to combine the
values from both micrometer scales.

However, the candidate has reversed them. 22 mm from the rotating
thimble scale and 0.3 mm as an incorrect interpretation of the sleeve
scale.

QO01(a)(ii) The mark scheme allows for error carried forward from (a)(i),
which we allowed for both the value and the uncertainty. As the value
in (a)(i) is written to a resolution of 0.1 mm, we accepted the use of
0.05 mm to be the half-resolution. So both marks were awarded.

WA ResultsPlus
\ Examiner Tip

Use online simulations of a micrometer to practice interpreting the
scale.

There are several available - eg
http://www.stefanelli.eng.br/en/simulator-virtual-micrometer-
hundredths-millimeter/
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1 A student made measurements of the ruler shown.

(Source: © Dragance137/Shutterstock)

(a) She used a micrometer screw gauge to measure the thickness ¢ at the centre of
the ruler.

The diagram below shows the reading on the micrometer.

\

—2)

|

Iﬂl|l|

/

(i) State the value of 7 shown on the micrometer.

(ii) Determine the percentage uncertainty in this value of 7.

@)

______________________________ Q0% w\ed = 02
LWT)

Percentage uncertainty in = ... quojé ....................
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\( / ResultsPlus
/'--t Examiner Comments

This example shows the ideal candidate response.
QO01(a)(i) The candidate does not provide a unit with the answer.

Although for this exam the unit is in brackets in the mark scheme, this
is not always the case. In other exams and on other questions in this
exam, a lack of unit would mean the mark would not be awarded.

i ResultsPlus
<D

Examiner Tip

Always provide an appropriate unit with a numerical answer.
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Question 1 (b)

The concept of the centre of gravity and how this can be used alongside the principle of
moments is taught to candidates in unit 1.

The key to this question is that the ruler (or pivot) need to be moved, so that the weight of
the ruler causes a moment that can then be balanced by the moment of the weight of the
20 g mass.

Many candidates missed this key detail, so when they described adding the 20 g mass and
moving it until the ruler balanced again, they were describing a state where the 20 g mass
was also above the pivot. Neither weight would have a moment. These candidates could
score 1 mark at most (the third mark).

Those candidates who did realise the ruler (or pivot) needed to be moved, generally scored
the first and third marks.

Clear descriptions of how to measure the two distances to the pivot were rare. Some
candidates only described the distance of the 20 g mass. A few described complicated
methods, defining all measurements as from 0 on the ruler, so the second mark was
awarded less often.

The fourth mark was rarely awarded. Most students had not picked up the requirement for
an "accurate value", and most that had gave a very basic "repeat and mean" style answer.
However, we rarely repeat the measurement the exact same way (eg when measuring the
diameter of a wire, we would repeat in different places or for the stiffness of a spring we
would apply different forces)

International Advanced Level Physics WPH13 01
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(b) The student balanced the ruler on a pivot as shown, and recorded the position of the
centre of gravity of the ruler.

ruler centre of gravity

bench

B ]

The student has a 20 g mass.

Describe how the student should determine an accurate value for the mass of the
ruler using the 20 g mass and the apparatus shown.

(4)
.................... %wns*%ﬂsct‘s‘“ow(ﬂd&mt‘* oSRe
..................... ﬂﬂamtﬁfﬂﬁablﬁkz Loy to dekae e
.......................... %Hﬂ\gdk-ﬁ(nk“agquhbnm)
) ‘D y . v
........................... Thea .. be (;ﬁ“’ﬁm&’{‘qﬂﬁ:? unfmékue-tmplmudk
......................... . cass, ™ . CM.':% A \m@h)_

(Total for Question 1 = 9 marks)

wler

Chongp the dbioe, o e a5 Jr f pivstanal
Colohe o Peae Moot THOSS.

NS

ﬂ ResultsPlus
Examiner Comments

This is an example of a full-mark answer.
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(b) The student balanced the ruler on a pivot as shown, and recorded the position of the
centre of gravity of the ruler.

ruler centre of gravity

bench

N N A A A A N A A A A A A A A OO

The student has a 20 g mass,

Describe how the student should determine an accurate value for the mass of the
ruler using the 20 g mass and the apparatus shown.

