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Introduction

This is the second time that the Edexcel International A level in Physics has been sat by
candidates. The specification examined and assessment structure of the paper is the same
as that of 6PHO1 paper. Section A of the paper contains 10 multiple choice questions while
section B contains questions of increasing length and usually of increasing demand. This
paper examines both the mechanics and materials component of the course providing a
transition for candidates between GCSE and A2. Although there is no overlap with the other
units, the skills and concepts covered, especially in the mechanics topic are used as a basis
for the teaching of circular motion, momentum and simple harmonic motion in units 4

and 5.

This paper enabled candidates of all abilities to apply their knowledge to a variety of styles
of examination questions. Many candidates showed a good progression from GCSE to AS
level, with prior knowledge extended and new concepts taught and understood well. Some
questions were not answered as well as would have been expected by many candidates. It
was evident that some candidates did not fully understand the exact question being asked
so the physics applied and subsequent explanations did not always supply sufficient and
relevant detail.

However, candidates from across all ability ranges always managed to score some marks
within these questions.

Calculations were answered well but were differentiated across the ability ranges. Questions
13 and 14 required use of trigonometry where less able candidates did not always select the
correct trig function leading to an incorrect vector component being calculated.

Question 17(c) required the use of the gradient of the stress-strain graph to calculate the
Young modulus. The vast majority of the candidates applied the correct method but not

all gave a final answer of the correct order,but often forgetting the factor of 10 ¢ from the
stress. In addition to this, the unit of Pa or N m~2 was often omitted. Although the concept of
Mach numbers would not have been familiar most candidates, the use of ratios in question
18(c) did appear to be challenging for some which was mirrored in similar questions on
other papers.

In general, time was not an issue at all with this paper with the vast majority of candidates
completing all questions on the paper. Less able candidates did tend to leave out some
items, particularly those which required descriptive responses. Power of 10 errors and unit
errors were common, and the quality of writing for some candidates made some responses
difficult to decipher.
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Section A - Multiple choice items

For the majority of candidates, their performance in the multiple choice items correlated
well with their performance in section B.

Questions 5, 6 8 and 10 proved to be challenging for all candidates while questions 1, 2 and
7 were not always answered correctly by the weakest candidates.

Question Topic %o correct g:?wn::n wrong
1 Vector and scalar quantities |90 A

2 XELZ?Ieté\-ttim?t?nz]g graphs 80 C

3 Viscosity 94 C

4 Viscosity and temperature 91 A and B
5 Energy stored in a spring 42 D

6 Kinetic energy 47 B and D
7 Spring constant definition 70 C

8 Direction of vector quantities |61 A and B
9 Use of v? = u? + 2as 89 A

10 Vector diagrams 55 A
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Question 1

There is no evident reason for choosing response A, the most common incorrect response,
besides rushing into this section without reading the stem properly where the definition of
all the given physical quantities are defined. Even without the given definitions, these are
all symbols used in the formulae sheet so there should have been no confusion as to m
standing for mass and being a scalar quantity.

Question 2

This response was answered very well however it did prove to be challenging for less

able candidates. As no particular context was described, the question required the
candidates to be able to match the correct acceleration-time graph to the velocity-time
graph. The most common incorrect response of C indicates that these candidates did not
appreciate that an object moving at constant velocity would have no acceleration, which is
of some concern at this level.

Question 3

Answered very well by almost all candidates. Incorrect responses were most likely due to
reading the stem of the question too quickly and missing ‘lowest’. It would be good practice
to underline any adjectives within the command sentence so that careless mistakes are
avoided.

Question 4

Again answered well, but this did confuse some candidates due to the amount of reading for
each response.

Question 5

The most popular incorrect response of D, as well as the lack of any working out seen on
the scripts, implies that many candidates did not spend the time required on this, more
challenging question. Ideally, candidates would use Hooke’s law to realise that double the
spring constant would give half the extension and then use E = % Fr x to deduce that half the
energy would be stored.

Question 6

As seen with question 18(c), the use of ratios seems to trip up candidates of all abilities.
While all candidates should be able to successfully substitute into an equation for kinetic
energy, here they were required, after reading a fairly long introduction to re-arrange the
equation for kinetic energy and use a ratio. No working out was required but the two step
process involved confused some, with just under half answering correctly. The two common
incorrect responses indicate a weakness with some candidates in manipulating equations
and correct use of ratios.
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Question 7

The correct response of A is just a straightforward definition of k, the spring constant.
Candidates that would have learnt this should have not found it necessary to read on further
once the correct definition in A was spotted. The other responses were slightly longer than

is sometimes seen as distractors in section A, and this could have incorrectly directed
candidates towards the incorrect response of C in particular.

Question 8

With calculation questions using the suvat equations, the direction of acceleration is

often forgotten or sometimes even fiddled without full understanding. With this in mind
question 8 set out to examine the candidates' understanding of vector direction for a simple
projectile. The direction of either was not defined but a knowledge that the direction of the
resultant force is downwards should have led candidates to the direction of the consequent
acceleration and, given that the ball is moving upwards, its velocity is in that direction.

Question 9

This was answered well with a high percentage of responses being correct, indicating that
candidates are good at selecting and using equations of motion.

Question 10

This question was found to be the most challenging for all candidates. The construction of
vector diagrams is an area of the specification that most candidates appear to have very
little experience and understanding of. In this case we just wanted the direction of the
resultant force. The simplest method is to extend the original diagram into a parallelogram
to identify the direction and approximate magnitude of the resultant force. As is often seen
with vector forces, it was not always the more able candidates answering this correctly.
This indicates that is often due to the amount of time a centre has spent teaching and
consolidating this subject, rather than ability, that produces good answers.
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Question 11

Part (a)

Candidates could usually identify that the plastic deformation was required to create the
permanent deformation that results in the folding of the rock. However, not all candidates
realised that the forces involved here were under compression and instead assumed they
were under tension and stating that the property was ductile or ductile and malleable.

Some candidates then went on to list additional forces that could be used to describe the
sandstone, such as 'strong', but these were not the property that allow it to fold, negating
the mark that could have been awarded for identifying malleable. Misinterpretation of the
question was quite common with answers that concentrated on the fault rather than the fold
leading to responses that related to brittle.

Part (b)

This was less well answered with candidates struggling to see that the material could show
elastic deformation as well as the plastic discussed in part (a). Most properties seemed to
be given as an explanation with plastic behaviour probably being the most common along
with descriptions of absorption rather than transmission of energy. Candidates whogained
the mark for elastic behaviour usually gained the second mark for a correct definition of it.
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(@) This was a very good response scoring both marks, the candidate even refers to plastic
deformation under compression.

(b) An example of a response where the candidate has discussed the mechanisms of the
waves travelling through the rock but has not linked this to the property of the wave that it
allows the vibrations to pass through the rock. No marks scored.

(a) State and explain the properties of the sandstone that allow it to fold.

. .‘,ﬁ’ii"vﬂ” slare. . wia. wﬁ;@ék L”ﬂﬂ/ ﬂwﬁ&«%@/f“& 7 S
Jr{wf ds . M ,?//)/ xff«t; HARS f‘;*af’{; M,{r{ Y Mjié.a'ﬁ;?s"_{
ae, L &L{U/"Lr‘f Ao doa. Sallin . i vortéus, uru?aa

i/—f"‘rM!»_fr\c CALNELA u-51:*"5 ._Jf and }uw«: o _(_’:vﬁ;f, F/Jéf?f_a% *f,;:E'M

Nt

LA r.]{—l '’ ﬂlmwi‘\-d/ AR £, -"ﬂﬂ"}”#” f‘ LU fiea ¢ u,d’«{' ' /.,-‘._—‘E P*ﬁu"i"fr"
(b) State and explain the properties of the sandsfone that allow it to carry seismic waves.

L&'E"f’,)';- oy _}f,ﬂ. } Q.rlf’l F__ o ffx e, A 4(1; Xz b_.ff_.tf—‘_\__,;_.?zf *" L_
rals culos  oue Mesn. " Heaclber, Hhp
SO wanes T Eakle gy As.cale s fo b ro
ey iy ’ - o
{_/-\_J? A .?Lff 1 "?‘,1' L4 .15; /‘a’

ResultsPlus

Examiner Comments

Although not stated within the question, the subtle difference
between part (a) and part (b) is that the larger compressive forces
cause the rock to fold but the smaller forces both under tension

and compression as the molecules vibrate require elastic behaviour.
Although waves are taught in the WPHO02 specification the only prior
knowledge required was that waves are due to vibrations. This should
have led to the idea that an oscillation within a material requires the
molecules to go back to their original position or length when the
force is removed i.e. elastic behaviour.
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This response scored (a) 1 mark and (b) 2 marks.

