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Introduction

This was the sixth year of examining this specification, paper 2 of Physics, higher tier.

Questions were set to test candidates’ knowledge, application and understanding from nine
topics in the specification:

e Topic 1 - Key concepts of physics.

e Topic 8 - Energy - Forces doing work.

e Topic 9 - Forces and their effects.

e Topic 10 - Electricity and circuits.

e Topic 11 - Static electricity.

e Topic 12 - Magnetism and the motor effect.
e Topic 13 - Electromagnetic induction.

e Topic 14 - Particle model.

e Topic 15 - Forces and matter.

It was intended that the examination paper would allow every candidate to show what they
knew, understood and were able to do. Within the question paper, a variety of question types
were included, such as objective questions, short answer questions worth one or two marks
each and longer questions worth three or four marks each. Several questions assessed
candidates’ knowledge of practical procedures, notably Q2(a) on electrical circuits, Q3(d)
concerning the determination of the density of an object, Q7(a) an experimental set-up to
measure compression of a spring, and Q9(b) an investigation to measure work done when
lifting a weight by a pulley system. The standard of answers on practical questions was
variable with some candidates showing good procedural knowledge, whilst for others there
was a clear lack of familiarity shown, especially with the more challenging questions asking
candidates to apply practical skills in an unfamiliar situation. Candidates continued to do well
with most calculation questions, although some did not cope well with the units involved.

Successful candidates were:

e Well-acquainted with the content of the specification.

e Skilled as a result of having been engaged with practical work during their course.
e Competent in quantitative work, especially in using equations.

e Well-focused in their comprehension of the question-at-hand.

o Willing to apply physics principles to the novel situations presented to them.

Less successful candidates:

e Had gaps in their conceptual knowledge of the topics of this paper.

e Had gaps in their procedural knowledge relating to their practical work.

e Were uncertain about Sl units and when to convert them to sub or multiple units.
¢ Did not focus sufficiently on what the question was asking.

e Found difficulty in applying their knowledge to new situations.
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This report will provide exemplification of candidates’ work, together with tips and/or
comments, for a selection of questions. The exemplification will come from responses which
highlight successes and pitfalls, with the aim of aiding future teaching of these topics.
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Question 1 (a)(ii)

Candidates usually wrote about electrons being transferred from the base to the cloth.
Previous questions on this topic have often considered the object being rubbed rather than
the cloth. This may account for the fact that many neglected to mention friction in this
question.

(i) Explain why the cloth has become negatively charged.
(2)

%%Qhow,ﬂmﬁ\%tmnam’fhﬁ»lf)]ﬂ&hc,bmse_
............ bronsbered . tothe . .clotha. .se..the cloth ...

comnaala\ecwonbmﬁ!cmgr}m@qhm{j

N i{ ResultsPlus
/'--. Examiner Comments

A simple, fully correct answer that scored both marks. Examiners saw
very many answers like this.
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Question 1 (b)

Most candidates reasoned that electrons had moved from the cloth to the star but fewer
stated that the charge was then conducted through the metal. Instead, many thought that
the metal star had an overall positive charge that attracted electrons from the cloth or that
friction was responsible for the charge transfer.

(b) The person then holds the metal star and rubs it with the charged cloth.

The cloth loses its charge.

Explain why the cloth loses its charge.
(2)

The..Qoba loseS b8 ClAOCae 08 IS aweoh
e RICCHCONR. tuﬁ,nqck’(fm\g%mﬂ&tﬁtm
a0l Sto TW S daae o4 dcHononOL

—MRKOLS. . B (0NN, . QOSEVELAL. CAMOEOL LOAS.

.-H-:

N { ResultsPlus
/--.. Examiner Comments

There is a mark for writing that the electrons are transferred (from the
cloth) to the metal star. However this is not due to friction and the
metal star was not positively charged.

1 mark out of 2

’ V \ ResultsPlus
\

| Examiner Tip
Remember that charge movement due to friction between two

materials can occur if both are insulators. Conductors like the metal
star, will not be charged by friction.
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o .
Examiner Comments

This is a better answer. The charges are conducted away from the
cloth by the metal star. It scored 2 marks.

-
Pt

(M4 ResultsPlus
\ Examiner Tip

The key words here are metal is a good conductor.
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Question 1 (c)

Negative charge was usually correctly shown on the left hand side. Fewer candidates realised
that induction would result in a charge separation on the particle which also results in
positive charge to the right of the negative charge.

(c) The charged plastic base attracts some dust from the air.

Figure 2 shows a magnified view of part of the surface of the plastic base and a
dust particle.

'm:;fru.‘w ok vacy

dust particle

part of the
plastic base

Figure 2

Some of the charges on the plastic base are shown but the charges induced on
the dust particle are not shown.

Draw the charges induced on the dust particle in Figure 2.

ResultsPlus

Examiner Comments

A partly correct diagram. An induced negative charge is drawn on the
side of the dust particle nearest to the positively charged base.

However this implies that the dust particle now has an overall negative
charge which is not correct.
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{c) The charged plastic base attracts some dust from the air.

Figure 2 shows a magnified view of part of the surface of the plastic base and a
dust particle.

dust particle

part of the
plastic base

Figure 2

Some of the charges on the plastic base are shown but the charges induced on
the dust particle are not shown.

Draw the charges induced on the dust particle in Figure 2.

ResultsPlus

Examiner Comments

A fully correct diagram. The positive charges on the base have

attracted negative charges to the left hand side of the dust particle
leaving behind positive charges. This results in a separation of charge
but the total number of positive and negative charges on the dust
particle still balance.
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Question 2 (a)

Most candidates drew a complete circuit and the ammeter was usually correctly connected in
series with the other components. The voltmeter was less often connected correctly. The
most common errors were to either connect it across the variable resistor or across the
battery; neither of which would allow the pd across the wire to be determined. Examiners
frequently saw very neatly drawn circuits.

2 (a) Figure 3 shows some of the apparatus that students use to determine the
resistance of a piece of iron wire.

connector iron wire connector

L

variable resistor battery
Figure 3

Add connecting wires, a voltmeter and an ammeter to complete the circuit
in Figure 3 so that the students can determine the resistance of the piece of
iron wire,

.-""P-:

N { ResultsPlus
/--.. Examiner Comments

Although the ammeter is in series and so can measure the current in
the circuit, the voltmeter is across the variable resistor and not the iron
wire.
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-

T\ ResultsPlus

\ Examiner Tip

A voltmeter can only measure the potential difference between the
points where it is connected. Make sure you place it across the
component you are trying to measure.

connector iron wire connector

/

variable resistor battery

-

ﬂR&suﬁsﬂus
Examiner Comments

This was also commonly seen.

