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Introduction

This is the third time that the Pearson Edexcel AS paper 8PH0-01, Core Physics I, has been sat by
students. Section A of the paper is worth 60 marks and consists of 8 multiple choice questions
followed by 6 questions of increasing length comprising of short open, open-response, calculation
and extended writing style questions. Section A examines material from the topics Working as a
Physicist, Mechanics and Electric Circuits. Section B is worth 24 marks on this paper and examines
material from the whole AS specification. It contains two questions worth 10 and 13 marks
including a data analysis question based on an experiment to measure the speed of sound in air.
Although this is not a core practical, it is similar to core practical 6 so it should be a context familiar
to students from both their GCSE and their AS courses. The second question in section B was a
synoptic question based on a liquid-crystal display.

This paper enabled students of all abilities to apply their knowledge to a variety of styles of
examination questions. Many students showed a good progression from GCSE to AS level, with
prior knowledge extended and new concepts taught and understood well. With the exception of
question 9(b), most students answered the questions involving calculations ranging from 2 to 4
marks very well. Question 9(b) was only answered correctly by the most able learners, as many did
not grasp the concept that the resistance of the voltmeter would decrease the resistance of the
parallel branch of the circuit. Some questions were not answered as well as would have been
expected by many learners; this was particularly evident in the open response and the extended
writing questions. Learners that had a sound understanding of the physics involved did not always
demonstrate this in their responses due to a lack of precision when applying their knowledge to the
context, poor use of subject specific language and missing the point of the question due to being
unfamiliar with the command terms. However, learners from across all ability ranges always
managed to score some marks within these questions.

Timing was an issue for a small number of learners, usually due to spending a disproportionate

amount of time answering the multiple choice items. 16(c) was mostly affected by this issue with
many learners not spending sufficient time reading the stem and thinking about their response.
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Section A - Multiple choice questions 1-8

Only the top end learners were able to score at least 7 on the multiple-choice items. Whilst E grade
learners scored, on average, 4 marks for these items. For middle ability learners and below, the
performance with these items was not indicative of their overall performance in the exam. This is
usually due to a disproportionate amount of time spend on the multiple choice items, particularly
for less able learners, taking time away from the higher scoring questions later in the paper.

Question Subject Percentage of Most common
learners who
incorrect response
answered correctly

1 Sl base units 45 B

2 Trajectory of a 77 C
projectile

3 Resistance and 81 C/D

temperature in a
metallic conductor

4 Current-potential 56 A
difference graphs for
known components

5 Percentage uncertainty | 48 A/B

6 Kinetic energy and 58 B
work done

7 Core practical to 28 B
determine the e.m.f. of
a cell

8 Calculation to 46 A
determine

displacement

Question 1

As is common with multiple choice items at the beginning of the paper, some learners do not
answer as expected due to rushing though this first item on the paper. Surprisingly some very able
learners dropped a mark as well and all would be advised to always re-visit this question if time is
available. Some missed the instruction for Sl base units and selected A or C, both giving correct SI
units but not Sl base units. The most common error was to miss the power of " and selected
response B, As™ i.e. assuming it was giving A s, which is charge correctly quoted in Sl base units.

Question 2
The range cannot increase for a projectile launched at the same speed at a greater angle, if the

original angle is greater than 45°. Distractors A and C are for projectiles launched at a greater angle,
at greater speed. For the same launch speed, a greater angle can only reduce the range.

4  GCE Physics 8PHO 01



Question 3

This multiple-choice question was answered more successfully than most of the other multiple-
choice questions and only a small proportion failed to appreciate that, due to the increased
number of collisions between charge carriers and lattice ions, the average distance between
collisions will decrease and therefore the drift velocity will also decrease and not increase. A small
number of learners confused this model with that of a thermistor, selecting response D, an
increased number of conduction electrons per unit volume.

Question 4

The graph given was perhaps presented in a less familiar way to learners in that it was of potential
difference against current rather than the other way around. Hence many thought it to be the
graph for a diode due to the sudden increase in the gradient, selecting distractor A, diode.

Question 5

The uncertainty for each measurement using the metre rule is 1 mm so with a measurement of 93
cm the percentage uncertainty will be (0.1/93) x 100 = 0.1 %. The majority of errors were due to not
multiplying by 100 or confusion with unit conversions.

Question 6

Another multiple response answered well, the majority of errors occurred when learners saw the
term ‘work done’ and assumed that they have been given the force and the distance over which the
force was applied and just multiplied together the two quantities given. This was a very
straightforward question, only requiring use of the formula for kinetic energy and would have only
been answered incorrectly due to the speed at which the learner read through the question.

Question 7

Question 7 was based on core practical 3 to measure the internal resistance of a cell. The vast
majority of learners realised that the parallel circuits given in distractors C and D were incorrect,
but many were confused about the addition of a second resistor in the circuit and where to
subsequently place the voltmeter. The remaining learners did not remember that the potential
difference being measured must represent the output voltage of the cell and therefore the
voltmeter must be connected across any components within the circuit and not just one.

Question 8
This question was intended to test the learners’ understanding of displacement. The most common
incorrect response was A, the distance travelled around 3 of the internal circumference of the

track. The displacement of the athlete is the shortest distance from the start position to the end
position which could be calculated using Pythagoras (vV(30% + 30%) = 42 m).
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Question 9 (a)

Specification point 36 requires learners to be able to derive the equations for combining
resistances in both series and parallel. While it was very clear that many centres had covered this in
detail, some learners still omitted steps or tried to work backwards with most recalling the end
point of this derivation, the equation for the total resistance. The start point for all should have
been the conservation of energy and a statement that the EMF of the cell was equal to the sum of
all the individual potential differences in the circuit. Applying Ohm'’s law for each term should have
led to a cancellation of the currents and a final expression for the total resistance in the circuit.

The question stated that the internal resistance of the cell is negligible, but some learners chose to
start their derivation using V = E - Ir, which did not lead anywhere so many accompanied their
response with a statement of the total resistance, as the end point was clearly known.

This response scored just 1 mark.

9 (a) Three resistors, of resistance R, R, and R,, are connected in series across a cell. The
cell has electromotive force (e.m.f.) € with negligible internal resistance. The current
through the cell is /.

| &
|

R - R - R

1 2 3

Derive the formula for the total resistance R, of the circuit in terms of R, R, and R,.
(3)

—TRrT
&= TRE)
R =R (ohegligelle)
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N / ResultsPlus
"V/‘\‘ Examiner Comments

The learner clearly knew the equation for the total
resistance for resistors in series but did not know where to
start the derivation for this equation as no attempt was
made to derive it.

/

\

< ResuitsPlus
) Examiner Tip

To derive the total resistance for resistors in series, you
need to start with a statement using the conservation of
energy Vo = V1 + V5 + Vzand then use Ohm's law for each
term.

e

To deive the total resistance of resitors in parallel, you
need to start with a statement using the conservation of
charge, lioa = |1 + 15 + I3and then use Ohm's law for each
term.
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This response scored 2 marks, MP1 and MP3.

9 (a) Three resistors, of resistance R, R, and R,, are connected in series across a cell. The
cell has electromotive force (e.m.f.) € with negligible internal resistance. The current

through the cell is 7.

Derive the formula for the total resistance R, of the circuit in terms of R , R, and R..

I_E.'

R, R, R

3

e N SN et Mg M

T
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Examiner Comments

The learner started off correctly, using the conservation of
energy to obtain a statement of the total potential
difference across the components is equal to the EMF of
the cell. They then divided the individual voltages by the
currents rather than replace each potential difference
using Ohm's law, therefore this method did not lead them
to the correct statement.

The learner, did however state the correct equation at the
end which allowed MP3 to be awarded. There was no
justification for this but the marking points were
indepenedent.
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Question 9 (b)

Very few learners managed to answer this question successfully. Those who correctly calculated a
resistance of 240 W usually used the potential divider formula to obtain the total resistance of the
parallel branch. They then successfully used the formula for the total resistance in a parallel circuit
to obtain the resistance of the voltmeter.

Some learners did manage to score 1 mark for using Ohm'’s law with the p.d. across the voltmeter
and what they thought to be the current in the voltmeter. Less able learners ignored the 1.85V and
assumed that the voltage was split 2V and 4V across the resistors, ignoring any reduction in the
resistance due to the resistance in parallel of the voltmeter. Many could not correctly determine the
current through the voltmeter, assuming that the current through the 40 W resistor was 0.05 A
(6/120).

This response scored all 3 marks.

(b) The circuit diagram shows two resistors in series across a battery of e.m.f. 6.0 V and
negligible internal resistance. A voltmeter with low resistance is connected across the

40£ resistor.
7

800 40Q _T_
R
W

The reading on the voltmeter is 1.8 V.