(a) State and explain the properties of the sandstone that allow it to fold.

TThe . sandgtone s, '\’:ou::)h G 1 deboerrs absochs
fqua amowfufg CDG Gm'-;rfjﬁ f)fj C\Q{Orm]r\ﬁ

plagﬁ Ca,ug I¥aYalely COMPCLSSIVE _g{nz s .

(b) State and explain the properties of the sandstone that allow it to carry seismic waves. I

Sandetone behaves g}acficcd{ﬂ/ it absorbs
ene rﬂﬁ @ C_!(:ZF(;‘(—F’_'P"'_!_J.A_\? }%’5&; QfCtSé{.iCC{”S amj{
releases  the  enefgy by . cetarning Ao
{128 @rrpyﬂé—d Shape;thic {ransfec o energy careies
SeEMIC  waves

_(Total for Question 11 =4 marks)

ﬁ ResultsPlus

Examiner Comments

(a) All references to tough were treated as neutral as it was
felt they did not contradict the correct property and just
added detail to the plastic behaviour of the rock. However
this candidate has gone on to describe correctly that the
deformation would be plastic. Again a good reference to
compressive seen. Question 17 required candidates to
distinguish between tensile and compressive forces, a task
many candidates did not do, so it is encouraging to see the
consideration of the context described here.

(b) The candidate correctly identified the plastic behaviour and
the idea that it will not deform permanently. The reference

to absorbing and then releasing energy so that the transfer

of energy continues through the material demonstrates an
excellent understanding of the context.

A
Q ResultsPlus
Examiner Tip

When forces are applied across a material and you are
asked to describe the effect read the question carefully
and use any diagrams or photographs to help you
identify the nature of the force. This will then help you
to work out which physical property you need to select
to describe the context of the question.
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Question 12

Explanation style questions where the candidates are asked to use their knowledge of
Physics to explain an observation or event are not always answered well. The candidates
sitting this paper grasped the concept of the question and mainly applied the correct

and relevant physics well. Not only did the candidates have to cover a description of

the vertical forces or acceleration but they also had to compare the motion of the ball
and skateboarder. Although responses seen were well structured and relevant and 57%
of candidates scored at least 1 mark, only 8 % of candidates scored 3 or 4 marks as
responses from many of the more able candidates were often not quite precise enough to
fully describe a marking point.

Marks were lost where candidates had only discussed one part of the required answer,
usually the vertical motion of the ball and usually in too much detail without moving on to
discuss any further aspects of the ball or skateboarder's motion. In addition to this some
candidates had the right concepts but did not express them in enough detail to gain any
credit such as 'the horizontal velocity of the ball after it was thrown is constant', would not
have scored any marks as they have not explained why it is constant (i.e. no horizontal
acceleration) or compared it to the velocity of the skateboarder. Weaker candidates seemed
to describe in detail the parabolic path without addressing the question asked. A number of
candidates believed the ball was thrown at an angle to create the parabolic trajectory, while
others introduced a second skateboarder to catch the ball.

The last marking point, a conclusion and statement as to why the ball was caught. Both a
reference to distance and time of the ball and skateboarder was required but was the least
frequently awarded mark. Candidates found it difficult to express and combine all their ideas
clearly.
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This was a good, well-structured response that scored all 4 marks.

ball caught

Explain why the ball can be caught even though it was thrown vertically upwards and the
skateboarder is moving horizontally. Ignore the effect of air resistance.
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(4)

Wsghi(Total for Question 12 = 4 marks)
L

W Vhame Yime h!ﬂe/m tome hoyizowed velocity ob vediad velegdy of
Wl do ped gﬁ’mﬂ W hnr?zﬁdhﬂ )

ﬁ Flus
Examiner Comments

Lines 1-3 contain the second marking point that the ball and skateboarder are

travelling at the same speed.

Lines 7-8 contain the third marking point that there is no horizontal force.

Lines 13 and 14 contain the idea that the ball and the skateboarder are at the
same position at the same time for the 4th marking point.

Lines 14 and 15 describe the independence of the vertical and horizontal motion

for the first marking point.
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This response scored no marks.

e
. ball thrown ball caught

Explain why the ball can be caught even though it was thrown vertically upwards and the
skateboarder is moving horizontally. Ignore the effect of air resistance.

{4)

Jhe dall can be caughleousa thoush it (oas dhiowa

LVerKeally wpwesds becanse Jhe ball toss projectd
_thide. moving. herizoatal\y theefore Hhe. aagle
LOf projeskien is.not exakly vestically upesd

ond oalso theie (5 a focece bo the ditetton

owhich the sKaltbmacdte 8 rmov/ng L theiefors

Hos thoa bell could  bhe cavght - b sk
LSB moeving. Aot e ante) ] 9.

ResultsPlus

Examiner Comments

The candidate assumed that the parabolic path is due to the
ball being thrown at an angle with a horizontal force.

You would be told in the stem of a question if a projectile
has been thrown at an angle.

In this case the path is parabolic because the ball
is already travelling at a constant horizontal velocity
before it was thrown.
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A very clear response scoring all 3 marks for their explanation of the ball's motion.

& ~
- ~

() . ball thrown ball caught

|
Explain why the ball can be caught even though it was thrown vertically upwards and the
skateboarder is moving horizontally. Ignore the effect of air resistance.

(4)
Tre oall Yos on weiviol hogizomal veloeity Which is. e sorme
ae e shadeboardecs Motizocha) velkociky, Wren the el s
prohe Jded | vpwards, \X ol eleccies 'w:j E\%E;Emuﬂ\ icechiondwe toO
Wo eeigny. ew b no vesulonk & Nosizenkal kerce, so
Wew 15 no. & hocczorial acce \exadon. dd e ool Toe ‘oall
Favel, oX 0 Coogrant Nogizemie) ﬁl?_"ﬁ.t:u’huy Hwmee looin the
sMode boaxdes. aod Yee ‘ol tos  some host zeetve ve\Seihy, The
Cange. o V% zesto) ;Lx_—;@\ﬂichﬂeﬂ‘r o Yoe el e equal Ao he
c%m;.lﬁqu:w«‘& v e shodeoonrder of the savne fime. 5o
e ‘vall Can be Cu\,;.chH‘t .

ﬁ ResultsPlus

Examiner Comments

The only point missed was that the vertical and horizontal
components of the velocity are independent of each other (first
marking point). This is an assumption that has to be made in
order to make the assumption about the displacement of the
ball being the same as that of the skateboarder, which gives the
4th marking point.
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Question 13

The majority of candidates could successfully apply trigonometry to calculate the required
forces. Less able candidates had more difficulty using trigonometry with incorrect
expressions such as T = mgcos20°, T = mg/sin20° and T = mg seen for the tension in (a)
and R = Ttan20° and R = Ttan 20° were also seen for the magnitude of R in part (b). Some
candidates were careless with their rounding, truncating rather than rounding their answer,
especially in (a). The answer should have been 0.16 N (from 0.156594) but many just
quoted 0.15 N, losing the third mark in that item.

Most candidates realised in part (c) that the magnitudes were the same due to Newton's
third law, although not all candidates stated the magnitude, preferring instead to state

that they are the same which was not enough for the mark. Some candidates justified the
magnitude of the forces with the idea of identical magnets, often after describing the correct
reason of N3 and this then negated the mark.

This response scored (a) 2 (b) 3 (c) 2

I
| tension 7
’
|
o
: repulsive force B TILE. ]
[ g Fy .
I from magnet
|
[
|
| weight W
i
| {a) Show that Tis about 0.2 N,
I .
| mass of bar magnet = 0.015 kg
1 oy
|
|
I e
|
3. 15 M
(b} Calculate the magnitude of & |
|
|
L 1 T 1 |
i
n 30 |
|
|
a M
o
H
(&) Stare the magnitude of the repulsive force that magnet X exens on magnet Y and
i Juatify vour answer,
|
| i 3 I I 1 [T TR sl ok it d 1 [ T 2 . ok L

divecHon onel different
(Total for Question 13 = 8 marks) ="
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Examiner Comments

(@) Correct method but the final quoted answer was truncated
and not rounded to 0.16 N therefore no final answer mark. The
final answer of 0.2 N was the show that value and we always
require an answer to at least one more significant figure than
the given 'show that' value.