-

(T ResultsPlus

\ Examiner Tip

A voltmeter is never connected in series. It has such a high resistance
that there can be no current in the circuit.
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connector iron wire connector

o
&

—i}- -\+I J
variable resistor battery

N\

ﬂ ResultsPlus
Examiner Comments

Although the candidate seemed to know that the voltmeter needed to
make a measurement for the iron wire, it has been placed in the
middle of the wire.
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There was a range of possible lines of best fit and examiners would accept any straight line
that, if extended, gave a resistance between 2.8 ohms and 3.2 ohms at 100cm and crossed
the horizontal axis between 0 and 6cm.

A neat line of best fit was drawn by most candidates and the resistance of 100 cm of wire
correctly found from the graph. Partial credit was also given for correctly reading the value at
100cm from a line that was not in the acceptable range.

(ii) Figure 4 shows a graph of the results,

4,00
3.50
3.00
2.50 =
resistance 00 -
1.50
1.00
0.50
0.00 .
0 20 40 60 80 100 120
length in cm
Figure 4
Draw a straight line of best fit on Figure 4.
(1}
(iii) Use Figure 4 to estimate the resistance of a 100cm length of the iron wire. i
1

reslstance=3oo ................ Q
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ResultsPlus

Examiner Comments
A nice straight line that goes through or close to as many points as
possible and a correct reading of the graph to predict the resistance of
100cm of wire.

(ii) Figure 4 shows a graph of the results.

- 4.00
3.50
3.00
2.50
resistance '
in 200 I
5 150 X
1.00
0.50 -
s
o.m 1 1
-0 20 40 60 80 100 120
length in cm
Figure 4
Draw a straight line of best fit on Figure 4.
(1)
(i) Use Figure 4 to estimate the resistance of a 100cm length of the iron wire,
n

resistance = 355 Q0
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N / ResultsPlus
/--.‘: Examiner Comments

This line misses too many points to score in part (ii). There are many
more points below the line than above. However the candidate has
correctly used the line to predict the resistance of 100cm of wire and
so scored 1 mark in part (iii).
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Question 2 (b)(iv)

Candidates should recall from practical investigations of measuring resistance that a large
current in the resistor being investigated causes that resistor to heat up and that this would
cause its resistance to change. Therefore, the inclusion of an additional variable resistor in
the circuit would enable the current to be reduced by increasing the overall resistance of the
circuit. In this question the resistance being investigated is that of the iron wire.

Although most candidates had the idea of reducing current, very many seemed to confuse
the variable resistor with a thermistor and described its function in terms of an automatic
current limiting device controlling temperature rather than it being altered by the investigator
during measurements. Examiners also saw very many, incorrect, references to “slowing down
the current”.

(iv) The variable resistor shown in Figure 3 is used to prevent the iron wire from
becoming too hot.

Explain how the variable resistor is used to prevent the iron wire from
becoming too hot.

(2)

eﬂtvcs) 'S lost a9 Hev el gy

™
\-\.

N / ResultsPlus

< Examiner Comments

A correct answer that describes using the variable resistor to reduce
the current by increasing the resistance in the circuit and so scored
both marks. The last sentence is almost correct; a better statement
would say "fewer electrons per second collide with..."
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A

ﬂ ResultsPlus
Examiner Comments

This answer has the correct idea of reducing the current but incorrectly
states that this is done by decreasing the resistance. It also implies that
the variable resistor is changing its resistance on its own rather than
being adjusted by the person carrying out the investigation.
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Question 2 (¢)

The calculation of resistance was correctly carried out by almost all candidates.
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Question 3 (b)

Although most candidates were able to use the equation given to calculate density, there

were often attempts to convert the units of volume (m3) and mass (kg) from the Sl units given
in the question to other units such as g or cm. Even though this was unnecessary, full credit
was given where the unit given for volume was consistent with the value calculated for
density. Nevertheless, candidates are advised to use Sl units in all calculations unless
instructed specifically to convert to units with multiple or sub-multiple unit prefixes such a G
or m.

(b) An object has a mass of 7.22 x 10kg and a volume of 2.69 x 10~ m’.
Calculate the density, p, of the object.

Use the equation

_m
A5

2 49 e ‘1'5'90‘-3
7.2LX(0 ‘(‘J 4% - ”

State the unit.

3
density = ... 26’/ ................. unit ........ %/ o

™

\( % / ResultsPlus

<~ Examiner Comments
A fully correct answer; however the candidate has converted from the
Sl units of kg and m into g and cm. This was not wrong but it does run
the risk of making a mistake in the conversion and losing a mark
unnecessarily.
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e = e kg = 122:*.10"33_

A
'2_.6‘1}:[*3'3 wms = 2.64 x (0 ‘ cuw?

State the unit.

~-$
A2k T L 2 g un14,87

2.6k (07"

density = .. Z60H0M, 8F unit M}/ﬁmg

N_

ﬂ ResultsPlus
Examiner Comments

The candidate has tried to convert from Sl units of kg and m into g and
cm but has used incorrect powers of ten.

< ResultsPlus

| Examiner Tip
The Sl units of mass are kilograms, the Sl units of length are metres.
You do not need to convert to other units unless the question asks you
to do so.
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Use the equation’

State the unit. p . (e-l, AL x \O

1k

density = 2-«6%.'\ unit K.gm

AN

<16‘£ ResultsPlus
Examiner Comments

Se below.

R \ ResultsPlus

Examiner Tip
A correct calculation with the correct SI unit of density.
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Question 3 (c)(ii)

Kinetic theory was understood at a simple level by most candidates with many answers
describing particles moving around in a liquid. The language used was often imprecise
however and phrases such as “with lots of energy” were commonly seen. There was almost
no reference to the particles having a range of speeds. Very many answers referred to bulk
properties of liquids such as “they take the shape of the container”. This does not describe
the motion of the particles in the liquid. Additionally, many answers described the process of
melting rather than the motion of particles above the melting point.

(i) Describe the motion of particles in liquid aluminium (above 660 °C).

.......... MM c)m)tu_ Lﬁ«n.m.wge Q} mw%a '

(2)

I\

\/ { ResultsPlus
/--._ Examiner Comments

Here is an acceptable description of motion; "the particles... flow over
each other" but "take the shape of the container" does not describe
the motion of the particles.

(i) Describe the motion of particles in liquid aluminium (above 660 °C).
(2)

I\

y { ResultsPlus
/'--. Examiner Comments

There is one mark for describing the motion as "... (particles) move
freely". Although it is true that the particles are not in a fixed position,
this does not add anything else about the motion of the particles.
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Question 3 (d)

This is a core practical. Full marks could be scored by making any two suggestions from
"measure the volume of water in the measuring cylinder before adding the metal"”, "make
sure all the metal is immersed" and "subtract the volume before from the volume after".

Very many candidates scored full marks.

Some candidates tried to describe a different method such as using a displacement (Eureka)
can. This would not score any marks.

Some candidates suggested making measurements that were not part of the question.

(d) A student determines the volume of a piece of metal by measuring the volume of
water that it displaces.

The student wrote the following in his notebook.

I put some water into a measuring cylinder.

I put the piece of metal into the water in the measuring cylinder.