Calculate the resistance of the voltmeter.

LYo Resistance of voltmeter = ’2« U'QQ

(Total for Question 9 = 6 marks)
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< /ResultsPlus
’\'/\ Examiner Comments

The learner used a ratio of the resistance R across the
parallel section compared to the total resistance, 80 + R,
with the p.d. across the parallel section compared to the
total p.d. (i.e. the potential divider equation) to determine
the total resistance of the parallel circuit, leaving their
answer as a fraction. This is fine for interim calcualtions
but not for the final answer.

They then used the equation for the total resistance of
resistors in parallel to determine the resitance of the
voltmeter.




This was a more typical response scoring just 1 mark for MP2, using the alternative marking route
(the 'Or") on the mark scheme.

(b) The circuit diagram shows two resistors in series across a battery of e.m.f. 6.0V and
negligible internal resistance. A voltmeter with low resistance is connected across the
40 Q) resistor.

e

80Q2 —9

@[5

The reading on the voltmeter is 1.8 V.

Calculate the resistance of the voltmeter.

(3)

508 - R =36

Resistance of voltmeter = . S {;.EL

ResultsPlus

Examiner Comments

The learner has assumed that the total resistance of the
parallel section of the circuit is 80 Q and has ignored the
fact that the voltmeter has its own resistance. They then
used Ohm's law to calculate an incorrect value for the
current in the circuit. They then assumed that this is also
the current in the voltmeter and used Ohm's law again,
this time with the correct p.d. across the voltmeter to
determine what they think is the resistance of the
voltmeter.
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Question 10 (a)

This short open response gave the learners no direction as how they should approach their
explanation. Only learners that took a mathematical approach, identifying the angle to refer to and
forming an equation in terms of the tension and the weight of the picture were successful. Some
learners did try to answer in terms of stress and extension in the wire and were rarely successful in
picking up any marks. Only the most able learners managed to resolve the vertical forces and state
mg = Tcos 8 as they took into account the factor of two for the tension in each half of the wire and
gave the correct equation mg = 2Tcos 6 . More learners answered in terms of sine, using the angle
to the horizontal, while a small number did not define 8 by drawing this onto the diagram or
describing it within their answer. Some good responses used sensible values substituted into the
equation to demonstrate that the first arrangement produced a lower tension.

This response did not score any marks.

10 A thin wire of negligible mass is used to hang a picture on a wall. The wire is hung over
a nail and can be attached to the picture using arrangement 1 or arrangement 2, as shown.

arrangement | v arrangement 2

(a) Deduce which wire arrangement should be used to keep the tension in the wire as

small as possible.
bertical, (4)

_verhal, . .
__.____..____.____.__._.Fo_r_.____.mrr_aag_f_mﬁn.i___.L.___:}he_.____.Tmﬂa.n.____.m......mf?_.._._nh‘mm_on.____.Ls.__._m.___m]un?_rﬂf?___._

...............b:%q!r.....mﬁhn_..ﬂ{.....Trhe.....frfn.S.abn.,......So ______ Tﬁu..___Tftn:{;'::?alr_an_..J:.u.'......mlqﬁfe}.d__imqﬂk

fuprbaluaeﬁemmﬂqmaunfo;[ Jvrclm):urdrr?chan

e ﬂmﬁ(ue ]ncvmf)drmna,émngemmr }ms ﬁ_s"mq)'fer/zﬂrﬁano%

. vertical Tension, —tension. would. 4ﬂu€1’p éa'?gw“ 70.. ,ufwluaﬁ.c

Mmeammni.:](wmcd.'!?nswn T,
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< / ResultsPlus

] o \ .
’;{y < Examiner Comments

Although the learner has resolved correctly for the tension,
the vertical component of tension has not been equated to
the weight, or more correctly, to half of the weight.
Therefore they had no basis for their subsequent
discussion and no marks could be scored.

y

&6\ ResultsPlus
\ Examiner Tip

You need to consider all of the forces acting on a system
before any conclusion can be made about the size of an
individual force.
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This response scored all 4 marks.

10 A thin wire of negligible mass is used to hang a picture on a wall. The wire is hung over
a nail and can be attached to the picture using arrangement 1 or arrangement 2, as shown.

nail

arrangement 1 arrangement 2

(a) Deduce which wire arrangement should be used to keep the tension in the wire as
small as possible.

(4)

....... Qs......g........lﬂdreuaas S cloa.sshe

..... G e o }éﬁLLSmenLa‘rLl
(7ul- ........... Q ......... 1S...Qraules... In_.&T Mmk ] A0S N o
...... ‘U&qu e hlﬂw & mnxhduwere, D

_____ gt | Soald boowd

ResultsPlus

Examiner Comments

Starting with a correct equation for the resultant force,
tension = (weight/2)/sinB, enabled the learner to correctly
describe the effect of increasing the angle 6 i.e. make a
comparison between arrangement 1 and arrangement 2.
Leading to the correct conclusion that arrangement 1 is
more suitable as it produces a lower tension.
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This response scored 2 marks.

10 A thin wire of negligible mass is used to hang a picture on a wall. The wire is hung over
a nail and can be attached to the picture using arrangement 1 or arrangement 2, as shown.

Q=
&5
- O
= &2

Sw@

arrangement 1 arrangement 2

(a) Deduce which wire arrangement should be used to keep the tension in the wire as
small as possible.

(4)

prbwa 6:) _________ Sio. ﬁ—? @7 éem,j Zre %&,Lzz@

=

2.
’%wéti o The Zowf/‘of:-

ResultsPlus

Examiner Comments

Unfortunately this learner forgot that there are effecivley
two tensions that should be equal to the weight and the
factor of 2 was not included in the equation for the
resultant force and MP2 could not be awarded. The
learner did go on to make a sensible statement about a
greater angle resulting in a lower tension and arrangement
1 being more suitable. There was no justification as to why
a smaller angle would result in a lower tension i.e. greater
0 so sin@ is greater, so no MP3 here.

GCE Physics 8PHO 01
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Question 10 (b)

Learners were required to use the idea of moments to explain why the system was not in
equilibrium in arrangement 1 and why the system settled in the position in arrangement 2. Many
responses only defined a system in equilibrium with balanced moments without applying any of
their response to the two arrangements and a smaller number assumed that arrangement 2 was
not in equilibrium, and effectively gave a description for the two arrangements the wrong way
round.

Learners that attempted to explain the perpendicular distance between the line of action of the
weight and the pivot mostly forgot to refer to a force and just referred to there being a
perpendicular distance without adding further explanation. Marking points 1 and 3 were the most
generously worded and therefore the most frequently awarded and, although MP2 was not seen as
often, the physics involved was clearly known by most learners. A lack of detail therefore prevented
many from scoring MP2 in that they referred to a moment but did not state which force was
causing the moment or refer to both the clockwise and anti-clockwise moments.

This response scored no marks.

(b) It was observed that if the wire was not hung with its midpoint over the nail, as in
Diagram 1, the picture moved and then remained in the position shown in Diagram 2.

Diagram 1 Diagram 2

Use the idea of moments to explain why.
{3)

TIE_RUNCAPC. OR - caNSCIvana). CR ACIMENT & SITs. el
QO UWIIEE. ONENLS = oNnACAASC. Nomencs (W e
SSHUBEMAS N @quiiuioy i . n. d@grm; y CNQ N
DAas ANE. OWNOT ANE_ ONOMENT. QR . HENSION._ON. TNE. NSRS

e
SORTINE L RWVOT L be. .Laxgﬁ[....;ss Ane *.dts:.ancﬁ....%xm_mﬁ.....
PIVOC L0 €. [RCCE mm ot f'::r —m
P
OOACNNER Nt Wit ‘o \a e sg%tem

ol NO onaer be \n eQLU_Ub‘(U_lm (Total f for Questmn 10 = 7 marks)
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< /ResultsPlus
’\'/\ Examiner Comments

Stating the principle of moments was not applying any
physics to the context and did not help the learner answer
the question.

Unfortunatley this learner assumed, as did many, that
arrangement 2 was the image not in equilibrium.
Therefore no credit could be given. Had the points made
been describing MP1 then MP1 and MP2 could have been
awarded.

 ResultsPlus
\ Examiner Tip

Read the question, these are unfamiliar contexts, however
simple they seem, so that a key piece of information is not
missed. Every piece of information, particularly in the case
of 1Q0(b), is given for a reason so you should take note of
all of the information given.
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A good response scoring all 3 marks.

(b) It was observed that if the wire was not hung with its midpoint over the nail, as in
Diagram 1, the picture moved and then remained in the position shown in Diagram 2.

