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Introduction
This is the first time that the Pearson Edexcel International AS paper WPH12, Waves and Electricity,has been taken by candidates. Section A of the paper is 10 marks of multiple choice questions, andSection B contains 9 longer questions which consist of short open responses, calculations andextended writing.
Although there are some slight changes to the content included in the specification from theWPH02 unit of the previous specification, the assessment for WPH12 is broadly similar. Apart fromthe slight changes to specification content, there are 3 main changes to the style of the paper interms of content. Firstly, the Quality of Written Communication (QWC) questions from the previousspecification have been replaced with 6 mark linkage questions (Q14 on this paper). The seconddifference is that the new IAL specification has a new assessment objective AO2b. This allocatesaround 10 marks of the paper to questions that require candidates to draw a conclusion. Anexample on this paper is Q11, which requires candidates to do a calculation, followed by aconclusion about which metal has been used. The final difference is that the specification forWPH12 contains 5 Core Practicals which can be assessed by way of questioning on this paper.These Core Practicals are not used in the assessment of paper WPH13.
In general, candidates performed reasonably well on this paper. The main challenges were onquestions requiring more application, such as Q17(b)(i). Candidates appeared to be able tocomplete the paper in the allocated time as most attempted the last question, Q19(c).
The multiple choice questions in Section A were generally answered well, with an average of 6marks scored out of 10 by the candidates. On Q02, many candidates chose option A which is astandard description of when two polarising filters are used, but this question was simply aboutone polarising filter. For Q03, although candidates realised that the string had a stationary wave onit, many chose that it was longitudinal. For the majority of candidates who got the wrong answer forQ10, the option chosen was A, an answer which would have been correct if the graph was showinga progressive wave.
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Question 11 
This is the first of the questions testing the new assessment objective AO2b. Although a fairlystandard calculation question, there was a need to make a decision at the end about which metalthe wire was made from. In order to achieve the last marking point, there needed to be a calculatedvalue and a conclusion that the material was aluminium.
Although most of the candidates answered this question well, there were a number who did nothalve the diameter before using it in πr2 - if candidates did not halve the diameter value given, theyended up getting an answer that was close to the value for iron.
There were a few power of 10 errors and some candidates were confused about which terms in theequation were for resistance and resistivity. However, this was seen far less frequently than inprevious series on the previous specification.
Some candidates did reverse calculations to show what the resistance value would be if insertingthe three values of resistivity for the listed metals into the formula. Although this did gain credit, itshould be reminded that this approach leads to the candidate performing three separatecalculations which would lead to less time being available for later questions.
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This candidate has completed a fully correct calculationto gain the correct numerical answer. As the units weregiven in the table, we did not need to see units on theiranswer, but this candidate has failed to recognise thatthe metal is aluminium, so only scores MP1 and MP2.

This candidate has failed to divide the given diameterby 2 before calculating the cross sectional area. As aresult, they ended up with an answer that is 4 timeslarger than the true value which gives an answer veryclose to the given value for iron. There is no errorcarried forward within the question here, so eventhough their calculated value is closest to iron, they donot score MP3.
Candidates could only achieve MP2 if the value theyhad inserted for the cross sectional area was in metressquared. So this candidate scored MP2.
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Remember, when measuring a wire, it is impossible todirectly measure the radius, so values will often begiven as a diameter.

This candidate has not correctly converted the powersof 10 for the quantities inserted into the resistivityequation. They have failed to recognise that theresistance value given has a prefix of "milli", and havechanged the power of 10 on the radius. The answerachieved from this calculation has an incorrect powerof 10 so cannot score MP3. However, they score MP1and MP2 as power of 10 errors are not penalised onthese marking points.
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Question 12 (a) 
A definition of drift velocity should refer to it being the mean or average velocity for charge carriers.In this case, the charge carriers had already been defined as electrons, so a mean or averagevelocity for the electrons would also be accepted.