I took the reading of The new water level in the measuring cylinder.
This was the volume of the piece of metal.

The student’s description is incomplete.

Suggest two sentences that the student could have included to provide a more

complete description of the correct procedure.
(2)

..... 4 IMELONCE. ’rLLm\m’HE 0% AR Lﬂ-‘aﬂ& BLat ‘h’lﬁ meﬁguwhj

M uaﬂ{.h ...... ma;gmﬁ cylinder e
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N
\/ 1{ ResultsPlus

Examiner Comments

The candidate has underlined the key words "measuring the volume"
in the question. This is a good idea.

Unfortunately the answer then suggested measuring the mass of the
metal. This would not help with measuring the volume of the metal.

Only the first mark was scored.

4 ResultsPlus
\

Examiner Tip

Make sure your answer matches the question.
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Question 4 (a)(ii)

This question assessed understanding of the relationship between force, area and pressure
in the context of the pressurised cabin of an aeroplane.

The calculation of pressure caused very few difficulties.
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Question 4 (a)(iii)

Good answers stated that the pressure of the air would be the same on both large and small
windows but the force on the window with a smaller surface area would be less. Less
complete answers would correctly describe a smaller force but not complete the explanation
by referring to the pressure being constant. Examiners saw many good answers however
confusion between pressure and force was often seen with many candidates writing that the
“pressure is spread over a smaller area therefore the force would be greater”.

(iii) On the same aeroplane, a different window has a smaller surface area.

Explain how the force due to the air pressure inside the cabin on the small
window differs from the force on the larger window.

(2)
ot

\( / ResultsPlus

Examiner Comments

A correct answer that scored both marks.

" J
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(ili) On the same aeroplane, a different window has a smaller surface area.
Explain how the force due to the air pressure inside the cabin on the small

window differs from the force on the larger window.
(2)

A be  greary sna smane)

Here force and pressure have been confused with each other. Answers
like this were frequently seen and scored no marks.

Pl

T\ ResultsPlus
\_; Examiner Tip

Make sure you understand the difference between pressure and force.
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Question 4 (a)(iv)

Although most candidates showed a force in a direction that was at right angles to the
window, a mark was often lost by drawing the arrow some distance away from the point

rather than at the point as asked for in the question.

(iv) Figure 6 shows a cross-section through the aeroplane including one window.

inside of aeroplane outside of aeroplane

window

7

Figure 6

Draw an arrow on Figure 6 to show the direction of the resultant force due to

the air pressure inside the cabin on the window at point X.
(2)

-

N 1{ ResultsPlus
/'--. Examiner Comments

Although the force is correctly shown as an arrow pointing towards the
outside of the aeroplane, the arrow does not show the force at point x
but instead stops in front of it. It also points towards some other point
on the window. This scored only 1 of the possible 2 marks.

-

M4\ ResultsPlus
\ Examiner Tip

Be careful when drawing a diagram to show the force acting at a point.
The arrow must either start or end at the point where the force acts.

J
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(iv) Figure 6 shows a cross-section through the aeroplane including one window.

inside of aeroplane outside of aeroplane

window

Figure 6

Draw an arrow on Figure 6 to show the direction of the resultant force due to
the air pressure inside the cabin on the window at point X.
(2)

‘i&jR&suﬂsﬂm
Examiner Comments

Although the force is correctly shown as an arrow pointing towards the
outside of the aeroplane, the arrow does not show the force at point x
but instead at some other point on the window. This scored only 1 of
the possible 2 marks.

#
-
et

M4\ ResultsPlus
\ Examiner Tip

Be careful when drawing a diagram to show the force acting at a point.
The arrow must either start or end at the point where the force acts.
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Question 4 (b)(i)

This is now a common type of graph interpretation question. One mark for the trend (in this
case decreasing) and a second mark for stating that, since it is a curve, it is non-linear. The
third mark is for using data from the graph in support.

(b) Figure 7 shows the atmospheric pressure at different heights above the

Earth’s surface.
120 1] l | . H-]
UBREN Gu NS AN SNNE NS SEA NG REAAN SUONE A mEAS
100 A .
80 mE anmmaaam -
: AESEEEEEREE
atmospheric H + :
pressure in kPa saan wE NS EEEN SNEEE NN N hn &
4G bt et E |
20+
o e 1 L E
0 1 1 1
0 5000 10000 15000 20000 25000
height above the Earth's surface in m
Figure 7

(i) Describe how the atmospheric pressure changes with height above the
Earth's surface.

Use data from Figure 7 to support your answer.

"gm' ool b S8icte, o daces. 4;
1‘5}0% tr.20,000m ..

ResultsPlus

Examiner Comments

A clear answer that describes the trend and uses data to support this.

(. /
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N\

iﬁ ResultsPlus
Examiner Comments

This uses data to support the description that pressure decreases with
height to score 2 out of 3 marks.

/ *{" \ ResultsPlus

Examiner Tip

When a graph has a curved line rather than a straight line it is "non-
linear".
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(b) Figure 7 shows the atmospheric pressure at different heights above the
Earth's surface.

120 T

4 A

80

atmospheric so L T : _
pressure in kPa TR

F

20

8 A O A VN A A A A 5 A A
| 2
1 H 1 L

0 5000 10000 15000 20000 25000
height above the Earth’s surface in m

[ L
1
1

Figure 7

(i) Describe how the atmospheric pressure changes with height above the
Earth’s surface.

Use data from Figure 7 to support your answer.
(3)

NS |ty wtmasphwm pmsumiecre,am
e quph s po - Lipeay. .

ResultsPlus

Examiner Comments

The trend is correctly described for one mark and the statement that it
is non-linear scores a second mark. If the candidate had given values

from the graph to support this then it would have scored the third
mark.

pEA
T\ Resut-Plus

If a question asks you to use data then you need to give some values
to support your answer.
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Question 4 (b)(ii)

Credit was given for answers that either explained why the density of the atmosphere
decreased with height above the ground (e.g. lower temperature, thinner air) or why the
height of the air column above the plane was less (e.g. fewer particles above). A surprising
number suggested that a smaller force of gravity was responsible. Although there is a
decrease in the value of g as distance from the Earth’s surface increases, the effect of this on
air pressure is negligible compared with either the change in air density or height of the air
column above.

(i) Suggest one reason why the atmospheric pressure changes with height
above the Earth'’s surface.

0N B M WRAQIAE . O VM I NS s s B

\.

N / ResultsPlus
/--.‘: Examiner Comments

"Fewer particles" would not be enough to answer this question, but the
answer continues with "less above and so weight is lower" and scores
the mark.
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Question 5 (a)

Most candidates drew field lines with arrows in the correct direction. Poorly drawn fields
often had overlapping lines and therefore only scored 1 out of a possible 2 marks for this
qguestion.

5 (a) Figure 8 shg

On Figure 8, draw the shape and direction of the magnetic field between the
two magnets.