Diagram 1 Diagram 2

Use the idea of moments to explain why.

-{ﬁ"ﬂ- LD h"— PM:L P 7 o0 3o o v st A)[ ler
N ey, hRlbed | U enler o/ 5"00.-5 P Lack pnge Mo piel (qu)
o Mo & e lrermweri~ A e W7 1o e Fr'f-]‘f"" Vowaea skt

ResultsPlus

Examiner Comments

MP1 was scored for lines 1-2 for indicating that the weight
now has a perpendicular distance from the pivot.

MP2 was awarded for the idea that the weight now has a
moment in line 8.

MP3 was awarded for a description of the picture in
equilibrium in line 9.
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Question 11 (a)

Learners in the majority of cases answered this very well with the majority scoring all four marks.
Learners only got into difficulty, often without realising, if they tried to determine the initial
direction based on the horizontal and vertical distances travelled during the first half of the motion
of the ball, which also produced an initial direction of 21°.

MP1 was the most commonly awarded for seeing the initial horizontal velocity of 25 m's ~', while
some less able learners then went along the distance route from here, sometimes mixing a velocity
and a distance in their final calculation with tan to obtain a direction.

This response scored all 4 marks.

11 A fairground game requires the player to catapult a ball towards a target to score points.

The ball is required to reach a target a horizontal distance of 50m away, at the same
vertical height, as shown.

- =~ _ Not to scale

50m >

I

(a) The time taken for the ball to reach the target is 2.0s.

Calculate the angle to the horizontal at which the ball is launched.

4

\

S Y- 1o £ P WP PRl N
Ve X eerukt Ok
o E AR WY

Angle to the horizontal = A L
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Examiner Comments

The initial horizontal velocity of 25 m s~ has been
calculated. The initial vertical velocity was then determined
using s = ut + 1/2at? giving the correct value of 9.81 m s™2

Finally the learner used tan (launch angle) = 9.81/25 giving
a launch angle of 21°.

This response scored 2 marks.

11 A fairground game requires the player to catapult a ball towards a target to score points.

The ball is required to reach a target a horizontal distance of 50m away, at the same
vertical height, as shown.

_—

Not to scale

M

50m

(a) The time taken for the ball to reach the target is 2.0s.
Calculate the angle to the horizontal at which.the ball is launched.

q

$=uﬁ-’wrrr20ﬂf-rrj

(4)

o S A

U=25ms”

Sosusaew)

) Rk
25

e'Taﬂ(zS

V< 38.12°
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L3
/\ Examiner Comments

The learner calculated correctly the initial horizontal
velocity of 25 m s™' and then used v = u + at to determine
the initial vertical velocity. Using a final velocity of 0 meant
that they were only considering the motion up to the
maximum height. The time taken to reach this height is 1
second and not 2 seconds as the student has used here.
Therefore the initial vertical velocity was incorrect and MP2
could not be awarded.

The learner did go on to use these two velocities correctly
to determine the launch angle. MP3 could be awarded but
not MP4 as the final answer was incorrect.

\ Examiner Tip
This question requires use of s,u,v,a,t equations.

Always list any values you have for any s,u,v,a,t quantities
and make sure that they correspond and are for the same
parts of the motion of the projectile e.g. entire motion or
just motion to the maximum height.
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Question 11 (b)

This was another calculation question answered well by most learners. Some chose to ignore the
instruction to draw a labelled vector diagram and used trigonometry, usually successfully, to
determine the resultant force and direction. Such a method negated MP1 and MP2 as although the
correct answers were obtained, part of this question was examining the students’ ability to
construct correct vector diagrams. The vast majority though did draw out a vector diagram, to
scale, usually labelling the 2 N and 9 N forces as required by MP1. Many able learners however,
could not score MP2 due to omitting directions that are a requirement of a vector diagram and this
was most commonly for the resultant force. Just to note as well, a small number of learners
produced an answer slightly out of range, even with a correctly scaled vector diagram because the
initial angle between the 2 N and 9 N forces was not measured out accurately enough in the initial
constriction of the vector diagram.
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2 marks awarded.
(b) During another launch, the catapult exerts a force on the ball of 9.0N at 40° to the
horizontal at the time of release.

Draw a labelled vector diagram to determine the resultant force acting on the ball at
the time of release.

“)
weight of ball = 2.0N
REiae -
[ T i [: ;

T B33t 2

E =3 R % fiss i oo
b A
u ¥

Magnitude of resultant force = 7‘37w

0
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’\'/\ Examiner Comments

No vector diagram has been constructed so no MP1 and
MP2 awarded.

The learner resolved the 9 N force into x (horizontal) and y
(vertical) components, subtracted the x components to
give the resultant horizontal force and then used
Pythagoras to determine the resultant force and
trigonometry to determine the direction of the initial force.

MP3 and MP4 only awarded.

 ResultsPlus
\ Examiner Tip

If a scaled vector diagram is requested, you must use this
as your method to determine the quantity being asked for
in the question. This is a seperate skill and you are being
examined on this as well as your ability to reach the final,
correct answer.




3 marks awarded for this response.

(b) During another launch, the catapult exerts a force on the ball of 9.0N at 40° to the
horizontal at the time of release.

Draw a labelled vector diagram to determine the resultant force acting on the ball at

the time of release.
(4)
weight of ball = 2.0N
1T p y ]
= i '-:
! 1 n
|
t H
| :
, 2
Magnitude of resultant force = 7"lN
S [}
Angle of resultant force to the horizontal = <7 24'5
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] o \ .
’;{y < Examiner Comments

A vector diagram has been drawn to scale and the
magnitude and direction have been measured accurately
from the diagram giving answers in range.

MP2 was the only marking point that could not be
awarded as the direction for the resultant force was not
drawn onto the vector diagram.

. "'\
\

@ ResuitsPlus
) Examiner Tip

Vector diagrams must be to scale and show the direction
of every vector included, including the resultant.




This was a good response scoring all 4 marks.

(b) During another launch, the catapult exerts a force on the ball of 9.0N at 40° to
horizontal at the time of release. F=wo-

Draw a labelled vector diagram to determine the[resultant force)acting on the ball at ~ ~
the time of release. M"’O-Lﬁ

4

weight of ball = 2.0N

BE

Magnitude of resultant force = @M.
Angle of resultant force to the horizontal = &
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A correct scaled vector diagram, including all directions,
has been drawn. Measurements have been taken giving
values for the magnitude and direction of the resultant

force at launch in range.




Question 12 (a)

Question 12(a) required learners to use the principle of conservation of momentum to determine
the velocity of the gliders after the collision. The physics being examined is no more challenging
than would be found on a GCSE level, however the omission of the mass confused many.

While a large proportion of responses included the momenta of the gliders before the collision,
with 0.7m and 0.3 m seen, these values were either added or learners did not know what to do with
them and just left their answeras 0.4 ms - 1.

Only a small number of learners correctly identified the momentum after the collision as 2mv and
could successfully obtain a final velocity of 0.2 m s - 1. Some learners that only answered in terms
of velocity i.e. 0.3 - 0.7, omitting the mass and not progressing any further, were not able to score
an interim working markdue to this incorrect method. The quoted direction of the gliders after the
collsions was usualy correct with learners appreciating the significance of the negative sign in their
calclated velocity.
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A good response scoring all 3 marks.

12 A teacher uses a linear air track to provide a frictionless surface for two gliders, each of
mass m. She uses this, with a pair of light gates connected to a computer, to investigate a
collision between the gliders.

The gliders are each given a small push and travel towards the centre of the track.
The gliders collide and move off together.

| - lightgates
air pump  glider | ﬁ ﬁslidw

(a) The computer displays the velocity of the gliders as they pass through the light gates.

Calculate the velocity of the gliders after the collision, using the principle of
conservation of linear momentum.

(3)
initial velocity of glider 1 = 0.30ms™' to the right
initial velocity of glider 2 = 0.70ms' to the left

0 Bm e Opq‘w\. ‘O G ém L
......... Wm,. v [m+m) Ly
mrl ..... m

Magmtl.lde of velocity = azm\i
Direction of velocity = /%{‘

ResultsPlus

Examiner Comments

Right has been taken as the postivie direction and the
student has a correct expression for the total initial
momentum of - 0.4 mv. This has been equated (due to the
conservation of momentum) to the total final momentum
of 2mv leading to a velocity of 0.2 ms ' i.e. 2m s to the
left.
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A more typical response, scoring 1 mark.

12 A teacher uses a linear air track to provide a frictionless surface for two gliders, each of
mass m. She uses this, with a pair of light gates connected to a computer, to investigate a
collision between the gliders.

The gliders are each given a small push and travel towards the centre of the track.
The gliders collide and move off together.

