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Introduction

WPH12 is a unit paper on the Pearson Edexcel International AS level course which covers the

topics of Waves and Electricity. As usual, the paper for this series contained 10 marks of multiple

choice questions in Section A. Section B had 8 longer answer questions which consisted of short

open responses, calculations and some extended written answers. Question 15) was related to

Core Practical activities that candidates undertake as part of the IAL course. This unit always

contains one 6 mark linkage question, which on this occasion was about how standing waves

were produced in an open ended tube. On the whole, candidate performance on the paper

during this series was broadly in line with previous series, although there are always going to be

particular questions that candidates find more challenging. In this series the questions found to

be the most difficult were Q12, Q14(b), Q16(a), Q16(c), Q17(b)(ii), Q18(a) Q18(b) and Q18(d).

Candidates continue to show evidence of good preparation for the test but there are some

aspects that need more focus. As is often the case marks were lost for failing to add units to

calculations and some responses were too general and not linked to the context in the question.

The standard in this paper was similar to previous series although there were several contexts

within this paper that may have been less familiar than previous series, for example questions

13a and 14b.

Section A: Multiple Choice. Section A was generally completed very well by most candidates and

there were no particular questions that appeared to be more challenging than others.
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Question 11

This is a question that has been commonly asked over many series. However, it is normally the

case that a resistance and diameter is given to calculate a resistivity or a resistivity and diameter

is given to calculate a resistance. This time both resistance and resistivity were given in order to

determine a diameter. The first marking point was for the use of the resistivity equation to

calculate an area. This area was then used to calculate a diameter using ∏r2 for the calculation of

a radius and the third marking point was for a correct answer.

This candidate appears to be confused by what the question is asking and seems to be

attempting to use Ohm’s Law to determine something. It was then realised that the

resistivity equation was required but the values were substituted incorrectly.

It is common to confuse resistance with resistivity and the terms must be substituted

correctly into the correct equation.
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This candidate carried out all of the necessary steps to calculate a radius but needed to

double this to arrive at a diameter so only scored the first two marking points.

Be clear about the quantity you have been asked to calculate.
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This candidate substituted all values into the resistivity equation correctly and went no

further so only the first marking point was awarded.

Even if you are unsure that you have used the correct equation it is always worthwhile to

solve it.
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This candidate completed all the steps correctly and calculated the correct value for

diameter. Although the unit was not provided in the answer line it was provided in the

calculation so the third marking point was awarded.

If no unit is provided in the answer line then you must remember to include a unit with your

answer unless it is a "show that" question.

Question 12(a)

This question was in two parts. The first part required the determination of an angle of incidence

from a diagram. To do this a normal needed to be drawn and the angle between the normal and

the ray measured with a protractor. The second part required the use of this angle in the Snell’s

Law equation to calculate the angle of refraction in the glass block.
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This candidate made the mistake of not using the angle between the normal and the

incident ray so the marking point was not awarded. However, we allowed an error carried

forward for the second part which meant that had 35 0 been used in the Snell’s Law

equation and the calculation performed correctly then both marks were awarded. However,

this candidate wrote down the correct equation to be used but did not substitute the values

correctly.
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For part i we accepted a value between 53 and 55 degrees and for part ii we accepted a

value between 32 and 33 degrees. This candidate measured an angle within range and

correctly calculated an angle of refraction in range, so achieved full marks.

Even if the measured angle is wrong full credit can be given for the correct use of the

measured angle in subsequent parts.
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This candidate used the wrong angle for part i but correctly used this angle in the second

part so full credit was given.

Credit can often be given for the substitution of incorrect values into equations.
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This candidate measured the angle of incidence correctly and used it to calculate a correct

angle of refraction. Unfortunately the unit was missing from the final answer.

Always remember to include units in answers and that degrees are units.
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This candidate was not awarded the marking point for part i. However, the incorrect value

was correctly substituted into the Snell’s Law equation for the first marking point of part ii.

The candidate did not complete the calculation.

Always complete a calculation even if you think that your substituted values are incorrect.

