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Introduction

This unit is designed to test how well candidates ‘understand and apply their knowledge of
physics in the areas of mechanics and properties of matter. Their knowledge of physics is
basic to all the questions on the paper, but is specifically tested, for instance, in questions
asking for definitions of terms (such as the meaning of yield point in question 12), and those
asking for straightforward statements (such as the meaning of laminar flow in question 19).

Their understanding of the subject is tested in a large proportion of this AS paper, for
instance in questions requiring them to select the right equation to use in a calculation,

in questions requiring them to understand what a law of physics means (such as Newton’s
laws in question 18), and in many other questions where their knowledge needs to be

used rather than just stated. The candidates’ ability to apply their knowledge is tested in
about 50% of the marks on this paper, in questions requiring calculations, and in questions
requiring them to explain how physics is applied to situations that will probably not have
been taught directly (such as a car’s suspension system in question 14 and a rowing boat in
question 16).

The questions on this particular paper were mostly context based, with few that were
straightforward recall. The candidates responded well to this style of question, and were
able to demonstrate their ability in the subject through their answers to questions set in
approximately real situations (like the bouncing ball of question 17) rather than in the
abstract (e.g. “a body falls to the ground”). It was good to see that, on the whole, the
candidates were very well able to apply the physics they had learnt to these real situations
even though they had not studied them directly.

It should be noted that there will always be some questions where the quality of the
candidates’ written communication is being assessed. Examples in this paper are question
16b (the force of a hammock on the supports) and 18a (about Newton’s laws), and these
questions are marked with an asterisk (*) in the question paper. For these questions,

in addition to the correct physics requirement, the examiner looks for clear and logical
arguments written in reasonable English. While clarity of the argument is always important,
the candidates should pay particular attention to it here, avoiding, for instance, answers that
are almost totally mathematical in content.

In general, while the candidates need to express themselves clearly in their responses, poor
English will not be penalised unless such use of language makes the answer ambiguous.
However, particularly for the questions described in the paragraph above, a clear and

logical response is required, and the candidate needs to consider and understand his or

her response before launching into the answer. For instance, in question 16b, start by
asking just why the supporting poles are liable to fall inwards. Too often we see a number
of disconnected statements in the response, which, although they might well score some
marks, do not fully explain the question as it is set.

For this paper we were expecting all humerical answers to be quoted to at least two
significant figures, and the candidates were penalised if their answers were not accurate to
that level. Ideally, the candidates’ working should be done to a higher precision and then
rounded to the number of significant figures justified by the data in the question, although,
in this paper, we always accepted two figures.
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Section A

Question Subject %o correct rg:;roencste Mgﬁ:te::an:in‘;lgn
1 Units 70 B CorD
2 Power and energy 69 B A
3 F-e graph and elastic limit 94 C Not significant
4 F-e graph and energy 70 A C
5 Distance-time graph 82 D B
6 Vestor addition 37 D C
7 KE and GPE 75 B D
8 Vectors 69 A B
9 Equations of motion 51 D B
10 F-ma 58 D B

As intended, the multiple choice section scored quite highly, with an average of about
69%, but not so highly that they failed to discriminate between the candidates. A-grade
candidates were typically scoring 81% and above. Each question is worth just one mark, so
the students should be discouraged from spending too much time on any one question in
this section.

Q1 was a straightforward question asking for the base units of the joule. Although most
gave the correct answer, some gave the units of force or momentum. The candidates need
not be afraid to do a bit of rough working in the space beside the answers, which will be
ignored by the examiners in this section.

Q2 was an energy calculation. The most common mistake was to assume 60 seconds in an
hour. Another regular error was to give the answer in kJ.

Q4 concerned the area under a force-extension graph. The great majority of candidates
knew that the energy stored was the area under the graph, but a few ignored, or did not
notice, the 1073 on the extension axis.

Q6 was the least well answered question in this section. The question concerned the vector
addition of two tensions, and there seemed to be confusion about whether the forces were
acting on the picture or the hook, and whether it was the determination of the resultant
force or three forces in equilibrium. The question clearly says it is about the forces on the
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hook, the resultant of which must be downwards, and only one of the given answers had
a downward resultant.

Q8 concerned the vector nature of velocity, and was reasonably well answered. The main
difficulty was deciding whether a change from 20 to —40 was +60 or —60.

Q9 discriminated well, with 51% giving the correct response, and the C+ candidates being
the ones who responded correctly. The lower ability candidates either lost the factor of 2
(due to the ball rising and then falling) or put that factor in as 2 rather than 2.

Q10, about the acceleration of a ball on the Moon, was also answered less well. It was
generally recognised that the weight would be lower on the Moon than on the Earth, but
only the higher ability candidates could relate that to the acceleration of the ball upwards
when the spring was released.
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Question 11

It is usual for the first question in Section B to be short and straightforward, as in this case.
However, the question will still be marked to a full A-level standard and so, in this case, an
understanding of the equation for stress is required and those who quote the radius as their
answer rather than the diameter that the question asks for will be quite heavily penalised, in
this case by 2 marks.

The first example below is a response that gained all three marks. We were looking for

an understanding of how the equation for stress should be used, with appropriate values
substituted into the equation. Then the equation for cross-sectional area had to be used,
together with a recognition that the diameter is twice the radius. It was surprising how
many candidates did not use the correct equation for cross-sectional area (area of a circle).
Most candidates did remember to convert MPa to Pa.

11 A crane supports a load of 950 N with a steel cable. If the breaking stress of steel is

m calculate the smallest diameter cable that can be used. o

L Skeess= ace
. &%:qu@'ﬁnﬂz
I UL 21 (e Mor ':(%)1:(‘(:
o eo@ko? (2
e ATBRC

Smallest diameter of cable = .. O-Cﬁ]is B 1 2 S

ﬁ ResultsPlus

Examiner Comments

Here the equation for stress is clearly stated, as is the equation for the area in
terms of the diameter. Stress is substituted in Pa and the calculation correctly
worked through and clearly laid out.

The answer has been worked out to more significant figures than required and
then rounded for the final answer - always good practice to avoid rounding errors
during a calculation.

A

Examiner Tip

State the equations being used before using them.
Work to more significant figures that required for the answer.
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The following responses show two common but incorrect answers.