. ‘__,-‘-""" light gates ‘-\"""\_‘_ .
air pump  ojider | ﬁ F[ glider 2

8 & & 8 & 8 & & & 8 8 A & & & & & & & & 8 & 58

(a) The computer displays the velocity of the gliders as they pass through the light gates.

Calculate the velocity of the gliders after the collision, using the principle of
conservation of linear momentum,

(3)
initial velocity of glider 1 = 0.30ms™ to the right
initial velocity of glider 2 = 0.70ms™ to the left

Py )”‘i" Bry =0l o
.............................................. 0w

Magnitude of velocity = 0. ‘-fms ............

Direction of velocity = ,'@F-}-
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This time motion to the left has been taken as positive. The
student has correctly stated that the final momentum is
0.4m but has not equated this to the expression for the
final momentum in terms of the final velocity i.e 0.4m =
2mv. The value quoted on the answer line is not the
velocity, the mass being dropped from the expression for
the final momentum.

Only MP1 for use of p = mv could be credited.




Question 12 (b)

Question 12(b) asked learners to complete the incomplete explanation, justifying the change of
velocity of glider 1 after the collision. Many answers included statements of Newton's 15t and 3 law
without applying them to the context of the gliders. Other responses were incomplete and
described equal and opposite forces on glider 1 and glider 2, often identifying that this was an
application of Newton's third law, but failing to identify the origin of the forces i.e. which object was
applying these forces. At this point, a fair number of learners went on to discuss glider 2 and not
glider 1, as the question had requested. Those that identified that there was now a resultant force
on glider 2, often linked this to Newton’s 2" law and not the 1°' law. Marks were therefore not
scored as expected with many scoring just 1 mark and only the most able scoring 3 marks or more.

This response scored just 1 mark.

(b) The teacher asked a student to justify the change in velocity of glider 1 using
Newton's laws of motion.

The student began his explanation with the statement:

"During the collision there is a force on glider 2"

Complete the explanation to justify the change in velocity of glider 1, making
reference to Newton’s laws of motion where appropriate.

4)
Hhen _glides 2 coalesces witn gudsd L pwre i<

A resultant Force. on 70&42{ one . NWM& B 2nd
"W stobes M W F-' "o Amwn7 .«ﬁhe/é s W{Mm@_

e s an rswbont Forte , flider L s badCed g,

MWMCJ L a WW ;}0&24 Jl/l M W a/.fﬂéééf@'id

Meaning Mﬁws{_ be a  resullent foru acbirg on ¢,
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"\'/\; Examiner Comments

MP3 was awarded for the idea that there is now a
resultant force acting on glider 1. This is stated in line 2
and the last line.

The statement has not been completed and the student
has only addressed the change in velocity of glider 1, as
mentioned in the stem.

\ ResultsPlus
) Examiner Tip

To get from a force on one object to a force on a second
object during a collision Newton's 3™ law must be
considered. Therefore, as a starting point a response
should always be broken down into which object is
applying the force and the object which the force is applied
to.




This response scored 3 marks.

(b) The teacher asked a student to justify the change in velocity of glider 1 using
Newton’s laws of motion.

The student began his explanation with the statement:

“During the collision there is a force on glider 2"

Complete the explanation to justify the change in velocity of glider 1, making
reference to Newton’s laws of motion where appropriate.
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"\'/\; Examiner Comments

This learner has clearly completed the statement,
describing each object applying a force and which object
each forces is applied to, leading to a discussion of just
glider 1 and its resulting motion.

MP4 was the only mark not awarded as the learner
referred to Newton's 2" law for the change in velocity (and
hence direction) of glider 2 and not Newton's 1% law.

 ResultsPlus
\ Examiner Tip

Newton's 3™ law is between two objects so both need to
be mentioned.

Newton's 15" law is just looking at the resultant force acting
on one object and the motion as a result of this resultant
force.




Question 13 (a)

This question required students to apply their knowledge and understanding of resistance and
resistivity to resistivity surveying. Both questions 13(a) and 13(b) demonstrated a sound
understanding of these concepts, with the majority of students scoring full marks over the question
as a whole.

The vast majority of students linked an increase in length to an increase in resistance to gain MP2,

A large number of students could then succesfully link an increase in resistance to an increased p.d.

and hence increased reading on the voltmeter. A small number of students attempted to gain MP2
through describing the system as a potential divider.

The most common error was due to an apparent misunderstanding between the p.d. that the
voltmeter reads and the energy lost by electrons. These students generally recognised that there
would be a larger voltage drop, however, stated that this would cause the voltmeter reading to
drop too.
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A good response scoring both marks.

13 Archaeologists use resistivity surveying of soil to search for the remains of buildings and
settlements under the ground.

A basic arrangement that can be used to determine the resistivity of a region of soil is shown.

Av By Cy Dy
Probes are placed at positions A and D so that the length AD of soil forms part of the circuit.
The ammeter measures the current through the soil.

A second pair of probes connected to a voltmeter is placed at positions B and C.
This measures the potential difference between positions B and C in the soil.

(a) Explain how the reading on the voltmeter will change if the length BC increases.

2

INCreasSIing. COUSeS...an...Latrease. . tn.. Resistoanee.,.
R=V/1 S0 when  rgSistance. tacre0ses anol
JLo(Sconstonk. 08 tS.Khe Sann Sorl  Maen
VOLEAge. WLl QUSGNLrease. . Resistanct (S

a,crecmj proporional to uoua%z.
\

%Z ResultsPlus
Examiner Comments

A clear statement that the resistance is increasing so the
voltage will also increase has been included.
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One mark scored for a description, effectively three times, of MP1.

13 Archaeologists use resistivity surveying of soil to search for the remains of buildings and
settlements under the ground.

A basic arrangement that can be used to determine the resistivity of a region of soil is shown.

(») |

-
i
i
—

Avw By Cvw Dy

Probes are placed at positions A and D so that the length AD of soil forms part of the circuit.
The ammeter measures the current through the soil.

A second pair of probes connected to a voltmeter is placed at positions B and C.
This measures the potential difference between positions B and C in the soil.

(a) Explain how the reading on the voltmeter will change if the length BC increases.

2)

ResultsPlus

Examiner Comments

The student has not explained why the voltmeter reading
would increase. Just stating that the p.d. has increased is
not adding any more to the explanation as it does not
justify the increase in p.d. across the length BC.
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Question 13 (b)

As was seen with question 11(a), students generally performed the calculations very well. The
majority of students scored all 4 marks for calculating the resistance of the soil for each given p.d.,
determining the resistivity and selecting from the table a possible material in the soil sample. A
small number did reverse working to show the given voltages linked in a range using the upper and
lower limits for the resistivity of each material. This reverse method was also valid, however, some
students did not use a range and picked a midpoint in the resistivity range or a max/min resistivity.
Therefore, without a range of p.d.s to choose from, they could not state with absolute certainty
which materials were used and only MP1 and MP2 for use of the two formulae could be credited.

A good response scoring all 4 marks.

(b) The table gives the resistivity of some different materials.

Material Resistivity / £2m
Undisturbed clay 4-20
Compacted clay 100200

Limestone 500-1000

Sandstone 1500-10000

The probes connected to the voltmeter are kept at a constant separation of 0.75m and
are moved along the soil between positions A and D,

The current is constant at 9.5mA. The voltmeter reading varies between 1.8V and 8.0 V.

It can be assumed that the sample of soil under investigation has a cross-sectional area

of 0.65m>.

Deduce two possible materials that could be present in the soil between positions

A and D.

(4)
AN
)
2 = \2a-48%F N
LS OO AR STONS.
X
B B O TS QOO OR Or 2N
BN A YOGS | . g
_____________ & .

a.sxg . = Ta2coN

e ——————
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The student has used V = IR with the given current and
voltmeter reading and R = pl/A with the calculated

resistance to determine resistivities of 164.207 Q m and
731.95Q m.

These values were then compared to the ranges of
resitivities in the table and compacted clay and limestone
were correctly selected as the materials in the soil.
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This response scored 2 marks, MP1 and MP4.

(b) The table gives the resistivity of some different materials.

Material Resistivity / Q@m
Undisturbed clay 4-20
Compacted clay 100-200

Limestone 500-1000°

Sandstone 1500-10000

The probes connected to the voltmeter are kept at a constant separation of 0.75m and
are moved along the soil between positions A and D.

The current is constant at 9.5mA. The voltmeter reading varies between 1.8 V and 8.0'V.

It can be assumed that the sample of soil under investigation has a cross-sectional area
of 0.65m?.

Deduce two possible materials that could be present in the soil between positions
A and D.

