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Grade Boundaries

What is a grade boundary?

A grade boundary is where we set the level of achievement required to obtain a
certain grade for the externally assessed unit. We set grade boundaries for each
grade, Distinction, Merit, Pass and Near Pass.

Setting grade boundaries

When we set grade boundaries, we look at the performance of every learner who
took the external assessment. When we can see the full picture of performance,
our experts are then able to decide where best to place the grade boundaries -
this means that they decide what the lowest possible mark should be for a
particular grade.

When our experts set the grade boundaries, they make sure that learners receive
grades which reflect their ability. Awarding grade boundaries is conducted to
ensure learners achieve the grade they deserve to achieve, irrespective of variation
in the external assessment.

Variations in external assessments

Each external assessment we set asks different questions and may assess different
parts of the unit content outlined in the specification. It would be unfair to learners
if we set the same grade boundaries for each test, because then it would not take
into account that a test might be slightly easier or more difficult than any other.

Grade boundaries for this, and all other papers, are on the website via this link:
http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx

Unit 1: Engineering Principles

Grade Unclassified

Level 3

Boundary Mark 0 9 18 36

55
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Introduction

This was the first series of the new specification for Engineering and as such,
the first time that this mandatory unit has been assessed via an external
assessment rather than via centre based internal assessment across a number
of assignments. This unit has been assessed through a traditional paper-based
examination.

The question paper followed the format identified in the additional sample
assessment materials published on the Pearson website. The focus of the
paper being on a range of questions that assess mechanical, electrical and
electronic principles along with a synoptic question. The range of questions will
change each examination series with the aim of covering all of the topics listed
within the specification. It is important for centres to remember that, due to
nature of the specification, they will need to ensure that learners are given the
opportunity to become familiar with the processes of solving problems, and
the mathematical skills required to arrive at solutions.

The paper had 18 questions. Each question was based on an engineering
concept, with some questions having multiple parts. Learners were required
to demonstrate knowledge and understanding of a range of specification
topics and to apply this knowledge to the specific question scenario. The
intention was to offer as broad coverage as possible for all areas of the unit
content. Questions had varying weightings attached to them, with 1 to 4 marks
for the lower demand questions and up to 8 marks for questions where an
extended response was required, such as calculation that required analysis of
information.

Each of the questions that involved calculations was marked using both
method (M) marks and accuracy (A) marks, as shown in the mark scheme. The
short written response questions were point marked against mark schemes
with linked responses being required for explain questions



Introduction to the Overall Performance
of the Unit

Learner performance was generally consistent across the paper, with some
questions proving much more challenging than others. Overall, there was
evidence of learners having been taught well across the range of unit content,
with the extended calculations allowing for differentiation across learner
abilities. It was positive to see that across the cohort of learners there were
examples of full marks being awarded for every question on the paper.

It is extremely important that learners are given the opportunity to practice
responding to shorter and/or lower demand questions as well as extended
synoptic questions. There were a number of occasions where learners did not
present any working to support a numerical value given as an answer. It is
important to show working as this allows access to ‘method marks' should the
solution be incorrect.

Although it may seem like an obvious comment, it is extremely important that
learners read the questions carefully and identify what is being asked of them.
This is especially important in questions where information needs to be
interpreted in order to arrive at a solution; diagrams are generally included to
support learners and to assist with clarifying questions. Some learners made
effective use of such diagrams by adding annotations to them to indicate
values or directions of motion.

Learners responded well and provided more clear responses to aspects of the
synoptic question with many being able to achieve some of the marks that
were available for the three parts. It was however noted that a number of
learners were less comfortable with the written answers than the calculations;
it is important that learners are prepared fully for the examination and have
the opportunity to practice short-open response questions as featured both in
this paper and both of the sample assessment materials.



Individual Questions

The following section considers each question on the paper, providing
examples of learner responses and a brief commentary of why the responses
gained the marks they did. This section should be considered with the live
external assessment and corresponding mark scheme.

Q1

This question was generally answered accurately by those learners who had
knowledge and understanding of the use of circular measure and were able to
perform the appropriate conversion to radians. Some learners attempted to
answer the question using degrees and arrived at an incorrect answer.

It is important that all learners are aware of the correct techniques to perform
conversions between degrees and radians and vice versa as such operations
are routine in engineering.