4)
................ Put the mass. N one side oF k. tuly and . change.. fiat
......... posxaion of . Kalar . oh. tha . gives.. &tk L 5. balanced .. Mewsace

e 87 0002 X Ao = Tl s dotalr.

AN

%{ ResultsPlus
Examiner Comments

This candidate scored 3 marks.

Note that, since the principle of moments would require the use of
gravitational field strength g on both sides of the equation, we
accepted examples where the g had already been cancelled for the
third mark. But that might not be true for other exams where there
may be separate marks for each step.

"’\VJ ResultsPlus

) Examiner Tip

Always show the steps in your algebra, even for a describe question.
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Question 2 (a)(i)
The context of this question was clearly unusual for many candidates.

It is possible that few had experience using this type of cylindrical convex lens in a ray box, to
ensure the rays are parallel.

However, most candidates would be aware that a convex lens would converge the rays of
light, concentrating the light and reducing the spread of light from the filament bulb.

So, we allowed for this lack of experience by giving several alternatives for the two marks.

2 A student investigated the properties of a solar cell.

He illuminated the solar cell using the apparatus shown.
-_-—.- e

solar cell

ray box
12¥
power
supply

filament bulb convex lens

(a) (i) Explain the purpose of the convex lens.

)
............. Connhrales fhe light fom  Fom the bulb ontp fhe golor @t W enoyre
L dhot... ol rys. vench ke el 0nck arent diveried | diverged—ob€  Sproncted.

AN
\( 2{ ResultsPlus
/'--.. Examiner Comments

This candidate clearly understands that the convex lens will converge
the light, which will make it more concentrated (first mark), as
otherwise it would spread out (second mark).
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2 A student investigated the properties of a solar cell.

He illuminated the solar cell using the apparatus shown.

solar cell

ray box.

12V
power

supply

filament bulb convex lens

(a) (1) Explain the purpose of the convex lens.
(2)

bt from M. 4 bulb ko

_ ResultsPlus

Examiner Comments

This response was awarded the first mark, for the idea of
concentrating the light.
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2 A student investigated the properties of a solar cell.
He illuminated the solar cell using the apparatus shown.

solar cell

ray box
12V
power
supply

filament bulb convex lens

(a) (i) Explain the purpose of the convex lens.
(2)

Wk moktd gurt The ugiek Fom e Gt ot 1 (urtcly on e Sulns

N

ﬂ ResultsPlus
Examiner Comments

This response has two correct ideas, light spreading out, the lens
stopping light intensity reducing. Unfortunately, both of these ideas
were the second mark.

The idea of the light being "directly" on the solar cell was not enough,
more detail was needed for the first mark.
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Question 2 (a)(ii)

Candidates were asked how to keep the light intensity on the solar cell constant. This
guestion was generally answered well by those who focused their response on the solar cell.

Many candidates described methods of keeping the bulb's intensity the same. Such answers
were not given credit, as this factor was covered by the question information.
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(ii) The power su"ﬁply brovided a constant 12V potential difference across the
filament bulb. S —

Describe two more ways to keep the light intensity incident on the
solar cell constant.

ﬂResuitsﬂus
Examiner Comments
This candidate has described all three options in the mark scheme.

As the candidate was only asked for two more ways, we credited the
first two.

’“V ': ResultsPlus
\-/

) Examiner Tip
Be wary of providing an answer with more options than are required.
Irrelevant extra information may be ignored, but we cannot ignore
incorrect physics.
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Question 2 (b)(i)

The question asked candidates to add an ammeter and voltmeter, so that potential
difference across the solar cell and current through the solar cell can be measured.

Most candidates scored both marks, but it was common to see the voltmeter connected
across one of the other components, so not measuring the potential difference across the
solar cell.
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(b) The student investigated how the potential difference across the solar cell varied

with the current through the solar cell.
The light intensity incident on the solar cell was kept constant during
the investigation.
The circuit diagram for the investigation is shown below.
&,
LT
solar t:tetll<>
[y
L)

N\

% ResultsPlus
Examiner Comments

This example shows both meters connected correctly.
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(b) The student investigated how the potential difference across the solar cell varied
with the current through the solar cell.