4)
................................... Q= PYls  F.smA =R

.............. L REN T
e B 2 CUSX (O3 = g T
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Ohm's law has been used correctly to obtain a value for
the resitance of the soil given the two voltmeter readings.
An incorrect substitution was then made into the resistivity
equation, with the length and area the wrong way round.
Therefore the calculated values of resitivity are incorrect.
The student however, still made a selection from the table
based on their two incorrect resistivities and as as their
conclusion was consistent with these values they were
able to score MP4.

A | Plus
\ Examiner Tip

Always write out an equation before you substitute into it
and double check you have transferred it correctly from
the list of equations at the back of the question paper.

The mark awarded is given is for a substitution into an
equation, even if the quantity you are finding is not the
subject of the equation. Therefore, if you make a mistake
re-arranging the equation, you can still get credit for the
substitution.
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Question 14 (a)

The vast majority of candidates attempted to determine the area under the curve to obtain a value
for the total distance travelled. Incorrect methods seen involved calculating the area under the
graph up to the current land speed record of 341 m s~ " while others carried out a simpled =v x t
calculation with the maximum velocity or 341. Although such methods were incorrect, students
were still able to attain MP3 for a comparison of their distance to 23 km. Those who approximated
the area under the graph to two triangles obtained a value greater than 23 km, but MP1 and MP3
could still be awarded for the method and the comparison.

Not all students that carved up the area under the graph into multiple regions obtained an answer
in range, often due to an error in their arithmetic and sometimes as the consequence of the timing
on the paper. Such precision was not required, two shapes i.e. a triangle and trapezium for each
half was sufficient for an answer in range.
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This response scored 1 mark, MP3.

14 The world land speed record of 341 ms™' was set in October 1997, In an attempt to break
this record, a new supersonic car has been developed called the Bloodhound.

The developers of the Bloodhound have used computer modelling to produce a
velocity-time graph for the predicted motion of the car, on a straight track, during the
record attempt.

500

v X
E 300
%‘ i N
2 200 ' 3y
g ™

100

0 ] L] 11

0 10 20 30 40 50 60 70 80 9 100 110 120

Time /s

(a) A track of length 23km is available for the record attempt.
Determine whether this track is long enough.

3)
................. FBOD N BHomS =SS
....................................... JENE = BHO XSG
T 2H200pm = 2D
_—
............... TR track o \engtih 23km 3§ NGt (o1g NAUGh.. ...
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The student has only considered the motion of the car up
to the maximum velocity and did not consider that the car
would also require some track length for it to slow down in
after reaching the maximum velocity.

s = vt was used to calculate the distance, a formula which
assumes that the velocity is constant so could not be
credited as it does not correspond to an area under the
graph.

The student however, did reach a conclusion consistent
with their calculated track length so could be awarded
MP3.




A good response scoring all 3 marks.

14 The world land speed record of 341 ms™ was set in October 1997. In an attempt to break
this record, a new supersonic car has been developed called the Bloodhound. :

The developers of the Bloodhound have used computer modelling to produce a
velocity-time graph for the predicted motion of the car, on a straight track, during the
record attempt.

300

400

300 “ -

Velocity / ms™
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(a) A track of length 23 km is available for the record attempt.
Determine whether this track is long enough.

3)
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The student divided up the region beneath the graph into
a triangle and parallelogram for the acceleration and the
same regions for the deceleration of the car.

This was proabably the most efficient method time wise
for obtaining a distance in range.

A distance of 19 300 m was obtained which was within the
range stated on the mark scheme of 18 000 m to 20 000m.
A conclusion was made that the track is long enough so all
3 marks were awarded.
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This response scored 2 marks, MP1 and MP3.

14 The world land speed record of 341 ms™ was set in October 1997. In an attempt to break
this record, a new supersonic car has been developed called the Bloodhound.

‘d

The developers of the Bloodhound have used computer modelling to produce a

velocity-time graph for the predicted motion of the car, on a straight track, during the
record attempt.
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(a) A track of length 23km is available for the record attempt.
Determine whether this track is long enough.

3

3)
............... f O ¢ 100.x/0 4. .20x.100.x0-5.+.0:5 %0010
............................ 0-5 xiz0 )cmi-éx/?Qf bhxg7.
....... %lZOf/OO)Q/O;AO‘)‘x/QOxG-a
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The student has counted the large, 1 cm squares to
determine the method, scoring MP1. Unfortunately, their
method was too approximate and not enough squares
were included in their calculation giving a distance just
below the accepted range.

A conclusion was made however, that is consistent with
their calculated value, so MP3 could be awarded.




Question 14 (b) (i)

A straightforward question requiring the students to identify the instant at which the rocket engine
was started, i.e. the instant at which there was a sudden increase in the acceleration.

Therefore, the vast majority of students successfully scored the mark by giving a number between
26 and 28. A number gave the time as 30s and a small number gave a time range from (0-)28-55s
(misreading the question for the total time that the jet engine was running).

The most common incorrect answer was 55s, indicating a misreading of the question.

1 mark.

(b) The car has two different engines: a jet engine providing a thrust of 89kN and a
rocket engine providing a thrust of 120kN.

(i) The jet engine runs throughout the car’s acceleration stage. The rocket engine
runs for only part of that stage.

State the time at which the rocket engine is started during the car’s predicted

motion.
(1)

ZhSecend s

ResultsPlus

Examiner Comments

A correct answer, in range, including the unit to score the
mark.
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Question 14 (b) (ii) - (iii)

14(b)(ii) - The maximum positive acceleration occurred between 28s and 46s, therefore it was
expected that the tangent of the graph would be taken in this region. The period of maximum
acceleration produced a constant acceleration so the gradient of the linear part could be
determined. Few drew a tangent onto the graph, enabling the most precise gradient to be obtained
however, most that used the appropriate region of the graph and obtained an answer in range for
the acceleration. Those that did not use an appropriate region of the graph were unable to score
any marks, even if their answer, by coincidence, ended up being within the correct range.

14(b)(iii) - Most candidates realised that they would have to determine the resultant force using F =
ma with their calculated acceleration from part (ii), scoring MP1. Many of these students assumed
that ma was equal to the frictional force, ignoring any of the thrust forces provided by the engine
and rocket. Therefore, a smaller number managed to obtain a correct expression for the resultant
force i.e. thrust - frictional force to obtain a correct value for the frictional force. A correct
expression for the resultant force, using the total forwards force, was required for MP2, and those
who omitted either the force from the engine or the rocket force were unable to score this mark.
Just a small number used 9.81 m s~ ?for the acceleration, having no basis on which to select this
value.

This response scored (b)(i) 2 marks and (b)(ii) 1 marks.

14 The world land speed record of 341 ms™' was set in October 1997. In an attempt to break
this record, a new supersonic car has been developed called the Bloodhound.

The developers of the Bloodhound have used computer modelling to produce a
velocity-time graph for the predicted motion of the car, on a straight track, during the
record attempt.
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(ii) Use the graph to determine the maximum positive acceleration of the car.
(2)

o Se-tf= 1,  4r~ 10030 e

2L L

T X Dt T % S

~1
Maximum positive acceleration of the car = A6 Fmd

(iii) Calculate a value for the frictional force acting on the car when the positive
acceleration is a maximum.

3)
mass of car including fuel at this time = 7790kg

o Fzea o 9ogexlé a=)29 029N

Frictional force during maximum positive acceleration = fl75!f4/

ResultsPlus

Examiner Comments

(b)(i) The student drew a tangent onto the graph over the
region of maximum acceleration and calcualted a gradient
of 16.4 m s which was within the range stated in the
mark scheme of 16 - 17 m s, scoring both marks.

(b)(ii) Just MP1 for use of ZF = ma. This was assumed to be
the resultant force and no consideration was made as to
the forces provided by the jet and rocket engines during
this period of acceleration.
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Consider all of the forces acting on an object when using
>F =ma. The Fis the resultant force and to have an
acceleration in this case there must have been a force
other than the frictional force acting on the car.




This response scored

(b)()) 2 marks

(b)(ii) 3 marks.

14 The world land speed record of 341 ms™ was set in October 1997. [nanattemptmbtuk
this record, a new supersonic car has been developed called the Bloodhound.

Velocity / ms™!
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The developers of the Bloodhound have used computer modelling to produce a
velocity-time graph for the predicted motion of the car, on a straight track, during the
record attempt.
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(ii) Use the graph to determine the maximum positive acceleration of the car.

Maximum positive acceleration of the car = 8. 3-8
(iii) Calculate a value for the frictional force acting on the car when the positive
acceleration is a maximum.

(3)
mass of car including fuel at this time = 7790kg

Y eap -~

......................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................
.....................................................................................................................................................................................................................................
..................................................................................................................................................................................................................................