This response gained 2 marks.

1 Calculate the length of the curved side of the plate.
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Answer

Whilst this response is concise and correct. The learner has converted the
angle from degrees to radians and has shown each stage of the calculation
which is good practice.



Q2

This question required learners to factorise an equation to arrive at values of t.
A minority of learners used the quadratic equation to arrive at the two roots of
the equation; this approach did not gain any credit. Where a question asks for
a certain process to be followed, in this case factorization, other methods are
not acceptable.

A large proportion of learners did not achieve marks for a number of reasons,
the most significant being their lack of understanding of the approach to
factorization. It was positive however to see learners being able to adopt the
correct approach and arrive at the required values. Where learners only
achieved one mark this tended to be as a result of factorizing but not then
finding the roots of the equation.

This response gained 2 marks.
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Answer 1

This response achieves both of the marks available. The learner has factorised the expression
(although not fully) and has then checked their factorisation, which is good practice. The values
of ‘t’ have been expressed both as fractions and decimals to an appropriate degree of accuracy.



Q3

This question was generally well answered, with the full range of marks being
given. A large number of learners achieving full marks. Where marks were lost,
this tended to result from learners taking the height of the cylinder section of
the silo as 7m rather than this being the overall height and subtracting 2.3 to
arrive at 4.7m for the height of the cylinder. It was positive to note that the
majority of learners showed their working in full which allowed them to access
method marks where arithmetic errors had been made.

This response gained 4 marks.
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The learner has demonstrated good practice by breaking down the calculation
into the various stages, the cylinder, the base and the hemisphere. Working is
shown for each, with the correct values being entered into formulae from the
diagram.

The learner has also shown the areas at each intermediate stage before adding
them together to find the total surface area of the silo.



Q4

Learners performed with some success on this question. Where learners had
an understanding of the laws of logarithms they often achieved full marks. In
the majority of cases learners showed their working stage-by-stage and
showed that they could apply each of the laws of logarithms appropriately.
Where learners did not achieve marks the reasons for this tended to be either
they calculated the value of LogA rather than giving the value of A, or they used
a calculator to solve the equation. As with question 2, learners were required
to show evidence of the use of the laws of logarithms, therefore answers
derived using a calculator attracted no marks.

This response gained 3 marks.

4 Solve the equation to find the value of A.

Show evidence of the use of the laws of logarithms in your answer.
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This response has been awarded three marks. The working is clear, with each
of the laws of logarithms being evident in the answer. Intermediate stages
have been shown in full, and the learner has provided a value of A, as required,
rather than a value of log A.



Q5(a)

Learners performed with variable performance for this question. Learners
tended to achieve either 2 marks or 4 marks, with the cause of the difference
being the value of ‘h’ that learners calculated. A range of approaches were seen
to determine ‘h’ including using trigonometry (sine), the sine rule and the
cosine rule. In some instances learners derived a value of ‘h" using other
methods, however often the value was incorrect. Where an incorrect value of
‘h" had been calculated, a ‘follow through’ approach was taken for the value of
the potential energy which allowed learners to achieve 2 marks for this part of
the response.

This response gained 4 marks.

5 (a) Calculate the potential energy of the transformer at point C.
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This learner has used a combination of methods to arrive at a value of 'h’,
which has been calculated with accuracy and has therefore attracted one
method mark and one accuracy mark.

This value of ‘h” has then been imputed into the correct formula to calculate
the potential energy; this has also been calculated accurately and to an
appropriate degree of precision.



Q5(b)

Although learners had some understanding of the purpose of a ramp or
inclined plane, many learners failed to achieve marks for this question due to a
lack of understanding of the differences between force and energy. Many
learners stated that less energy was needed to raise the load using a ramp
which indicated a lack of understanding of the concepts involved.

This response gained 1 mark.

(b) Explain one advantage of using a ramp for moving the transformer compared to
lifting the transformer vertically.

This learner has achieved one mark. There is some understanding that the force that needs to be
overcome is reduced due to the slope. However, there is some misunderstanding and the learner
has not provided a linked response.



Q6

Learner performance on this question was variable, with a range of marks
being awarded. Some learners only achieved one or two marks for resolving
forces horizontally and/or vertically. Those learners who progressed with their
answers were able to find the horizontal and vertical components of the force
and then apply Pythagoras’' Theorem and trigonometry to arrive at the
magnitude and direction of the force.