The light intensity incident on the solar cell was kept constant during
the investigation.

The circuit diagram for the investigation is shown below.

&

:9 v

N

solar cell

N

¢ ﬁ{ ResultsPlus
/--.. Examiner Comments

Although the ammeter can be connected anywhere in the series
circuit, the voltmeter is across the variable resistor. This means the
voltmeter is also across the ammeter, solar cell and fixed resistor.

We can assume the ammeter has zero resistance, so no potential
difference across it. But the fixed resistor would have a potential
difference across it, so the voltmeter as shown would not be
measuring the potential difference across the solar cell.
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Question 2 (b)(ii)
Most candidates found this question very difficult.

It was common to see an answer of "to reduce current" or "to prevent overheating" without
context.

Candidates are most likely to have used a protective resistor when investigating diodes or
LEDs while studying unit 2.

If the variable resistor was reduced to zero resistance the resistor would prevent a short
circuit. By limiting the current, the resistor can protect other components.
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(ii) Suggest a reason for using a fixed resistor in the circuit. X

& Hev (1)
LTo prevent | ewer \m:«ﬂn}ﬁ ....... Axd.. e Ko r Abe
Mo amvounb efcvvrewt oo dredibs
AN
ﬂ ResultsPlus
Examiner Comments
This candidate suggests the reason was to limit the current.
(ii) Suggest a reason for using a fixed resistor in the circuit.
(1)

-l-,h&cw ........ N\\m*\’wmma.mtmsu:}{-mi‘a ...... o2 NS0l REALR

I\

ig ResultsPlus
Examiner Comments

This candidate suggests the reason was to avoid a short-circuit
occurring.
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Question 2 (¢)

Although the question asks candidates to describe two advantages of using the solar cells,
many gave reasons why the solar cell could power the pump. It was common to see answers
such as "the pump does not required much energy" or "the plants only need water in the day
time".

For this question, we needed answers to give advantages over other sources of electrical
power for the pump.

The alternative sources of electrical power were not given in the question. So, the answers
needed to focus on the advantages of solar cells, not the disadvantages of other methods.

As with previous questions, it was also common to see a list of more than two answers.
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(c) Solar cells are used as a source of electrical power.

Describe two advantages of using solar cells to power a small water pump in
a garden.

)
Syt
}%CBHWD*H(-QWW%\Q*&*MM,SR& ..... 7 T So—

_.(am_.'e._,_._._.g_.ﬂfi...,....________.....Su.'nm__._..(.‘.Q_'.t_‘!.:'y............‘.t.g..._..___......mm.uuﬂla.l.g ...... QURXAY..;.... S Hals.

S suwaln s COn QO

JI'I\ R
’y/jResuitsﬂus
Examiner Comments
This candidate gives three "advantages":

e reduced sound energy
e solaris renewable energy
e reduced damaging chemical gas such as CO..

The first option is irrelevant, rather than incorrect, so was ignored.
However, the other two advantages match the first and second mark
points.

/\V, ResultsPlus

) Examiner Tip
Avoid giving lists with extra responses. Irrelevant answers can be
ignored, but incorrect physics cannot be rewarded.
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(c) Solar cells are used as a source of electrical power.

Describe two advantages of using solar cells to power a small water pump in
a garden.
(2)

ae Renemale %O\JYCM 2@ enevo e T S

- 7 cﬁ—lﬁ‘oa& N0y el wmj- naed
......................... - 'Obedﬂcmaeﬂ Mel..Oloaks... ... e ‘—wuued._.____._.

V?%U c“'({j (Total for Ouestion 2 = 9 marks)

\/ { ResultsPlus
/‘--. Examiner Comments

Another candidate who describes more than two advantages:

renewable source of energy (so more ethical)
doesn't cause global warming

cells won't need to be charged

plants will be watered regularly

The first two match the first and second mark points.

The remaining two advantages are irrelevant, rather than incorrect. If
the two extra advantages had been incorrect (wrong application
physics) they would not be ignored. This could mean the first and
second marks were contradicted, so not awarded.