11 A crane supports a load of 950 N with a steel cable. If the breaking stress of steel is
500MPa, calculate the smallest diameter cable that can be used.

i Skvess = & Lq% i
A \:L |

C500x10% = 9BO

=950 0 = ©-0061 x2.
&oxio‘x:rt .

Smallest diameter of cable = 66615”‘ e,

ResultsPlus

Examiner Comments

This is an example of a response that has achieved all the physics marks, but has incorrectly
rounded the value of radius part way through the calculation, leading to an incorrect answer.

11 A crane supports a load of 950 N with a steel cable. If the breaking stress of steel is
500MPa, calculate the smallest diameter cable that can be used.

3
é I-q:-c!(t:?}“‘s

 Shwss < fovce  Gooxo” = 450  Ar* . aogqes

Y 2 ch A

: -4
Smallest diameter of cable = -"FWW\-‘:{- "&-‘ir!O o

A
ﬁ ResultsPlus OO ResultsPlus

Examiner Comments Examiner Tip

This response scored 1 mark out of 3 for Read the question carefully.
the very simple error of not calculating the
diameter, which is what the question asked for.
"Diameter" is stated both in the question and on
the answer line.

Other candidates calculated the area, but gave
that as their answer, also scoring 1 mark only.
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Question 12

This question concerns the definition of the yield point, but the candidates were asked to
look at what a student might have said and criticise it. They did find this a difficult question
and although most were able to state what the yield point was, they generally could not say
why the student was wrong. In face, many took up the wrong statement and just developed
it when trying to describe the yield point, a procedure likely to fail as there was more than a
single error in the statement. We were expecting the candidate to identify what was wrong
with the student's statement for the first mark and also to give a correct description of the
yield point for the second mark.

The response below is an example of one which gained both marks. It illustrates perhaps
the best way to approach this type of question, which is to give the correct definition first
and then explain why the student's definition was wrong.

We allowed either of two possible definitions of yield point:
e the onset of plastic deformation

e the point at which a small or zero change of stress gives rise to a large change of
extension

When stating how the student was wrong, the candidate could say either:
e The stress at which there is a large extension could be anywhere in the plastic region.

e The student should have said "a change" of stress and extension.

12 A student was asked to define the yield point of a material. The student said ‘the stress at
which there is a large extension.’

Explain why the student’s definition is incorrect.
(2)

........... The. yreddk point s ot Whichs there 's o lovge
,,_}MC&GS&....}A.._Sﬁ_fqt_l_h_______ - &vﬁrj Smwm}mmaﬂ?ﬂ
N StresS. .. Ths.. StressS has. o smodd ncrease.  whiteh ..
is Jost dn Yhe  student’s defia'thon . not fust ...
e stress. | ped not hect extmOon byt Y nuease

N\
ﬁ ResultsPlus ResultsPlus

Examiner Comments Examiner Tip

This candidate has correctly given the meaning
of the yield point and given the critical difference
between that and the student's definition.

Definitions do need to be learnt.
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These are a few responses which scored fewer than full marks.

12 A student was asked to define the yield point of a material. The student said ‘the stress at
which there is a large extension.’

Explain why the student’s definition is incorrect.

(2)
IIIIIIIIIIIIIIIIIIIIIIIIIIIII ‘jlelchmt v he ]Domt a‘c which even ue thee v a

ResultsPlus

Examiner Comments

A good definition of yield point, but it is not clear what the student
said wrongly. "The student does not mention this" is too vague.

1 12 A student was asked to define the yield point of a material. The student said ‘the stress at
‘ which there is a large extension.’

Explain why the student’s definition is incorrect.

i;d& Q%‘M\' \‘J %\Q Qom\' \)& UJ\MQ)’\ \Bﬁ}(\t

% Q ResultsPlus
Examiner Comments Examiner Tip

This response is very clear about what the

yield point is, but has not explained why the A good physics response does not necessarily
student's definition is incorrect, which is what get aI.I th? marks if some aspect of the
the question asked. question is not answered.
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12 A student was asked to define the yield point of a material. The student said ‘the stress at
which there is a large extension.’

Explain why the student’s definition is incorrect.
(2)

Rde wrong  bicamse.  yeild . paintis. where. Ahe..0. Feret. S0l
Ltvess Js . applaed. Yematr daa arge L goa. el exd easaon.

b Svan = gxtenson (chanae i weam)
e A MM

ﬁ ResultsPlus

Examiner Comments

This response did not score either mark. It was a popular
response to say that the student should be referring to strain
rather than extension, whereas either can in fact be used.
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Question 13 (a)

Question 13 tested the candidates' knowledge of properties of materials, and used the
Olympic torch in the London arena as the context. The candidates had to apply their
knowledge of the material properties to the way two different metals were used in the
torch. It is important that candidates, as well as understanding what words like strong,
brittle, tough etc mean, should be able to explain why such properties are important in
particular situations.

13a asked why copper was a suitable material to make the petals, and a photograph of
a petal was included showing how it is manufactured. To get the two marks, the candidate
had to:

e State the property as "malleable".
e Explain that it is to enable the copper to be bent or beaten into shape.

The first response below shows the kind of response we were looking for.

(a) Explain why copper was a suitable material from which to make the petals.

deformed .__.p\_qs_&r_cq_l{je_________ bthmmeviﬂsiﬁ&o_ | &pcuéﬂc_

A

ResultsPlus Resultst

Examiner Comments Examiner Tip

us

The answer is concise and keeps to the
point. This candidate knows what property is
required and goes straight to the point.

Try to keep the answer concise.

IAL Physics 1 WPHO1 01
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These responses indicate some of the ways candidates lost marks.

(a) Explain why copper was a suitable material from which to make the petals.

e 2
ResultsP

Examiner Comments

Examiner Tip

This candidate has the correct property, so gained 1
mark, but goes back a stage to say how the sheet of
copper may have been produced. It is not acceptable
for the 2" mark because the question and the
photograph show how the petal is being formed from
the copper sheet, so we required them to say how the
petal shape was formed. "Hammered into sheets" may
well be a definition of malleable that the candidate had
seen, but was not relevant to this question.

Beware of repeating a known form
of words.

