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Introduction
The assessment structure of Unit 4, "Physics on the Move" is the same as that of Units 1, 2 and 5.

Section A consists of ten multiple choice questions and Section B contains a number of short

answer questions followed by some longer, structured questions based on contexts of varying

familiarity.

The contextual range of the paper allowed candidates of all abilities to demonstrate their

knowledge and understanding of Physics.

Those less confident in the subject could complete calculations which involved simple substitution

and limited rearrangement, including structured series of calculations, but could not always master

calculations involving several steps or complications; such as taking into account the number of

wires in a coil, or only being given the charge lost from a capacitor rather than the charge

remaining. They demonstrated an understanding of the significant points in descriptions linked to

standard situations; such as the standard model, the operation of an electron gun, and

electromagnetic induction. Occasionally, however, they missed important details and did not set

out their ideas in a logical sequence, sometimes quoting as many key points as they could

remember without particular reference to the context.

More confident candidates were able to complete calculations with little to no difficulty; including

most marking points in logically structured answers.

Section A

The multiple choice questions discriminated well, with performance improving across the ability

range for all items. Candidates around the E grade boundary typically scored about 6 or 7 and more

able candidates usually answered 8 or 9 correctly.

The percentages of correct responses for the whole cohort are shown in the table.

Question Percentage of correct

responses

1 58

2 94

3 67

4 88

5 83

6 80

7 90

8 66

9 38

10 93

More details on the rationale behind the marking of multiple choice questions can be found in the

published mark scheme.

IAL Physics WPH04 01     3



Question 11 

The great majority of candidates were able to demonstrate the correct use of the Coulomb force

equation by substitution of charge and distance, although very many used an incorrect value of r.

Frequently seen incorrect values were 5, 6, 12 and 17 cm rather than 11 cm. A significant minority

failed to show that r should be squared when they made their substitutions and candidates

occasionally used the Boltzmann constant when substituting for k.

Candidates generally knew the direction, but a fair proportion omitted it or made suggestions such

as upwards or downwards.

Occasionally, the unit was omitted or was incorrect; examples being T and Vm.

1 mark.

The correct formula has been written but an incorrect

value of r has been substituted. Although the formula says 

r

2

, the substituted value has not been squared, so there is

no credit for use of the formula.

The stated direction of the electric field is correct.
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3 marks.

This is a correctly calculated response.

IAL Physics WPH04 01     5



Question 12 

Candidates seemed comfortable answering this longer question and the majority scored at least 3

marks. Among the most commonly awarded marks were those for the three quark structure of

protons and neutrons, frequently quoted as uud and udd respectively; although not so frequently

referred to as baryons. Some candidates ambiguously remarked that the baryons were made of "3

quarks or antiquarks" rather than the correct "3 quarks or 3 antiquarks".

A lack of detail meant that certain marks were awarded less frequently; mainly for failing to locate

protons and neutrons in the nucleus and not comparing the size of the nucleus to the overall size

of the atom. There were quite a few references to Rutherford’s alpha scattering experiment,

prompted by the statement in the stem that ‘matter is mostly empty space’, but these were not

credited without this comparison.

Some candidates misread “two first generation quarks” as “quarks from the first two generations”.
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3 marks.

This response gives details about baryon structure, the

nature of electrons and their location on the atom,

however, it does not address 'first generation' or nuclear

structure. The statement about alpha scattering is not

sufficient as an explanation of empty space because it

does not refer to the size of the nucleus relative to the

atom.

Be sure to identify all key points in longer questions and

address them in your response.
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6 marks.

This is a full mark response which has been structured

logically and includes all key points.
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Question 13 (a) (b)

A large majority worked through this question with no more than a single error, to achieve at least

5 marks out of 6, and many completed it correctly. The most common error was failing to take into

account two photons, despite being told to assume that the photons are identical.

Some candidates forgot to multiply by e, or divided by c rather than c

2

. Some were unsure of the

method for part (b) and treated the photon as a particle with mass travelling at the speed of light,

attempting to find the de Broglie wavelength. Those attempting this route sometimes used the

mass of a proton, possibly mistaking it for photon, which does not have mass, or even used the

mass of an electron.
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(a) 3 marks.

(b) 0 marks.

In part (b) an attempt has been made to use the idea of

the de Broglie wavelength but this is incorrect physics. This

response uses the mass of the Higgs particle and assumes

that it is travelling at the speed of light, which is not

possible for a particle with mass.

Particles with mass cannot travel at the speed of light.
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(a) 2 marks

(b) 3 marks

In part (a) the substitution is correct, including the power

of 2, but, in the calculation, only c has been used and not 

c

2

.