'f ResultsPlus
\

| Examiner Tip
This response gives four advantages for a question that asked for two.
The more answers a candidate adds, the more likely the answer will
become a contradiction.
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Question 3 (a)(i)

This question was answered poorly as many answers focused on the ruler. Candidates
needed to give two reasons why the vernier caliper was more appropriate.

So, answers giving reasons why the ruler is less appropriate, with no comparison with the
vernier caliper did not answer the question asked.

It was clear that many candidates experience of using a vernier caliper was for physical
objects that fit within the jaws, rather than making measurements by aligning the tips.
However, we ensured there were still two mark points available for such candidates.

It was common to see "the ruler couldn't bend" with no further context, but even if a flexible
ruler was used it would not be measuring the diameter of the rings. A non-flexible ruler
would not be near the rings, so there would be a parallax error with the ruler that would not
occur with the vernier calipers.

International Advanced Level Physics WPH13 01
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3 A student investigated the diffraction of electrons using an electron beam tube as shown.

hot filament anode

v

cathode

/ curved fluorescent
m
o—
+
V

thin graphite foil

The potential difference, V, accelerates electrons from the hot filament towards the thin
graphite foil.

The electrons diffract as they pass through the foil, producing a ring pattern on the
curved fluorescent screen as shown below.

(Source: © ANDREW LAMBERT PHOTOGRAPHY/SCIENCE PHOTO LIBRARY)

(a) The student used vernier calipers to measure the diameters of the rings on the
curved screen.

(i) Give two reasons why vernier calipers are more appropriate for these
measurements than a transparent ruler.
(2)

o L. Kany, toark BB nesoluXiom ((001idnsid of Oamepa
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\( { ResultsPlus

Examiner Comments

Although "better resolution" alone would not normally be clear
enough, this candidate has clarified by stating resolution values.

4\ ResultsPlus

\ Examiner Tip

There is a language contradiction when describing resolution - higher
and smaller resolution both have the same meaning, eg a higher

resolution screen has smaller pixels and can resolve smaller details.
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Question 3 (a)(ii)
This is a standard question, and unlike QO01(a)(iii) it does not refer to a single measurement.

As such, the standard response was expected - repeat the diameter measurement in
different orientations on the same ring and calculate the mean diameter.

Most students scored at least 1 mark, with many forgetting to clearly state the need to
calculate the mean diameter.

There were some examples where candidates had assumed the question referred to a single
measurement, so we accepted "check for zero error" as sufficient for a single mark to be
awarded.
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(ii) Describe how the student should measure the diameter of a ring as accurately

as possible.
(2)

The sdudent needs do. Chelt or. 2ero errar belore cath
measurumiut. ound.. measuse. He dizmeter o Y g om dithe
rint .. FOSHMS ...... at last ¥ bimes. oud.. Gllulate.. e mean
nduG.... % ........... V7 Cer(améy ..........................................................................................................................................

<Z£Results?’ll.ls
Examiner Comments

The “compensatory” mark for "check for zero error" can be seen in the
first line, but that is not required as we can award the two marks for
the rest of the answer.
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Question 3 (b)(iii)

It is very common during practical work to use a graphical method to determine a constant,
rather than calculating the constant from a small set of data and determining the mean.

So, candidates will be very familiar with this technique. But few could explain why using a
graphical method would be better.

Almost half of candidates scored zero marks.

Many only scored a mark for the basic idea that having more data would likely lead to a more
accurate value of a.

Many responses lacked detail - eg "it is easier to spot anomalies" would be true if the plots
were compared to the line of best fit. "You can determine systematic error" is true if you
extend the line to the axes.
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(iti) A different student repeated the investigation using six values of V. She plotted a
graph of V against Ilz— and determined the constant a from the gradient.

Give two reasons why this is a better method to determine a value for a.

(2)

pelfantegqeun cer&m.cn"bﬁmgﬁ

ﬂﬂesuhsﬂus
Examiner Comments

This candidate has understood that the act of drawing a line of best fit
and calculating the gradient is an averaging method - so the second
marking point can be awarded.

Although the candidate makes a generic statement that "anomalies
can be more easily identified", it is made in context of the line of best
fit, so is sufficient for the third marking point to be awarded.

| Examiner Tip

’"\V/ ResultsPlus

Here the candidate has given three advantages, where only two were
asked for.