Question 12(b)i

This is a question that has been asked in many previous papers and there are two alternative

marking schemes. The first marking scheme relates to planes and the second relates to

directions. Responses cannot be given credit for mixing both parts and the marks are given for

the alternative with the highest score. The question asks for the difference between polarised

and unpolarised light.
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This is a response using directions and scores all three marks. We ignore the comment

about unpolarised light vibrating in directions perpendicular to the directions of energy

transfer. The third marking point is dependent upon the second being awarded.

The word "direction" must be seen for the third marking point to be awarded.
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This script was awarded the first marking point and the remaining comments were

irrelevant. No credit is given for discussions related to intensity.
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This candidate did not discuss oscillations or vibrations of the wave and scored no marks as

a consequence.

Descriptions of polarisation must include oscillations/vibrations.
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This candidate used both planes and directions in their response. As we could award the

first marking point and the first alternative or the first two marking points of the second

alternative we awarded the best score.

In descriptions of polarisation do not mix planes and directions.

Question 12(b)ii

In this question candidates were asked to describe what would happen if light reflected form the

glass was viewed through a rotated polarising filter. Candidates were told in part i that some of

the light reflected from the glass was polarised. The first marking point required the idea that the

intensity of the light would change. The second marking point was for an indication that the light

went from maximum to minimum as the filter was rotated through 90 degrees. The third marking

point was for describing the conditions for maximum or minimum intensity in relation to the

alignment of the filters. There were two alternatives for the last marking point and candidates

who correctly described both of these were awarded all three marks for the question.
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Question 13(a)

This type of question has been fairly common but this had a slight variation in that the pulse

duration was provided to candidates. We were also told that the pulse must return before

another pulse was emitted or the transducer would not be able to detect the crack. Candidates

were told the temperature of the concrete and a graph of velocity vs temperature was provided.

To score the first marking point candidates needed to determine a speed value of between 4110

and 4120 m/s from the graph. The second marking point was for the use of velocity = s/v and the

third was for understanding that the pulse travelled out and back and that there needed to be a

factor of 2 for time or distance. The final marking point was for a correct comparison of time

distance or speed and the correct conclusion that the crack would not be detected. <<<

image::images/WPH12_01_Q13a_405524_01.png[Screenshot of candidate

work,role=DWtemplate-screenshot]

This candidate correctly read 4115 m/s from the graph and used this to calculate a time. The

time was then doubled and compared to 200 micro seconds. As the time was smaller than

200 micro seconds the pulses would overlap and as a consequence the crack would not be

detected.

When dealing with pulse echo calculations it is important to use a factor of 2 for distance or

time.
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All calculations were correct and a valid comparison of distance was made. Unfortunately

the conclusion was incorrect so this candidate was awarded the first three marking points.
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This candidate read the speed value from the graph incorrectly and was not awarded the

first marking point. However, the calculations were correct and used a factor of 2 correctly

so the second and third marking points were awarded. The conclusion was incorrect so the

fourth marking point was not given.

Take care when reading values from graphs.
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This candidate is only repeating information from the question and no credit is given for

this.

No marks will be awarded for stating information provided in the stem of the question.

Question 13(b)

This question has been asked in previous papers and candidates are asked to explain why

increasing the frequency of the pulse would enable the detection of smaller cracks. The first

marking point was for an indication that the wavelength would be smaller and the second was a

statement that this led to greater resolution or less diffraction.
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This candidate starts a discussion but does not finish it.

A textbook response.

When making comparisons of wavelength or resolution we need to see larger/smaller and

not just large/small.
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Question 14(a)

Candidates were given a circuit diagram of a cell in series with a variable resistor. There was a

voltmeter across the cell. The question asked for a calculation of internal resistance of the cell.

The first marking point was for calculation of the current in the circuit as the terminal potential

difference and resistance of the variable resistor were provided. The second marking point was

for the use of Ohm’s Law to calculate the internal resistance, and the final marking point was for

a correct answer.
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This candidate carried out all steps correctly and calculated the correct resistance with unit.

Ideally the response should have been to 2 significant figures but too many significant

figures is not penalised.

Use the correct number of significant figures.
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This candidate used a different approach to the mark scheme as the emf formula was used.

We do not include this calculation in the mark scheme as this formula is not provided on the

question paper. However, full credit will be given for its use. This candidate carried out the

calculation correctly but left the response as a fraction and as a consequence the third

marking point was not awarded.