This is one of the accepted alternative answers.
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Question 12 (b) 
This two mark calculation question was generally answered well. The most common mistake wasfrom candidates not recognising that q should be the charge of an electron. Some failed to addunits to their answer, and some rearranged the equation incorrectly. A very small minority haddifficulty transferring the given values into the equation correctly, eg some used 8.94 × 1028 m3
instead of 8.49 × 1028 m3 for n.

This candidate clearly recognised the correct equationto use, and inserted most of the numbers correctly.However, they were clearly unsure of the value for q toinsert and used the Planck constant. As such, thecandidate failed to achieve either of the marks.

Remember that key mass and charge values, such asthose for the electron, are given in the data at the backof the paper.
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This candidate has also identified the correct equationto use for this question, but has rearranged itincorrectly prior to inserting the correct numbers. Thisdoes not score any marks.

If unsure about how to rearrange an equation, it is bestto insert the numbers into the equation in the orderthat they appear in the equation sheet beforerearranging. Even if the equation is subsequentlyrearranged incorrectly, MP1 will be achieved if thecorrect numbers are inserted before therearrangement.
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A fully correct answer with units.

Remember that most calculations lead to an answerthat requires a unit. A significant number of candidateson this paper did not include units at the end of theirdrift velocity value.
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Question 13 (a) 
Very few candidates realised that the surface area of a sphere (4πr2) should be used for the area inthe equation, so access to MP2 and MP3 was limited. The vast majority of candidates usedπr2 instead, which restricted them to MP1 only.

A perfect answer for 3 marks. This candidaterecognised that the minimum distance would occur atthe point when the Sun's intensity value was thehighest, and then used the correct equation for surfacearea of a sphere.
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This candidate used the formula for the area of a circlerather than the surface area of a sphere, so onlyachieved MP1.

In Appendix 6 of the specification, C4.3 outlines therequirements of candidates to know areas and volumesof certain shapes, including the surface area of asphere.
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Question 13 (b) 
Although all of the possible total marks for the question were seen regularly, a significant numberof candidates either failed to understand the significance of the data given or recognise the factthat the data provided for the Earth in part (a) was given in kW m-2 whereas the data for Mars wasgiven in W m-2. Due to the latter issue, a number of candidates concluded that Mars was actuallycloser to the Sun as they felt it had a higher intensity than Earth. Although it is not expected thatcandidates know the order of the planets from the Sun, it was surprising to see so many candidatesconcluding that Mars was closer to the Sun.
When aiming to describe “Mars orbits at a greater distance from the Sun”, some candidates usedwords such as “longer” which are too ambiguous. Longer could imply a longer time as well as alonger distance. Some also related the intensity readings and variations to other aspects such astemperature on the planet, or the surface area of the planet itself.

This is a model 3 mark answer. The first marking pointis seen in the first couple of lines, and the other two inthe second paragraph. The mark scheme states that all3 marking points could only be awarded forcomparisons. This candidate has stated MP3 the otherway round, ie in terms of the Earth, but this is OK.
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This candidate has recognised that the Earth has agreater intensity, but MP1 requires this to be linked tothe Earth being closer to the Sun than Mars, and thiscandidate says that Earth is at a greater distance. Thereis also mention of elliptical orbits, but this is also thecomplete opposite of the correct answer so thisexample cannot score any marks.
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This candidate has assumed that the intensity on Marsis greater and has made an incorrect conclusionregarding the relative distances of Mars and Earth fromthe Sun as a result.
Although mention of the variation of intensities onMars has been made, there is no comparison of thiswith the Earth so MP3 cannot be achieved either.