(2)

ﬂ ResultsPlus
Examiner Comments

Although the direction of the field lines is correctly away from the N
poles of each magnet, some of the lines are crossing each other and

also come from the same points in the middle of the poles of the
magnets. This scored only 1 out of a possible 2 marks.

< ResultsPlus

| Examiner Tip

Take care when drawing magnetic (or electrostatic) field lines. The lines
never touch each other and never overlap or cross.
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5 (a) Figure 8 shows two ts with their N poles facing each other.

N S
h_
- >
Figure 8
On Figure 8, draw the shape and direction of the magnetic field between the
two magnets. '
(2)
ResultsPlus

Examiner Comments

This was an acceptable drawing that scored both marks.
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Question 5 (b)

A good description of the forces on the upper magnet would state that the fields of the two
magnets interacted or simply that the upper magnet was in the magnetic field of the lower
magnet. This would result in an upward force due to repulsion by the lower magnet that was
balanced by the downward force due to gravity.

Many answers had the words "magnetic fields" but usually in terms of repelling. This can
score one mark for "repulsion" but not another mark for the interaction between fields.

(b) Figure 9 shows a toy that has a plastic cylinder, a plastic base and two similar
magnets. Each of the two magnets is in the shape of a ring.

plastic cylinder

upper magnet

lower magnet

plastic base

Figure 9

The upper magnet seems to float in the air above the lower magnet.
Describe the forces acting on the upper magnet.

Use the idea of magnetic fields in your answer.
(3)

T‘“&wﬂf‘maﬂ“’scxwm o arevilerivnal force,

\DQMMMWOV‘%“EST"‘5§°rce,u56m~*e4*bajru
asnekic Glelds of how, weeneks atecsecting e e like,

Poes fhoiny. Cocnotrel o WS, Coses. tle masnts 10 Push €tk
LOter cumey [ towting Yt (PN Boreq e
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%{ ResultsPlus
Examiner Comments

This is good clear description. Examiners were pleased to see many
answers like this and had no hesitation in awarding 3 marks out of 3.

TN VPR OGN, AS.... SepprANg,. 0. MONS ... A0AGNeE. TS, As... Joctause. . The.. fwo. otk ........

Fo2 . Seorsas. xes1),, Soeng Y VIRRC. hagpet. 10 TAOR . Th ubpes. pabgm. 18 ota WA 0. Seemend. .

O 102, AWK, DOOHNEE MIGRENE. Bk TINS ARt o SOrCR..10.. 8. XCTYEh OOV Nvan .

%jﬂesuhsﬂus
Examiner Comments

This answer had the correct idea of interaction between magnetic
fields for one mark and a force of repulsion for a second mark.
However it did not mention the force of gravity acting downwards nor
the idea of two forces being in equilibrium.
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Question 5 (c)(ii)

Almost all candidates were able to correctly select and use the equation linking force, length,
current and magnetic flux density.
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Question 6 (b)(i)
The principle of moments was generally well understood.

The biceps muscle provides a force to balance the weight of the forearm,
The weight of the forearm can be represented as a single force,

Figure 13 shows a diagram representing the forces and distances involved.

b > - not to scale
elbow joint \i 4cm chrce from muscle = 92N

.= * weight of forearm = 23N

’ v

Figure 13
(i) Use the principle of moments to show that the system shown in Figure 13 is
in equilibrium.
(2)

et 2 122 368 . a0nd...... 6.5 235368 .. 0NNNG......

““““ POT..... LOLELS.... D0NE o TV A DN NV OVIMAD T i

Mommqrmmmcqu‘ubhm ..................

a\

ﬂ ResultsPlus
Examiner Comments

A clearly laid out answer that scored full marks. The question simply
said "Use the principle of moments...". The answer did not need a
statement that "clockwise moments = anticlockwise moments" in this
case.

.l'f_‘\'

- V ResultsPlus
<D

| Examiner Tip
Show diagram and answer.
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(i) Use the principle of moments to show that the system shown in Figure 13 is
in equilibrium,
(2)

s Clockorg. momens = 36% Gnkchgulse, momemts .

N

?‘K ResultsPlus
Examiner Comments

Another clear and fully correct answer that also includes the statement
that clockwise moments = anticlockwise moments. Once again, it
scored full marks.
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Some candidates tried to answer in terms of ratios of forces and distances.

(i) Use the principle of moments to show that the system shown in Figure 13 is

in equilibrium.
(2)
X l.ﬁ e & rav\-"'-'l\bf 11..!9.?.1!"\ e oSO ""’M—&nf‘n‘-
B @ TS VO T3 USSR S b Fhmas mw-ksw*"

g Smnﬁmm&i’%\:wq\%ihsm?ﬂ,

ﬂ ResultsPlus
Examiner Comments

Although it is true that one force is 4 times the other and one length is
4 times the other, this answer does not mention moments and does
not calculate either moment.

\. J

< ResultsPlus

| Examiner Tip
Questions that ask you to use the principle of moments will expect you
to show a calculation of moments using force x distance.
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Question 6 (b)(ii)

Candidates were required to apply the principle of moments to a scenario involving forces in
a human arm. They were generally confident in doing so and most could demonstrate that
the system was in equilibrium when the hand was empty and then go on to calculate the new
bicep force when the hand was holding a ball. Two approaches were possible. One way was
to calculate the total clockwise moment and then calculate the bicep force needed to provide
an equal and opposite anticlockwise moment. A second way was to calculate the moment of
the ball and then calculate the additional bicep force need to balance that moment. Then the
total bicep force can be found by adding this additional force to the force already existing.

Calculate the force from the muscle that is needed to keep the system in
Figure 14 in equilibrium.

& %23 & Bow " \{:\:' = gq.g (3)
X = TN
36d + uFO = BUY
force=... 282 N

™
.\' o

Y / ResultsPlus
/--.E Examiner Comments

The total clockwise (downwards) moment has been calculated to be
848 (Nm). Then the (upwards) force required to produce an equal but
opposite (anticlockwise) moment has been calculated to be 212N. Full
marks.

ResultsPlus
<

Examiner Tip

Always try to show your working clearly as in this answer.
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Calculate the force from the muscle that is needed to keep the system in
Figure 14 in equilibrium.
(3)

b5 x1s = 4 & 1 -0
1 (4 t &b A 0.04

\26 e O\,L - /L\l
force =....... 2. ll ....................... N

AN
\( 2{ ResultsPlus
_‘/'--.. Examiner Comments

The candidate has converted from ¢cm to m. This is good practice but
not essential in moment calculations provided that the units are
consistent all the way through.

Here the additional clockwise moment due to the ball has been found
(4.8 Nm) and then the additional force from the muscle needed to
balance that moment was calculated (120 N).