Do not provide an answer to calculations in fractions.
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This candidate attempted to use the emf formula but became confused and although an

answer was provided the calculation was incorrect.

Be careful using formulae that are not provided as mistakes will often result in no marks

being awarded.
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This candidate used the emf of the cell rather than the terminal potential difference but was

awarded the first marking point for the calculation of a current.

It is important to distinguish between emf and terminal potential difference.
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Question 14(b)

Candidates were told here that as the battery in an electric bicycle is used it will become warm

but that it would become hot if the bicycle was going up a steep hill. An explanation for this was

required. The first marking point was for the idea that the battery or the motor would need to do

more work or that more power was needed. The second marking point was awarded for an

understanding that to provide more power then more current would be needed and this had to

be linked to a relevant power equations. The third marking point was for an understanding that

more current in the circuit would mean more current through the internal resistance so the p.d.

across it would increase. The final marking point was for the idea that the additional heat

produced was due to the thermal energy transfer from the internal resistance. Unfortunately,

coherent responses were not often seen.

This candidate provided a three mark response in which they had a clear understanding of

what was causing the battery to become hot. The final marking point was not awarded as

there was no relevant discussion about the heat coming from the internal resistance.

The emf of a cell is fixed so the emf of a battery will never increase.
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This candidate started well as an understanding that more current was needed was

demonstrated. However, there was no link between current and power equation and no

indication of why the current would increase and the response then lost its way.

Int Advanced Level Physics WPH12 01 27



The first two marking points were awarded but the candidate failed to expand on the

consequences of greater current across the internal resistance.

A very common response where only the first marking point could be awarded.
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Question 15(a)

This question asked for the definition of diffraction and the first marking point was for the idea

that the waves spread out. The second marking point was for the idea that the waves spread out

when passing through a gap or going around an object.

The first sentence was sufficient for both marks.
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Second marking point only as there is no indication of waves spreading.

No marks here as there was no mention of waves.

Some candidates described the wave as bending rather than spreading out and this is

insufficient.
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Question 15(b)

In part i candidates have been presented with a diagram of equipment used in schools to

demonstrate diffraction. They are told that the electron in the tube is accelerated through a high

potential difference and asked to show that the de Broglie wavelength of the electrons was a

certain value. The first marking point was for calculating the energy of an electron using the

equation V = W/Q. This value was then substituted into the kinetic energy equation to calculate

the velocity of the electron for the second marking point. The third marking point was for the

calculation of wavelength using the de Broglie equation and the fourth marking point was for the

correct answer.

In part ii the candidates were asked to comment on the validity of a statement from a student.

This required a calculation of a diffraction angle and a statement that the diffraction pattern

would not be seen.
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For part i this response was more common than we would have liked to have seen. The

candidate arrived at the correct answer but with no indication of how this was calculated. It

was likely that because it was a "show" question that the candidate chose a value close to

the one required in the hope that marks would be given. There is no evidence of any

sensible calculations. For part ii no attempt was made at a calculation.

In the mark scheme the use of an equation requires substitution of correct values as

working needs to be seen.

In part i there were no correct calculations.

In part ii there was an attempt to calculate d using 500 and this was correctly substituted into the

diffraction equation for the second marking point.
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See above.
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This candidate was able to calculate the energy of the electron in part i but was unclear how

to proceed from there. There was an attempt to use the photon energy equation but this

was not relevant to this context. In part ii there was an attempt to calculate the slit

separation and although this was incorrect it was sufficient for the first marking point.

In part i the correct value for energy of the electron has been calculated but the candidate

thought that this was momentum and scored no further marks.

In part ii the correct angle was calculated but no statement made about the validity of the

student’s comment, so the third marking point was not awarded.
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See above

A model answer for both parts.
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See above.
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A model answer for part i. In part ii there was an attempt to calculate n using a diffraction

angle of 90 degrees which was a perfectly acceptable method. However, there was a power

of ten error in the calculation so the final mark could not be awarded.

Question 16(a)

This was a slight variation on the usual question of asking for a definition of emf. In this case

candidates were asked for a specific definition of what an emf of 6V meant and this proved to be

more of a challenge than was expected.
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This response started well but tried to give a generic explanation without mentioning the

significance of 6.

