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Introduction
The paper WPH06 assesses the skills associated with practical work in Physics and
addresses the skills of planning, data analysis and evaluation. Set in a wide variety of
contexts the questions will be more accessible to those candidates who have, themselves,
carried out a range of practicals in the laboratory and who can formulate a plan which at
this level will consist of several stages. There are questions concerning choice of apparatus,
and the use of that apparatus, that will be immediately familiar to those with the experience
of using such apparatus. The title of the paper, Experimental Physics, is the same as that
for unit 6PH06 for UK centres and the mark scheme for each paper is designed to reflect the
demands made on UK candidates in their coursework. In this way all candidates face the
same test at A2.
The style of the paper is that there are four questions that combine to test the range of
practical skills from the beginning of the experiment to the end. So the first question will
usually address the selection and use of measuring instruments, the middle two questions
will ask the candidate to plan an experiment and analyse some data from another; the plan
is usually one mentioned in the specification but the analysis from an unfamiliar context.
The final question asks the candidate to consider a practical situation that they might have
seen in the laboratory and to answer questions on how such a practical might be carried
out; there will normally be some data to analyse by drawing a graph.
Uncertainty in measurement and its effect on a conclusion are ideas that run through
the paper and can occur in a variety of ways; numerical work is expected to show an
awareness of the role of significant figures and physical units and candidates are expected
to be familiar with standard practice in an A level physics laboratory. The specification
contains examples of the subjects and techniques likely to feature in future papers and
the best preparation is to carry out those experiments in the laboratory, even if only by
demonstration.
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Question 1
Question 1 was worth a total of seven marks; the first two were choice and use of a device
to measure the diameter of a wire and the remaining five were for analysing data from
measurements taken to determine the resistivity of the metal material of the wire.
Many candidates scored 6, sometimes 7 marks here.
This question is shown as one clip so that it becomes clear how one topic can provide a
context for a variety of questions. Generally short answers are needed for this type of
question.
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Examiner Comments

In part (a)(i) candidates were expected to mention both the precision - 0.01 mm
- and the fact that this led to a small percentage uncertainty. Many candidates
omitted the precision or the word ‘percentage’ both of which are necessary
to explain why the micrometer is the most appropriate instrument. Most of
the candidates scoring 6 marks overall lost this mark. In (ii) most candidates chose
one of the usual techniques - as shown in the mark scheme - and a large minority
mentioned zero error, this question scored very well.
Part (b)(i) required candidates to carry out the calculation and express their answer
to 3 significant figures (SF) with an appropriate unit. A large number of candidates
were able to do this for both marks but some found difficulty in getting the area
correct. Since the data in the question is to 3 and 4 SF the answer should be
expressed to the lower 3 SF.
In (b)(ii) the marks were for processing the uncertainties by doubling the
percentage uncertainty for the diameter. The percentage uncertainty for the radius
is the same as that for the diameter and so it is doubled when the quantity is
squared. Some candidates used 0.003 as the uncertainty in the radius but a good
number scored all three marks here.

Examiner Tip

Always show all your calcuations.
It is best if you show where the numbers come from by writing an algebraic
equation into which you insert your numerical values. You can write the
uncertainty in d as Dd.
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This candidate came close but a couple of crucial omissions cost them two marks.

Examiner Comments

In a)(i) it is the percentage uncertainty that must be
small to improve the measurement and the key word
‘percentage’ is missing here.
This is a good answer for a)(ii) but a surprising number
of candidates omitted to take an average or mean, this is
the key aspect of repeating readings.
This answer to b)(i) is laid out in an ideal way - the
relevant equation is quoted and rearranged, then the
numbers are substituted. But they have not paid any
attention to the units and the diameter is in mm and the
length in cm. It is best if these values are written down
separately in Standard Form using SI units - here metres
- before substituting.
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Examiner Tip

Take care of the powers of ten
by quoting all your numbers in
Standard Form.