(b) Using the candidate's incorrect value of 0.15 N from part (a)
0.05N was the correct answer for part (b).

(c) Correct magnitude of 0.05 N quoted using the candidate's
calculated value from part (b) with a correct explanation of
Newton's third law.

A

/ Results#

Examiner Tip

us

Do not just truncate (chop off the final numbers) when
reading from your calculator, round up or down to at
least one more significant figure than the value you
have been asked to show.
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This response scored (a) 3, (b) 3 and (c) 1 mark.

tension T

repulsive force R
from magnet Y

weight B
(a) Show that Tis about 0.2 N,

mass of bar magnet = 0.015 kg
(3)

- W

5:"'% qf!‘-‘?é_‘

T5ind
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(b) Calculate the magnitude of R,
. ,{G.‘f“' g (3)

Ko . lbeNCs o

B e S S N

R= . 0.0

(c) State the magnitude of the repulsive force that magnet X exerts on magnet Y and
justify your answer. -

(2}

e epulsive.. boree w4l be ._Epm_.f o e.0SSKM os

deenstor and G are. 1 2) . .,

(Total for Question 13 = § marks)

. ﬁ

Examiner Comments

The candidate unusually chose to use the angle of 70° between
R and the T to calculate successfully the values of R and T in
parts (a) and (b).

In (c) the correct magnitude was given of the force but the
explanation was insufficient to score the second mark.
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Question 14 (a)

Most candidates understood why the child on the walkway would not appear to

move. The language used was not always precise enough to score both of the marks,

often interchanging between forces and velocity. The first mark for stating or describing the
resultant velocity was commonly awarded but candidates often missed out on the second
mark because they did not say what would happen to the child or described what the child
would have to do to reach the start, i.e. accelerate.

The idea of relative velocity is not specifically referred to in the specification and this
question could have been awarded full marks without it. However, some candidates did pick
up on the idea that it was the position relative to the ground or a stationary observer that
needed to be considered.

This response scored no marks.

Explain why the child will not reach the start of the walkway.
(2}

This. i heLause . the. ohitd. 1. moving. at. the. Opposie
direchon of  the vk way.. The  chid. wal. . move,
slongy . _than [ Ams™' 0% W‘F‘Wwﬁwﬁp exerts
oPPUs_\'}Q,._."E_‘f)]"L{_. on the child . Tf He child wants 1D

veoch ear|fex he needc +4p increqse speed 1o

counter ke registan®  and fric-honal . forze
of woalwty

ﬁ ResultsPlus

Examiner Comments

The first sentence described the idea of the walkway and child
moving in opposite directions but there is no reference to

the speeds being the same. Rather than describe the relative
position of the child, this candidate discussed what the child
would have to do in order to reach the start of the walkway and
did not answer the question.

A
Q ResultsPlus
Examiner Tip

It sounds obvious but read the question thoroughly.
Once you have finished your answer then read through
the question again and then read through your
response to make sure you have actually answered the
question being asked. In this case the question was
not, 'What would the child have to do to reach the start
of the walkway?'.
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This response scored both marks.

e —

Explain why the child will not reach the start of the walkway.
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ﬁ ResultsP
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Examiner Comments

The candidates has stated that the resultant velocity would be
zero as well as showing this numerically; both methods would
score the first marking point alone.

The candidate then state that the child's displacement will be 0
which covers the second marking point.

This candidates has clearly identified that this question is

about vector quantities and direction. With the exception of

the reference to speed in the first line, all other quantities
mentioned are vector quantities. As they have always used
quantities that are vector and relevant to the context of the
question, there were no ambiguous explanations in their answer
and so both marks were awarded.

Q ResultsPlus

Examiner Tip

Make sure that you only refer to physics that is
relevant to the question being asked. In this question it
would be to make sure that only vector quantities are
discussed, the question gives you the velocities, and

so a good answer would be in terms of velocity and
displacement.
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Question 14 (b)

(b)(i) This section was a good discriminator. It was generally answered very well especially
as three stages were involved to obtain the final answer. Less able candidates substituting
into v = s/t to get the distance travelled along the slope of 47.5 m. The weight was usually
found correctly but the weaker candidates did not attempt to use trigonometry to calculate
the component of the weight along the slope or to calculate the vertical height of the
slope. A second mark was often scored by these candidates for use of work done = force x
distance.

The more able candidates often scored all 4 marks using a variety of correct methods to
calculate the work done, most commonly seen was the use of the component of weight
along the slope x distance along the slope.

(b)(ii) The most common problem with this question was that some candidates did not
realise that the work done using the stairs was the same as the work done when using the
ramp. Those who realised this, usually scored both marks for dividing their work done from
part (i) or the show that value of 5 kJ by the time of 12 s. Other candidates attempted,
usually incorrectly to calculate a new component of weight parallel to the stairs, using 45°
and then used the same distance along the ramp as calculated in part (i). As the first mark
was for the candidate realising that both work done valued would be the same, no marks
could be salvaged from such methods.
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A good response scoring (i) 4 and (ii) 2 marks.

Show that the work done by the child is about 5 kJ.

mass of child = 45 kg
(4)

W= Frd

© ShI

(i) On another occasion, the child uses the staircase to reach the next floor in 12 s.

Calculate the power developed by the child as she uses the staircase.

WD s SymeY =N
W b
PR = s\_{‘,__ T hksveWwW

Power developed = . M HBSAW
(Total for Question 14 =8 marks)

ﬁ ResultsPlus

Examiner Comments

(i) This candidate has calculated the component of weight acting
along the slope and then used work done = force x distance
with the calculated value of distance to obtain the correct work
done (with a unit).

(ii) The calculated value from part (i) has been divided by the
time of 12 s to calculate the power correctly.
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A good response scoring (i) 4 and (ii) 2 marks.

Show that the work done by the child is abow 5 k)
mass of child = 45 kg
.E—’ﬁ V- et Cenpeartnt w-D = Mg h
= It = kG2 = 45 x9 5| x1.9%
féu,_gT:f:.H,_l - Sinlg x2%
= TR (ryTrarEa = F 427 T
S = u.lt e B kJ

1.9 x gsinb ¥ 25

= 12.29 m
{11} On another occasion, the child uses the staircase to reach the next floor in 12 5,
Calculate the power developed by the child as she uses the staircase

5427
12

= 4852 .20 TJe- ;

Power developed g2 15 W

{Total for Question 14 = 8 marks)

ﬁ ResultsPlus

Examiner Comments

(i) This candidate chose to calculate the work done against gravity i.e. the GPE (as
opposed to the identical work done along the slope). Trigonometry was successfully
used to calculate the vertical height and then GPE = mgh was used to obtain the
correct energy.

(ii) The value calculated in part (i) was used to calculate the power and a final
answer given with a correct unit, so 2 marks were awarded.

A

J/ ResultsP

Examiner Tip

us

The work done on an object to raise it a certain height is the same, regardless
of the route to get it there (assuming frictional forces are ignored). In this
question the student could calculate the work done to walk along the slope (F x
d) or the gain in GPE (mgh) which is the work done against gravity in climbing
to that height. They are the same, it is just it could take longer to walk along
the slope as the distance is greater (less power developed). See question 11
WPHO01_01 January 2014.
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Question 15 (a) (i)

This question described an experiment that may have been carried out in some centres. For
candidates that had not seen the experiment before, a long description of the method was
given in the stem of the question. For all candidates, including those who may have used
this equipment before, an understanding of the transferral of the masses from the hanger to
the trolley was required but not seen in most responses.

Part (a) asked the candidates how the student carrying out the practical would be able to
obtain a value for the accelerating force from the data obtained in the experiment. F = ma
was a common but incorrect response, with the candidates not realising that the falling
masses provided the force to make the trolley accelerate and hence the weight of the
hanging masses was the accelerating force.

This scored 0 marks.

i
i (a) (1) State how the student obtained a value for the accelerating force F.