(a) Explain why copper was a suitable material from which to make the petals.
(2)

o COPRIA xxmbuca(hmak%aiwmch [V
........ malleable s s weand al- v conm wﬂdea«:‘ﬁu |
o coVRIdetable. pladic  detpamabien wndex ewpresoe

| petos chilects.
 Steess Tlis prepeatyy. malies it culkoble te be siaped ude
A

A
ﬁ ResultsPlus

Examiner Comments

Examiner Tip

This candidate has given two possible answers,
"tough" and "malleable". Copper is both of these, but
toughness is not relevant to this situation, and so the
response is considered as giving the examiner a choice
of answers, which is not acceptable. It therefore loses
the mark.

Try not to give the examiner
a choice of answers.

There are other properties which might be considered
as relevant, such as a high melting point. Although
this was not the required answer, the stating of such
properties did not prevent the correct "malleable"
scoring the mark.
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Question 13 (b)

13b asks why steel is a suitable material for the stem. As the stems are under considerable

bending stress when they are used, the response the examiners looked for was that steel

is stiff, or has a high Young modulus. Any mention of steel being strong was ignored as it is

relevant but not the most important property. Many candidates presented the examiner with
a list of properties, such as "stiff and ductile", which as explained earlier, does not score the
mark. The marks were for:

e The property being stiff, or high Young modulus
e The reason that the stem must not bend or deform.

If neither mark was scored, then the candidate could get a single mark for saying clearly
that the steel is strong.

(b) Explain why steel was a suitable material from which to make the stems.
(2)

: kr\xcs\r\ \:)&.(\3 B Te's (€ T W VSRIE S STTN \ N oY ol delorm..
RSN DS €0RRG...... On (o CE. STre 8. Lo

ok oL ha,mfms‘cmwlaLw;\\s,qu%&LLpatals
Lot o @)@w) P solm . (Total for Question 13 = 4 marks)

ResultsPlus

Examiner Comments

This clear response scores both marks, giving
a full explanation of the choice of "stiff".

(b) Explain why steel was a suitable material from which to make the stems.
(2)

Steel 1S Strng  fs JC bas  high  Weimde

fensile  Sgress . Se jt Con  Support Ale

ﬁ ResultsPlus

Examiner Comments

We allowed the maximum of one mark here for steel
being strong. The statement that it needs to support
the petals is insufficient, but had the candidate added
"without bending" it would be correct.
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(b) Explain why steel was a suitable material from which to make the stems.
(2)

duckile - sesls on b pulled into wives. whith show. . (ae. pasic
defonation . Uder tension.........................___

ﬁ ResultsPlus

Examiner Comments

It was a very common mistake to consider that the
stems were made in the same way as wires would be,
and so the steel had to be ductile.

(b) Explain why steel was a suitable material from which to make the stems.
(2)

Stmtsawmaﬂu@,wsbwbsmtdﬁujkwaho
. 9&1& Jiial ohd ol hold fue copper petal

ﬁ ResultsPlus

Examiner Comments

If giving more that one property, be sure that they are
all relevant. In this case, we could not think why a hard
material was needed, so the mark was lost even though
the correct property was also given.

Examiner Tip

It is often helpful to give extra information, but
if doing so be sure that it is correct and does not
negate your answer.
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Question 14 (a) (i)

This question concerned the function of the springs in a car's suspension system. In
practice, a suspension system is more complex than shown here, with the addition of
dampers, but the candidate here had to focus on the reason for having the spring and

its properties. The introduction to the question explains why a spring is needed, so that
when a car's wheel goes over a bump, the spring compresses and then expands again rather
than having the car body move up and down. It was important for the candidate to have
read and understood the introduction carefully to be able to fully respond to the questions
that followed.

14ai required the candidate to make two points, one about the spring and the second about
the effect on the car or its occupants.

e There will be less compression of the spring - many failed to gain this mark by making
a much less specific statement about the spring being harder to compress.

e The car will bump up and down more, or words giving that meaning. Most candidates
explained this well.

The first two samples here gained full marks. While the explanations are not perfect, the
candidates clearly understood the situation well and have applied their knowledge of
physics correctly.

(i) Suggest what the effect would be of using springs with a greater value k when
driving on a bumpy road.
(2)
o the gacce applied. s the deder.uxdl jeel the bionfps

SHgness. Hubaiﬁmﬁdn”c move. up.md. down somach...

ﬁ ResultsP

Examiner Comments

"Less compression" gains the first mark, and either "feel the
bumps" or the implication that the car would move up and down
more gets the second mark.
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(i) Suggest what the effect would be of using springs with a greater value k£ when
driving on a bumpy road.
2)

,K:_QYQ \ WMMQC-H..Q:.PW gmfofel'&.:.q-]-f.n
Lguﬂ n[rb?;zcarm&lea-s m:ji RPNy \Q_vel a»\,a\ S

tirw\ll‘-al#\ﬁrm{i)é& A .t_Q....w.‘!.n.._.Lé....]QS...(.Q.W\PY.Q.L&ihn...

ﬁ ResultsPlus

Examiner Comments

"Less compression" gets the first mark, and "the car won't stay at the same
level" gets the second. Young modulus does not apply to a spring, but that
statement by the candidate was considered not important by the examiner.

The responses below gained one or zero marks, but were common ways in which candidates
failed to get the full credit.

(i) Suggest what the effect would be of using springs with a greater value ¥ when
driving on a bumpy road.

(2)
A gty Kk Vil weans a gwter sprivg coustaut

TLW%@Wa Lothe sovive SWST&?W Land Murefere
L2 fmce, > veguiced. & ﬁqurw@ﬁép”ﬁ%*bV&W@ .
Ao Aess comec(aHR more. bampy cide O3t spring
domka‘ﬂwb{ﬁ(fﬂms 28ty crhen iving ey, bamps, hene bedyimbalence

This candidate says that more force is required to compress the spring,
which is true but is only part of the reason for the bumpy ride. The
candidate should have gone on to say that because more force is required
to compress the spring, it will have less compression as the wheel goes
over the bump. The "less compression" is the key here.

The second mark was scored for the "bumpy ride".
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(i) Suggest what the effect would be of using springs with a greater value kK when
driving on a bumpy road.