This is an example of how to find the overall uncertainty in a calculates quantity by
combining percentage uncertainties.

Examiner Comments

The percentage uncertainties are correctly calculated by
using values from the table but the diameter was squared in
calculating the area so the percentage uncertainty should be
doubled in this calculation.
This candidate scores one mark for getting the percentage
uncertainties right.
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Question 2 (a)
This question addresses the technique of measuring something indirectly by using a
difference method. Many candidates thought that the centre of the bob was clearly marked
and some used the dotted dimension line as if it was real.
Nearly all candidates used a set square to ensure that the rule was vertical (perpendicular
to the floor). This scored the first mark only, very few candidates scored more than this.
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Examiner Comments

The difference method is described clearly by this candidate and it requires the student
to measure the distance of the top of the ball from the floor and also the distance
of the bottom of the ball from the floor. The height of the centre of the ball is then
the average of these two heights - it is also equal to half the difference added to the
smaller. This answer scores the second mark.
The third mark is for describing how the student can measure these heights
successfully as it is not possible to look horizontally across the top/bottom of the
bob at the distant rule. A second set square held alongside the vertical rule will be
horizontal and it can be slid down the rule until it touches the top of the bob, the
reading is then taken from where the set square touches the rule. The underside can
be approached from beneath.

Examiner Tip

Adding to the diagram is a really good way to
communicate with the examiner what you have in
mind. It saves a lot of words.
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This is a good example of a diagram reducing the amount of explanation needed.

Examiner Comments

Not only is the method of using two set squares very clearly
shown but the heights to be measured are clearly shown with
dimension lines. The difference method appears as an algebraic
expression in the text, this is all that is needed.
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Question 2 (b)
Many candidates scored two marks here by measuring the time for at least ten oscillations
and then repeating the measurement for a mean value.
Few candidates scored the third mark which was for technique. A timing (Fiducial) marker
in the centre of the oscillation is a good technique but the oscillations will not show simple
harmonic motion if the angle of swing is not small, so a small angle of swing is worth the
technique mark. It is interesting to note how often candidates omit crucial aspects of the
theory in discussing practical work.
This candidate scores one mark only.

Examiner Comments

The candidate specifies ‘a number of times’ without saying exactly
how many, at A2 we require more detail and a suitable number is
10. this makes the measured time interval large thus reducing the
effect of the uncertainty in judging complete swings.

Examiner Tip

The marks is scored for repeating and finding an
average for a number of measurements.
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This candidate also scores the same mark but only with the benefit of doubt since they have
not said what experiment they will repeat, but there is little doubt in this case. What is of
interest here is the other remarks made by the candidate.

Examiner Comments

In seeking to improve accuracy the candidate suggests using
a light gate. This is unlikley to be successful in an oscillations
experiment unless there is some way of counting more than one
interruption of the light and the measurement is further complicated
by the thickness of the bob. Generally moving air currents are not
considered significant sources of error.
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Question 2 (c)
This question tested the candidates' ability to apply their knowledge of plotting a straight
line graph to an unfamiliar looking equation. As they were asked to show how the answer
was derived this should have been a fairly straightforward task.
Nearly all candidates had the correct expression for the gradient but became confused about
the minus sign - which should be there.

Examiner Comments

In part (ii) here the candidate persists in using T2 which is confusing.
Many candidates did not use the fact that the intercept was the
value of T2 when h was zero which led to some tricky algebra - as
here. However they did score the first mark by identifying the
intercept clearly.
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This candidate starts from the answer and works back. This is a technique that might not
score all the marks on some questions but it does so here.

Examiner Comments

The candidate identifies both the terms and then divides them
to arrive at H as required.

Examiner Tip

Use what you know - even just writing it down can help
you see through to an answer.
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This is a much neater solution.