The incorrect answer from part (a) has been correctly used

in part (b), so full marks have been awarded.
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(a) 3 marks

(b) 2 marks

Part (a) is correct but the response to (b) does not divide

the energy between two separate photons.

IAL Physics WPH04 01     13



Question 13 (c) 

Less than half of the candidates gained any marks for this question, often for applying conservation

of charge. Many candidates missed the information provided, stating that the Higgs particle is

uncharged, and set out to prove that the commentary was correct and that they moved apart

because they repelled each other, often stating as evidence that the radii of curvature for the

particles were the same although they had no information about momentum. Many candidates

failed to gain the second mark because they only referred to opposite directions and not opposite

directions of curvature.
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2 marks.

In this answer the required reference to opposite

curvature is made and suggested particles have been

mentioned. No reference to conservation of charge has

been made.

2 marks

Conservation of charge has been addressed, together with

possible particles, but the response only suggests opposite

directions without reference to curvature.
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Question 14 (a) 

A third of candidates failed to gain any credit for this question for not following the instruction to

describe the motion of both gliders. Others did not include sufficient detail about the direction; for

example, in (i), stating that they moved in the same direction without specifying which direction this

was.

(i) 0 marks.

This states correctly that A and B move in the same

direction but does not describe the direction.

(ii) 1 mark.

The direction has not been stated explicitly, but velocity

includes direction, so the mark has been awarded.

(iii) 0 marks.

Only glider A has been described when the question

requires a description for both.
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(i) 1 mark.

(ii) 1 mark.

(iii) 1 mark.

This is an example of a correct response.
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Question 14 (b) 

A substantial majority completed both parts correctly and were awarded full marks. In part (i),

some did not apply conservation of momentum correctly because the velocity of glider A was not

indicated by use of a negative value. Others did not make a clear statement in conclusion for part

(ii), however, candidates rarely scored fewer than 4 marks overall.
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(i) 4 marks.

This part is correct.

(ii) 2 marks

Here, the kinetic energy of glider A after the collision has

not been included.
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(i) 4 marks.

(ii) 3 marks.

In this response, both parts are correct.
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Question 15 (a) (i)

While most candidates knew that thermionic emission was involved here, only about two thirds

gained credit. Many did not correctly locate it in the filament, often saying that electrons were

emitted from the anode which only accounted for electron emission. Few proceeded to explain the

beam by referring to the acceleration of the electrons by the electric field. Many who did attempt

this simply stated that electrons were attracted to the anode, which was not sufficient detail for the

second mark. A number of candidates invoked the photoelectric effect.
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0 marks.

The response correctly identifies the heated filament as

the source but only refers to the electron beam, which was

already mentioned in the question, and not to the

emission of electrons specifically.

1 mark.

The thermionic emission process is described satisfactorily

for 1 mark; however, stating that the electrons are

attracted to the anode provides insufficient detail to

explore the concept of the electric field accelerating

electrons to form the beam.
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2 marks.

This is an example of a correct response.
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Question 15 (a) (ii) - (bii)

Half of the entry worked through this sequence of two calculations and a derivation correctly to

gain the full six marks.

In part (a)(ii) some candidates added the 12 V for the filament to the 135 V accelerating p.d., or

subtracted it, and some omitted to multiply by the electron charge but, as it was a ‘show that’

question, most were able to go back and try again if they did not succeed the first time.

In part (b)(i) some candidates did not make it clear when p = mv was being applied.

In part (b)(ii) the diameter was not always halved to find the radius and sometimes cm was not

converted to m. Failing to include the unit T meant that some candidates were not awarded the

second mark.
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(a)(ii) 1 mark.

A mark has been awarded for substitution of suitable

quantities into the correct formula, however, the

magnitude of the p.d. is incorrect because the 12 V for the

filament has been added.

(b)(i) 0 marks.

Only one force formula has been stated, so the candidate

has been able to proceed no further without reference to

centripetal force.

(b)(ii) 2 marks.

This is a correct response.
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(a)(ii) 2 marks.

A correct response.

(b)(i) 2 marks.

A correct response.

(b)(ii) 1 mark

This calculation is correct, but the unit stated is not correct,

which is the derived unit tesla. The unit given is

dimensionally correct, as can be seen by consideration of

the formula F = BIl, but this non-standard format is not

acceptable.

Use standard SI units with numerical answers.
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Question 15 (c) 

Only about a third of candidates scored on this Assessment Objective 3 question, either becuase of

difficulty in visualising the situation or a lack of sufficient detail in their answers. They often referred

to the camera making it ‘easier’ to take measurements, without suggesting how; such as by allowing

magnification. Parallax was often identified as an issue, however, candidates often stated that

parallax errors were avoided, when actually they were introduced by this arrangement. Those who

recognised parallax errors as a problem generally did not explain how this method caused them.