F = ma

{ ResuiltsPlus
/\ Examiner Comments

The candidate has been asked to show how the force can be
calculated. The accelerating force is the weight, mg.

This response scored the mark.

(a) (i) State how the student obtained a value for the accelerating force F.

! ResultsPlus
/\ Examiner Comments

Not much more than the previous example but a correct
statement of F = mg given.

IAL Physics WPHO1 01
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Question 15 (a) (ii)

The question required the candidates to describe a method that was relevant to this
experiment and used the measured variables that had been described in the introduction to
the question. Just 44 % of candidates scored at least 1 mark, with only the best candidates
managing to score the second mark and remembering to take into account that the trolley
started from rest.

Methods that required the light gates to measure initial and final velocity were not valid.
In addition to this, methods that described obtaining a table of results for s and t and then
plotting a graph were also not valid as the weight of the hanging masses was the only
independent variable described in the question, it did not mention anywhere changing the
distance s.

Candidates that attempted to describe the second method rarely managed to score both
marks as they did not always appreciate that the final velocity is double the average
velocity.

This response scored 0.

(i1) Explain how the student should calculate a value for the acceleration a of the
trolley using 7.
(2)

: . / ,
@;’j—g chon | 4 codialaty el UE/{:J‘{ 1y ot J{ i< -
lengrih  of ¢ lien ) '?" li G C-"“l ;,14! A dlfl’w"{

o N 1 4 a
ety e light gaee.. T, V= '%ﬁ;{ = .
EftM‘tﬂ A v o {5 1 'u:; (AL 'f?fmé T ngm, ‘j{\v‘b"
t3 ANg e lLﬂ“‘b Ly P W’f’/[

j,
pliecam e S,

-

fliﬁk—f.. ﬁ--f_-é’,, e

ﬁ ResultsPlus
Examiner Comments

This was not the method described at the beginning of the
question. The question clearly states that the light gates are
being used as a timer to measure the time taken to travel the
fixed distance 's'.

A

/ ResultsPlus

Examiner Tip

Read the method correctly and make sure that you
understand what the light gates are being used for,

i.e. to record a short time as an object passes through
them or to record the time taken for an object to travel
a fixed distance, as was the case here.
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A good response scoring both marks.

(1) Explain how the student should calculate a value for the acceleration a of the
trolley using t.
{2)

o

- ( 'l .

USIN 9 __th.(-‘i_ ..{T).i‘.'. m u,@@v c 8= 9){ j,._oxlf o a.nd Swnee. U=00.
Cearrange to gek. .. Q.= %;

ohere. 5= distance  between. b%j{,hh&ak&“ e
L= time behween b(ﬂ\ﬂ.qﬂ' S.

ﬁ ResultsPlus

Examiner Comments

Correct equation of motion identified and the candidate
has indicated that with u = 0, the acceleration is equal to
2s/t2. A rearrangement was not required but most that
were attempted were correct, and demonstrated a good
understanding of the method.

If you are going to re-arrange an equation as part of
your response, make sure that you include the original
formula of the equation before it has been rearranged
in case you make a mistake when rearranging.
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Question 15 (a) (iii)

Few candidates managed to make their response specific enough to the experiment in the
guestion with most answers in general terms such as 'to make it a fair test' or 'so that
force is proportional to acceleration'. The answer required a reference to this experiment
in that we were investigating the relationship between force and acceleration and changing
the mass would also change the acceleration which is not what was being investigated.
Reference to both objects being accelerated were rare and again, not always making the
point clearly enough to score the mark.

A good response scoring the mark.

('

(111) Transferring a mass m from the hanging masses and adding it to the trolley means
that the total mass being accelerated each time remains constant.

State why the fotal mass being accelerated should remain constant,

So.thad on thmcf"m el odion O
Qo o Hhe }SI:SCWLSLA addsd ot Chortie inmwd

o< & . mz(orhtont !

ﬁ ResultsPlus

Examiner Comments

The candidate has implied that the change in acceleration in this
experiment should be due to the change in force and not the
acceleration.

This response scored the mark.

-

s e ot -f;kj— ot the Db rehtinchy boncen  fove ond .

(iii) Transferring a mass m from the hanging masses and adding it to the trolley means
that the total mass being accelerated each time remains constant,

State why the total mass being accelerated should remain constant.
(1)

Geonnse  omoss ko eweelled,  unible, 1f ue cﬁﬂggb e
aug«h

ResultsPlus

Examiner Comments

Another correct response in terms of the described experiment.
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Question 15 (b)

A full understanding of the experiment was not required for this question and many
candidates demonstrated a basic understanding of F = ma and directly proportional
relationships, as the vast majority of responses in part (i) had a straight line through the
origin.

Most candidates who scored the mark in part (ii) did so by stating that the gradient
was equal to the mass. Those who attempted to describe which objects it represented
the mass of often lost the mark, as they failed to appreciate that it was the total mass
being accelerated. Therefore responses such as 'mass of trolley' or 'mass of hanging
masses' were incorrect where as a general 'mass' was not contradictory and weaker
candidates often scored the mark over more able candidates more by luck than
understanding.

(i)1 mark and (ii) 1 mark.

(b) (i) A graph is piotwd of accelerating force against acceleration,

Sketch the graph you would expect the student to obtain.

Force &

.
Ll

Acceleration

| (ii) State what quantity is represented by the gradient of the graph.

M J;-o _ | (1)
BRg Bk = Deine eccelera fed

ﬁ ResultsPlus

Examiner Comments

A perfect answer with this candidate clearly understanding
that both objects are being accelerated by the same
accelerating force.
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This response scored (i) 1 and (ii) O.

(b) (i) A graph is plotted of accelerating force against acceleration.

Sketch the graph you would expect the student to obtain.

Force &

-
-

Acceleration

(ii) State what quantity is represented by the gradient of the graph.

May of T tollley

ﬁ ResultsPlus

Examiner Comments

The candidates has failed to appreciate that the weight of the
hanging masses is making both the hanging masses and the
trolley accelerate.
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Question 15 (c)

Questions similar to that asked in part (c) have been asked many times before on the home
6PHO1 paper. Candidates only had to state two disadvantages without any explanation as to
how they would have effected the final results or as to why they occur. This was therefore

a well answered question with most candidates opting for human reaction time and then
either a reference to parallax or zero error. Some candidates lost the mark as they failed to
mention time, so 'human error' and 'human reaction' were not sufficient to score the mark.

This response scored 1 mark.

{(¢) The time ¢ could have been measured using a stopwatch.

Suggest two disadvantages of using a stopwatch rather than light gates and a timer fo
measure f. |
(2) |

— Ina Step tootely, = B veechen 17hne
Cen Cemte rmarst ke
_ #@;2..4 Bk ey (2. = fzf-’p cae te Lo |
. L “Merre 10 5 L,_ L 7% S A gﬂ‘_.‘%_- "le F’f . '—é f..""’? € . 1

____(Total for Question 15 = 8 marks)
ﬁ ResultsPlus

Examiner Comments

This response includes a correct reference to the reaction time.

It was quite common to see statements about the light gates
enabling graphs to be plotted or calculation to be carried out
automatically. These statements may be true but the question
only asked for the advantage of light gates to measure t and
not about the advantages in general.
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This response scored both marks.

(¢) The time ¢ could have been measured using a stopwatch.

Suggest two disadvantages of using a stopwatch rather than light gates and a timer to
measure f.

(2)

o Mang . SR wathcan. exprsed o Yandym.  eareC. due humen. ...

reachon fime - #F O ols ,and. expesed to pallax. SO
LAuang.. xAnd The hme | We hovs, 4o, dete  do the

..... greapn... mandally.. co mpared. Yo, Lgrt  gabe s

(Total for Question 15 = 8§ marks)

ﬁ ResultsPlus

Examiner Comments

The candidate has made two correct statements about the
reaction time and the parallax error.

The statement about the graph is not relevant to the question
as they were only asked about obtaining the time and not to
comment on any part of the method beyond that.
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Question 16 (a) (i-iii)

(a)(i) Most candidates successfully used the expression density = mass/volume to obtain
the correct answer of 1.06 x 10% kg s*. Some candidates truncated their answer rather
than rounding it correctly. Although the required answer had to round to two sfto 1.1,
many responses were seen with a final quoted answer of 1.05 x 10°. Although these would
have still been awarded both marks, poor rounding and quoting of final answers to too few
significant figures, was common on this paper. The data in this question is given to three
and four significant figures so candidates should be encouraged to work to and give their
answers (accurately) to the same number of significant figures as that given in the least
accurate data, i.e. to 3 s.f. in this question.