.....................................................................................................................................................................................................................................
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This response is a good example of a response scoring full
marks.

(b)(i) A tangent was drawn and an acceleration in range
was determined scoring both marks.

(b)(ii) The student has remembered to include both the
force from the rocket and from the jet engine when
considering the resultant force acting on the car. All
substitutions in to F = ma were made correctly leading to
a force of 79.2 kN.

This is slightly outside the range but is consistent with the
value of acceleration calculated in part (ii) so full marks
could be awarded.
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This response scored (b)(i) 0 marks and (b)(ii) 1 mark.

14 The world land speed record of 341 ms~' was set in October 1997. In an attempt to break

this record, a new supersonic car has been developed called the Bloodhound.

The developers of the Bloodhound have used computer modelling to produce a

velocity-time graph for the predicted motion of the car, on a straight track, during the

record attempt.
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(ii) Use the graph to determine the maximum positive acceleration of the car.

(2)
B V25— u'+1."i£ .......................................................................................................................................................

Msximum positive acoeleration of the car= .- %+ [ Z /s ®

(iii) Calculate a value for the frictional force acting on the car when the positive
acceleration is a maximum.
3)
mass of car including fuel at this time = 7790kg

........................... Pﬂh(‘e"/’?{?.f{ﬁﬂfoﬂP”QAﬂ”
............................... bonce =  F7 90 xg]5

........................................................................................................................................................................................................

............................................................................................................................................................................................................................................
............................................................................................................................................................................................................................................

Frictional foros during maximam positive sccelerstion = ... 3. 18 £ . 5.1/
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(b)(i) Rather than use a gradient to determine the
maximum acceleration, the student has used v=u + at, an
equation that assumes a constant acceleration. Therefore
no credit could be given and no marks were awarded here.

(b)(ii) Just MP1 awarded for use of 2F = ma to determine
the resultant force.

\ ResultsPlus
) Examiner Tip

Equations of motion can only be used where the
acceleration is constant.

A velocity-time graph for a moving object, with changing
gradients, will not have a constant acceleration and
quantites relating to the motion of the object can only be
determined using the graph i.e. area under the curve and
gradient at an instant and not using equations of motion.




Question 14 (c)

Question 14c required students to consider all of the forces that would act on the car and to
explain how they could affect the acceleration and hence help to predict a velocity-time graph for
the motion of the car. Many described the shape of the given velocity-time graph, without adding
further explanation. Those who managed to identify a few of the factors, did not always link them
to their effect on the motion, so the linkage marks were not awarded in many of the responses. The
most common factor and linked explanation was to identify the increasing drag at higher velocities,
reducing the acceleration. Some mentioned the increase force due to the addition of the rocket
engine but did not go on to mention the subsequent increase in acceleration. A small number
mentioned the decrease in mass, not always adding in that this would increase the acceleration.
Only one mark was allocated to any description of the deceleration of the car. Many students
assumed that the car would decelerate from its maximum velocity of 440 m s™" solely due the air-
resistance, without the aid of any braking mechanisms such as brakes or parachutes. Some good
responses were seen though, where students described the drag forces decreasing at lower speeds
causing a decrease in the deceleration.

The indicative content question in the paper is a requirement of this specification, combined with
the use of the command word discuss. A discuss question requires the students to:

‘ldentify the issue/situation/problem/argument that is being assessed within the question

‘Explore all aspects of an issue/situation/problem/argument

‘Investigate the issue/situation etc by reasoning or argument

Based on students' responses to the question, additional practice based on unfamiliar contexts and

styles of questioning is recommended for students to help with appreciating the requirements of
this question type as well as in practice structuring longer answers.
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This response scored 1 mark.

*(c) Discuss, with reference to the graph, the factors that would have been used to predict
the motion of the car over the 120 s,

(6)
Anpnaiy, the. . geRoug@e TNC QAP 1S, Q. QU v
TAS. S LeCRE e velooury. LUl Ot ANCrEASe .
L TESStaNCe .ANd L85, VIO, MAQEIRES , WNC
QOCE OR. . Arag N TNE.. CAY UAL. ANCEASE - TThe.........
Qrph.. & heN. INEA &8 . ACceleranNON.  \NCYRES ..

SRR NE. . PreicneN. .. OR.- NE. AOONONLAS. . X0E
........ amnAunk...0L. . LNeMy. dissitarl B NeAT Oy .
Ane 'S engin€ and PNE MO QR .
LE0ery. SRR a5 SN ANCINEC. RECKCX. .
................................ NSt ex OIS ANy SE . QDN Lo QunE.

LBANE WO ANe. QORDVNSE.ANE . QuCinanal. ROXTe .
Beyueen the trocc and  Cars  usheels

(Total for Question 14 = 15 marks)
% ResultsPlus
Examiner Comments

IC1 awarded for air resistance increases as velocity
increases in lines 3-4.

No further indicative content points could be given
according to the mark scheme.

So 1 indicative content = 1 mark. There is no linkage mark
as only one correct Physics point was awarded so there is
nothing to link this to.

62 GCE Physics 8PHO 01



This response scored 3 marks.

*(c) Discuss, with reference to the graph, the factors that would have been used to predict
the motion of the car over the 120 s.

Mo cmokonce

- ssulhauk . Fm /-mbm

(6)

ResultsPlus

Examiner Comments

IC1 - line 1 for air reistance and drag increase as velocity
increased

IC2 - line 2 for resultant force decreases

Although the student has identified that the mass of the
car will affect the acceleration, the have not implied that
the mass will decrease due to the fuel being used.

IC5 was awarded though for making the link between a
lighter car and a greater acceleration.

The other points mentioned are relevant but are not
described using sufficient detail to score any more
indicative content points.

The student linked together IC1 and IC2 so was awarded 1
linkage mark.

Therefore 3 x IC =2 marks plus + 1 x linkage = 3 marks in
total.
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This question scored 5 marks. This is probably the minimum a student would have to write to be
awarded 2 linkage and 4 indicativie content points.

*(c) Discuss, with reference to the graph, the factors that would have been used to predict
the motion of the car over the 120 s.

(6)
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IC1 - lines 2-3
IC2 - line 4
IC4 - line 5
IC5 - lines 6-7

The fourth bullet point is really only adding to the
statement made earlier about the air resistance. As
mentioned earler, this student has assumed that it is the
lack of fuel that caused the car to decelerate rather than
an applied braking force.

As IC1 and 2 have been linked together along with IC4 and
IC5 being linked together then both linkage marks were
awarded.

4 x IC points = 3 marks + 2 x linkage = 5 marks in total.
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Question 15 (a)

This style of question has not been used before in the AS paper but similar questions have been
asked on the International papers WPH03 and WPHO06 which both could provide a source of
practical based questions for students' to practice in preparation for this examination.

Most candidates could offer a sensible flaw with this method or suggest a suitable improvement,
either of which were accepetable for the mark. The most common being that no repeat readings
were taken.

The most common mistake was in relation to the number of decimal places and significant figures
in the measurement of time and few identified that the number of significant figures for the
microphone seperation was inconsistent. Other common mistakes included stating that the units
for time were incorrect i.e. 'should be seconds, not ms’ or that the microphone-balloon distance
should have been measured. A significant number of the candidates that were not awarded the
mark often supplied a non-specific answer such as 'not enough readings were taken'. Thus being
unclear as to whether they were referring to a greater range, smaller distance intervals or repeat
readings.
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This response did not score any marks.

15 A student carried out an experiment to determine the speed of sound in air. A short pulse
of sound was produced by bursting a balloon near two microphones. The microphones
were placed 1,00m apart and connected to a computer.

metre rule

The computer was used to determine the time interval between the sound wave being
received at the right microphone and being received at the left microphone.

The separation of the microphones was decreased several times and the corresponding

time intervals recorded. The student obtained the following results.
Microphone separation /m | Time interval / ms
1.00 3.2
0.90 2.8
0.80 24
0.70 2.1
0.60 1.9
0.50 1.5

(a) Criticise these results.

(1)

................................................................................................................................................................................
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'Too few significant figures' as a response was not specific
enough as two variables were being measured and neither
has been referred to here. As a metre rule was used to
measure the microphone separation, the measurements
could have been quoted to an additional significant figure
i.e. to the nearest mm or the student could have identified
the inconsistency in the number of sf quoted for the
separations. The time was already in milli seconds and was
consistently recorded to 1 dp which is sufficient.




This response scored the mark.

15 A student carried out an experiment to determine the speed of sound in air. A short pulse

of sound was produced by bursting a balloon near two microphones. The microphones
were placed 1.00m apart and connected to a computer.

metre rule

The computer was used to determine the time interval between the sound wave being
received at the right microphone and being received at the left microphone.