This was then added to the muscle force when the hand was empty
(92 N) to arrive at a total force of 212 N.
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Question 6 (c)(i)

Archimedes' principle when applied to flotation was poorly understood. The majority of
candidates did not appreciate that for an object floating in water, the upthrust must be equal
to the weight of the object regardless of the density of water.
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Question 6 (c)(ii)

Although many candidates knew that seawater was more dense that fresh water, few could
g0 on to explain that, for the same weight of water, the volume of seawater displaced would
be less than the volume of fresh water. Many answers compared the density of water with
the density of the ball. This may be used to explain why the ball floats but not the difference
between floating in seawater and fresh water.

(i} Explain why there is less of the ball below the surface of the seawater than
below the surface of the fresh water.

......... \\q«mea,,@fcu)\ew\ 0 Sleshvaled, 0¢ Sa\\~ M
) 0\...?( m[\?[ﬂt\j ol (l\swm H\\\ W\\l& M{(L!M “\d\ e \
.__\\eeb\& Xb.. B\\bg &e\(‘lsl ..... SO N OS( Q( bg\@q

..WQ« WORC, 08 0 \ese devse .....\\’i

Satve we u\xj\\\ o\ mw\w am\w&\ wa\ef am\m &M\é .................

on oo

I\

y { ResultsPlus
/'--. Examiner Comments

An acceptable answer. There is a mark for comparing the density of
seawater and fresh water. There is a mark for the ball displacing the
same weight of seawater and fresh water.

The third mark is for recognising that the ball displaces a smaller
volume of seawater than fresh water. Although the candidate wrote
"less seawater" rather than "smaller volume of seawater", this was
acceptable in this case.
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(i) Explain why there is less of the ball below the surface of the seawater than
below the surface of the fresh water.

ig ResultsPlus
Examiner Comments

Two out of three marks here. One for seawater being denser. One for
less volume displaced.

(i} Explain why there is less of the ball below the surface of the seawater than
below the surface of the fresh water.

(3‘163’* wm; ’G\‘S MComs.... \m@ LS. Q‘»Q.‘D\ml.k pluca& .............

(3)

% ResultsPlus
Examiner Comments

Almost three marks here. If the candidate had written "enough
upthrust to equal the weight of the ball" rather than just "enough
upthrust" then it would have scored full marks.

It scored 2 marks.
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Question 7 (a)(i)

Although this question involved a spring being compressed rather than being extended,
most candidates selected and used the correct equation linking the change in length with
force and spring constant. A common error was to either ignore the fact that the extension
was given in mm or convert to m incorrectly.

The question asked for the answer to have an appropriate number of significant figures.
Since the values given were both to two significant figures the answer should also be to two

significant figures.
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7 (a) Figure 16 shows part of the inside of a pen.

The pen contains a spring that can be compressed.

Figure 16

The spring constant of the spring is 260 N/m.

(i) Calculate the force needed to compress the spring by the amount shown
in Figure 16.

Give your answer to an appropriate number of significant figures.

(e ecdoledom to P49} ~ iy Al » el

¢ L =\0 = 0.6hem=1 7 0.062
m
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[ ™, .
\/ / ResultsPlus
/---t Examiner Comments

An almost correct answer.

The correct equation has been selected and the given values
substituted to score the first mark.

The length of 6.2mm has been converted to 0.062m which is not
correct (it should be 0.0062 m) and so the calculated value is wrong.

However the value obtained on a calculator, 16.12, has been correctly
expressed to two significant figures: 16.

This scores a mark for knowing how to choose the appropriate number
of significant figures.

2 marks out of 3

0.5 [ x d
0§ x 260 x ('me_j - 0.806

Z \r )

force=........ O g’ .................... N

.'-\\ . |
\/ / ResultsPlus
/--.‘: Examiner Comments

The wrong equation has been used and so no marks for the
calculation.

However the answer has been expressed to two significant figures and
So scores one mark.

A\ ResultsPlus
\ Examiner Tip
If you can show that you understand significant figures then you can

often score a mark for this important maths skill.
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bv 2mn= 0, 00 62 ¥

o 0:0 = (iélzﬂ
F= kst 2604, x aém%M

S VA

N\

ig ResultsPlus
Examiner Comments

A fully correct answer for the full 3 marks.
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Although candidates would be familiar with the core practical investigating the extension of a
spring, they may well be less familiar with investigating compression of a spring. This
guestion assessed ability to apply understanding of practical techniques. Creditworthy
suggestions often described ways of reducing parallax error such as the use of a pointer
attached to the top of the spring with its tip very close to the ruler or using a flat object
between finger and spring which also extended to touch the ruler. Other suggestions
recognised that using a finger to apply the force would be likely to cause fluctuations that
would make reading the length difficult and that this could be addressed by using a weight
on top of the spring. There was, however, evidence that the difference between accuracy and
precision is poorly understood with incorrect suggestions such as “use a ruler with smaller
division to make it more accurate”. Candidates are advised that they should avoid describing
improvements in terms of accuracy and focus on practical techniques.
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(i) A student removes the spring from the pen and investigates the compression
of the spring.

Figure 17 shows the equipment and the procedure that the student uses.

ruler fixed in place above the electronic balance

finger

[_ ooy k ) | 0.39n J

electronic balance

Figure 17

1 2 3 4
1 2 3 4

The student presses down on the spring to change its length.
The electronic balance measures the force applied to the spring.

Describe how the student can determine the change in length of the spring.
You may add to Figure 17 to help your answer. e

(3)

Maesodent. pesedd doon  LoyAh. .00, . Hen
.......... meusor.e.Shelegnih. o dhe xoler . aprer ... hutd.been. ...

S0 AQYN X wcolee. . Xlnens Qtigling)
Qmaag{‘?w ot e

(i) The student finds it difficult to make an accurate measurement of the change
in length of the spring using the equipment as shown.

Describe one way that the student could improve the procedure.

(2)

....................... DR U CAvpfecend . xo\er  with
o CSmaller snuemends e

N |\ VT & .1 Chumnine s \ewmg¥h:
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N &{ ResultsPlus
/--.. Examiner Comments

The ruler shown was graduated in mm. It could not have smaller
increments that could be read by eye.

No marks here

do. wake. F easiz. foc. WMma to meagu®. e lonadlas.

N &{ ResultsPlus
/'--. Examiner Comments

There is a mark for moving the spring closer to the ruler but no second
mark for how that change is used.

It needed to say something like "reduce parallax error" or perhaps "so
the top of the spring is right next to the ruler".

'/ ResultsPlus
\\

) Examiner Tip
"Make it easier" may be why you move it, but this will not score a mark.
You need to say how it will improve, not why.
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(i) A student removes the spring from the pen and investigates the compression
of the spring.

Figure 17 shows the equipment and the procedure that the student uses.

spring

ruler fixed in place above the electronic balance

e

1 2 3 4

The student presses down on the spring to change its length.
The electronic balance measures the force applied to the spring.

finger

i 2 3 4

0.39n

electronic balance
Figure 17

You may add to Figure 17 to help your answer.

Describe how the student can determine the change in length of the spring.