A common response where the suggestion is that 6V is the work done per coloumb. However 1 V

is 1 Joules per coloumb so the work done per coloumb here is 6 joules.

Remember to answer in terms of the context of the question.

A perfect response.
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Question 16(b)

In this question candidates were presented with a circuit and asked a number of questions

divided into three parts.

Part i was a "show" question which required the calculation of a c current to verify the value on

the ammeter. The first marking point was for calculating the p.d. across a 200 Ω resistor and

using this in the Ohms Law equation to calculate the current for the second mark. The final mark

was for a correct current.

This part was generally well answered but some candidates used the emf value from the battery

and were limited to the second marking point.

Part ii required the resistance of an unknown resistor in the parallel section of the circuit to be

determined. The first marking point was for a calculation of resistance using Ohm’s Law to

determine the resistance of the parallel section. The second marking point was for the calculation

of the resistance using the parallel resistance formula and the final mark was for the correct

answer. This was again well answered but many candidates struggled with arranging the parallel

resistor formula correctly.

Part iii was for the calculation of a power but many candidates used the wrong p.d. value.
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Part i: There was no attempt to calculate a potential difference or to use Ohm’s Law. Part ii:

This was a successful calculation, showing the value of current from part i and this is

perfectly acceptable for full marks. Part ii: The first marking point was awarded for the

correct use of a power equation but 20 mA was not the current across the 100Ω resistor.

If you are unable to calculate a correct value in a "show" question then always show that

value in any subsequent calculations.
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A full response to all parts and all marks were awarded. There was a little confusion in part i

to confirm the steps taken but all working was shown. The emf formula can be used in this

paper although it is not provided on the formula sheet.

If using a formula not provided then all steps must be correct for any marks to be awarded.
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Part i was clearly done correctly Part ii:  The calculation was correct and the resistance

rounded to 300 Ω which is correct. We do require a unit which this candidate failed to add to

the answer. However, as the unit was used in the resistance calculation on the first line then

this was accepted as the unit for the final answer and all marks were awarded. Part ii: The

wrong current was used but a correct power equation meant that the first marking point

could be awarded.

If in doubt always provide a unit for any quantity calculated.
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Part i and part ii were both correct. In part ii this candidate attempted to use the ratio of

resistances to the ratio of p.d. but was unclear about what values to use or how to use the

ratio correctly.

This ratio would be acceptable as an alternative method if correct values were used and the

calculation performed correctly.

Question 16(c)

This question required a comment on what would happen if two of the resistors in the circuit

were swapped. The first marking point was for an indication that the resistance of the parallel
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section would increase and the second for suggesting that this would mean the parallel

combination would receive a greater share of the p.d. The first marking point was usually

awarded but the second very much less so.

A common response for the first marking point. Simply stating that the voltmeter reading

would increase was not sufficient for the second marking point.
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The first marking point is clear and the second almost there but not quite enough. There

needed to be an indication that the share of parallel combination resistance to other

resistance increased.
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This was a general comment that was not worthy of any credit.

A textbook response.
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Question 17(a)

This was the indicative content question. The first indicative content (IC) mark was for stating that

the tuning fork generated a wave. The second was for suggesting that this wave reflected off the

end of the tube and the third for stating that this reflected wave interfered with the incoming

wave. The fourth IC mark was for correctly linking amplitude with phase and the fifth for linking

amplitude with node or antinode. The final IC mark was for a statement that there would be a

node at the closed end or an antinode at the open end.

This was a very good response for 5 marks and missed the final IC mark. There was a lot of

information provided and this answer contained a lot of irrelevant material. IC marks can be

awarded for concise response.
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Remember to link relevant comments to the context. There is no need to overemphasise

points already made.
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This is an example of a concise answer which scored IC 1 2 3 and 6. No comments were

made about amplitude or phase.

For standing waves phase is important so try to include references to it in your responses.
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A perfect response which used all but no more of the space provided.
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Question 17(b)i

To answer this part correctly it was important to understand that the simplest wave formed in an

open ended tube will produce an antinode at the open end so a quarter of a complete wave is

produced. The wavelength could then be calculated and used in the wave equation.

This candidate provided a textbook response and rounded the answer to 420 Hz.