(2)

Mot shiffness is gnea ,M%:Vf-ﬁ—f\ﬂﬂu—a”&"[‘l”
we. ¢pring 15 gneal L, T vooudd Tl e a udin

OO ResultsPlus

Examiner Tip

ﬁ ResultsPlus

Examiner Comments

It was quite common to answer in terms of
energy, but it does not help for this question.
Neither mark was scored in this response.

Not every problem can be explained in
terms of energy.

(i) Suggest what the effect would be of using springs with a greater value k£ when
driving on a bumpy road.

(2)
% M} ot a ﬁrmtar shfpess tonstand | Haece would ke less
“”?Mshﬁ
- Mo I“A_ﬁ .ya e Cor woen 18 nmot be moantoaned o  the same

evel & wonld ot hijh_q.

ﬁ ResultsPlus

Examiner Comments

We saw this response a few times. If the spring were stiffer, and
had the same original length, then the height of the car above
the road would be greater, as stated here. However, that is not
relevant to driving on the bumpy road.
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Question 14 (a) (ii)

The force extension graph for the spring with height kK was well answered for a single mark.
A correct response would be a straight line of greater gradient passing through the origin.

(11) Add an appropriate line to the force-extension graph for the new spring with a
higher value of &,

(1)

Force 5]?:' I"‘J WiHL l""]{I“"' '-'ﬁ[.u., 'JP k

original spring

> Extension

A
ﬁ ResultsP

us ResultsP

Examiner Comments Examiner Tip

us

Thls_ is th_e response we expected. A freehand Use a ruler to draw straight lines.
straight line was allowed, but unless a ruler was

used it was sometimes difficult to tell that the
candidate meant the line to be straight.
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Question 14 (b)

This was a straightforward calculation using the equation F = k Ax. The candidates were
expected to

e Substitute suitable values into the above equation
e Calculate the extension
e Calculate the k value with the appropriate unit.

Most candidates performed well on this item, but mistakes were to substitute the length
rather than the extension, and to use a force of 4.07 N leading to a power of ten error.

(b) A spring used in the front suspension of a car has an initial length of 0.316 m and a
new length of 0.205 m when under a load of 4.07 kN.

Calculate the spring constant of the spring.
(3)

CempPissom
s Ax=(0.316-0:205)m

"

M
~
:” :

o

3 Fxlo e

4 |
Spring constant = ... 3-} . KIO . Nm S

- F - onowl’ - 36667 Nw'o
e

ﬁ ResultsPlus

Examiner Comments

This is a well presented response. The candidate has calculated the compression, substituted
into the equation, calculated the answer correctly, rounded to a suitable number of significant
figures, and given the unit. In this item, 3 significant figures would have been better than two
as all the data in the question was to 3 s.f.

A
‘.
/ Results*lus
Examiner Tip
A well laid out answer such as this one is more likely to

get most of the credit should an arithmetic error cause
the answer to be incorrect.
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Here are two incorrect responses that were sometimes seen.

(b) A spring used in the front suspension of a car has an initial length of 0.316 m and a
new length of 0.205 m when under a load of 4.07 kN.

Calculate the spring constant of the spring.
3)

40T XI0% = K (epps=oBtE)
40T X103 = KO

Spring constant = %%36?{’ ONM

ResultsPlus

Examiner Comments

This response looks correct initially, but the final rounding of the answer is
incorrect. 3.667 has been truncated to 3.6 rather than rounded to 3.7.

(b) A spring used in the front suspension of a car has an initial length of 0.316 m and a
new length of 0.205 m when under a load of 4.07 kN.

Calculate the spring constant of the spring.
(3)

. ®Choenge 0 leaght = Oy

Force = .07 xvw0oo0 = yonow

—O . V)

— 23 6666-17 NM™

Spring constant = ...

4 ResultsPlus

Examiner Tip

ResultsPlus

Examiner Comments

Always check that a numerical

We are happy to accept the negative change in length, but the
answer is sensible.

candidate should know that the value of k is always positive.
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Question 15

This is a question on forces and acceleration, set in a context that the candidate is unlikely
to have studied directly. It therefore gives the candidate the opportunity to demonstrate
their ability to apply the physics they know in a new situation. The question was not
straightforward, as there were three forces acting on the spider and two on the fly, and

the two force systems were inter-related. However, in part (a), the candidates were only
required to deal with a single system at a time which should be uncomplicated. The great
majority achieved most of the marks for part (a). For part (b) the whole spider-fly system is

involved, which the candidates did find a lot more challenging and few achieved the full
3 marks.

IAL Physics 1 WPHO1 01
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15 (a) (i)

We would like to see a single arrow vertically upwards labelled 7, and two arrows vertically
downwards labelled T, and m_g. We were happy to accept mg or weight of fly for 7,. We
also accepted a single line down with two arrowheads, labelled as already stated, or a single
arrow down labelled T, + m_g. We did not accept a diagram with more than 3 forces on,
possibly the weight of the fly as well as T,

15 A spider of mass m_is hanging from a thread of spider silk. A fly of mass m_ is hanging
from another thread of silk below the stationary spider.

The magnitudes of the tensions in each thread of silk are T, and 7, as shown in the
diagram. The free-body force diagram for the fly is also shown.

TE
TI
’
y
mi.g
T, Free-body force
diagram for the fly

(a) (i) Complete the free-body force diagram below for the spider.
(3)

¥lius

Examiner Comments

This is the ideal response, showing and labelling
the three forces.
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(a) (i) Complete the free-body force diagram below for the spider.
(3)

T,

Moy + T

ﬁ ResultsPlus

Examiner Comments

This diagram is less good, as it only includes a single

arrow, but it was quite common and was allowed for all
3 marks.

(a) (i) Complete the free-body force diagram below for the spider.

3)

Examiner Comments

Examiner Tip

This response gained 2 marks. We accepted the two
down arrows on a single line, but there are two weights
involved in the question and so the label was insufficient.
Weight of spider, or W, would have been accepted.

A free body force diagram needs
labelling carefully.
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15 (a) (i)

The candidate is asked to write down two force equations, for the spider and for the fly.
The question has said that for this section the spider is stationary, so the equations will be
balanced. Unlike part (i) the candidate is expected to use the symbols given at the start of
the question. The candidate will write down two equations and should make it clear which
equation applies to the spider and which to the fly.