The resolution of a metre rule was often used in the answer, though many simply stated that a 1

mm scale introduced a large uncertainty, rather than comparing it to the known measurement of

7.3 cm to show that it actually represented a small percentage uncertainty.

It would have benefitted candidates to refer back to the photograph in the stem of Q15, as a

minority of candidates referred to difficulty in capturing an image of the beam. Despite knowledge

of the very high speed of the electrons, and the clear reference to ‘photograph’ rather than 'video’,

some seemed to think that the motion of individual electrons was being filmed.
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0 marks.

This answer contains elements of accuracy but does not

include the required detail. It begins by referring to high

precision but then suggests it will lead to a large

percentage uncertainty rather than the actual small

percentage uncertainty. It correctly states that there may

be parallax error but doesn't say how this is caused. There

is also a suggestion of an improved method without

providing any detail.
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1 mark.

Here, the percentage uncertainty in using a metre rule for

this length is correcly calculated and described, gaining 1

mark, however, no other factors have ben considered.
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Question 15 (d) 

Again, about a third of the entry achieved at least 1 mark for this question. While many referred to

the link between elctrons losing energy and diameter of the path, something already used in the

earlier calculations, few candidates suggested a mechanism for energy loss and so did not gain

credit. Very few seemed aware of the emission of radiation by accelerated charges, so those who

did gain this mark usually did so by reference to energy loss by collisions, even though electrons

would not continue in the beam along the same path after such a collision.

The ‘decreasing intensity’ was not often addressed, candidates seemingly not realising that it was

part of the question.

0 marks.

This response makes a clear connection between

decreasing speed and decreasing diameter, with reference

to the relevant formula, but does not suggest a

mechanism for the decreasing speed.
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1 mark

In this response a clear sequence of ideas between an

energy decreasing mechanism and decreasing diameter

has been made. The question requires a suggestion for

decreasing diameter and for decreasing intensity,

however, so only the first mark is awarded.
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Question 16 (a) (i)

Candidates rarely failed to gain credit for their diagrams, however, points of detail sometimes

prevented the award of one mark. Candidates did not always use a ruler to ensure that lines

perpendicular to the plates were spread evenly. Occasionally, candidates omitted the arrows or

drew them in the wrong direction.
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0 marks.

Here, the lines are not evenly spaced, not all are straight,

and the arrows are in the wrong direction.

When a diagram is required, ensure that you are precise.

1 mark.

In this example the lines are crooked and do not all touch

the plates but the arrows are in the correct direction.
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2 marks.

An exemplary answer.
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Question 16 (a) (ii)

A substantial number of candidates successfully described the uniform field, although they did not

all successfully link this by use of F = EQ  to the constant force; many just stating it was so.

1 mark.

The uniform field is described but the force of constant

magnitude is not explained, the question essentially being

repeated.

2 marks.

This is a good example of a correct answer which

describes all of the steps in a logical sequence.
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Question 16 (b) 

Taking part (b) as a whole, the majority of candidates gained at least 6 marks out of 10.

Part (i) presented few difficulties, however, a significant number of candidates attemped,

incorrectly, to solve part (ii) by using equations for circular motion. Some were not awarded the

final mark for failing to include the unit for their momentum value. In part (iii), some candidates

who applied the rate of change of momentum did not complete the calculation correctly, only

including the difference between the ball moving and coming to rest without considering the

motion in the opposite direction. The unit of force was sometimes not included.
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(i) 4 marks.

(ii) 2 marks.

(iii) 1 mark.

Part (i) has been completed correctly but in part (ii) only

the radius of the ball has been subtracted from the plate

separation to give an incorrect distance moved. In part (iii)

the change of momentum in coming to rest has been

used, failing to take into account the change required to

move with the original speed in the opposite direction.
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(i) 4 marks.

(ii) 3 marks.

(iii) 3 marks.

This response is a very good example and correct in every

part.
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Question 17 (a) 

This is not an unprecedented question, however, only a small proportion of candidates gave

answers in sufficient detail to gain credit. Many just assumed that, as the graph was not linear, it

must show exponential decay, and stated the features of such a graph; such as the p.d. decreasing

by equal fractions in equal times or using it to determine the time constant. They did not say how

they would obtain data from the graph to demonstrate whether it did show an exponential

decrease in p.d.

While some candidates gained credit for stating that they would plot a graph of ln(V) against t and

that it should produce a straight line graph, they did not often refer to the negative gradient.