The separation of the microphones was decreased several times and the corresponding
time intervals recorded. The student obtained the following results.

Microphone separation /m | Time interval / ms
1.00 3.2
0.90 2.8
0.80 2.4
0.70 2.1
0.60 1.9
0.50 1.5

(a) Criticise these results.

ResultsPlus
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The difference between the microphone separations has
correctly been identified as being too large.
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A common response, scoring the mark.

15 A student carried out an experiment to determine the speed of sound in air. A short pulse

of sound was produced by bursting a balloon near two microphones. The microphones
were placed 1.00m apart and connected to a computer.

metre rule

The computer was used to determine the time interval between the sound wave being
received at the right microphone and being received at the left microphone.

The separation of the microphones was decreased several times and the corresponding
time intervals recorded. The student obtained the following results.

Microphone separation /m | Time interval / ms
1.00 .32
0.90 2.8
0.80 24
0.70 2.1
0.60 1.9
0.50 1.5

(a) Criticise these results.

ResultsPlus

Examiner Comments

'No repeats' was sufficient and candidates were not
required to explain why, although many did, i.e. to
calculate an average.
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Question 15 (b) - (c)

15(b)(i) - Students did not score as highly as they might have for this question. The mark scheme
explains how the marks are awarded for the graph.

Axes labelled with quantities and units - the graph could be plotted either way round and, in
general, most scored this mark.

Suitable scale - due to the numbers given, very few were not awarded this mark based on a scale
going up in 3s. However, many missed out on this mark due to the amount of space used. It was
expected that at least 50 % of the graph paper would be used in either direction. The graph did not
need to pass through the origin and the axes should not have started from 0. Students should look
ahead in such questions to see exactly what the required use is of the graph for. If it is just to
determine a gradient, then the region over which the points are plotted is only required and this
should be made as large as possible so as to make the gradient as accurate as possible.

Correct plotting - each point should be plotted as accurately as possible. Any point seen that is
more than 1 small, 2mm square from its correct position will negate this marking point for the
candidate. Points should also be visible. A small cross should be used and not a tiny dot which hard
to identify once the line of best fit has been drawn over this or not too large a dot that makes the
exact position of the point ambiguous.

Line of best fit - this will not necessarily fit through any of the points so candidates that connected
the first and last dots would not have scored this mark. Examiners want to see an equal distribution
of plotted points either side of the line of best fit producing the most accurate gradient for the
scatter. Along with MP2, this was probably the least frequently awarded mark due to students not
following these guidelines, particularly if they had drawn a larger scale, enlarging the spread of the
plotted points.

15(b)(ii) - The candidates were required to use the graph to calculate value for speed of sound.
Candidates that had plotted a graph of microphone separation against time interval were able to
take a direct reading of the gradient and obtain a value for the speed of sound. Not all students
that plotted the graph the other way round realised that an inverse of the gradient would be
required. Given that the inverse of the gradient was about 300, many accepted this as a correct
method for the speed of sound without realising their error.

The range of acceptable answers for the speed of sound was from 280t0 310 ms™'.310 ms™
being towards the more accurate end of the range. Students were seen to use given points rather
than actual point sitting on the line of best fit to calculate the gradient. Any points used in the
working were checked against the line of best fit and again, as with the plotting, if these were more
than half a small square away from the, the method was deemed invalid. Given that many of the
graphs scales did not go down to 0 students seem to have forgotten this and off and picked a point
on the line and calculated a ratio of the two points as their gradient without realising that the graph
needs to pass through the origin in order for this method to work. Again, as with graph plotting,
practice would be beneficial to students, particularly in cases where there are some scatter and
when there is not an origin included in the scale.

15(c) - This question required a comment on the calculated value of the speed of sound along with
two possible reasons for the difference between the calculated and actual value. Students were
given the actual value the speed of sound, really more to direct them towards making a comparison
of the two values. Comments describing their calculated speed and how far it was from the true
value without stating whether it was higher or lower than the true value was not sufficient for MP1.
Other students failed to make any comparison between the values at all. The positioning of the
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balloon or lack of repeats were the most commonly seen responses that did not sore. The most
common sensible suggestion was parallax when reading from the rule. Very few commented on the
very small time involved and hence the large percentage uncertainty. Given that this is a practical
question the first two marking points for the small time and percentage error i.e. measured times
are small and large percentage uncertainty really should have been the two most common
answers.

72  GCE Physics 8PHO 01



This response scored (b)(i) 3 (b)(ii) 2 (c) 2.
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(ii) Determine a value for the speed of sound in air.

(2)

(c) The actual speed of sound in air is 330ms™'.

Comment on the value for the speed of sound in air at this temperature obtained from
the student’s results, referting to any possible sources of error.
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(b)(i) The axes have been labelled correctly so MP1
awarded. The scale for the time axis could have been
doubled so MP2 was not awarded as the plotted points do
not quite cover 50% of the graph paper horizontally. All 6
points have been plotted correctly (MP3) and although the
line of best fit is not quite steep enough the line is
acceptable (MP4).

(b)(ii) A large triangle has been used to determine the
gradient and values taken are from the line of best fit. This
has led to a gradient of 303 m s™' which is in range so full
marks for the graph.

(c) A comparison has been made between the calculated
value and the true value for the speed of sound (MP1) with
a reference to parallax when reading from the rule (MP2)
scored 2 marks in part (c). No credit was given to
references to temperature as over the short period of the
experiment, any fluctuations in temperature would not
have been so significant so as to cause such a difference
between the two values.
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This response scored (b)(i) 3 (b)(ii) 2 (c) 1.
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(ii)) Determine a value for the speed of sound in air.
(2)

~
Speed of sound in air =% O mY
(c) The actual speed of sound in air is 330ms™".

Comment on the value for the speed of sound in air at this temperature obtained from
the student’s results, referring to any possible sources of error.

ResultsPlus

Examiner Comments

(b)(i) Both axes labelled correctly (MP1) with a scale that
goes up with each small 2mm square in 0.4s, a scale that is
not permitted (a scale may only go up in multiples of 1,2,5)
so no MP2. Points plotted correctly (MP3) and a suitable
line of best fit (MP4).

(b)(ii) A large triangle has been used to determine the
gradient obtaining a value in range of 310 m s™" so full
marks.

(c) MP2 only for the idea that there is a large percentage
uncertainty in the measured time; this was shown through
a calculation and such a method was sufficient for MP2.
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Question 16 (a) (i)

Question 16 was the synoptic question drawing on aspects of light waves from unit two along with
aspects of electricity from unit one . 16(a)(i) required candidates to give a standard definition of
what polarisation is of plane polarised light. This appeared many times on the previous
specification and candidates did not always successfully define plane polarisation. Those that
attempted the description in terms of direction but generally more successful is picking up both
marks. Those describing the oscillations in one plane only were not as precise enough in their
explanation of this plane including the direction of energy transfer of and confusing this and
discussing this in terms of the plane including perpendicular to the direction of energy transfer.

A good response scoring both marks.

16 A liquid-crystal display uses a series of segments to form letters and numbers on a screen.

(a) The construction of a display segment is shown.

sCreen

upper polarising
filter

liquid crystal

lower polarising
filter

unpolarised white light

e Unpolarised white light passes through the lower polarising filter and becomes
plane polarised.

¢ When there is no potential difference (p.d.) across the liquid crystal, the molecules
in the liquid crystal rotate the plane of polarisation by 90°.

* Light then passes through the upper polarising filter and appears on the screen,

® When a p.d. is applied across the liquid crystal, the molecules no longer rotate the
plane of polarisation. The light will not pass through the upper polarising filter
and the screen appears dark.

(i) Describe what is meant by plane polarised light.

| @

ResultsPlus

Examiner Comments

A clear answer including a reference to the oscillations in a
single plane and a reference to the direction of the energy
transfer of travel.
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An incomplete response scoring just 1 mark.

16 A liquid-crystal display uses a series of segments to form letters and numbers on a screen.

(a) The construction of a display segment is shown.

screen

upper polarising
filter

liquid crystal

lower polarising
filter

unpolarised white light

¢ Unpolarised white light passes through the lower polarising filter and becomes
plane polarised.

* When there is no potential difference (p.d.) across the liquid crystal, the molecules
in the liquid crystal rotate the plane of polarisation by 90°.

e Light then passes through the upper polarising filter and appears on the screen.

e When a p.d. is applied across the liquid crystal, the molecules no longer rotate the
plane of polarisation. The light will not pass through the upper polarising filter
and the screen appears dark.