Care needs to be taken with prefixes on given values,whether in given data or from the axes of graphs.
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Question 14 
This is the 6 mark linkage question, which assesses the candidate’s ability to show a coherent andlogically-structured answer with linkages and fully-sustained reasoning. The topic chosen for thisquestion on this paper was the photoelectric effect, and the evidence to show that a particle-like,rather than wave-like, nature is displayed in this experiment.
Essentially, the mark scheme is divided up so that there are 6 individual indicative content points(labelled as IC points in the descriptions of the scripts). The table in the mark scheme shows howthe marks for the indicative content are generated from the number of IC points seen, and thisgives a maximum of 4 marks when all 6 IC points have been achieved. On top of that, either 1 or 2linkage marks may be awarded on the basis of how well the IC points are linked to each other.
On this paper, it was considered that the IC points came in pairs, one of each describing whathappens in reality (the particle model), whilst the other described what would happen if the wavemodel were correct. As such, it was possible to achieve 1 linkage mark for correctly linking just 2 ICpoints if they were in the same pair. Another linkage could be awarded for linking another pair of ICpoints as long as 5 or 6 IC points were seen in total on the paper.
Seeing as all of the IC points referred to release of electrons, it would be unfair to prevent acandidate from getting all of the marks for forgetting to mention this in relation to every point.Therefore, if there was clear reference to electrons being released within the answer, then the ICpoints could be awarded even if not individually linked to electron release.
Many candidates were clearly discussing how line spectra are produced, with descriptions of energylevel changes. Some even mixed this with correct descriptions of the photoelectric effect.

16     IAL Physics WPH12 01



IAL Physics WPH12 01     17



This candidate has clearly mentioned that, in order forelectrons to be emitted from the metal surface, thelight has to be beyond a threshold frequency. Theyhave also made it clear that any frequency would beable to emit electrons if the wave theory were correct.
This scores IC1 and IC2, meaning 2 physics marks areawarded. They are linked points, so a linkage mark isalso awarded.
There is no key information about the timing of releaseor what affects the kinetic energy of the releasedelectrons, so no further IC points are seen and a total of3 marks is achieved.
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This is a very good, clear answer. The candidate hasmade a number of comparisons and has very nearlyachieved all of the marks.
In lines 2-3 IC1 is achieved for a clear description ofthreshold frequency.
In lines 6-7 IC5 is achieved. Although no credit wasgiven in this question for stating that higherfrequencies led to higher photon energy, this candidateis clearly talking about the higher frequency leading tohigher kinetic energy (of electrons).
In lines 8-9 IC3 is achieved.
In lines 11-12 IC4 is achieved.
Lines 13-14 do not get IC2 as it has not been made clearenough that any frequency would be able to releaseelectrons in the wave model.
Lines 15-16 score IC6.
With 5 IC points, this scores 3 physics marks. As thereare clearly two linked pairs (IC3 & 4, IC5 & 6), 2 linkagemarks are awarded (as the written work is clear).
As such, this example scores 5 marks in total.
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Although relatively short, this answer includes all of thefirst 4 IC points from the mark scheme, and is quiteclearly described. 4 IC points leads to 3 physics marks.However, this number of IC points can only allowcandidates access to 1 linkage mark, even though thiscandidate has made two separate linked pairs (IC1 &IC2, IC3 & IC4). So the total mark here is 4.

If an answer is written in a confusing way, with thesteps in the answer not being in a coherent andlogically-structured way, linkage marks are notautomatically awarded. Although the answer here islogical, it is still possible to not award a linkage mark incertain cases.
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Question 15 (a) 
Specification point 68 refers to the ability to derive equations for combining resistances in seriesand parallel using the principles of charge and energy conservation. This question requestedcandidates to derive the formula for resistors in series. As the derivation is expected, candidatesare not given the equation in the formula sheet, so a lot of the candidates who scored one mark onthis question gained it by just being aware that RT = R1 + R2.
There were some clear attempts from candidates to work backwards from the answer in order toestablish the steps along the way, but most of these were unsuccessful as they mostly started offby replacing R with V/I.

A number of candidates, such as this one, could recallthe equation for resistors in series without being awareof how it was derived. This still scored MP3, however, asthe equation is not an equation provided in theformulae given.

This candidate was unsure about which equation wasfor series and which was for parallel. The correctformula has been scribbled out and replaced with aparallel formula.
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If you do not wish work to be marked, attempt to crossit out neatly, rather than a bold scribble. This enablesexaminers to see what the original answer was.
If this candidate had not replaced their originalequation with anything else, examiners are instructedto try and mark whatever has been crossed out. If thework has been replaced by something else, the onlywork that is assessed is the work that has been listed asa replacement.