Fortunately, in this case the third advantage is not incorrect, so it can
be ignored.
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Question 3 (b)(i-ii)

This question was answered well, with over a third of candidates scoring full marks for both
parts.

The most common error in Q03(b)(i) was failing to include the powers of ten shown in the
table, so giving an answer of 1.22 m?V, rather than 1.22 x 10~ 8 m?2 v.

A less common error was to discard a value, assuming it was an anomaly. Since 1.23 and 1.11
are 0.12 apart, and 1.32 and 1.23 are 0.11 apart, none of the values are clear anomalies. As
such, all should be included in the mean calculation.

However, since QO3(b)(ii) includes error carried forward from (b)(i), most candidates managed
to calculate the percentage uncertainty, using the method described in appendix 10 of the
specification.
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(b) The student used the diameter of the rings to determine the wavelength A of
the electrons.

He repeated this for two more values of V.

The student also determined the value of a constant a using the formula
a=vi

The results are shown in the table below.

VIKY | 4/10"m |a/10"m’V

200 2.67 1.23
250 2.44 1.11
300 2,14 1.32

(i) Determine the mean value of @ in m’V.

LA F T 1A
B =g wio® =) xe !t

Mean value of a = ... Lx¥¥X{e " ™" . m'V

(ii) Dctehninc the percentage uncertainty in the mean value of a.

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

Percentage uncertainty in the mean value ofa= ... 3&7 .......... s

AN

<&< ResultsPlus
Examiner Comments

This candidate gives a correct calculation to determine the mean value
of a. Although the powers of 10 were not included in the calculation,
they were correctly added to the answer.

The candidate correctly uses the "half range of values" method to
calculate the uncertainty in the repeated a values, correctly using this
to determine the percentage uncertainty in the mean value of a.
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(b) The student used the diameter of the rmgs to determine the wavelength 4 of
the electrons.

He repeated this for two more values of V.

The student also determined the value of a constant @ using the formula
a=vV»ai

The results are shown in the table below.

VIKV | 4/10"m |a/10"m’'V

200 2.67 1.23
250 244 1.11
300 | 214 1.32

- i

(i) Determine the mean value of a in m* V.

)
"zgﬂ ll+l'32 - 1'2'2”{7-\/

Mean value of a= ... 0 S m’V

(ii) Determine the percentage uncertainty in the mean value of a.

~ < ResultsPlus

/--.. Examiner Comments

This candidate gives a correct calculation to determine the mean value
of a. However, the powers of 10 were not included in the calculation,

nor were they added to the answer. So, only one mark was awarded
for (b)(i).

The candidate correctly uses the "half range of values" method to
calculate the uncertainty in the repeated a values, correctly using this
and the mean stated in (b)(i) to determine the percentage uncertainty
in the mean value of a.
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Question 3 (c)(i-ii)
Both parts of Q03(c) cover skills have appeared regularly in WPH13 papers.

Most students scored at least 2 marks, with 85% of students split evenly across 2, 3 or 4
marks.

QO03(c)(i) was a more complex calculation using given data, in this case in the question and in
the list of data at the end of the paper. Most candidates completed this calculation
successfully.

QO03(c)(ii) required candidates to compare a 6% uncertainty in their calculated value of h with
6.63x 107345,

Some candidates determined the percentage difference between the two values of h. If this
approach was used, we expected candidates to follow convention and calculate the

percentage difference from the standard value (6.63 x 10 ~3%] s).
In either case, many candidates did not give a conclusion based on a comparison.

Some candidates applied the 6% percentage uncertainty to the standard value, rather than
the calculated value. We allowed 1 mark only for the process, as the comparison would not
be correct.
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{c) The value of a can also be calculated using the formula

hz
a —_
2em,
where
h is the Planck constant
e is the electron charge

m, is the electron mass.

(i) Calculate the value of A, in Js, when a is 1,46 x 10"*m’ V.

}‘f_ (2)

g .
........................................................... !qbX(‘g'2.1-}?‘#.'.,:-'?*}14.]‘;"”

e }’ L;_qlgéﬂl‘#h'” .............. R T

(ii) The percentage uncertainty in the calculated value of 4 is 6%.