(i) Describe what is meant by plane polarised light.
(2)
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Just MP1 awarded for a reference to the oscillations being
in only one plane. No comment was made as to the
direction of the energy transfer or travel etc.
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This response did not score any marks.

16 A liquid-crystal display uses a series of segments to form letters and numbers on a screen.

(a) The construction of a display segment is shown.

screcn

upper polarising
filter

lower polarising
filter

unpolarised white light
e Unpolarised white light passes through the lower polarising filter and becomes
plane polarised.

* When there is no potential difference (p.d.) across the liquid crystal, the molecules
in the liquid crystal rotate the plane of polarisation by 90°.

¢ Light then passes through the upper polarising filter and appears on the screen.

e When a p.d. is applied across the liquid crystal, the molecules no longer rotate the
plane of polarisation. The light will not pass through the upper polarising filter
and the screen appears dark.

(i) Describe what is meant by plane polarised light.

ResultsPlus

Examiner Comments

No reference has been made to oscillations so MP1 could
not be awarded.

In addition to this, no reference has been made to the
direction of energy transfer or travel of the wave.
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Question 16 (a) (ii)

16(a)(ii) required the students to have processed the context by reading the four bullet points given
at the beginning of the questions thoroughly. This was answered well with many candidates
appreciating that the crystal rotated the light by 90° when no p.d. was applied and therefore the
two polarising filters needed to be perpendicular to each other in order to let the light through.
Only a small number of students discussed continually rotating screens and did not appreciate the
purpose of the crystal.

This response scored 1 mark.

(ii) Explain the angle of polarisation of the upper polarising filter relative to the lower
polarising filter.
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The student has described the angle of polarisation of the
upper filter to the lower filter as 90°. They have not
mentioned the crystal or that fact that there is a p.d. so the
crystal does not rotate the light, making the screen appear
dark. Therefore only MP1 could be awarded.
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This response scored 0 marks.

(if) Explain the angle of polarisation of the upper polarising filter relative to the lower
polarising filter.

(2)

ResultsPlus

Examiner Comments

This student has not understood the purpose of the filter
and has just assumed that the polarising filters should lie
in the same plane, i.e. a polarising angle of 0° or 180° etc
to let any light pass through the upper filter. Therefore no
marks could be awarded.

This response scored both marks.

(ii) Explain the angle of polarisation of the upper polarising filter relative to the lower
polarising filter,

ResultsPlus

Examiner Comments

90° has been stated as the angle of polarisation of the
upper to the lower polarising filter scoring MP1.

The student has also correctly described the condition
where light is not rotated as there is no applied p.d. across
the crystal, hence light cannot get through the the upper
filter, scoring MP2.
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Question 16 (b)

Question 16(b) was carried out successfully by nearly all candidates, with most scoring full marks
on both these items. The vast majority were able to use equation for intensity to obtain a power of
0.014 W in (b)(i) and then go on in part (b)(ii) to use this value with the calculated outpower of 0.072
W to determine the efficiency of the power output of the LED.

This response scored full marks, (b)(i) 2 marks and (b)(ii) 3 marks.

(b) () The intensity of the emitted light at the surface of a display segment is 7.8 Wm=,
The segment has an exposed area of 1.8 x 10~ m?. -

Calculate the power of the emitted light at the surface of the display segment.

(2)
....... -
..... LR S
xR X003 = 0 OVROY N
......................................................................................................................................................... ¥ ¢ T ¥« W
Power of emitted light = Q.0 V& W ..
(ii) A light-emitting diode (LED) is used to provide the unpolarised white light for
the liquid-crystal display.
Calculate the efficiency of the liquid-crystal display segment.
current in LED = 20mA ©
p.d. across LED = 3.6 V
S
P2 V1L PZ20X 0B %36 P2 003N
........... OO X0 = Al
................. i
Efficiency of liquid-crystal display segment = ... ‘ qur/ _______________________
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(b)(i) Intensity = power/area used correctly to determine
the power of the emitted light.

(b)(ii) P = VI used correctly to determine the input power of
the LED of 0.072 W, followed by successful use of the
efficiency equation, obtaining an efficiency of 19.4 %.
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This response scored (b)(i) 1 mark and (b)(ii) 2 marks.

(b) (i) The intensity of the emitted light at the surface of a display segment is 7.8 Wm™.
The segment has an exposed area of 1.8 x 10~ m?,

Calculate the power of the emitted light at the surface of the display segment.
2)

_P
B S < 2 o S
a8 X (1,8x 102 8004

Power of emitted light = . 8<}4Wa 0,014 .
(ii) A light-emitting diode (LED) is used to provide the unpolarised white light for

the liquid-crystal display.

Calculate the efficiency of the liquid-crystal display segment.

current in LED = 20mA
p.d. across LED = 3.6V

....... PV (2050 AN RV 0072

3

.................................................................................................................................................................................................................................................
.................................................................................................................................................................................................................................................

Efficiency of liquid-crystal display segment = |&¢# @ 1.9

(25f)
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(b)(i) Correct calculation and answer but the unit is missing
so just MP1 awarded.

(b)(ii) Although the equation P = VI has been used correctly,
they has been a power of 10 error and the answer of 0.72
for the power is incorrect. This value was then used
corrrectly in the equation for efficiency. Therefore, two use
of marks, MP1 and MP2 can still be awarded but not the
final answer mark.




Question 16 (¢c)

Question 16(c) was not answered as expected by students. This question required the students to
analyse the given stress-strain graph for the two materials and then apply this to the context. It was
made clear in the stem of the question that these were not the graphs to breaking point, only the
graphs over the range of stresses that the screen would be under in normal use.

Good answers identified the difference in the Young moduli of materials X and Y and could make a
sensible statement that Y was more suitable as it had a lower Young modulus and therefore would
be more flexible. MP3 and MP4 were therefore the most commonly awarded marks. MP1 and MP2
required the students to think about the behaviour of the materials beyond everyday use, using
larger stresses, for example if the screen is dropped or is under a lot of stress. Therefore, any
reference to brittle behaviour or a large plastic material for why would not score the marks unless it
was clearly identified at greater stresses.

Many did not look at the actual scaling height of either line as they both went up to the same

maximum stress therefore comments such as a greater maximum stress, which could not be
determined from the given graph, were inappropriate and not credited.
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This response scored 2 marks.

(c) Manufacturers are developing new materials for flexible screens for liquid-crystal
displays. The graph shows how stress varies with strain for two materials X and Y up
to typical stresses that would be applied to the screens in normal use. Both materials
behave elastically over the ranges shown.

M

Stress

Strain

Deduce which material would be more suitable to use for the flexible screen in
liquid-crystal displays.

................................................................................................................................................................................................
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MP3 and 4 awarded for a correct comparison of the Young
Moduli of X and Y (MP3) in the last 2 lines.

MP4 awarded for a correct conclusion that Y is more
suitable with the idea that it is more flexible.

This response scored 3 marks.

(¢) Manufacturers are developing new materials for flexible screens for liquid-crystal
displays. The graph shows how stress varies with strain for two materials X and Y up
to typical stresses that would be applied to the screens in normal use. Both materials
behave elastically over the ranges shown.

h

Stress

A 4

Strain

Deduce which material would be more suitable to use for the flexible screen in
liquid-crystal displays.
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MP3 and MP4 were awarded for the first three lines where
the student has identified that Y is more suitable as it is
more flexible and has a greater Young modulus.

The student has ventured into a discussion of the
behaviour of X and Y at greater stresses, identifying that X
is more brittle than Y which is MP1. Unfortunately they
incorrectly stated that neither would show permananent
definion at these greater stress which is not the case for
material Y.




Paper Summary

This paper provided students with a wide range of contexts from which their knowledge and
understanding of the physics contained within this unit could be tested.

A sound knowledge of the subject was evident for many but the responses seen did not reflect this
as the language lacked precision and its ambiguity prevented some marks from being awarded.

Based on their performance on this paper, candidates are offered the following advice:

¢ Slow down during the multiple choice items so that key words or directions in the command
sentence responses are not missed however, do not spend a disproportionate amount of time
on these questions as you may run out of time towards the end of the paper.

* Do not quote laws and principles. If a question requires you to use them then apply them to the
context of the question as part of your answer.

* When plotting graphs your plots must use at least 50 % of the graph paper in either direction so
make sure your scale is large enough.

* When using a graph to determine a gradient, the points taken for the gradient must actually sit
on your line of best fit. If a plotted point does not sit on the line of best fit then it should not be
one of the points you use for the gradient.

* Practice calculations using potential dividers as well resistors in parallel and series as seen in

Q9b. Just knowing how to substitute values into Ohm'’s law and the formulae for the total
resistance in series and parallel is not sufficient revision.
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Grade Boundaries

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

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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