(i) Write equations for the forces acting on the spider and for the forces acting on the fly.
(2)

S Ty=mMmg e ¥,

—

ResultsPlus

Examiner Comments

This is an ideal response, including all the
elements noted above.
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15 (b)

A much smaller proportion of candidates obtained the full 3 marks for this part of the
question. The spider and fly are now accelerating together under a resultant force equal to
their combined weight minus the upward tension. The accelerating mass is the sum of the
two. It was very common for candidates to ignore either the weight or the tension. Some
attempted to use the equations they had given in part (a) (ii), but they were for a stationary

system, which is now accelerating. The examples below show a correct response, and two
common mistakes.

(b) The spider produces more silk, so the length of the thread of silk above the spider
increases. The spider and the fly both accelerate towards the ground.

Assuming that the mass of the silk is negligible, calculate their acceleration.
m_=6.5x 10" kg

m.= 8.0 x 10 kg

r'=19x10"N

{m 3 0,4 T .—.:...(l‘%’_’-&_;,!)_m_ N
(65007 ua)+2? )- 9). -‘}-Mg' ;) ({ er ) +Kx?.¢.._).¢k ...............

L2706+ 28Kl =1 Axa3 = T 3xld A
4 x 3 .
....... .= L) 9—.5 Mq......_. = f:fl,zhgl
T ’ :v)l J ¢ [
/,x* 1% ................ _
Acceleration = | ?QHS N SRR

ﬁ ResultsPlus

Examiner Comments

This fully correct response is also very clearly laid out. Starting with
the equation to be used (zF=ma), the total force is equated to the

total mass multiplied by the acceleration. The calculation is worked

through and the answer given with the right unit.

IAL Physics 1 WPHO1 01
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(b) The spider produces more silk, so the length of the thread of silk above the spider
increases. The spider and the fly both accelerate towards the ground.

Assuming that the mass of the silk is negligible, calculate their acceleration.
m =6.5x10"kg
m = 8.0 x 107 kg

T,=19x10°N
3)

"\"% b w‘f% Mp.. ™Ms X

Gf’uﬁ 1‘1‘3\.*(@“0 xqgn :Q&Hoﬁ"_xgx!nﬁxa
'4*\65&03 - '1 5,“0'”‘ Xa

a - q -2 |
Acceleration = ... q‘&lw

<Eﬁ ResultsPlus

Examiner Comments

This common error ignores the effect of the upper tension T,
on the acceleration. As the weight is then the only force acting,
it is not unexpected that they fall with acceleration of g. The
response scored 1 mark for using F=ma.

OO ResultsPlus

Examiner Tip

Since the spider and fly are not free falling, it
should be clear that this answer is incorrect.
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(b) The spider produces more silk, so the length of the thread of silk above the spider
increases. The spider and the fly both accelerate towards the ground.

Assuming that the mass of the silk is negligible, calculate their acceleration.
m, =6.5 x 107 kg

=8.0x 10" kg
T,=1.9%10°N

3)
_________________________ R LN
\C’\x\ ((o?xko xR0 xat jQx)

Acceleration = ... 12 R O TR s+ L

ﬁ ResultsPlus

Examiner Comments

This was another common mistake, where the only force acting
was assumed to be the tension. Again, it scored 1 mark.
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Question 16 (a)

Question 16 as a whole was about resolving forces in the vertical and horizontal directions.
The context was that of a person in a hammock and the relevant force was the tension in
the supporting ropes, the hammock being hung between two vertical poles. Although the
context was one that the candidates would be unlikely to have met during their physics
course, it was straightforward, easily understood and the diagram given in the question
showed clearly how the hammock was suspended, with the relevant tension and angle.

Part (a) was well answered, as expected, with many candidates gaining the full 3 marks.
It required them to calculate the tension in the supporting ropes, given the mass and the
angle of those ropes. They were required to:

e Calculate the weight from the mass.
¢ Divide that by sin40°.
e Calculate the answer.

The most likely mistakes were to ignore the mass of the ropes, so taking the mass to be
80 kg, or to be confused about the trigonometry required.
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The following example gained full marks and was how we would like to see the response
laid out.

16 A hammock is suspended between two rigid poles. Both ropes supporting the hammock
are at an angle of @ to the horizontal as shown.

(a) When a man of mass 80 kg lies in the hammock, € is 40°.
Show that the tension 7 in each of the hammock’s supporting ropes is about 650 N.
mass of hammock and ropes = 4 kg

W= 1T5n 8

3)

B8 e DeTxSal0

gy x 48 - T

U Teekoded
T. 604N

ﬁ ResultsPlus

Examiner Comments

The candidate has:

e stated the equation to be used
e shown how the weight is calculated (this is often done as a separate calculation).

e used the correct trigonometry - it is probably easier to state it this way as Tsin® rather
than as W/sin®.

e quoted the answer to a sensible number of significant figures.

IAL Physics 1 WPHO1 01
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ﬁ ResultsP

The following are two examples of candidates who did not gain the full 3 marks.

(a) When a man of mass 80 kg lies in the hammock, & is 40°.
Show that the tension 7 in each of the hammock’s supporting ropes is about 650 N.

mass of hammock and ropes = 4 kg

=

Examiner Comments Examiner Tip

mass of the rope and so gets the wrong answer. loss of many marks if the calculation
However, as the response clearly shows the is clearly laid out.

weight being calculated from the mass and the
correct trigonometry being used, it was awarded
2 of the marks.

(a) When a man of mass 80 kg lies in the hammock, @ is 40°.
Show that the tension 7 in each of the hammock’s supporting ropes is about 650 N.

mass of hammock and ropes = 4 kg
(3)

. BOkgrq . Flens? = Txu.y N TELFTTq 20 FakouN

Ly 9.4} = 3424\

) # FALCH N % Ccop o= G3IIWN

Examiner Comments Examiner Tip

A
us Q ResultsPlus

This response is an example of confusion in the If uncertain about the trigonometry,
trigonometry required. There was a surprising amount sketch a separate triangle with force
of confusion whether to use cosine or sine, and whether and angle marked.

to divide or multiply. The correct calculation is to divide

by sin 6 , but this candidate has multiplied by cos 6.
Deciding on the right trigonometry can be difficult, and
a good way of doing that is to sketch a separate triangle
or add to the diagram to ensure the correct choice.