Comment on the accuracy of your calculated value of 4.
(2)

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

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

ig ResultsPlus
Examiner Comments

The calculation is correct in (c)(i) and the upper boundary of range of
uncertainty is calculated in (c)(ii).

However, there is no comparison made and there is no comment on
the accuracy.

A
- N

- V ' ResultsPlus
\_-./

| Examiner Tip
When asked to comment on accuracy, or to determine whether a value
is accurate, remember to write a statement that includes a comparison
of values.
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(c¢) The value of a can also be calculated using the formula

ki
. kgt s i ) o 2ém, eLl
where
h is the Planck constant
e is the electron charge . o
m, is the electron mass.

(i) Calculate the value of h, in J s, when a is 1.46 x 107" m’ V.

- (ii) The percentage uncertainty in the calculated value of 4 is 6%.
Comment on the accuracy of your calculated value of A.

.......... h=bekist eomgTteatsl)=saks

The  real value. o h I whhin Yhe nerlinty. So...
..... -Hs;hmlcu!n{«(lﬂcc)[,t){;fuirbq,cmmfz

N

ﬂ ResultsPlus
Examiner Comments

The calculation is correct in (c)(i) and the upper boundary of range of
uncertainty is calculated in (c)(ii).

This time there is a comparison made and there is a correct comment
on the accuracy.

International Advanced Level Physics WPH13 01 40



Question 4 (a)

Candidates will have completed core practical 3, where a mass was used to stretch an elastic
material, usually a wire.

Although the context of this questions is not the same as the core practical, two of the health
and safety issues are likely to be the same, the material snapping under tension and the
mass falling.

From the diagram we can see the arrangement of the stands is likely to be unstable, unless
the stand bases were heavier than standard.

So, these were the three health and safety issues that were expected.

This question was answered well by candidates. Almost 75% scored full marks and only 10%
failed to score a mark.
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4 A student investigated the extension of an elastic cord. She hung a 1.2kg mass from the
elastic cord as shown.

bench

s N e N S R AR AN AYY

(a) Identify a health and safety issue and how it may be dealt with.
(2)

ﬂ ResultsPlus
Examiner Comments

This examples identifies the elastic cord snapping, which can be dealt
with by wearing safety goggles.

The falling mass was also identified for the first mark, but the cord
snapping answer scored both marks.

s ResultsPlus
\/

) Examiner Tip
The question only asks for a single health and safety issue.

If the extra health and safety issue (falling mass) had been incorrect,
there could be a contradiction for the first mark - which then would
not be awarded.

International Advanced Level Physics WPH13 01 42



4 A student investigated the extension of an elastic cord. She hung a 1.2kg mass from the
elastic cord as shown,

elastic cord

stand

1.2kg mass

bench

N A OO,

(a) Identify a health and safety issue and how it may be dealt with.

@)
e I0jacies caused  due ko ‘fn.\liha ....... Masses. . % .......... can. be veduced
.................................................. Mi&yai&atﬂusmnuﬂ&uhea%’t\wmasson

nb\oﬁhc\n

_ ResultsPlus

Examiner Comments

This candidate identifies the issue caused by the falling mass and
solves this using a padded cushion.
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4 A student investigated the extension of an elastic cord. She hung a 1.2kg mass from the
elastic cord as shown.

elastic cord

stand

bench

B e e e R AN

(a) Identify a health and safety issue and how it may be dealt with.

(2)

..... foligy Ok

o

ﬂ ResultsPlus
Examiner Comments

This candidate identified the third option - the stands falling over,
which is solved using a clamp to fix them.
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Question 4 (b)(i-ii)

Although the question was split into two parts, the answers were marked holistically, so if an
answer to Q04(b)(ii) was seen within the answer to Q04(b)(i), it was rewarded.

However, most students gave very generic answers, rather than linking them specifically to
this context. This limited the marks awarded - with most scoring only 1 or 2 marks.

For example, it was common to see parallax error solved using a set-square. This would be
applicable if the practical context prevented the ruler or protractor from being close to the

object being measured (the string). But, in this context that is not the case. It would be easy
to hold the ruler or protractor onto the string.