This response gained 5 marks.
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6 Calculate the magnitude and direction of the force F from the horizontal.
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The learner has produced a force diagram to support their working, This has
been used to then resolve forces vertically and horizontally. The learner has
used good practice to show their working in full so as to access any method
marks if any mistakes had been made. The learner has shown how they
arrived at the magnitude of the force and the direction, and has presented
these to an appropriate level of accuracy.



Q7

This question proved to be a challenge for many learners, with only a small
proportion achieving full marks. Learners had an understanding of the
approach to finding the forces due to the sea water and fresh water but in
many cases this is where the answers stopped. Common errors included only
considering a unit width of the wall, rather than the full width of 10m. Some
learners were able to calculate the moment due to one or other of the bodies
of water, however only a small proportion of all learners achieved full marks
for finding the overturning moment and the direction of the overturning
moment; the latter mark being only awardable if a value for the overturning
moment had been given.

This response gained 6 marks.

7 Calculate the resultant turning moment of the wall about the base.
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The learner has correctly calculated the forces due to both sea water and fresh
water which attracts one method mark each. They have then found the
overturning moment for each, gaining two further method marks.

The learner has then continued to find the resultant turning moment for the
wall and has indicated the direction. Although the learner has stated ‘to the
right’ rather than clockwise, the mark has been awarded.



Q8

As section B progresses, the complexity of the questions increases for the
mechanical principles aspect of the specification. This question proved to be
challenging for many learners, although a large proportion were able to
achieve marks for the impact velocity of the hammer either using conservation

energy or laws of linear motion.

Where a large number of learners failed to achieve marks was as a result of
not considering conservation of momentum and the combined mass of the
hammer and the pile. Learners should be aware of the how to use both

conservation of energy and conservation of momentum to solve problems.

This response gained 4 marks.
8 Calculate the average resistance force exerted by the ground in bringing the pile and
hammer to rest. ELone £ rma
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In this response the learner has firstly calculated the impact velocity of the
hammer. They have then used this value and applied the law of conservation
of momentum to determine the initial velocity of the combined pile and
hammer. This achieves 2 method marks and one accuracy mark.

They have then found the deceleration of the pile due to the ground to gain a
further method mark.



The learner has unfortunately omitted the force due to gravity on the
combined pile and hammer from the final stage of the working, thereby not
achieving the final method mark and accuracy mark

Q9

Many learners were able to attempt this question and show some
understanding of the processes involved, however it was clear from responses
that awareness of methods of solving problems that involve a uniformly
distributed load were somewhat limited. A significant proportion of learners
interpreted the diagram as if the UDL spanned the entire width of the beam,
whilst others considered that the UDL acted at the midpoint of the beam as
opposed to the midpoint of the loading.

Most learners were able to carry forward their value of L to determine the
reaction force accurately, with follow through being applied if an incorrect
value of L had been presented.

This response gained 4 marks.

9 Calculate:

the maximum load (L) that can be supported at point C
the reaction force at point A when L is applied.
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The learner has correctly interpreted the diagram to find the equivalent point load
for the UDL and the location where it acts.

They have taken moments around point A to determine the load at L. They have
then taken moments at point B to determine the reaction at A; an alternative
approach would have been to resolve forces vertically which would have gained
the same credit.

Q10

Question 10 is the first of the electrical and electronic principals questions on
the paper and required learners to interpret information to calculate the
charge stored in a capacitor. A large proportion of learners achieved at least
two marks for this question; where marks were lost this was as a result of not
converting the thickness of the dielectric into metres from millimetres. The
majority of learners selected the correct formulae from the information
booklet to firstly find the capacitance of the capacitor and then the charge.

This response gained 3 marks.

10 Calculate the charge stored.
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This learner has indicated the formulae that they will use before populating
them with values; this is good practice and allows the examiners to confirm
that the correct calculation is being performed. The learner has performed the
conversion from millimetres to meters when calculating the capacitance and
has used the value arrived at (1.33F) to calculate the charge and has presented
this to an appropriate level of precision.



Q11

Those learners that did not achieve the one mark available tended to either
select the wrong formula to solve the problem or entered values incorrectly.
Learners did however tend to populate the formula correctly when selected
and showed the values entered in their working.