(3)

........... RefQrs compreifing. the spnng..meaiVls . eNgrh.on. she mads. ...

AR ADL . X EAINRL. the N snen. ST A.LRAANG.. IORQLAE. KA IOGER .

(iii) The student finds it difficult to make an accurate measurement of the change

in length of the spring using the equipment as shown.

Describe one way that the student could improve the procedure.

2)

............ Uie.a.NOok.and. hang.rhe. rpnnNg. wih Q fIXed DARL XY IR
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%{ ResultsPlus
Examiner Comments

This was a common answer. Candidates tried to change the
investigation from measuring compression as shown to one they were
more familiar with: measuring the extension of a spring.

No marks here

%jﬂesuhsﬂus
Examiner Comments

This was a sensible suggestion which described the improvement fully.

Full marks
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Describe how the student can determine the change in length of the spring.
You may add to Figure 17 to help your answer.

(3)
Mﬁwueﬂ\"ﬂmumma@orc&aﬂmwrn%mmPu it

B Y\ e S A s 4.7

(iii) The student finds it difficult to make an accurate measurement of the change
in length of the spring using the equipment as shown.

Describe one way that the student could improve the procedure.

(2)

. ResultsPlus

Examiner Comments

A sensible suggestion that describes the improvement (add a weight
on the spring) and how it is used (to keep a constant force).

Full marks
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Describe how the student can determine the change in length of the spring.
You may add to Figure 17 to help your answer.

(3)
ae  SEAASNE  Can. meASULNe the tengthn. of .

e spring wAth Ot apdying. any force, ...
then measure t wolsk.appying force . Now........
Lcan..then find. the difference. between. these. ...

(il The student finds it difficult to make an accurate measurement of the change
in length of the spring using the equipment as shown.

Describe one way that the student could improve the procedure.
(2)

Ane. skudenk. could. mAVE Ine SRANG. ...
AR 0. Ene  NUASL. ST MOVE N0 (UALL e
LADSeN (D Ene. sPprlng &0.CE.L. CaSIEer. £O
SeCorol an..accurake. ESULL .

N\

?‘K ResultsPlus
Examiner Comments

There is one mark for moving the ruler or spring. Answers often
mentioned improving accuracy. This does not score a second mark.

)

/"L’(' \ ResultsPlus

\_} Examiner Tip

You will not score marks for writing about better accuracy. Usually the
reason for an improvement to a procedure is to improve accuracy. You
need to say how.
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Question 8 (a)(i)
Candidates usually selected the equation to calculate kinetic energy and substituted the

values given. The most common error was to not convert the calculated value from J to kJ as
instructed.

(i) Calculate the kinetic energy, in kJ, of the car.

(2)
KE(T): /2 x mass (kg) X speed? (mis)’
: /2 v 1200 x (16.Q0)*
* 1536001 — (53.647
kinetic energy = .....1%93.6. ... ..k
N
\( ( ResultsPlus
/'--.. Examiner Comments
A nice clear and fully correct answer.
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(i) Calculate the kinetic energy, in kJ, of the car.
(2)

,/2_ x mMmass ¢ (epred)”

V2 x1200 % (16) " =18658600

kinetic energy =. \5260Q

\(f( ResultsPlus
Examiner Comments

The correct equation has been selected and the values given
substituted to score the first mark.

However, the candidate gave the answer in ] rather than converting to
k] as asked.

1 mark only

< ResultsPlus

| Examiner Tip

Check that you give the answer in the units stated.
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Question 8 (a)(ii)

Candidates usually selected the equation linking energy, power and time and then
substituted the values given. This was then usually rearranged to calculate a time in seconds.
The most common error was to not convert 126 MJ into ] and/or not convert the calculated
value in seconds into hours as asked.

(i) On a journey, the car transfers energy from the battery at an average rate
of 17.5kW.

The battery in the car transfers a total of 126 MJ of energy before it
becomes discharged.

Calculate the time taken for the battery to become discharged on this journey.
Give your answer in hours.
i -
forars ARy &wmﬁurul 7 Lima baleen i)

rASao

Iliooo oo @ ="1100 s “1200 = o = 110 (1060 - 1
————

1M Svo

timetaken = ..o, ’2. .......... hours

s N\
-'II \
e

) &{ ResultsPlus
/—-._ Examiner Comments

See below.

e 3\

’“V ResultsPlus
\

| Examiner Tip

A calculation that converted kJ, MJ and s correctly to score full 2 marks.
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Give your answer in hours,

7.8 kwz 7300 2
lomy- neapneoos 7200 +360-20

\26,000,00
=140
l7m time taken = QO hours

a\

ig ResultsPlus
Examiner Comments

Almost correct. M) and kW were correctly converted but the conversion
from seconds to hours was not right.

1 mark scored.
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Give your answer in hours.
(2)

- B Power (w) = eNeiQy transferma (T) < +ime1anen (s)
T

17.5 = 1264 < time

126 :*].lfhn')
17-5

Y]

timetaken=........1:2  hours

\(/KResuitsﬂus

Examiner Comments

Here the candidate has simply divided the two numbers without
converting them from MJ and kW and s.

It scored 1 mark for rearranging the equation.

(A ResultsPlus

\ Examiner Tip

Look carefully at the units given; especially multiples like k (kilo) and M
(Mega).
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Mistakes are often made when converted values have lots of zeros.

(i) On a journey, the car transfers energy from the battery at an average rate
of 17.5kW,

The battery in the car transfers a total of 126 MJ of energy before it
becomes discharged.

Calculate the time taken for the battery to become discharged on this journey.

Give your answer in hours.

(2)
abs 7 G W 7 13600W

V9IEMY 7 ‘.«150{3000

14,000 = 11
._'.-—:-;i"‘;u) time taken= ... {‘l 2 ............ S

N ‘{ ResultsPlus
/'--. Examiner Comments

Here the candidate correctly converted 17.5kW into 17500W.

The conversion for M) was not correct (it should have six zeros not five)
and then this was copied into the division with another zero missing.

There was a mark for using the correct equation but not a mark for the
evaluation (which also did not convert from s to h).

o
o

, V ResultsPlus

| Examiner Tip
Practice with your calculator using the EXP button to enter powers of
ten directly rather than using lots of zeros. You are less likely to make
mistakes.
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Question 8 (a)(iii)

This question considered energy transfers in the context of an electric car. When the car is
slowing down, the kinetic energy of the car must be decreasing and therefore how might this
be used to increase the energy stored in the battery? Marks could be scored by describing
energy transfer from kinetic energy to the chemical energy store of the battery as the car
slows down. Although knowledge of how a dynamo works is not needed to answer this
guestion, marks could also be scored by describing how the device, when acting as a
dynamo, would cause an electric current in the wires that would recharge the battery. It was
common to see answers that went into detail of dynamo construction such as split ring
commutators without mentioning an electric current or recharging the battery.
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(ili) Figure 20 shows an electrical device connected to the wheels of an
electric car.

wheel

electrical device

Figure 20

The electrical device is used as a motor when the car accelerates and as a
dynamo when the car decelerates.