Although the answer here is not written exactly the waythat it is in the mark scheme, this can score all 3 marks.
In the last two lines, we can clearly see MP2 and MP3.On the line above that, there is evidence for V (total)being equal to V1 + V2, so MP1 is also achieved.
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Question 15 (b) 
Although almost half of the candidates scored all 3 marks on this question, virtually all of theremaining candidates scored either 0 or 1. This was largely due to an inability to combine theformulae for resistors in parallel with resistors in series. There were many different routes toachieve the final answer, but all of them required candidates to undertake the steps shown in oneof the two alternatives on the mark scheme. The majority of candidates answered the questionusing the method shown first in the mark scheme.
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The method used by this candidate is the one seen onthe second alternative on the mark scheme. They havecalculated the potential difference across the 6 Ohmresistor, then subtracted it from 7V to get the p.d.across the parallel combination. This has enabled themto work out the current in each branch of the parallelsection, which leads on to a correct answer.

This is the first alternative on the mark scheme. Thisalternative links much more closely with part (a), wherecandidates had to show how to derive the formula forresistors in series. This candidate has initially calculatedthe whole circuit resistance, then subtracted the valueof the series resistor to enable the resistance for theparallel section to be determined.
From this point onwards, the resistors in parallelformula is used to achieve the correct answer.
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This candidate has performed two separatecalculations, representing MP1 on each of the separatealternatives of the mark scheme. However, the twoalternative methods are completely separate from eachother, so MP1 can only be achieved once via eithermethod and cannot score a second mark if MP1 is seenfrom both methods.
Although this candidate starts to use the parallelresistors formula, they have not established a value fortotal resistance to insert into the equation, so cannotscore MP2.
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Question 15 (c) (i)
This question also had a couple of alternative ways of achieving the correct answer. Although theideal equation to use for method 1 was P = I2R as the resistance was a fixed value, some candidatesstill calculated both the circuit current and the p.d. across the resistor in order to calculate powerusing P = VI. The most frequent mistakes were failing to calculate the whole circuit current correctly,or using the total resistance of the circuit to calculate the power of the fixed resistor.
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Although no numbers are seen being inserted into thecalculation, this candidate has clearly established thecurrent for the whole circuit (this is MP1 on the firstalternative shown on the mark scheme). They then useP = VI to score MP2. However, they have used the full12 V, which is not the p.d. across the fixed resistor, sothe answer is too large and does not score MP3.
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This candidate also starts off by calculating the circuitcurrent, leaving it as a fraction. They then use a suitablepower equation with the correct current and resistanceof the fixed resistor to get the correct answer.
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Final answers should not be left in the form of afraction. However, during interim calculations such asin this question, fractions are acceptable for valuesworked out on the way to the answer.
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A commonly seen 1 mark answer, where the candidatehas performed a single calculation using the given data.However, the data used is for the whole circuit ratherthan just for the fixed resistor, so only scores MP2 forthe use of the power equation.
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When "Use of" is stated before an equation on a markscheme, there need to be dimensionally correctsubstitutions into the equation. In this example, it isclear that the value inserted for V is a value from thequestion, as is the combined resistance inserted for R.
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Although the more straightforward way to perform thiscalculation would be to calculate circuit current or p.d.across the fixed resistor first, then use an equation forpower that involved R, this candidate has worked outboth the circuit current and the p.d. then used P = VI.This is all perfectly correct so scores all 3 marks.
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Question 15 (c) (ii)
Many candidates answering this question failed to understand the situation described for thisparticular question. Of these, quite a few decided to describe throughout their answer the situationthat occurs when the light intensity increases, which is a standard way to describe how an LDRresponds, but this question was asking for what happened when the light intensity decreased.Quite a significant number of candidates also failed to develop their answer in any way to showwhat would happen to the power of the fixed resistor, just concentrating on the LDR. A smaller(but still significant) number of candidates were describing how a filament lamp responds when itgets hotter.