This response gained 1 mark.

Two parallel plates are connected across a battery. The distance between the conductors
is 3.5 mm, and each is fed from the same 20V DC power supply.

11 Calculate the uniform electric field strength generated by the plates.
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Answer
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The learner has correctly populated the appropriate formula and has
presented their answer to 1 decimal place which is suitable in this situation.



Q12

Learners generally performed well on this question, with marks being awarded
across the entire mark range. Responses gaining lower marks often presented
only a basic sine wave, although there were numerous responses that included
the full range of features listed in the mark scheme. Some learners included
alternative waveforms that attracted no marks. Where learners did not achieve
marks, this was often as a result of failing to indicate the amplitude, time
period or peak values. A large proportion of learners did not provide labels on
the axes.

This response gained 4 marks.

12 Draw a labelled waveform showing the characteristics of one full cycle of the voltage.
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The waveform presented here has achieved full marks. The learner has shown the correct
amplitude (+/- 3V) and has labelled the axes appropriately. The waveform is approximately a
sine wave and the correct time period is shown as 2n



Q13

Although a large proportion of learners attempted the question, success was
limited. This was potentially due to unfamiliarity with the formulae to be used
and the values that needed to be entered. A large proportion made an error in
the population of the formula because they halved the distance between the
two particles and entered r as 0.6m rather than 1.2m. Other values tended to
be used correctly; however the aforementioned incorrect value of r resulted in
an answer that was inaccurate.

This response gained 2 marks.

13 Calculate the charge on the second particle. 172 % 477 ¥ 4.85% 10 '1:( l .'E:L
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Answer

This learner has chosen and re-arranged the correct formula in order to arrive
at the charge on the second particle. The appropriate values of each variable
have been used and the solution arrived at is accurate.



Q14

Although a significant proportion of learners achieved full marks for this
question, it was disappointing to note that a large number of learners did not
seem to be aware of how to determine total resistance for parallel resistors.

Many learners were able to find the resistance in the top branch and the lower
branch of the circuit, in some cases marking these on the diagram. Whilst this
shows understanding, learners are advised that it is important to show
working and answers in the answer spaces provided. Common errors tended
to include adding all of the resistances together to find a total resistance.
Where learners performed the correct operations to find the total resistance
they also calculated power with accuracy.

This response achieved 5 marks.

14 Calculate the power dissipated in the circuit,
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The learner has correctly calculated the resistance in the top and lower branch
of the circuit for 2 method marks. A third method mark has been given for the
total resistance in the parallel branches along with an accuracy mark for the
total resistance in the circuit. The final accuracy mark has been given for the
correct value for the power dissipated in the circuit.



Q15(a)

Only a small proportion of responses achieved full marks. Many learners
provided descriptions or explanations of what a diode does or how it works as
opposed to explaining a forward mode application of diodes. It is important
that learners read questions in full in order to maximise their opportunity of
achieving marks.

This response gained 2 marks.

15 (a) Explain one forward mode application of diodes.
(2)

...... Lo o l\t«ﬁ_s, et Rohbow ik o te enved AC PO
wre, DO OO0 Sormerdh. echi Diade. ns_nsach
ba.. meave. . dhe . regekive.. pack.. . e ol lnghh.. &

..... "”[‘j Lt hpamlme }m]I% J—Lrw{j\n

This learner has provided a linked response where they have stated one forward mode
application of a diode for one mark. They have then expanded on their response by stating how
the diode is used in a rectifier circuit for a second mark. It is important for explain questions that
a lead point is provided which is then expanded upon for a second mark. The expansion could
be a justification or further explanation.



Q15(b)

Overall, responses did not achieve high marks. Learners tending to
demonstrate a lack of understanding of Zener diodes. Those learners who did
show some knowledge and understanding often achieved both of the marks
available. Typically learners would refer to breakdown voltages or the
smoothing effect of the diodes.

This response gained 2 marks.

(b) Explain one reason why Zener diodes are used for voltage regulation.
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The first two lines of the response attract no marks as they are repetition of
the question; learners should avoid doing this as no credit is given for
repeating the stem. The remainder of the response however is given two
marks, one mark for reference to the breakdown voltage and the second for
recognising at this voltage current is able to flow in both directions. Whilst this
is not a textbook response, it is clear that the learner understands the
operation of Zener diodes.