Explain how using the device can help to increase the time that the car can be
driven before the battery becomes discharged.
(2)

cors. (5 C‘-jﬂu Lo Cﬁﬂu’ﬂ({'
kefnodte Wafj ............ bock . ‘nta. Pe . QMT”::QJ erdle 31@;{

g the oy rechocgtay th oo LiHe,. ohick.
(2 E}mahju% bt ST

f

ﬂ ResultsPlus
Examiner Comments

This answer accurately describes the transfer between two energy
stores. In the context of this question examiners would accept
"electrical energy store" of the battery as well as "chemical energy
store" since it was clear that there was an electrical energy pathway
involved.
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Explain how using the device can help to increase the time that the car can be
driven before the battery becomes discharged.
: (2)

.......... Vet olorn boa.. 0wl ogiars. tntgyy Pom
H’I&baﬁ' 6 bt VYhe whale sEI yvoak,.

50 Yha 6(@1%@ will _ollel

i( ResultsPlus
Examiner Comments

This answer has the idea of using energy that would otherwise be
wasted for 1 mark. It does not say what energy (stores) are involved
however.
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Question 8 (b)(i)

This question required an evaluation using the equation linking energy transfer, voltage,
current and time. Candidates could calculate the time required to transfer the given amount
of energy to arrive at an answer of 21 000 s and then compare this time to 6 hours; either by
converting the time of 21 000 s into 5.8 h or converting 6 h into 21 600 s. The most common
error was either to fail to convert ] into M) and/or seconds into hours. Partial credit was given
for comparing an incorrect time with the claimed time provided that the units of the
calculated time were stated in the answer. An alternative method, chosen by only a few
candidates, was to calculate the energy that could be transferred in 6 hours to arrive at an
answer of 120.6 MJ and compare that to the 126 MJ required to charge battery. This was
almost always done correctly with no errors in units.

Candidates could calculate the energy that could be transferred in 6 hours.
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(b) The battery can be recharged at a charging point.

The charging point provides an average current of 15.0A to the battery, at a
potential difference (voltage) of 400V,

It is claimed that 126 MJ of energy can be transferred to the battery in less
than 6 hours,

(i) Comment on this claim.

Use this equation to support your answer

£ 6 howe= 21600 5e
S

(3)

£z K
&= € %y

19X & 2 LECOX HLO

= 1P9G6Ain® T
= 129.emTJ

A clearly laid out answer that showed 129.6 MJ could be transferred in
6 hours and so it would take less time to transfer 126 MJ.

Full marks
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Candidates could calculate the time taken to transfer 126 MJ.

(i) Comment on this claim.

Use this equation to support your answer \2gM3=
- E 126, 000,0003
IxV (3)
6= 1L6 400 x'S z600e L

V2¢ , 00e 00 = 6000 7 71, 0C0s

N\ 80 ~%0e Z5.%h

e skedeonent. S Ay ucai'f'}ﬁhﬂ

S honts.....and  4s ke,

a\___
ResultsPlus
Examiner Comments
Another clear answer that scored full marks.

There was no need to state that 5 hours 48 minutes is less than 6
hours.
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It was possible to score 2 marks out of three if an incorrectly calculated time was used to
make a valid comment.

It is claimed that 126 MJ of energy can be transferred to the battery in less
than 6 hours.

(i) Comment on this claim. \L6mT = 1l 000]
Use this equation to support your answer
m.,k‘f&ﬂ-

_l'lﬂ)_O_O,T_.. .7 t=1>I<Ev il heE -
\C x W0
= U hours

. . it
L This Qom0 unored, Y \otly bades 2| hows for (26mT
0% by Y0 be trondoed to e the oaMo.

N i{ ResultsPlus
/'--.. Examiner Comments

Although the values given have been substituted into the equation for
one mark, there are two mistakes here.

The conversion from MJ to ] was incorrect and the answer was given as
hours.

Nevertheless the calculated value of 21 hours is indeed more than 6
hours and so the comment, based on the calculation, is valid.

2 marks out of 3.
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(i) Comment on this claim.

Use this equation to support your answer

176 00000 = @rerony t=ﬁ
S = Lux@Nk * (3)
{WO = VO \F0OR
| \26 00000 PR W
T = — (00 60 =35
VA K L 00
R O S XS~ v | & (O U\

N,
\/ { ResultsPlus
/‘--. Examiner Comments

There is a mark for substituting the given values into the equation,
although there is an error in the number of zeros for energy (it should
have six zeros, not five).

There also seems to be an attempt to convert the seconds into a
bigger unit of time by dividing by 60.

However the candidate did not say what the calculated time units
were. If it had been minutes then 35 minutes is less than 6 hours. If it
had been hours then 35 hours is more than 6 hours.

The examiner could not guess what the candidate had found and so
could not award the last mark for the comment.

(T ResultsPlus
\ Examiner Tip
Always give units to calculated answers (unless the unit have already

been printed for you).
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Question 9 (a)(i)

Although the scenario which involved lifting a barrel using a pulley system was probably
unfamiliar to many candidates, almost all found no difficulty in calculating the work done
from the values and equation given.

Question 9 (a)(ii)
Most candidates were clearly confident in using the equation for efficiency.
Question 9 (a)(iii)

Candidates we required to consider ways in which useful work done might be less than total
work done other than through friction. Acceptable answers included either doing work
against gravity by raising the pulley or rope itself or doing work in stretching the rope. A large
majority of candidates however suggested energy transfers such a “heat produced” or
“squeaky pulley wheels” which are, of course, a result of friction.

(ili) Some energy is wasted due to friction.

Suggest another reason why some energy is wasted in using this
pulley system.
(1)

™

« { ResultsPlus

/'--.'. Examiner Comments
It is true that in mechanical processes, energy is "wasted through
heat". But this is due to friction. The question asked for another
reason why energy is wasted.
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(i) Some energy is wasted due to friction.

Suggest another reason why some energy is wasted in using this
pulley system.

/w weyls

iﬁ ResultsPlus
Examiner Comments

This is a much better answer.
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Question 9 (b)

Candidates were asked to devise an investigation into a pulley system which was very similar
to that given in the previous part of the question. A suitable method would be to first use the
spring balance to determine the weight of the metal cubes. Then attaching the metal cube
and spring balance to opposite sides of the pulley system, determine the force applied by the
spring balance. The ruler would be used to measure the distances moved by each end of the
pulley system enabling the work done at each end of the system to be calculated. A level 1
response would describe a suitable arrangement of cubes and spring balance. A level 2
response would go on to describe some relevant measurements that could be used to find
work done. A level 3 response would go on to describe how the measurements could be
processed to determine the efficiency and how it varied with weight of cubes. Examiners saw
a good range of responses with many at level 3. There were a significant number of
candidates who seemed to describe an investigation into the stretching of a spring and
simply attached the cubes to spring balance without using the pulley system. Answers such
as this would sometimes have sufficient detail to reach the lower end of a level 2.
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*(b) A student has the equipment shown in Figure 22.

pulley system hanging
from a bench
A Bepp ——
spring balance cubes of metal metre rule

Figure 22

Devise an experiment to investigate how the efficiency of the pulley system varies
with the weight of metal being lifted.