This is an answer where the candidate has bothconsidered that the light intensity is increasing, andappears to be only considering what happens to theLDR. Although there is a clear understanding that thiscandidate understands how an LDR works, theresponse given is not actually answering the question,and so none of the marking points are achieved.
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An ideal, clear answer scoring all 4 marks. For MP4 thecandidate had to show the equation they were using toexplain their answer.

On some electricity questions, explanations are aidedby showing appropriate equations. However, it needsto be clearly stated how the terms in the equationchange in order to gain credit. On this question, it wasfelt that there was no need for candidates to have tomention that the resistance of a fixed resistor isconstant, as this is implied by the component name.
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Question 16 (a) 
This is a standard description of how visible light is emitted from atoms when they are suppliedwith energy. In this case it was important to recognise that the electrons colliding with the atomswere transferring energy to the atoms. This marking point was the one that was most commonlynot awarded. Most candidates were awarded MP2 for the raising of electrons in energy levels, butsome did not then link this to release of photons when dropping back down, so did not score MP3.

A good answer that includes all 3 marking points in thefirst 5 lines.
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This candidate scores MP1 and MP2, but has notmentioned photons so MP3 is not awarded. Although itis not entirely clear which electrons the candidate isdescribing when they mention collisions and gainingenergy, it was assumed that the electrons in the atomsare gaining energy.

When discussing line spectra, it is important to describehow it is electrons (not atoms) that move up energylevels and back down again.
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Question 16 (b) 
The majority of candidates appeared to be familiar with such calculations, and 3 marks werecommonly seen awarded. The commonest mistakes was from candidates not handling theconversion from J to eV correctly. Some of these simply did not convert at all, but the rest multipliedby 1.6 x 10 -19 instead of dividing by it.

The first marking point in the mark scheme involvestwo equations. Many candidates, such as this one, havecombined them together and score MP1. Thiscandidate has incorrectly converted to eV bymultiplying rather than dividing, so does not score MP2or MP3.
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Although the final answer looks very wrong, the onlymistake made by the candidate is that they have thewrong power on their calculated value for frequency(they have written it with a power of -14 instead of +14).As a result, their final answer is 28 orders of magnitudeout.
As with other calculations, such power of 10 errors donot affect the awarding of marking points prior to theanswer mark, so this candidate scores MP1 and MP2.The answer is wrong, so no MP3.
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A fully correct answer for all 3 marks.

In this example, you can see part of the answer to theprevious part of question 16. Please try to ensure thatyour answers to all questions are on the answer linesgiven, otherwise the examiner might not be able to seethe full response. If you have continued elsewhere,make it clear within the answer space where the rest ofthe answer appears.
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Question 16 (c) 
The diffraction grating experiment (and equation) were not on the previous specification, and therewere clearly some issues with candidates being unable to adapt their practical knowledge to thisquestion. Two distances were provided, which should have been used to calculate the angle θ.However, a significant number of candidates simply used the double slit equation which is not onthis specification.
It was also quite clear that many of the candidates were not aware of what each of the letters in theequation represented. Even those who quoted the correct formula then inserted numbers inrandom locations in order to establish an answer. Many of these candidates were also not exactlyclear which letter from the formula they were trying to calculate. A large number inserted the valueof D into the formula as d.

This candidate has identified the correct equation touse in order to answer the question, but has insertedincorrect values in as the terms. The value inserted forn is 300 so the candidate has assumed that n stands fornumber of slits per mm. Although there are twoalternative methods shown on the mark scheme, forMP2 to be awarded both of them require n to beinserted with a value of 1. Thus this candidate scores nomarks as there is no attempt to calculate the angle.
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When revising, remember what each of the terms ineach equation stands for.