Q16

A large proportion of learners achieved two marks for the question as a result
of calculating the induced EMF in one of the positions, either at the initial angle
or the final angle. Some learners calculated both values of the induced EMF
but did not find the change therefore full marks could not be awarded. Most
learners were able to identify and populate the correct formula from the
information booklet.

This response gained 5 marks.

16 Calculate the change in the induced electromotive force if the angle of the conductor
is altered to 90°,
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The learner has presented their working in full and has broken the calculation
down into three stages. One method mark and one accuracy mark have been
given for calculating the final value of the induced EMF. A further method and
accuracy mark have then been given for calculating the initial value of the
induced EMF. The learner has then completed the final stage of the calculation
to be awarded the final accuracy mark for the change in induced EMF.



Q17

As with the mechanical principles questions, the later electrical and electronic
principles questions tend to be more demanding. As such, this question

proved to be challenging for many learners as a number of stages were
required in order to arrive at a solution. Although learners were able to identify
the information provided in the stem of the question, they often selected an
incorrect formula from those available and were unable to reach a solution.

This response achieved 4 marks.

17 Calculate the inductance of the coil.
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The learner has correctly interpreted the given information to firstly calculate
the value of the impedance of the coil (top right hand side of the working) for
one method mark. A further method mark has been awarded for determining
the value of X, which has then been used to calculate the inductance in the coil.
The learner has been given a further method mark for this process and an
accuracy mark for the calculated inductance of the coil.



Q18(a)

For the synoptic question in Section C, learners need to be able to synthesise
the information they are presented with in order to answer a number of part
questions. Learners tended to be able to find the angular velocity of the rotor
assembly, however only a limited proportion of these were able to complete
the conversion from angular velocity to revolutions per minute (rpm).

This response gained 4 marks.

18 (a) Calculate the speed with which the rotor assembly turns (in rpm).
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The learner has shown the stages of the calculation clearly and logically and
has annotated the steps to indicate that they have done at each stage. The
calculations have been performed with accuracy, with the final answer being
presented to an appropriate degree of precision.



Q18(b)

The second part of the synoptic question involved a number of steps that
needed to be performed in order to achieve the six marks available. Method
and accuracy marks were given for both the input and output power for the
generator, with the remaining marks being awarded for calculating the
efficiency. Some learners carried forward values of power from part (a) which
allowed follow through marks to be given for the calculation of the efficiency of
the system.

This response gained 6 marks.

(b) Calculate the overall system efficiency.
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Answer

This response is concise and shows each step of the calculation clearly. The
learner has shown how they arrived at the input power and the output power;
this is good practice as method marks are given for the process and should the
learner have made an arithmetic error than credit could have been given. The
value for the overall system efficiency is correct, with both a fraction or
percentage value being acceptable.



Q18(c)

Learners tended to perform with reasonable success for this part of the
question. In the majority of cases learners were able to identify one effect on
the efficiency of adapting the generator to operate at a higher rpm; most
commonly this was a simple statement such as ‘the efficiency will increase’.
Learners did not, in general, expand upon this although where they did the
response tended to state that it caused the power output to increase. Only a
small proportion of learners provided two effects.

This response gained 4 marks.

(¢) Explain two effects on the efficiency of the system if the generator is adapted to
operate at 2500 rpm.

i thn yem s mm be bl o ducreat€ trcomaund
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The learner has identified that the output power increases (1 mark) linking
this to improved efficiency (1 mark). The second part of the answer is
considered to be ‘another appropriate explanation’ as the learner has
considered that if the output power is kept constant then the input power
could be reduced and has linked this to the possibility of using less fuel.
Learners gain credit for answers that are valid, even if they are not included in
the mark scheme.



summary

Based on their performance on this paper, learners should:

Attempt all questions on the paper as method marks are often
awarded for partial solutions.

Show working in full as again this allows access to method marks. If
arithmetic errors are made then marks can still be given.

Provide linked responses for ‘explain’ questions. An initial lead point
should always be expanded upon with either an expansion or a
justification.

Make effective use of space when drawing charts or diagrams.
Ensure that axes on graphs or charts are labelled with both titles and
values.



Pearson Education Limited. Registered company number 872828
with its registered office at 80 Strand, London, WC2R ORL, United Kingdom