Another common error seen was zero error. But, unless the end of the ruler or edge of the
protractor was broken, there is unlikely to be a zero error. Where candidates made it clear
that they meant the zero of the ruler or protractor was not correctly aligned, then we
awarded the third marking point.

But a generic "zero error" or "parallax error" with no context, was not worthy of credit.
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-

(b) The student varied the distance between the two stands to vary the angle 6.

She measured 6 using a protractor. For each value of @ she measured the
corresponding length x with a metre rule.

(i) Identify two sources of uncertainty with this method.
2

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

....... might not e altyred properly veslbing = inan

Ehe . l..,e_,ng,_bh ,,,,,, % usfncj ............... Lhe. . mebre rule. The protractor

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

of uncertainty.

(1)

2 ResultsPlus

Examiner Comments

For part (i), the candidate has identified parallax error in the
measurement of the length and the protractor not being aligned
correctly, so scoring the first and third marks.

In part (ii), the candidate has correctly linked a modification to one of
the identified sources of uncertainty.
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Question 4 (c)(i)

Questions where candidates re-arrange a given equation and compare to y = mx + c are
common on WPH13.

Yet, with 1 mark being awarded to 25% of candidates, and the remaining candidates split
fairly evenly between 0 and 2 marks, it is clear this question proved more difficult than
expected.

Candidates should be well practiced in using the gradient or the y-intercept of a graph to
determine a constant (in this case g), as this skill is listed as a requirement in the specifcation
for unit 3.

In this case, the candidates were told which parts of the equation would be plotted on the y
and x axes, so the re-arrangement required was minimal (separating Ax from the fraction to
give 1/Ax).

By comparing this to y = mx + ¢ or re-arranging further to match the gradient calculation of
the graph described in the question, candidates would be able to identify the link between k
and the gradient.
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(c) The student determined the extension Ax of the elastic cord for each value of 6.
The relationship between @ and Ax is given by

0\ _ mg
ces[z] " kAx

where
m is the mass hung from the elastic cord
k is the stiffness of the elastic material.

(i) Explain why a graph of cos[-g—} against i can be used to determine a value

for g.
"o @
........... m(% TR K e ——
= K
WORRRUE SRR, S B O et e
m9
F o 1 St N e A A
Gradienk X
.............. 9 e T W o e st e s e e e S

ﬂﬂesuhsﬂus
Examiner Comments

In this candidate's response, we can clearly see the re-arranged
equation is compared to y = mx.

The gradient is then clearly linked to mg/k and re-arranged to show
how g is determined.

(”\VJ ResultsPlus

) Examiner Tip
If comparing toy = mx + ¢, ensure the comparison is clear, eg line up
the components, use arrows or loops to ensure there is no confusion.

International Advanced Level Physics WPH13 01 48



Question 4 (c)(ii-iv)

The skills assessed by this part of the WPH13 exam paper remain fairly consistent each exam
series.

There is a table of data that requires further processing.
There is a graph to be plotted, assessed using the standard rules:

e axes that are correctly labelled, including the standard SI convention for the

units (eg / m‘1). The label for Ax in the table shows this convention, as do all the other data
tables in this exam paper.
Note, we do not accept units in brackets alone.

e scales chosen that increase in sensible increments (a powers of 10 of 1, 2 or 5) on the
thicker 2 cm lines, that allow for maximum use of the space (over half of each axis to be
used for plots).

In this case the sensible scale would be 0.05 every 2 cm on the y-axis and 0.1 every 2 cm
on the x-axis.

¢ Plots marked with a small, clear symbol (eg x), so that the plots can be checked for
accuracy to within £1 mm

e Aline of best fit that is reasonably balanced with a similar number/distance of plots above
and below the line.

The gradient of the graph is to be determined - using a data range covering over half the line
of best drawn.

A constant is to be determined using the gradient calculated.

The total mark for the three sections is 11 and this section of the exam proved to be an
excellent discriminator, with just under 10% of candidates scoring each mark and 3% of
candidates scored full marks.

The quality of candidates' graphs was higher than in previous exams, though there were
many examples of graphs where the candidate insisted on including the (0,0) origin so the
plots covered only a few cm of the graph paper.