This candidate has used the double slit equation whichis not part of this specification. Although alternativecorrect physics would always be accepted in anexamination, a diffraction grating clearly does not havejust two slits, and it is only due to the fact that the angleis quite small, that using the double slit equation gives afairly similar answer to the true answer. Those usingthe double slit formula calculated 306 lines per mm,whereas the correct answer was 301 lines per mm.
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A fully correct answer for all 3 marks. Although thecandidate has not calculated 301 lines per mm, theyhave worked out the spacing for the lines andcompared it to what the spacing would be if 300 linesper mm were used (showing that they are very similar).
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Question 17 (a) 
Although the diagram was labelled as being “not to scale”, it should have been clear to candidatesthat the point marked O was positioned so that it was an equal distance from each of theloudspeakers; hence the path difference should be 0. Many candidates simply gave a standarddescription for any position of constructive interference with a path difference of nλ. This was notgood enough to explain this particular point of constructive interference. However, a large numberof candidates managed to achieve MP2 and MP3.
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An ideal answer scoring all 3 marks. No mention of pathdifference, but clearly stating that the two waves havetravelled the same distance from each of the speakersto O.

Although the candidate starts by describing diffraction(which is not really what is happening in this situation),they do go on to state MP2 and MP3 quite clearly. Manycandidates such as this one gave the genericdescription of the path difference being n x lambdawhen the interference was constructive. However, inthis scenario MP1 was only going to be achieved by anindication that the path difference was 0.
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Question 17 (b) (i)
This question is representative of the greater demand levels of the new specification. Unfortunatelythe majority of the candidates were unable to apply the information given to the calculationrequired, with very few even recognising that the path differences needed to be calculated. Thosewho did not calculate path lengths typically scored 0 or 1, whilst those who calculated a path length(or both) correctly usually ended up scoring all 5 marks.
A handful of candidates clearly knew the expected value for the speed of sound in air, so tended totry and work back from 340 ms-1 (for example) to find out what the wavelength should be.

A rare, fully correct answer showing all of thecalculation steps expected very clearly.
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This candidate has attempted to use the double slitequation in order to establish a value for wavelength.Although the use of this equation is incorrect, it leads toa dimensionally correct value for wavelength which isthen inserted into the wave equation. So MP4 isachieved but nothing else.
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Question 17 (b) (ii)
Although the mark scheme shows three different alternatives of how the marks could be gained onthis question, the majority were writing answers that applied to the first alternative. These often didnot score marks due to incorrect usage of language. The vast majority of answers seemed to beanswering a different question so were literally explaining why dataloggers linked to a computerare better than humans at measuring things.

This is a 2 mark answer via the first method shown onthe mark scheme. The first couple of lines score MP1,and the last couple of lines get MP2.
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Although MP2 is achieved in this example, thedescription of human error is not good enough to gaincredit for MP1.

When answering questions about practical proceduresand their alternatives, human error is not likely to beaccepted as it is not clear enough what the human"error" is in this case. The answer needs to be morespecific.
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Question 17 (c) 
The main expectation for MP1 was that candidates should talk about waves being reflected orechoed, and the fact that they were reflected/echoed from the walls or ceilings in the classroom.Many candidates simply referred to waves “bouncing” off the walls, or simply reflecting (withoutstating where the reflection was taking place). A small number were clearly writing about diffractionaffecting the results, which did not gain credit.

This candidate scores MP2 and very nearly achievesMP1 also. MP2 is for the suggestion that an echoedwave is interfering with the two waves that are alreadyinterfering. However, to achieve MP1 it needed to beclear what the sound waves were echoing from.

Bounce is not an acceptable alternative to reflect orecho. Additionally, this candidate has not stated whatthe sound would "bounce" from either, so no marksawarded here.
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A good 2 mark response. The first couple of lines haveMP1, whilst MP2 is on lines 2 and 3 (due to the fact thatthe reflected wave is described as superposing with theincident waves which are presumed to be the twowaves from the loudspeakers).
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Question 18 (a) 
A standard description question that was generally answered very well. Both marking points wereseen on a regular basis.