Examiner Comments

The candidate starts with the intercept and moves through the
work keeping H in view all along.
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Question 3
This question asked candidates to use some data from an experiment that should be familiar
to them, they are to use the data to draw a conclusion about the eventual determination of
Planck's constant. This involves calculating uncertainties and using them to compare two
values.
This question spread out the candidates and the mean mark was just over 5 so many
performed well here.
This is a candidate who scored full marks, the work is laid out neatly and appropriate use is
made of Significant Figures and units.
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Examiner Comments

Many candidates scored well but the most common errors were
as follows.
Most common was to omit the unit in (a)(i) and in b(i).

Examiner Tip

Read the question carefully and
read the final instruction twice.

Since 200 and 300 could be to 1, 2 or 3 SF candidates should
use 3 SF as shown by the wavelength values.
Some candidates did not realise that the table contained two
readings at different settings and tried to find the means for
voltage and wavelength.
In (b)(ii) the uncertainty in h is half that in (a)(ii) since it is from
the calculation in (b)(i).
(b)(iii) was generally done well with candidates making good
comments based on the percentage difference calculation and its
comparison with the percentage uncertainty - as here.
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Question 4 (a)
There are always some marks for simple knowledge of physics (Assessment Objective 1)
and these were two such marks here.
An A level physics candidate is expected to be able to explain the reason for the decrease
in resistance in terms of the increased number of charge cariers, a fair number did this
but very few made the link to the thermal energy that promoted/liberated these electrons
enabling them to move through the material and increase conductivity. A common error was
to suggest that the thermal energy increased their kinetic energy so increasing their drift
velocity - this scored zero.
This answer scores the first mark, but not the second. A question asking for an explanation
always has at least 2 marks one for identifying the key factor - here the increase in the
number of charge carriers - and on for explaining the reason - here, the electrons acquire
some of the thermal energy arriving which enables them to rise up to the conduction band.

Examiner Comments

This candidate includes the drift velocity equation but without referring to it, so it is
worthless in the answer.
Many candidates thought the thermal energy increased the kinetic energy of the
electrons and made them travel faster. In fact the drift velocity reduces but the effect
of this - which is what happens in a metal - is swamped by the exponential increase in
the number of charge carriers caused by the thermal energy.

Examiner Tip

‘Explain’ means that you should use some physics in
your answer.
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Examiner Comments

Although the link to energy is weak it is clearly the reason
for the increase in number of charge carriers.
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Question 4 (b)
This question tests the candidates' knowledge and understanding of an experiment involving
a change of temperature as the independent variable. Any suitable method is accepted but
the candidate must make it clear exactly what they are planning and how it will happen.
Bullet points rather than sentences are an ideal way to lay out the steps in a plan, this
makes it easier for the candidate to check that the plan includes everything and is in a
sensible order.
Some candidates used a water bath, or perhaps a series of them, to change the
temperature of the thermistor, but in any set up the pause to allow for thermal equilibrium
to be established is vital in obtaining accurate results.
This candidate's diagram is large, this is a good thing, and it includes the electric circuit as
well as the bench arrangement. It is not necessary to include the electric circuit components
in the bench diagram, only the thermistor. If the apparatus is labelled in the diagram it is
not necessary to write a list in the text part of the answer.
A good diagram sets up a good answer that is likely to score all the marks - make it large
and clear.
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Examiner Comments

Most candidates scored both of the first two marks in (i).
Some candidates did not take the hint from the question
that the freezing and boiling points of water were
required. So the answer for (ii) needed a mention of ice
and heating from a source for the mark.

Examiner Tip

Draw a clearly labelled and large
diagram.

Here
another version
of theexplained
same diagram.
The is
precautions
were usually
well and this

answer includes most of them even though only two were
necessary - for the two marks available. A few candidates
wrote about safety precautions rather than precautions
designed to produce an accurate value.
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Examiner Comments

The thermometer is shown quite close to the thermistor but the electric
circuit is wrong, the ohmmeter does not require an external power
supply. There are enough other features to score both the marks - it is a
good idea to label the heat source.
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Question 4 (c) (i)
This part asks the candidates to show how the data might be plotted to give a straight line.
As is usual in this part of the question the logarthim expansion of the equation should be
written down and compared with the equation for a straight line graph - usually written as y
=mx + c.