Less common than in previous exams was the use of large circular plots covering whole 2
mm squares, similar to those produced by default when using spreadsheet software.
Hopefully, this is evidence that candidates are practicing plotting graphs more consistently as
part of their lessons.

The line of best fit remains an issue: it was common to see lines that simply joined the first
and last plots.
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(ii) The student recorded the following data.

cos(%) Ax/m T‘Ix / m_‘
0.938 0.165 6.06,
0.926 0.169 5Qo
0.911 0.175 | 5.1
0.902 0.178 5.
0.891 0.183 5.4

Plot a graph of cos(-g-] on the y-axis against ﬁ on the x-axis on the
grid opposite.
Use the additional column of the table for your processed data.

(6) .
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(iii)the gradient of the graph.

Gradient =

(iv)@a value for g from the gradient of the graph.

m=120kg
k=145Nm"

_m
. Y 33:

03]
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M, .
o ResultsPlus
/--.. Examiner Comments

This example is included to demonstrate the ideal.
For the graph (c)(ii) we can see

e Correctly calculated and rounded additional data in the table (with
the correct unit, though that is credited when labelled on the axes)

e Correctly labelled axes, with the unit given using the / convention.

e Scales that increase in sensible increments, and the plots cover of
half of the space of each axis.

e Plots that are all accurate with £ 1 mm (half a small square).

e Aline thatis not perfect, the 2 plots below the line are further than
the 2 plots above the line, but it demonstrates some attempt at
balance.

For the gradient (c)(iii) we can see

e The data range used the full length of the line.

e The value is within the accepted range.

e The final value is rounded to 2 significant figures (which matches
Ay and Ax).

For the calculation of g (c)(iv) we can see

e The use of the candidate's gradient value with a correct substitution
of the gradient equation.

e A correct value of g and the correct unit for the data provided in the
qguestion.
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(ii) The student recorded the following data.

m(g} Ax/m -'—' .
2) 2
N 0.938 0165 | 6.0b0—s b.Of =
0926 | 0169 | 5.9} — 8.8y
0911 0.175 Sl-%r ~» 5.3
0902 | 0.178 5617 sS4y
Voog | ooas | Sty g g, V—- )

Plot a graph ofcod(%) on the y-axis a@nstﬁon-ﬂmx—uisonthe
grid opposite. . -
Use the additional column of thé table for your processed data. -

' (6)

b.‘d"' f'_,) ,.

| Q-5 g_qg‘

~5.9
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,

\'x / ResultsPlus

/'-—-". Examiner Comments

This example is included to demonstrate a graph that scored zero
marks - so the only mark for (c)(ii) was the calculated and rounded
data in the final column of the table.

For the graph we can see:

e There are no labels on the axes

e Although the scale increments are sensible (0.02 and 0.2 every
2 cm), the size of the increment means the plots cover less than half
of the y-axis.

e Every plotis the size of a 2 mm square, so we cannot check the plot
accuracy to within £1 mm.

e Theline joins the second and last plots, leaving every other plot
above the line, so the line is not balanced.

T4\ ResultsPlus
\ Examiner Tip
The graph will take longer to draw than the usual target of 1 mark
every minute.

The unit 1 and 2 papers allow for 1 mark per minute, and then 10 extra
minutes

The unit 3 papers allow for 1 mark per minute, plus an extra
30 minutes (20 more).

It is advisable to keep to the target pace on the earlier questions to
allow you the 20 minutes to spend on the graph.

" J

International Advanced Level Physics WPH13 01 56



Paper Summary

Based on their performance on this paper, candidates should:

Study the taxonomy list given in appendix 9 of the specification, so they understand the
definitions of the various command words used in questions. This will ensure they answer
the quesiton in the correct way.

Review the use and estimation of uncertainties as outlined in appendix 10 of the
specification, particularly when to use the "half range" or "half resolution" methods to
calculate the uncertainty in a value.

Aim for the target pace of 1 minute per mark on other questions, to allow the extra time
allocated to be used to complete the graph and gradient questions.

Ensure answers are linked to the context in the question, rather than generic answers with
no detail linking the answer to the specific context of the question.

Avoid providing lists of answers, particularly where a specific number of responses has
been identified in the question, as there is an increased chance the answer will become a
contradiction.
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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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