The statement about critical angle at the start isunfortunately the wrong way round, so MP2 is notachieved by this candidate. However, they dounderstand that this occurs at a boundary from a moredense substance to a less dense substance so scoreMP1.
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This one has it the correct way round, so scores bothmarks.
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Question 18 (b) 
This question was not answered as well as part (a) and it appears that the majority of candidateswere trying to link their descriptions for this part to those for part (a). For example, having said forpart (a) that the angle of incidence had to be greater than the critical angle, many then wrote for (b)that the angle of incidence had to be less than the critical angle, which was not relevant to thisquestion.
NOTE :When reading mark schemes from past papers, it is important to note the context of the questionthat has been asked. On this question we accepted for MP2 a description that the wave “bendstowards the normal”. This was only because the candidates had been told in the question that thelight refracts as it enters the glass. On another paper, “bends towards the normal” might not be anacceptable answer if the question has not mentioned the name of the process as being refraction.

An answer achieving both marks. This is an examplewhere the candidate has just mentioned about lightbending towards the normal, rather than refractingtowards the normal. However, the word refraction ismentioned in the question so is not expected in theanswer.
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This is an example of a candidate who has referred tothe angle of incidence being less than the critical angle,so they only score MP1 for the second line here.

This is an example where the candidate appears tohave contradicted themselves in the answer. AlthoughMP1 is seen in the first line and a half, they then state inbrackets that the refractive index is smaller.Unfortunately, as the refractive index of the secondmedium is greater, this contradicts the initial statementso MP1 cannot be awarded. As a result, this candidatescores 0.
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Question 18 (c) 
This question represents a multi-step calculation to achieve an answer. To make the question morecomplex, there are three different materials to consider (air, glass and water). Although themajority of candidates were able to calculate the critical angle at the first boundary, a significantnumber then used this value as the angle of incidence at the second boundary which was incorrect.A significant number also failed to realise that as the second boundary was between glass andwater, both 1.50 and 1.30 needed to be seen inserted as refractive index values in the equation.Having said this, more than 25% of the candidates scored all 4 marks on the question.
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This candidate scores all of the first 3 marking points intheir answer. They have calculated the critical angle,and subtracted it from 90 to get MP1 and MP2.
Although they then use the equation for MP3 with 1.30and 1.50 as the two values of n, the angles are thewrong way round, so they end up with the wronganswer. Therefore no MP4.
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This candidate has calculated the critical angle for MP1,but does not subtract it from 90 degrees (so no MP2).The refractive index equation is used with only onerefractive index value of 1.50 so no MP3. The answer isalso incorrect, so no MP4. This therefore scores a totalof just 1 mark.
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A fully correct answer for all 4 marks here. All of thesteps are seen clearly, and the equations are all shownwithout numbers first and then with numberssubstituted.
Although the degree symbol is missing from the answerline, it is seen on the line above.

Where necessary, all calculated answers require unitsto be shown. In this case, the degree symbol isnecessary to award MP4.