(a)(ii) This question was answered correctly by the vast majority of candidates. Some
candidates did not quote their final answer to 2 sf, opting to go straight from the
substitution into mgh to 2 GW. This lead examiners to believe that perhaps, as seen on
other papers this summer, that the candidates did not know that giga represents 10°.

A few candidates failed to use GPE = mgh and instead assumed the water was falling freely
and used v? = u? +2as to obtain a final velocity and then used P = Fv with the weight/
second to calculate a mass. This method scored no marks.

(a)(iii) Most candidates were able to correctly use the efficiency conversion to calculate
80% of either the calculated power from part (ii) or 80% of the 'show that 'value of 2 GW.
Most could then correctly convert the power to an energy, calculating the energy produced
in @ year. Some strange and careless time conversions were used, mainly using 360 days in
a year or including an additional x 60. The unit watt, instead of Joules, was fairly common.

A significant number of candidates that scored full marks in part (i) and (ii) did not score
more than 1 or 2 in part (iii) due to incomplete calculations, missing units or power of 10
errors in the calculation.

IAL Physics WPHO1 01

31



A good response scoring (i) 2, (ii)2 and (iii) 3 marks

The reservoir contains fresh water.
(a) The total flow rate across all the turbines is 1060 m® 7',
(i) Show that the mass of water entering the turbines each second is about 1 = 10° kg.
density of fresh water = 997 kg m™
(2)
1060 m” pec second
MOSS. per yesmed T Velore ¢ ‘{E"-‘ e S
lO 60x % Fo
= 0&:!0 x lilO bg

(ii) On average the water will drop through a height of 185 m.

. Show that the total power of the falling water before entering the turbines is about
2 GW.
(2)

=L OG-:IO £ q 8‘ k3 lg? 19 ‘1&1{:' E
P = —‘9 6=l ez _ﬂ-.us. P e l‘\hw‘w

1.9 mo"w T LMW % 26W

(i11) The turbines convert 80% of the power of the falling water into electrical power.

Calculate the amount of electrical energy the Hoover Dam produces each year.
(3

q
BRRe 1.A%e10 x 0.8 = V.§36yi0° T
(\‘5?;%‘(0“\ X ("0%"01'1‘** 365)
= L.y

19
Electrical energy = 4 - 34 %10 9

ResultsPlus

Examiner Comments

A clear response with all working out shown and the correct
units of Joules quoted in part (iii).
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This response scored (1) 2 (ii) 2 and (iii) 2 marks.

The reservoir contains fresh water.
(a) The total flow rate across all the turbines is 1060 m® s~
(i) Show that the mass of water entering the turbines each second is about I x 10° kg.

density of fresh water = 997 kg m™
(2)

..... Velume = 106om.oP 5" X 1.5, | Mass= 105X fa. .
@ Mass = dens: 13 X uc—*!mﬂ& ...................... I I R
.................................. =..99% X o

(ii) On average the water will drop through a height of 185 m.

Show that the total power of the falling water before entering the turbines is about
2 GW,

(2)

Croutiokl pofentel enegy=.mah o
___________________________________________________________________________________________ ~ fosx1’ ¥ 28IX18S

(iii) The turbines convert 80% of the power of the falling water into electrical power.

Calculate the amount of electrical energy the HoomDunpmducecéanh year,
(3

B0 X 1&'1:19 2 'S3 X0 M
‘Mo

Pmu":_naﬁ_
+Himg.

= R G XAG T

6
Electrical energy = ... T+ 7@ X103
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=
& ResultsP

us
/\ Examiner Comments

(i) The candidate has correctly substituted into the equation

but has truncated their final answer. We just required an
answer that, when rounded to 2 sf, was equal to 1.1 x 10°. This
candidate could still score 2 marks as 1.05 to 2 sfis 1.1.

(ii)Use of GPE with the division by 1 (not shown but assumed)
to go from GPE to power.

(iii) Two marks awarded. The candidate has gone wrong when
quoting the number of seconds in a year, it should be 3.15 x 10°
but they quoted 3.11 and so the final answers gives an incorrect
energy. The second marking point was still awarded as a time
conversion had been attempted but an arithmetic or transferral
error must have occurred.

¢ ResultsP

Examiner Tip

us

Show all of your working, in this case the candidate
should have written out all the steps they carried
out to calculate the number of seconds in a year.

It makes checking your work at the end of the
exam easier and often there are interim marks for
substitutions into equations.
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Question 16 (a) (iv)

If a candidate implies that energy has been lost or wasted they will not be awarded a

mark due to incorrect physics. They should always explain that the energy has been
transferred or dissipated and state how (as heat/thermal energy) or why (work done against
friction). In this question we also accepted responses that did not specifically refer to a
transfer of energy but were more specific about the cause of the transfer such as friction
acts between the water and the turbine. Just as a bold answer of 'air resistance' in question
18 (b)(ii) would not be accepted, a reference to friction alone would not suffice here.
Candidates should get into the habit of always describing which two bodies the friction is
acting between.

A good answer scoring 1 mark.

{iv) Suggest why not all of the power from the falling water is converied into
electrical power.

-7 | [ / ) j f ’ / { J
Tt"-L TS\ TV ¥ ;( § 1'1 g I_ ) -;’ [“, i Cowvn s i {! (’.l{ ',// N I adf

]
i

f ] ) ] J / { 1 ) ! ol

[ / .A
N Results+lus
/\ Examiner Comments

Similar to the idea of the wind turbine seen in a previous 6PHO1
paper, the idea that the water would still be moving once it

has passed through the turbine demonstrates an excellent
understanding of the context and is well deserved of the mark.
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This scored no marks.

(iv) Suggest why not all of the power from the falling water is converted into
electrical power.

heut etergy of 1o uing ports.

ﬁ ResultsPlus

Examiner Comments

This candidate clearly has the idea that the energy is
transferred to other forms of energy. They have described and
energy transfer and we can ignore the earlier reference to

lost by assuming that they have now qualified that statement
by explaining that the energy is transferred i.e. they have
explained what they mean by 'lost'.

A
Q ResultsPlus
Examiner Tip

Never refer to energy as being lost or wasted. Describe
the energy transfer by giving the mechanism of
transfer such as heating or the form of energy that the
energy is transferred as e.g. thermal or heat. Ideally
you would also describe the body (e.g. surroundings,
turbine blades) the energy has been transferred to.

IAL Physics WPHO1 01
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Question 16 (b)

Candidates answered this well with most responses featuring some reference to flow rate

or lower speed for the salt water. The exact choice of words meant that some responses

fell short of the requirement of the mark scheme. Therefore responses such as less mass
reaching the turbine was seen fairly often but did not score the mark as they did not say
'per second'. A reference to time was required because the same mass of salt water as fresh
water would reach the turbines but would just take slightly longer. As mentioned in the
introduction to this report, some candidates, who had a good understanding of the context
and physics, lost marks for ambiguous responses.

Many responses failed to follow through the arguments to score a second mark.

This response was given 2 marks.

Explain, without further calculation, why the different viscosity of the water would
cause the power output using salt water to be less than the power output using fresh

water,
é
[ . l |] _rj‘_,-. o gy e uie g!}{__ q[ \ +15 | L
§ oure el ot 3 ™ i A H b woll By X+
: | 5 i S5 3 Yur £y T\' g by rle =N le r ..A_.i."-m.'lP
| 3
i
|
1
5 (Total for Question 16 = 1) marks)
1
S US

N

/\ Examiner Comments

The candidate has described a lower viscosity and the turbines
turning less. These are two linked points demonstrating an
explanation for the lower power output. Ideally they would have
described the lower rotation speed of the turbines a little better
but the idea being described can be understood.

IAL Physics WPHO1 01 37



This response did not score any marks.