Examiner Comments

This candidate scores zero because there is no indication how
this will be a straight line. The simplest way to say this is by
saying that the gradient will be equal to -α.

Examiner Comments

This is the ideal answer. The only way it could be clearer
would be if the equation was written y = c - mx thus mirroring
exactly the logarthmic expansion above.
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Question 4 (c) (ii-iii)
This question is one where most candidates could probably score better. There are usually
four marks for plotting graphs they are for data table values, axes, labels, scales, plots and
line of best fit (lobf); they are usually grouped into data, axes & labels, scales, plots and
lobf - sometimes scales and plots go together with the fourth mark for the lobf, but not this
year.
The mark for the data values is for obtaining the correct values (powers or logarithms) to
an appropriate number of figures. The appropriate number is judged by what can be used
on the graph paper and for logarithmic axes this is usually 3 decimal places since we aim to
plot to the nearest millimeter or half a small square.
The axes must be as in the question unless there is no instruction so here we expect ln R
on the vertical axis and θ on the horizontal one. The label should be written as quantity/unit
but for a logarithmic axis, as here, we accept only ln (R/Ω), that is log or ln(quantity/unit).
Scales should spread the plotted points over at least half of the grid along both axes and
plots should be accurate to 1/2 of one small square or one millimeter. The lobf should have
some plots above it and some below and should not be forced through a point such as the
origin.
The gradient of the line is measured using a large triangle, as large as possible is best.
Measurements should be accurate to the nearest millimeter and if the gradient is being used
to find a value for a quantity - as here, it is α - then it might well have units. Gradients and
subsequesntly derived values should have 3 significant figures as that is what is expected in
all aspects of graphical work.
This year the question used the temperature coefficient of resistance of a thermistor as
the context and candidates scored about the same as they have done on previous such
questions. It should be noted that candidates can use as units for resistance either Ohms or
kiloOhms providing that they take the logarithm as appropriate which most candidates did.
The gradien will be the same value.
In this example the candidate scored full marks for the gradient use in (iii) but only scored
two marks for the graph.
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Examiner Comments

The data is to 3 decimal places which enables precise plotting and the labels are
correct but the scale is disappointing. The scale is the best size but the whole grid
should be moved up by 2 cm so that the 70°C point lies on the graph paper and not
below it. This loses the scale mark and the lobf mark as it is an error of physics and
as such loses two marks. In practice the graph does not use all the data which is not
correct.
For the gradient the triangle is commendably large and as it happens the points
chosen lie exaactly on gris lines so we can ignore the absence of trailing zeros
because we would normally penalise fewer than 3 SF. The candidte neatly cancels the
minus signs and arrives at a correct value for α with 3 SF and the correct unit - good
work.

Examiner Tip

There is a lot to get right on this question - it pays to
spend time and take care.
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This graph is ideal and scores full marks.
The gradient calculation produces exactly the same calculation but scores only 2 out of 3.
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Examiner Comments

This graph is worth noting as it is clear, neat and carefully constructed.
This candidate makes exactly the same calculation but uses only 2 SF and loses the
final mark even though the unit is correct. Since the precision of the thermometer
is only 2 SF but the ohmmeter rather more we can reasonably expect 3 SF for the
gradient - this is usually the case for graphical work. How the data might be used
beyond this is a different question.
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Paper Summary
This paper featured measurements of resistivity and its attendant uncertainty, an unusual
treatment of a simple pendulum, measurements of the wavelength of electrons - this
time using the uncertainties to reach a conclusion - and an experiment about the thermal
beaviour of a thermistor. Generally the paper was done well with candidates scoring  good
marks and there was little evidence that candidates had had insufficient time tackle all the
questions asked.
Candidates should not repeat the question as part of their answer as this uses up space that
is intended for their answer, this way they would not require an additional answer sheet.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:
http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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