44     IAL Physics WPH04 01



0 marks.

In this response, the candidate quotes the exponential

decay formula and suggests, correctly, that exponential

decay would be evidence of the presence of a capacitor in

the circuit. There is no suggestion, however, of a method

to test, using values from the graph, whether the decay is,

in fact, exponential.
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2 marks.

In this response, the candidate correctly identifies a graph

which could be plotted using the data provided from the

graph in the question and explains how the new graph

would be used to verify that exponential decay has taken

place.
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Question 17 (b) 

This 8 mark sequence of calculations proved straightforward to most candidates, with a majority

scoring full marks. Parts (i) and (ii) were ‘show that’ questions so candidates knew when they

needed to try again. Some candidates encountered difficulty with the SI prefixes for ‘micro’ and

‘nano’.

In part (i), all of the methods shown in the mark scheme were used, with more using two pairs of

values from the graph than a time constant method even though it required a more complicated

calculation.

In part (ii), most candidates adopted the anticipated approach of calculating the charge on the

capacitor, however, some calculated the p.d. that would be needed to provide the maximum

charge, which was accepted with a suitable justification.

In part (iii) there were some errors with squaring, depending on the energy formula used. A

number of candidates used the value of charge stated in part (ii) as the capacitance in part (iii).
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(i) 4 marks.

(ii) 1 mark.

(iii) 2 marks.

Part (i) is a correct example of the use of values from the

graph.

The correct formula has been used in part (ii), but the

calculation has not been completed. This would have

shown that a value of over 3000 V would be required.

Part (iii) is correct.
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(i) 4 marks

(ii) 2 marks

(iii) 2 marks

This is an example of the use of 37% of V

0

 to determine the

time constant. All parts of the response are correct.
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Question 17 (c) 

This is not an uncommon question but it was answered with insufficient detail. Under half of the

answers were awarded a mark, with a small proportion of those candidates gaining the second

mark.

Many candidates appeared to have an answer ready for dataloggers, irrespective of the context.

Thus, in this question about measurements being taken over half a second, many referred to a

datalogger being used to take measurements over a much longer period of time than a human

could manage.

A large number stated that a datalogger was‘more accurate’, although the digital meters to which it

was being compared could provide equally accurate measurements.

There were frequent references to avoiding human reaction time, but these were not

contextualized by saying that many measurements could be taken in a short time or with a suitable

statement relating to simultaneous measurements. Of those who mentioned simultaneous

reading, many were general and did not state that these were readings of time and p.d.

0 marks.

This is a typical response. It shows some idea of the

situation but does not express it in enough detail.

Eliminating reaction time is not sufficient and, although

there is a link to simultaneous readings, we required the

quantities rather than the instruments, which were easily

gleaned from the question. The response stated that they

needed to be recorded at the same time but did not

specify that a person could not do this or that a datalogger

could.
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1 mark

This candidate has correctly identified the ability of the

datalogger to record a large number of readings in a short

space of time.
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Question 17 (d) 

Two thirds of the candidates were awarded at least 2 marks, most commonly for stating that there

was an induced e.m.f. and for reference to a current in a closed circuit. About half gained a third

mark.

As has been the case with similar questions in the past, the identification of the cause of the change

in magnetic flux linkage within this specific context can cause difficulty for some; many here did not

refer to the varying current causing an alternating magnetic field. Others did not make specific

reference to the change in magnetic flux linkage with the second coil.

Some candidates omitted the word ‘magnetic’ when referring to fields or field lines.
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3 marks

This response identifies the varying magnetic field, the

induced e.m.f. and the current due to a complete circuit.

Although the Faraday's law formula is quoted, a statement

is required about the change in magnetic flux linkage in

the context of the question to be able to score for marking

point 2.

4 marks

All of the required points are shown within context and set

out in a logical fashion.
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Paper Summary
Based on their performance on this paper, candidates are offered the following advice:

Check that quantitative answers represent sensible values and go back over calculations when

they do not

Learn standard descriptions of physical processes, such as electromagnetic induction, and be

able to apply them with sufficient detail to specific situations; identifying the parts of the general

explanation required to answer the particular question

Whenever you are given the diameter of a circle or sphere, look carefully to decide whether you

need to use the radius in the following calculation

Be sure to know the standard SI prefixes and be able to apply the correct power of ten

Remember that particles with mass cannot travel at the speed of light and that photons do not

have mass

Remember that physical quantities have a magnitude and a unit and both must be given in

answers to numerical questions

When substituting in an equation with a power term, eg v

2

, do not omit the index

Where you are asked to "determine whether", you must make a clear statement, including any

values, when reaching a conclusion
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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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