One of the more commonly seen answers, scoring MP1and MP3. The entire process is correct except that thecandidate has failed to subtract the critical angle from90 degrees prior to doing the final calculation for thesecond boundary.
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Question 19 (a) 
Questions 19a and 19b refer to Core Practical 8 (Determine the e.m.f. and internal resistance of anelectrical cell). As such, it is expected that candidates know how to set up the circuit and interpret agraph of the results.
In Q19a, candidates were asked to complete the circuit diagram. As it was considered that somecandidates might find it unusual to try and create a circuit symbol for a potato cell, the cell wasdrawn in for them. The expected circuit is drawn in the mark scheme. However, quite a fewcandidates produced a diagram where it would have been impossible to vary the readings forcurrent and potential difference so did not score MP2. Most, however, managed to correctlyposition the ammeter and the voltmeter. The majority who did not position the voltmeter correctlyhad placed it around the variable resistor, but had included other resistors in the circuit too.
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Ideally circuit diagrams would be completed using apencil and ruler. Although a ruler has not been used forthis diagram, it is clearly a circuit containing the correctarrangement of components, so scores both marks.
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This candidate has drawn the voltmeter around a fixedresistor, and there is another resistor (variable) in thecircuit, so the p.d. being measured is not the onerequired for this practical. As such, MP1 is not achieved.However, there is a variable resistor, so MP2 isachieved.
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Although the voltmeter is drawn around the variableresistor rather than the cell, there is no other resistivecomponent drawn in the circuit so this is effectively thesame as having the voltmeter around the cell. As aresult, this candidate scores both marks.
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Question 19 (b) 
From undertaking the Core Practical, candidates are expected to know that the y-intercept of thisgraph is the e.m.f. of the cell, and that the gradient is equal to the negative of internal resistance. Assuch, it was expected that candidates draw a line of best fit in order to enable these values to beestablished.
Some candidates failed to draw a best fit line, resulting in them being unable to achieve MP1 orMP3. The other two marking points were for correct values for ε and r. A significant number ofcandidates failed to take into account the current values being in mA, so had a power of 10 error ontheir answer for r.
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This candidate has not drawn a best fit line for thegraph, so cannot score either MP1 nor MP3. Without abest fit line there is no idea whether the data chosenfor the "gradient" calculation would have been locatedon the best fit line.
MP2 is not awarded as the value is out of range.
MP4 is awarded as the internal resistance value iswithin the given range.
So, this candidate scores 1 mark.

Although this candidate has given the answer forinternal resistance to 7 significant figures, it is notpenalised on this question. However, candidates shouldbe aware that a number of the answers on WPH13 andWPH16 papers will need to be quoted to the correctnumber of significant figures otherwise marks will notbe awarded.
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A very clear 4 mark response, with both answers withinthe acceptable range.
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Question 19 (c) 
It is clear that many candidates answering this question did not understand the true meaning ofterminal potential difference, with many appearing to describe it as if it were e.m.f. This resulted inquite a few candidates concluding that the terminal potential difference was the same for bothcircuits, even when they had stated that the total resistance in Circuit A was greater than that inCircuit B.
Many candidates who attempted to use calculations to back up their answer failed to calculate acorrect parallel resistance of R/2 for Circuit B. However, as resistors in parallel had already beenassessed by calculation in Q15, candidates on this question could still achieve MP1 if they statedthat the total resistance in series was greater than the resistance in parallel.
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A really clear answer scoring all 4 marks in a logicalprogression. The marks are gained from alternative 1from the mark scheme.

Another good answer, this time scoring MP1, 3 and 4.Quite commonly candidates started off by stating whichone had the greater terminal potential difference soscoring MP4 at the beginning. This one then states MP1and MP3 in the last couple of lines.
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Paper Summary
For a first paper on a new specification, candidates showed a generally good understanding of therequirements of the specification. Calculations were generally performed well, and the majority ofcandidates were aware that the correct units needed to be shown against their numerical answers.
In some cases, answers did not demonstrate a sound understanding of content that was not on theprevious specification. In particular, there seemed to be poor understanding of the core practicalon diffraction gratings, with many candidates not aware of what the terms in the equationnλ = d sin θ stood for. In addition, although many knew the formula for resistors in series (Q15(a)), alot did not seem to know how to derive it.
Some of the more unusual contexts were also not interpreted correctly by candidates, with anumber writing answers that would be more appropriate to questions that had appeared onprevious exams on the legacy specification.
Based on their performance on this paper, candidates are offered the following advice:

Ensure that core practicals are undertaken by all candidates and it is fully understood how tointerpret the results from such practicals. Answers to Q16(c), 19(a) and 19(b)(i) suggested that anumber of candidates were not familiar enough with the core practicals.
Adapt answers to the questions that have been set. Many of the responses to the linkagequestion, Q14, were clearly describing the photoelectric effect but were not actually addressingthe question asked.
Make sure that answers use appropriate scientific language, eg on Q17(c) a significant number ofcandidates described waves “bouncing” off walls rather than “reflecting”.
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