As this was considered to be an error of physics, it only
gained 1 mark.
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Question 16 (b)

The candidates found this part of the question much harder, with very few achieving the full
5 marks. However, the actual marking points lost varied considerably, with all the marking
points individually being regularly scored. The question expected a written explanation,
rather than a calculation, which is emphasised by the fact that it is a QWC question. Those
few who just used sample calculations could not achieve more than 3 marks. The question
is about why the poles have a tendency to fall inwards and why the force causing this is
reduced if the value of 6 is increased. The candidate is told to consider the vertical and
horizontal components of the tension, which should be taken as a strong hint that this is the
way to approach the question. It was marked as follows:

e The response must make it clear it is the horizontal component of the tension that is
causing the poles to fall inwards. This might not be explicitly stated, but has to be clear.
Many candidates thought it was the vertical component, as that drove the poles further
into the ground.

e State that the tension is T /sin6.

e Understand that the vertical component does not change, or that it is equal to 1/2 the
weight.

e State that the horizontal component of the tension is Tcosé.
e The final mark is for either saying T decreases or that T, decreases as 6 increases.

Many candidates only got half way with this, either saying that since the vertical component
was constant the tension would decrease, or assuming that the tension was constant and so
the horizontal component would decrease.

There are two examples below of good responses that gained most of the marks.

*(b) The force of the supporting ropes could cause the poles to fall inwards.

By considering the vertical and horizontal components of the tension in one of the
supporting ropes, explain why a larger value of & creates a smaller force on the poles
supporting the hammock.

=]

The Vervical compinevt vf The tems1on 18 7Sine 1 The horizonpe| . . .

whe ¥sing ., Go oty VY A swallw fore T te make s
The QWITLY W acko y ATy o the equartion 2[Sing =.mq.. Since.. .
The. WLTAWY 0f Yhe mon ARA hommook T¢ constamb. .. ...

ﬁ ResultsPlus

Examiner Comments

This response, which was given 4 marks, has expressions for the horizontal and vertical
components of the tension. The last two lines make it clear that the vertical component is equal
to 2 weight, and so is constant, and the third line states that the tension reduces. The response
does not say that it is the horizontal component that is important, nor does it show that this
component reduces.

IAL Physics 1 WPHO1 01
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ﬁ ResultsP!

*(b) The force of the supporting ropes could cause the poles to fall inwards.

By considering the vertical and horizontal components of the tension in one of the

supporting ropes, explain why a larger value of @ creates a smaller force on the poles
supporting the hammock.

(5)
RAs ik, IncHRosRS. Bl memse
Thuwmm%e, erdcal cmpomnlr oi &ensmn 4o
.08 verhcod comgorenty = TsinQ .
\-\uwe.r, he  borizonw mmqmnem off &en':\on w\“ de:mm..
03 Nerizontal . ompenent = ooy B(gfeohrﬁ, Gﬁ&@)
© Bewwse . only. the. lerizental  compenend- of (e qn. wse.
W ko meve \woards , ths  eaxs thak a dedesaing force.
o wocizonval dhreckton W\ conse o smadesr fofe on
Xne yole:
\Je.rhm\

GNJ{'»\' wﬂl Oﬂ\»ﬁ ?uah &‘wa.re\‘s Jdne ?rw-nda

us

Examiner Comments

This response also gained 4 marks. The relationships of horizontal and vertical components to
the tension are stated, and it is explained why the horizontal component will decrease as the
angle increases. It also explains clearly, in the latter part, that it is the horizontal component
that causes the poles to move inwards. However, the fact that the vertical component does not
change is not mentioned, as in fact it seems to be implied that the weight is increasing.
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e Mtjl{ omd make ot 50° ’I}.\,m The toted Aengpon wou.bf

_decnese be cave (‘f = 7843 | oywes 1024 N Dhich mears
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_l_'ﬂmt' e.a(;h l/)de wpm'd be :uJ.:cH:’n" i—p 5}2}'4 d-FTWm l,ol."'u,
_A8__much lew Than The 84IN dut fo The &o° Ayle-

)\
ﬁ ResultsPlus Q ResultsPlus

Examiner Comments Examiner Tip

This response gained 1 mark for saying that If the question has an asterisk (*) against
the tension would decrease. It was a common it means we are also testing the "quality of
response to attempt to put in a value for 6 other written communication", and so a purely
than 40° and try to compare the force with mathematical response will not get full credit.

that obtained previously. This approach rarely
worked well, and a calculation of this kind would
not get the full credit as we required a written

1 response.

_ond O ymaner _hﬁ_ﬁw@_'_ N _W_P"_ _‘“"‘* ot *f.hv Wonk)
(l.b M“ 'l.'l '.1 fMﬁﬂh" Whlﬂﬂ*ﬂl ?DrUl Qﬁf%‘ﬁd on "ME'WI Aqrgmu

virticod u:mupamni (W puants ting poued rm‘ﬂ f’w, qmuuc{ Tl

ResultsP

Examiner Tip

us

Examiner Comments

This response gained 2 of the 5 marks, but
illustrates clearly a common misunderstanding
about the forces. The candidate clearly suggests
that it is the horizontal component that is the
important one, and states that this component
becomes less as the angle is increased. Those
are the 2 marks. However, the assumption is
that the tension in the ropes does not change
as the angle changes. This is a straightforward
assumption, with no physical basis, and
therefore leads to errors such as that the
vertical component increases. As the equations
used have not been given, this candidate is
fortunate to gain the 2 marks.

Think carefully about the physical basis of
assumptions made.
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Question 17 (a)

The question involved taking readings from a multiflash photograph, and using them to
calculate (i) the height of the first bounce, and (ii) the horizontal velocity. The great majority
of the candidates understood the photograph and the timings involved, and were able to
take some appropriate readings from it. However, they found it much harder to complete the
calculations involved using the readings taken.

Part (i) was very well answered. In order to find the distance fallen, they had to use the
equation s=7%gt?. The reading required from the photograph was the number of time
intervals between the balls marked X and Y, which should be 6, but many candidates
included the balls at the two ends and so counted 7, which would lose 2 marks.

Part (ii) gained far fewer marks. In this case the candidate had to:
e Take a horizontal and vertical measurement from the photograph.

e Know the actual vertical distance from the calculation in (i) and determine a scale to
enable the horizontal distance to be calculated.

e (Calculate the speed = distance/time.

e State the answer, with its unit. This has a large acceptable range to allow for the many
possible distances that could be taken from the photograph.