Explain, without further calculation, why the different viscosity of the water would
cause the power output using salt water to be less than the power output using fresh
water.

o

_.rc?S.c\ tuuvfﬁ’-f( {‘E’ﬂ»ﬁ wr(os( Laken {Cj’ ==

f’(’:’-” &7 CUC&,{E»’[ C:LL-CJ(J 58 Lt E’(' ff(ﬂéi(cﬂ/ge
e S des yoke Lin gt m{m Hote
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(Total for Question 16 = 10 marks)

Plus

Examiner Comments

The candidate writing this response clearly understood why the
power output with salt water would be lower. Unfortunately,
none of the points were specific enough to be given a mark.

Water flows easier is not enough.

Generate turbines at a faster rate is not describing them
turning.

The idea of resistive forces was examined in the previous part of
the question, therefore to earn a mark here in terms of resistive
force there had to be a comparison between the consequence

of the greater resistive forces with salt water i.e. a reference to
energy transferred and the reason e.g. greater frictional forces.

Examiner Tip

Never describe anything as 'easier', use the correct
physics terminology. In this case what is meant by
easier is 'flows at a greater velocity'.
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Question 17 (a) (i)

Some very vague labelling of tensile and compressive forces were seen here. We were not
looking for a very precise positioning of labels, just an indication that anywhere on the steel
was under tension and anywhere on the concrete was under compression. It was common
to see compression labelled throughout the centre with tension labelled on both materials
across the end.

2 marks were awarded.

17 A composite steel beam bridge is used across short spans.

A bridge beam consists of-a base of steel with a layer of concrete on top. The diagram
below shows how one of the beams will bend when a load is applied,

onder  com preg‘sicn

concrete

steel

¥
|
under +enginn

(a) (1) Label the diagram to show where the beam is under tension and under
compression.

ra

(=)

ResultsPlus

Examiner Comments

Both regions clearly labelled.
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2 marks were awarded.

17 A composite steel beam bridge is used across short spans.

A bridge beam consists of a base of steel with a layer of concrete on top. The diagram
below shows how one of the beams will bend when a load is applied.

(Dmprt';SiOh

concrete
steel
ienfion tenivan
(a) (i) Label the diagram to show where the beam is under tension and under
compression.

lus

Examiner Comments

Another good response.
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Question 17 (a) (ii)
Responses to this question were poor.

Many responses seen defined general in terms of strong, with few candidates identifying
that the nature of the forces acting on each material were different. Steel having a high
ultimate tensile stress was probably the most frequent response that scored a mark, most
probably because candidates had learnt that by rote about steel. Correct explanations of
the suitability of concrete were less common as it is a material less likely to be given as
an example when teaching materials. However, no prior knowledge was required, as long
as the candidate could identify that the concrete beam in part (i) was under compression,
the rest could have been inferred i.e. in that it is strong under compression. References to
strong were common. Some answers appeared incomplete in that the candidate identified
that the concrete was under a compressive force and the steel under a tensile force but
responses such as the steel has a high tensile stress with no reference to breaking would
not have scored.

This response scored 1 mark for their description of ductile and steel.

% (ii) Explain the choice of materials used in the beam.
] (2)
yed € A Saocs \er g [IPr SR *] AU
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ﬁ ResultsPlus

Examiner Comments

No mention at all has been made of the concrete but amongst

all the irrelevant physics this candidate has given (which does

not contradict any correct physics), there is a correct reference
to tensile force and not breaking under a heavy load.
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This response scored both marks.

(ii) Explain the choice of materials used in the beam.

E sl tﬂaﬁ:} (2)
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ﬁ ResultsPlus

Examiner Comments

A rare but excellent answer identifying that the choice of
material is dependent on the high breaking strength under the
appropriate compressive or tensile force.

A
Q ResultsP
Examiner Tip

When you are asked to describe the suitability of

a material for an application, think about the most
important property that the material must have. In
the case of a road you would not want it break under
the load created by traffic driving over it. Therefore
the breaking strength is the main property to be
considered.

us

As there were two materials used here and the
previous question asked you to consider where the
compressive and tensile forces acted, that should have
been a clue as to the additional information required in
the question.
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Question 17 (b) (i)

This question required the candidates to state and define the property of concrete that
causes it to break suddenly, without warning. The candidates were given the stress-strain
graph for the concrete as well as the information given in the question; therefore this was

answered very well.

As this question required a definition rather than an application of a property the mark
scheme required a more rigorous response. Therefore candidates that did not refer to

breaking in their response were not awarded the second mark.

2 marks awarded.

(1) State and define the property of concrete that causes it to break suddenly without
warning.

Q}E.Qﬂ‘-ﬁ-}'{ 'la'ik.lgl\‘\L MO-E\'ME\‘\.Q\-
ll 'J'D.TI.Q.Q\C: l-m‘i’\f\ \'\\g\'\tt oo WD ?l'LCk)l'nL é{%nmmrx\{gm.

ResultsPlus

Examiner Comments

Brittle has been identified and the candidate went on to explain
that it will break with little or no plastic deformation.

This response scored 1 mark only.

(i) State and define the property of concrete that causes it to break suddenly without
waming,

v It A butte
ﬁ ResultsPlus

Examiner Comments

The candidate had identified that concrete is brittle but the
definition of brittle is missing a reference to breaking after little
or no plastic deformation, so no second mark.
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Question 17 (b) (ii)

This question required the candidates to apply their knowledge of the properties of materials
to the bridge if the applied stress became too large and it would start to fail.

The first three marks required the candidates to describe the effect on steel if a large stress
is applied and the final mark required a description of what you would see on the bridge.
This item discriminated well with most candidates scoring at least one mark and the best
often achieving all 4 marks for well-structured explanations.

The most common mark awarded was for identifying that the steel would undergo plastic
deformation (MP3) followed by a (permanent) change in shape (MP4). The more able
candidates manage to identify that this only occurred once the elastic limit had been
exceeded with some candidates even identifying that this will be at the yield point. More
through meticulousness than difficulty, only the best candidates identified that steel is
ductile, usually giving them all 4 marks.

This response scored one mark.

(ii) Use the graph to explain why there would be visible signs that the steel pan of
the bridge was starting to fail if the applied stress were too large.

(4]
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ﬁ ResultsPlus

Examiner Comments

The candidate has correctly identified that if the applied stress
is too large then the elastic limit will be exceeded. They then
attempted to describe plastic behaviour but were not specific
enough. Finally there was an attempt at describing the visible
signs of failure but these were too general.

A
Q ResultsPlus

Examiner Tip

Learn the definitions of the properties of materials
accurately as questions often just ask for a definition.
In this question the candidates had to use the
definition to describe what would happen to the bridge.
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This response scored 3 marks.

(i) Use the graph to explain why there would be visible signs that the steel part of
the bridge was starting to fail if the applied stress were too large.

()
T Steed 15 0 duchle makaod . b widagee o ey Lros

_mm_%‘_,__ ot Fﬂu;h o S2formaben __.be{o.m.,bmmeing.,, T
Plashc defoomotion. con. be ._.e.os.s..‘u,l.sé,..g_g,u:‘.,. ond. . fley. Wl
ek puk. W ood. 'Tls.ali o b Y Goad (s tow i LR
due o Yo plashe deformativn . I conrost, with
con Gthe . we dont. bnow ik bveok since it's bkt
Deh unbecgear. Muth Padbie desormaken and flee’s

nover bme. to remove vl Cood befove ibbeoder
Wlen e, €oad 1 vemored £ sle g4 Wil vor
A ke B Bﬁa/?md thoee

ﬁ ResultsPlus

Examiner Comments

The candidate has clearly identified that the steel is ductile
and that it will exhibit a large amount of plastic deformation
resulting in it not returning to its original shape. No reference
was made to the elastic limit or yield point but this well
structured answer scored 3 out of the 4 marks.
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Question 17 (c) (i)

Although the vast majority of candidates used the gradient of the graph or pairs of
points within the linear region, a far smaller proportion of candidates took notice of the units
on the axis. Calculated answers often had a power of ten error or a missing unit.

The graph clearly passed through (0,0) but many candidates did not chose to use (0,0) as
one of the points, often introducing additional errors when reading the co-ordinates from
the graph.

This response scored 1 mark.

(i) Calculate the Young modulus of the steel.

Ee Sres | SO0 . TTEMT0S

= 17600

M 600 Pa

Young modulus =

ﬁ ResultsPlus

Examiner Comments

The gradient of the graph within the liner region has been
attempted however this candidate forgot to include the mega
from MPa from the axis for stress, therefore creating an error of
x 10%in their final answer. Therefore no final answer mark could
be awarded.