Your answer should include how you will use your measurements.

He . tdduA fgcm& H s

Mote.  UWewaht . Ot
_,,Fzsuus Aie . Sure. v M 1M e (e vzt
ﬂi’@ﬁ.ﬂWﬂLﬂTﬁhSam oo my

a\__

ig ResultsPlus
Examiner Comments

This level 1 answer describes how the equipment is used. However,
there is no description of how data is obtained other than “record the
results of the spring balance” which does not say what is being
measured nor when the measurement is being made. If the candidate
had written "pull with a spring balance and take a reading from it" then
benefit of doubt could be given and the answer would have been at
the lower end of level 2.

2 marks
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Many answers described obtaining some data but the data could not be processed in the
way suggested in the rest of the answer.
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Examiner Comments

This level 2 answer describes how the equipment is used. It also shows
how some data is obtained; measure how high the block is pulled and
read the spring balance when it is pulled.

However this data cannot be processed in the way suggested (using
the formula % k x2 ) since the value of k is not known.

4 marks
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% ResultsPlus
Examiner Comments

This level 3 answer clearly describes how the equipment is used and
how to obtain data: use a metre rule to measure the distance the
metal cube rises and use the weight of each cube. This data could be
processed in the way described to determine the work done on the
cube. The spring balance readings would give the force required by the
person, but there is no mention of measuring the distance moved by
the spring balance and so the work done by the person cannot be
found. Nevertheless, the mark scheme allows for credit being given for
using the efficiency equation provided at least one value for work done
can be calculated, which is indeed the case in this answer.

6 marks
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Question 10 (a)(ii)

Very many candidates attempted to answer this question in terms of electrical quantities
such as current, voltage and resistance. However, it appeared that electrical resistance was
being seen in terms of resistance to motion and it was very common to read answers that
stated that the lamp would increase resistance in the circuit. This is incorrect since a lamp
has very much less resistance than a voltmeter. Examiners were looking for the idea that the
lamp required an energy transfer to produce light and this additional energy must be
provided by doing additional work in turning the dynamo. It was also possible to gain credit
from a discussion of how an induced current in the rotating coil in the dynamo produces a
magnetic field that interacts with the field of the magnet in the dynamo in a way that
opposes the movement of the coil. Examiners saw very few examples of this.

(i) The teacher connects the dynamo to a lamp.
It is now more difficult for the teacher to rotate the handle.

Explain why it is more difficult to turn the dynamo when it is connected to
alamp.

T}\ls Bl

(2)
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< Examiner Comments

A complete answer that scored the full 2 marks
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(i) The teacher connects the dynamo to a lamp.
Itis now for the teacher to rotate the handle.

Explain why it is more difficult to turn the dynamo when it is connected to
a lamp.
(2)
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Examiner Comments

This has the idea of energy be transferred in the lamp for 1 mark but
describes the handle needing "to being turned more" which is too
vague for another mark.
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(i) The teacher connects the dynamo to a lamp.

It is now more difficult for the teacher to rotate the handle.

Explain why it is more difficult to turn the dynamo when it is connected to
a lamp.

(2)

AN

ﬂR&suﬁsﬂus
Examiner Comments

This type of answer was seen very often. With just a voltmeter in the
circuit there would be almost no current in the circuit. The resistance
of a voltmeter is extremely high. Changing the voltmeter for a bulb
decreases the resistance.
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Question 10 (b)

Candidates were clearly familiar with the transformer equations and almost all answered this
question correctly.
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Question 10 (¢)

Candidates were required to compare the actions of a loudspeaker with a microphone. The
simplest level 1 response would describe a loudspeaker producing sound waves and a
microphone accepting sound waves. A level 2 response would describe the motion of
movable cone in terms of electrical signals received and produced. A level 3 response would
go on to discuss the interaction between the magnetic field around the coil and the magnetic
field of the magnet. Examiners saw very many level 3 answers, often with great detail about
the relationship between the frequency of the sound waves and the frequency of the
alternating current signal in the coil. Level 2 responses tended to describe the principles of
operation of the loudspeaker more fully than those of the microphone.
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*(c) Figure 26 shows a picture of an electrical device and a simplified drawing of the
important parts.

magnet

coil of wire

movable cone
connecting wires
Figure 26

The device can be used as a loudspeaker or it can be used as a microphone.

Compare how the device operates when used as a loudspeaker with how the

device operates when used as a microphone.

(6)
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Examiner Comments

This is a typical answer at Level 1. There are two basic facts but no
principles or details of how either device operates.

2 marks
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This answer gives some principles of operation of the microphone by

mentioning electromagnetic induction. It also mentions a principle of

the loudspeaker by describing vibrations of the cone producing sound
waves.

This is a typical Level 2 response.

To reach Level 3 it would need further details; perhaps explaining how
electromagnetic induction is a result of a coil moving in a magnetic
field.
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This Level 3 answer gives details of how the loudspeaker operates. It describes the
interaction of the field produced by the coil and the field of the magnet which results in
vibrations. The details of operation of the microphone is less complete but still has a
description of the principles of the induced current in the coil.

It was acceptable for the details of one device to be less complete than the other provided
they were both referenced.
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m?m- (Total for Question 10 = 12 marks)

_ ResultsPlus

Examiner Comments

See above.
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Paper Summary

Overall this exam gave ample opportunity for candidates to display their knowledge and
understanding at grades 4-9; particularly in the topic areas of electricity, electromagnetism
and forces. Less confidence was shown in the understanding of Archimedes' principle and
energy transfers other than “kinetic to potential and thermal”.

Based on their performance on this paper candidates should make the most of opportunities
afforded in school laboratories where they become acquainted with practical work from the
specification. This concerns both core practicals and the suggested practicals. It would
benefit candidates to always question ‘What is the purpose of this experiment?, making sure
that they are clear in their minds about it.

The use of wrong units caused candidates to miss out on some marks. Candidates do need
to know what the S.1. prefixes stand for. In this exam even the prefixes kilo and Mega were
not known by some candidates.

Candidates seem to need more practice on handling powers of ten in their calculations. They
should be able to use their calculators with numbers in standard form when needed. It often
helps to put answers in standard form rather than risk writing too many or too few 000s in
an answer.

Candidates also need to have the mathematical skill of being able to round off results of
calculations to an appropriate number of significant figures.

In constructing explanations, candidates need to take note of the marks allocated to a
particular question and respond with a corresponding number of points in their answer.

Candidates should take opportunities, where they can, to use diagrammatic illustrations to
aid and prompt their explanations.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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