Many candidates lost marks through careless measuring of the distances on the photograph
(we were expecting the measurement to £1mm), or through not realising that a scale was
needed and just using the distance on the photograph.
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17 (a) (i)

The first two responses below gained all 3 marks.

17 The photograph shows a sequence of images of a bouncing ball. 20 images were taken
per second.

(a) (i) Show that the distance the ball fell between point X and point Y is about 0.4 m.

(3)
LGinna.ge RTINS U VL <SS Oon. Lp o Oy
e 7
2 © 4
................ e X
&
_beeeo = 0-3 5

=
< ! Plus
/\ Examiner Comments

The candidate has counted the 6 images at 1/20th second each giving 0.3 s. The correct
equation of motion is used giving a correct distance of 0.44 s. The working is clearly laid
out, so if any mistake were to be made, credit could be given for the correct parts.
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(a) (i) Show that the distance the ball fell between point X and point Y is about 0.4 m.
3)

(-@ PN N V5 AT * B=T o NN K ST Sl S
oé’)

Sco kX yo A8\x§: G

IRt R P G ——— — :
[\2._ any - .rmd:l@x‘l\)(_s) L5200 Lll{m,-_ot{m

ﬁ ResultsPlus

Examiner Comments

This response also gained 3 marks, and shows that
there are other ways in which the equations of
motion can be correctly used.

(a) (i) Show that the distance the ball fell between point X and point Y is about 0.4 m.
(3)

é—z_a‘ﬁl
=3 qsl 1

ﬁ ResultsPlus

Examiner Comments

This response gained 1 mark. This mistake was noted fairly
regularly. The candidate has thought that if 20 images were
taken per second, then there will only be 19 time periods. This
is probably from previous experience with ticker timers where
there is confusion about counting dots or spaces, but it is clearly
an error of physics and so has a 2 mark penalty.
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17 (a) (ii)

The response below gained all 4 marks.

(i1) Use measurements from the photograph to calculate the horizontal velocity of the ball.
(4)

Xto Y vertcaldishane = 5.65cm = 0-49p

a4y
4 Py

lena — Z.6¢

, 1
2. A4 e lhormrontal = %.9 Xi-“l"l' Mo, N T o= -'J_Eﬁ £

= 5. o. - = U
eed =(zax%) - 0.56 ms  (23F)
=

=}
Horizontal velocity = ... @78 2 ™S e

ﬁ ResultsPlus

Examiner Comments

This candidate has measured the vertical distance accurately, and then used that,
together with the actual vertical distance calculated in part (i), to determine the
scale factor. Horizontally, any pair of ball positions can be used, but this candidate
has used the best two, which are either end of the first bounce. This gives two ball
positions on the same level, so the measurement is much simpler. The first to the
third bounce would be an equally good choice. The commonly chosen X to Y is less
good, as it is shorter, and the levels are very different.
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The following responses illustrate some common errors that reduced the marks.

R N e N2 L

"

Horizontal velocity = ... Q= Q. 8.1

<d\ ResultsPlus

Examiner Comments

This response gained 2 marks.

There are two problems:

e No scale has been used, so the distance and hence the velocity, are too small.

e The horizontal distance from X to Y has been measured. That makes the time the
same as in part (i), which simplifies the calculation, but as the two ball positions

are on such different levels, errors of measurement are likely. In fact, in this case,
the 2 cm is correct.

A

ResultsP

Examiner Tip

us

Any picture or photograph is unlikely to be actual size.
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Horizontal velocity = ... 0. 91§ NS,

ﬁ ResultsPlus

Examiner Comments

This response again scored 2 marks, because there is no scale used.

The candidate here has measured the maximum distance from the first to the
last ball. It should be 9.1 cm and we accepted 9.0 cm so this gained that mark.
It is not always the case that the largest distance is the most accurate, and many
tried this measurement but lost the mark because it was difficult to measure the

horizontal distance accurately when the ball positions were on different levels.
An error of £ 1mm was allowed.

ResultsP

Examiner Tip

When taking measurement from a picture,
accuracy is important.
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Hb,, 2 qq ms..

(a) (1) Show that the distance the ball fell between point X and point Y is about 0.4 m.

3)
K-@ BT N VA TR © S-SR R S St S

T

N

(\z, AW 2 o k2L qm T sz 0-UUmZ oy

(if) Use measurements from the photograph to calculate the horizontal velocity of the ball.
4)

W;BOQ
Horizontal velocity = Dq’ggm.‘i‘

Examiner Comments

Finally, this example of an a(ii) response shows an alternative way of solving the
problem, which was rarely seen and was not in the mark scheme, but shows that
we are ready to give full credit for correct physics.

This candidate has measured the angle to the vertical of the path of the ball at the
bounce. Then using the vertical velocity of the ball, v, = gt = 2.94 m s~! (calculated
in part ai) found the actual velocity and hence the horizontal velocity which is the
answer required. There is now no need for a scale. Unfortunately, this candidate
measured 15°, whereas the angle should be 11° and so the answer is incorrect.
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Question 17 (b)

This question is about what happens at the bounce, because it asks about the positions of
the ball "a short time" before and after the bounce. Many candidates mistakenly thought
it referred to the height of the bounce decreasing, and so discussed the transfer of
gravitational potential energy. The candidates were expected to say:

e During the bounce, energy is transferred to thermal energy.
e Therefore the velocity after the bounce is less than before.

However, while many made the first point, few made the second. It was common to see
energy being transferred to sound, which, while true, is very minor compared to the thermal
energy. Many discussed friction, which was not given credit as this question is not about
what happens as the ball is falling. Many were content with the simple statement that
"energy is lost", gaining no credit - we want to know where the energy is transferred. "Lost
to the surroundings" was also considered too vague.

The response below gained the full 2 marks.

(b) The vertical position of the ball a short time before a bounce was always higher than
the vertical position the same time after a bounce.