J//\
Q Examiner Tip

Check the units on the axis for every graph, making
sure that all prefixes are seen and then included in
your calculations.
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This response scored both marks.

(i) Calculate the Young modulus of the steel.
3
€ = yourg's metludng = SWSS C: 1875 x16* Pa
Shroan T
A0 Slimt ol paperbunaliy QoS €= LIxe' Pa,
Young modulus = 41 *\¢" Po
A

2/ ResultsP!

Examiner Tip

A pair of points from within the linear region have been
taken. All quantities included the correct scale factors
read from the axes of the graph. The final answer is
within the given range on the mark scheme with a unit,
so both marks scored.
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Question 17 (c) (ii)

This specification specifically makes a distinction between the elastic limit and yield point.
This question was intended to examine the candidates' knowledge, not allowing any overlap
between definitions. Questions which require these points to be identified or applied are
usually more lenient in the language used but as this was clearly a definition item then clear
and accurate explanations were required.

This response scored no marks.

State what is meant by elastic limit and vield point.
2y

L Elastte L = 53 Be porat e a0 e eck will
DO back o ;""S uﬁJTM( CL:PLAH'H [

yotal- b will e \maf.{ éu ek Yo s era
Vie(d pour - The point b which aler gt

fhe  wqedec ted 4 udurqoes E:k_%h‘t—

(Total for Question 17 = 14 marks)

ﬁ ResultsPlus
Examiner Comments

This response is very similar to many seen. The definition of the
elastic limit is nearly correct but is missing a reference to the
(deforming) force being removed.

The candidate has then confused the elastic limit with the yield
point and has given a very good definition of the elastic limit.
This would have scored the mark had it been identified as the
correct explanation for elastic limit.

No mention at all to the 'yielding' that occurs at the yield point.

A
J/ ResultsP!

Examiner Tip

us

Please learn definitions accurately.

The elastic limit and the yield point are two

separate points that can occur in the behaviour of
some materials as the applied stress in increased.
Although plastic behaviour continues beyond both
points, it begins at the elastic limit and if sufficient
stress is applied that a material will reach its yield
point. At this point, the material will suddenly produce
a great extension with little, or even no, additional
applied stress.
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A good response scoring both marks.

State what is meant by elastic limit and yield point.
. b (2}
whic

... Elastic. limil is the point.. _b_lgoncl__n 2.makrial  cannol
retain ds __o{_r'ﬁi.nal. dimersions. , even. afler . remaal of the

__ d«:—.rorm‘_ifﬁ_ Jorce. (B @#ﬁs—’%ﬁm}

Yield po,nJ =y R-[ﬁ€ . _p_o_'l_n-\_ 2 ooh l'c:.l‘) A _m_alcria)_ %fbuﬁ

LA.@. [‘Hj’(‘ ancrease in ofvzin. for a <pmll tecrezse in

(Total for Question 17 = 14 marks)

ﬁ ResultsPlus

Examiner Comments

This candidates has written a clear and correct definition for both the
elastic limit and the yield point.

We have asked for a limit and a point to be defined. Therefore it is
expected that any response will refer to what happens at the end of
the limit, i.e. from this point or up to this point. This is slightly more
obvious and more commonly seen for yield point and most responses
tend to start with 'This is the point at which...'. Responses starting
with 'It is where...... " are to be avoided, especially with elastic limit,
as this really refers to a single point on a stress-strain graph.

It is important to mention the 'increase' in stress when defining the
yield point. Many candidates just refer to an applied stress producing
a large extension. It is the use of 'no' or 'little' additional force that
creates the large extension.
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Question 18 (a) (i)

While most candidates remember to include the upthrust, many had clearly not read the
question and not realised that the balloon was rising. A large proportion of responses
therefore had the drag force in an upwards direction implying that the balloon was falling.
We have only tended to examine objects moving upwards in the multiple choice items
and have mainly asked questions involving falling items in the longer questions of section
B. Candidates had clearly re-drawn free-body diagrams from completing such practice
questions, rather than from reading the question and thinking about the context.

For the majority of responses, the labels used for the forces were appropriate but an
undefined 'V' for viscous drag was not acceptable. This could have been confused with
viscosity which has been incorrectly used on such diagrams in the past. In addition to this
an undefined 'F' will not be acceptable as a label, as it could refer to any force.

This response scored one mark for the correct direction and labelling of the upthrust.

(a) (i) Complete the free body force diagram below for the balloon as it rose. The total
ight W of the balloon and Baumgartner has been added 6T you.
J— - (Z2)

UE?JF\"\{"‘]"‘(
Covck

‘;a'i‘*ﬁl

o+ ©

ﬁ ResultsPlus

Examiner Comments

W

The force for drag is correctly labelled and in the correct
direction but due to its position, it does not appear to be acting
on the balloon.

Free-body diagrams should show all the forces acting
on a body with their correct directions. All lines with
arrow heads must touch the dot to imply that the force
is acting on the object the dot represents.
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Just one mark awarded for upthrust.

(a) (i) Complete the free body force diagram below for the balloon as it rose. The total
weight W of the balloon and Baumgartner has been added for you,

wp dbust

W

ﬁ ResultsPlus
Examiner Comments

No drag drawn in or labelled. Some candidates do sometimes
include a resultant force. Any arrows labelled 'resultant' or

'R" will be counted as additional forces and marks could be
deducted if the candidates has already scored full marks for
drawing and labelling the correct forces. In this case no marks
were deducted as only one mark had been awarded.

A

J/ ResultsP

Examiner Tip

us

Do not include resultant force arrows in free body
diagrams. The resultant is not an additional force but
the sum of all the forces acting on the object and
should not be drawn in. For the balloon, the resultant
force should have been zero anyway as it is moving at
a constant velocity.
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Question 18 (a) (ii)

There was no ecf from part (i) for incorrect directions of forces from part (i) so although
some candidates had written expressions consistent with their free body diagrams, no
marks were awarded for incorrect statements of physics.

The stem of the question refers to the balloon rising, so the response required was expected
to describe the motion during the constant velocity phase of its motion as this was for
nearly 95 % of its journey time. Many candidates chose to use inequalities implying that
there was a resultant force, often with the inequality the wrong way round implying that
the balloon was accelerating. Such answers were not credited and only statements with no
resultant force were accepted.

One mark awarded.

(a) (1) Complete the free body force diagram below for the balloon as it rose. The total
weight W of the balloon and Baumgartner has been added for you.

]i up rwity)

Vs () I

A YOI &nw W

(11) Write an expression for the forces acting on the balloon as it rose.
(1)

ﬁ ResultsPlus

Examiner Comments

'F' was defined on the diagram giving a correct statement
for the forces at constant velocity.
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No marks awarded.

(a) (i) Complete the free body force diagram below for the balloon as it rose. The total
weight W of the balloon and Baumgartner has been added for you.

Lisk Force (U)

W Dv’a% Fovea

(ii) Write an expression for the forces acting on the balloon as it rose.
(1)

Lkt Focn __(u?fhr..gé) > Weqld 4 D/aj Force .

ﬁ ResultsPlus

Examiner Comments

Using the candidates labels from part (i), this response
described the object as accelerating and scored no marks.

Just to note that 'lift force' would not have been accepted in
place of 'upthrust' in part (i).

The drag force is not as vertical as we would have liked but
given that the label for weight is in the way, there was a greater
tolerance on the direction of the vertical forces than usual.
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Question 18 (a) (iii)

This question differentiated well across all abilities. The common error was due to not
reading the question properly and assuming that this question was about the resultant force
acting on the balloon as it rose, discussing the relative magnitudes of the upthrust and drag.
These responses often went into detail about Newton's second law and Stoke's law, none

of which were relevant to the main idea that the density of the air decreases as the balloon
rises.

The most common responses seen involved the density of air decreasing so the upthrust
would increase, scoring two marks. A smaller number of candidates identified that a greater
volume of air would be displaced as it rose so the upthrust increases. Few candidates
managed to include both of these ideas and only a small humber of candidates included a
conclusion comparing these two effects - the 5th marking point.

This response scored 2 marks.

Explain the changes in the upthrust as the balloon rose. Assume that the weight
did not change.

Upthrust. increnses. ot frst.:
* The enve.[ope cxl)anded and_ volume. _increases |
Upthrust tecieass  then.