Remember to include units in the answer.
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A common error where the incorrect wavelength was calculated. This meant that only the

first marking point could be scored.
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This candidate rearranged the wave equation incorrectly.

Make sure to check rearrangement of equations.

Int Advanced Level Physics WPH12 01 57



This candidate rounded the lengths of the pipe which resulted in the wrong answer so did

not score the last marking point.
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Question 17(b)ii

This question required some lateral thinking. This is related to end correction which is not in this

specification but was not required to score the marks. It should have been obvious that if the

frequency was smaller then the wavelength was greater for the first marking point. The second

was for some indication that the wave would therefore not fit in the tube.

A very clear response that did not require any knowledge of the concept of end correction.

Some candidates attempted to answer in terms of the speed of the wave but this would not

change in this experiment.
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No mention of antinode so the second marking point only.

Question 18(a)

Variations of this question are common in this paper. The marks were awarded for the idea that

electrons will move up energy levels if they receive a correct amount of energy and will emit this

energy as photons when they return to their original energy level.

This candidate understood that the electron would jump an energy level but did not

describe the return of the electron to its original level correctly.
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Many attempted to answer this question in terms of work function but that has not

relevance in this context.

This candidate scored both marks but the answer was outside the answer space. This is not

a problem for examiners but it best to keep within the answer space or indicate that there is

more of the response elsewhere.
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Question 18(b)

This question required that candidates show the value for the energy incident on a phone screen.

This value was then used in part ii to calculate the number of photons released from an

ultraviolet light.

For part i the area of the screen was calculated for the first marking point. For the second

marking point the power of the lamp had to be calculated. This power was used to calculate a

value for energy for the third marking point and the final mark was for the correct answer.

In part ii the first marking point was for the use of the wave equation and the second was for the

calculation of photon energy and the final two marks were for the correct calculation of the

number of photons released.
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For part i this candidate provided a textbook answer but was very confused about photon

energy in the second part and attempted to use an equation related to current in a wire

which had no relevance here.
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This candidate completed all of the correct steps in part i but gave the final answer as 130J

which is the "show that" value. This does not score the final marking point as at least one

more significant figure is required in a "show that" question. In part ii only the first two

marking point were awarded as the candidate was unsure as to what to do with the photon

energy value.

Provide at least one more significant figure to "show that" calculations.
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A textbook response to part i but another example of a candidate who calculated photon

energy but did no know what to do with it.
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A perfect response to both parts.
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Question 18(c)

This question required candidates to have an understanding that energy levels in atoms are

discrete and that only specific wavelengths of photons could be emitted by the mercury atoms.

There were two possible answers to this question because not enough information was provided

in the question to allow for an answer that was more definitive than the other. The idea was that

either the electrons had already reached their maximum energy level and could not emit higher

frequency photons or that the electrons could be excited further so could release higher

frequency photons.

This response contained nothing about energy levels so was not awarded any marks.
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A perfect response for the second alternative of the mark scheme.
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This candidate was awarded the first marking point for the first alternative of the mark

scheme. However, the second part could not be awarded and the candidate said the

frequency might stay the same. Had the candidate said the frequency would stay the same

both marks would have been awarded.

Stating that something may or may not happen is not credit worthy. The answer must be

specific.

Question 18(d)

Moving the lamp closer does not increase the intensity of the light emitted from the lamp but it

does increase the intensity of the light received by the phone screen and this subtle difference

was important for the first marking point to be awarded. For the second marking point the idea

of a rate of photons arriving on the screen was needed.

Nothing of any relevance to this context.
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See above.

It was clear that the intensity referred to the light received by the phone and not emitted by

the lamp. No reference to photons so the second mark was not awarded.
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The power received increase was an acceptable alternative to rate of photons received.
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Paper Summary

Based on their performance on this paper, candidates should:

• Always remember to include relevant units in calculation questions.

• Make sure that in 'show that' questions, one more significant figure is added.

• When making asked for a deduction use phrases such as "is" or "will" rather than "may" or

"maybe".

• Always show the numbers you are substituting into calculations as these could gain credit

where a wrong answer is provided.

• When answering indicative content questions try to form a logical structure to your answers

before writing anything down. Also remember that it is not always necessary to write long

descriptions of physics.

• When using equations to help explain concepts always define the terms of the equation.
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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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