* The ofLE?.ﬁsf‘r}r Q{" air . decreases a lot.

[ / _
~ Results+lus
/\ Examiner Comments

The ideas that the density increases and the envelope

expands are correct and were awarded 2 marks. As this
response has been written using bullet points the statements
about the upthrust are not linked to the correct even and are
too ambiguous for the marks. In the order in which they have
been written they seem to imply that the change in the upthrust
causes the change in density and volume.
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This response scored 2 marks.

Explain the changes in the upthrust as the balloon rose. Assume that the weight
did not change.
(4)

At ficst , He upthiaot ams  gcexter thma by oeiahts
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ﬁ ResultsPlus

Examiner Comments

Even though the graph of the balloon's ascent is primarily a
straight line this candidate assumed it was accelerating. The
earlier part of the response was treated as neutral because it
did not contradict the description of the balloon at heights

at which the change in upthrust is significant. The candidate
eventually began to discuss a decrease in upthrust due to

decreasing density, scoring 2 marks.
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Question 18 (a) (iv)

Candidates found the extraction and use of data from the graph to be straightforward with
a high proportion getting 2 marks for this item. Some candidates chose a pair of values
from the horizontal region of the graph, scoring one for use of speed = distance /time but
producing an answer out of range so no scoring any further marks.

Errors occurred when candidates had omitted the power of ten in either the numerator or
denominator of their expression. An answer to 2 significant figures was required as that
eliminated ambiguous values taken from the decelerating or stationary part of the graph. A
significant number of responses did not include a unit.

This response scored both marks.

1P m
-]
>

Height /

The balloon rose to a height where the density of the air is less than 1/200 of its value at
sea level. As the height increased the envelope expanded.

The graph below shows how the height of the balloon increased with time.

3 —
ye

0 1

= b~
¥, - 4,

(iv) Use the graph to calculate the velocity of the balloon as it rose.

|
4 5 6

Time / 107

3 —
oo
O
=

- N 1" B |
38:5. o 84T,
1.2-1

Velocity = “.84. 5'4:/7'

ResultsPlus

Examiner Comments

The candidate has calculated the gradient
using most of the linear region to obtain an
answer in range with a correct unit.

Examiner Tip

If taking a gradient from the graph use the
largest triangle possible, extending the linear
region of the line if necessary.
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This response scored 1 mark only.

The balloon rose to a height where the density of the air is less than 1/200 of its value at
sea level. As the height increased the envelope d.

The graph below shows how the height of the balloon increased with time.

45

.....

40

35
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25

Height / 10 m
b
<

0 1 2 3 4 5 6 7 R 9 10
Time / 107 s

(iv) Use the*graph to calculate the velocity of the balloon as it rose.

)

(4, ?SP
Xy -y 7 - 6
Velocity = . ... g""& e

Examiner Comments

This candidate has only quoted their answer to 1 s.f. so could
not be given a mark for their final answer.

Some less able candidates used (0,0) and (1,5) obtaining an
answer of exactly 5 m s, a response not deserved of both
marks, hence the 2 sf stipulation.
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Question 18 (b) (i)
This question was well answered by nearly all of the more able candidates.

Most responses seen used v = u + at to obtain a correct answer of 491 m s'* Some
candidates truncated their answer and quoted 490 rather than or 491 as their final answer
and did not score a second mark. Incorrect responses tended to use a non-zero initial
velocity either taken from earlier in the question or following an attempt at a calculation.

A correct response scoring both marks.

(i) Show that the theoretical speed he could have reached 50 seconds after stepping

out of the capsule was about 500 m s™'.

[

vz 4% .S m{; N Geo mle

+IuS

Examiner Comments

The correct answer using v = u + at, with u = 0, has been
calculated and included the correct unit.

This response scored 0 marks.

(1) Show that the theoretical speed he could have reached 50 seconds after stepping

out of the capsule was about 500 m s™'.

Hmas. . 5. 3% 5 M0  m
5 = o+ o+ '.!:"*“+.1. o - o
T3rie) =y (50) 4 $EIBIOY)
u = |22 62 - 4é ; Y hs I‘\-..J-I

=

ﬁ ResultsPlus

Examiner Comments

The candidate has not understood the question and assumed
it was asking for an initial rather than a maximum velocity.
It appears as though they tried to calculate an initial velocity
based on falling the total height of the drop in 50 s.

58 IAL Physics WPHO1 01



Question 18 (b) (ii)

As mentioned when discussing item 16(b)(iv), to state air resistance alone, without a
reference to the body on which it is acting, would not score the mark. Air resistance was

a very common response and given the number of time in the past questions have been
asked about the effect of air resistance on projectiles, the poor performance of candidates in
this item was disappointing.

For the candidates that scored the mark, the lack of consideration of air resistance when
calculating the speed and, 'the air resistance was acting on him', were the most common
responses.

Some candidates wrote down the difference between the two speeds without any additional
comments while other common responses referred to energy being lost or wasted, again
without any addition comments to explain why there was this 'loss' of energy. Very few
candidates appreciated that he had reached his terminal velocity with even fewer candidates
giving an answer in terms of the resultant force.

1 mark awarded.

Account for the difference between the theoretical speed and the actual speed.

W@’lﬁ%&'{@' P\Er resiStance.  wag Of{r‘nj on
lhm

ResultsPlus

Examiner Comments

Straight from the mark scheme, a good answer.

No marks awarded.
Account for the difference between the theoretical speed and the actual speed.

QX NI Stance

ﬁ ResultsPlus

Examiner Comments

.......__._...._.___....._..

Not much to see but as mentioned above this was a very common
answer.

This question does ask for the candidates to account for the difference
between the speeds. Just stating air resistance is not accounting for the
difference, it is just stating a type of resistive force hence additional
information/explanation is required for the mark.
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Question 18 (c)

More able candidates had no problems creating and manipulating a ratio from the
information given in the stem of the question. A significant nhumber of weaker candidates
had no idea how to approach this question and left it blank or just multiplied 380 by 1.2
(rather than divide by 1.2). Some candidates confused Mach 1.2 i.e. a ratio of 1.2:1 with a
ratio of 1:2 and doubled the speed.

2 marks awarded.

(c) The Mach number is the ratio of the speed of an object to the speed of sound.
The maximum speed reached by Baumgartner was 380 m s™' at a height of 20 km
above the Earth. This speed can be described as Mach 1.2.

Calculate the speed of sound in air at a height of 20 km.

b2 =P 3bome™! 2 3% 2e6d
- I R

Speed of sound = . 216 Fme!

(Total for Question 18 = 14 marks)

TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER = 80 MARKS

Resuits+lus

Examiner Comments

Correct use of the ratio to give a correct answer with unit
but units were not always remembered.

60 IAL Physics WPHO1 01



This response did not score any marks.

(c) The Mach number is the ratio-of the-speediof an object to the speed of sound.
The maximum speed reached by Baumgamicr'waagg[_}_ m s Sat a height of 20 km
above the Earth. This speed can be described as Mach 1.2,

Calculate the s-pe_ﬂﬁ_i_ﬂﬁ)gpiij_aihmbﬂight of Z0 km>

26 060
380/

)
. o _ .

Speed of sound = . 456 ms ’.. S

(Total for Question 18 = 14 marks)

TOTAL FOR SECTION B = 70 MARKS
TOTAL FOR PAPER = 80 MARKS

ﬁ ResultsPlus

Examiner Comments

A well set out answer but the candidate has misunderstood
the definition of Mach and made it into a ratio the wrong way

round which resulted in the speed being multiplied by the Mach
number and not divided.
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Paper Summary

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

A greater understanding of the context and question being asked would have helped many
candidates. A sound knowledge of the subject was evident for many but the responses seen
did not reflect this as the specific question was not always answered as intended.

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

e Slow down during the multiple choice items, so that key words in the command
sentence responses are not missed.

e Remember to check responses if there is time at the end of the paper in case careless
mistakes have been made, especially powers of 10 or missing units

e Revise accurate definitions of all terms given in italics in the specification

e If a series of events has to be described, do not spend all of your time describing one
aspect e.g. just the vertical motion and then have no time left to describe the horizontal
motion.

e Read the question and answer exactly what is being asked. Do not give the answer to a
question you may have seen on a previous paper because perhaps different forces are
involved.
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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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