Explain the difference in height of the ball before and after each bounce.
(2)

Lbvhea | el lennes ) teeray e dissieshes a3 ek eest
Yocaloce  Come  anvigy ). Nes¥..y.50. M0 @\ AN Vewaw s

AN Nesy  Speed ey AX Yes VeSS energy.  So ik AWl cealh o
O ;;*&r%es-«%mv%w | R
hioh™

9

ﬁ ResultsPlus

Examiner Comments

The candidate has said that at the bounce, energy dissipates as heat. "Dissipates" is
fine here for transfers, and for this question we allowed "heat" for thermal energy.
"Energy lost" is also explained.

The candidate then says the speed is less and explains why that affects the height.
This candidate clearly understands the physics involved in the bounce.

A

Resultst

Examiner Tip

us

Be careful in choosing the correct words to use.
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Examiner Comments

This response scored zero marks. The response is vague. It does
not tell us the form of the energy transferred to the ground, nor
does it attempt to explain why that affects the height.

...... LSome.. c_n_&fﬂyy___'u_a_______'l_Q_.S__‘!'_ olve. . to. Frichon.  (uork. done.
.....aﬁa::&.n..&i.t.....ﬁ.;.";.hQn) B
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ﬁ ResultsPlus

Examiner Comments

This very common form of response is probably drawing on
previous questions about falling objects, or objects moving
through the air. Because the question is about the height just
before and just after the bounce, the effect of air resistance is
very small.

A
Q ResultsPlus
Examiner Tip

"Air resistance" is often a correct answer to
a question, but not always.
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Question 17 (c)

For (c) (i) we expected the four positions of the ball to be in a single vertical line, and at the
same height as the balls in the picture. They could be drawn to one side of the four balls on
the question paper. On the whole, candidates obtained the 2 marks available for this part,
the main problem being careless drawing.

For part (c¢) (ii) the two points below had to be explained.

e There is no horizontal displacement, or the fall is vertical, because there is no horizontal
velocity.

e The vertical positions are the same because they have the same vertical acceleration.

The first point was much more commonly made than the second, as the candidates rarely
linked the vertical positions to having the same acceleration.

This response gained all the marks in both parts of the question.

(¢) The ball was released with a small horizontal velocity.
(i) The position of the ball in the first 4 images is shown below.

Draw in the first 4 positions of the ball had it been released with no horizontal

velocity.
(2)
f
(i) Explain why you have drawn the ball in these positions.
(2)

- ’4 St }zc.H}H: St @tizontel. . o l0c ;‘fﬁy......;‘.’.ﬁ wenld. agk....
heve o nyi’fc’ i2enbel.... O plece meﬁio‘rkzueffrggi he f:’fi.fl?.i;'f. .
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Examiner Comments

ResultsP

Examiner Tip

us

The candidate has drawn the ball positions clearly in a vertical Construction lines can help.
line, and at the same height as those on the question paper.

It is perfectly in order to draw in construction lines where that

would help, as here in the vertical direction.

The two marking points required for part (ii) are clearly made.

(¢) The ball was released with a small horizontal velocity.
(i) The position of the ball in the first 4 images is shown below.

Draw in the first 4 positions of the ball had it been released with no horizontal

velocity.
(2)
@
(ii) Explain why you have drawn the ball in these positions.
(2)
ok dresd. . [T S Lo S 1 &+ POSmOV\ e AS TN

L ompom.vx\ . aghnqm‘am vNerhicold
J.SOo. It . wwow\d. {cu,k . S"h"(lLCilr\..t OO
MNeve. 1S .NO.. hortontal  clwechon.

The drawing here for part (i) is careless, with the ball positions only just being acceptable as
vertically above each other, and clearly not drawn at the same height.

For part (ii) the response might just gain the first marking point, but the wording is very unclear.

What does the candidate mean by "there is no horizontal direction"? The probable meaning is no
horizontal displacement, but that is not clear.
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(c) The ball was released with a small horizontal velocity.
(i) The position of the ball in the first 4 images is shown below.

Draw in the first 4 positions of the ball had it been released with no horizontal

velocity.
|
|
e
|

oo

_,__.

(i) Explain why you have drawn the ball in these positions.

(2)

(2)
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Examiner Comments

This was a good response for part (i) but the candidate is very
confused in part (ii). A simple re-reading of the response would
probably spot the error.

A

OO ResultsP!

Examiner Tip

us

Read through the response you have given.

IAL Physics 1 WPHO1 01

45



46

Question 18 (a)

The whole question concerns a rower in a racing boat. The situation will have been familiar
to the candidates, and so the context should be readily understood. However, it is unlikely
that they will have studied the physics of rowing a boat, which is actually quite complex, and
so they are being tested here on their ability to apply the physics they know to this context.

Part (a) concerns the application of Newton's laws of motion. The candidates need to know
the statements of the three laws, although actual statements are not required here and no
credit is given for the statement alone. The laws must be applied to the forces acting as the
boat begins to move. This was a question where candidates demonstrated that they could
define Newton's laws but could not apply them to the situation described in the question.
The marks were for:

The fact that the oar exerts a force on the water. Many said incorrectly that the rower
exerted the force on the water. Although the rower might be where the force originates,
the driving force is between the oar and the water.

By Newton 3, the water exerts a force in the opposite direction. Many candidates went
into detail about body A and body B etc, but did not relate that to the boat. Although the
force is also equal, we did not look for that in this case. For the first mark, we were clear
the force had to be between the oar and the water, but for this mark we accepted other
objects, such as the force of the water on the boat.

This produced a resultant force. Many here stated an external force, which lost the
mark. There is some confusion between "resultant" and "external" as they both appear
in different laws, but their meaning is quite different.

By Newton 1 or 2, there is an acceleration. Many candidates forgot to relate the
acceleration to Newton's laws.
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The first two examples here show good responses that earned all 4 marks.

“*(a) At the start of the race the boat is stationary.

Using Newton’s laws of motion, explain why the boat begins to move through the
water as the rower applies a force.

4)

Lak. oo Stattdhe . bout ls  Stutionaw  beawse there i no

Lo Tesubtond | kore  0cking on e Veut  So acoring e acwihons
st law o of metion Tk will emain  Stationard., when the rower

_..appled Mforceomﬂw T oar. applies. 4. foce on the
. water, haording by ocuwtons 4hicd \aw.. 4. fer the watec

and magnifude

il apely a  Same Aype Aot fore.. @0 Abe..oaf. LAt in
oppesite dicection... There will. be. @ reswitant  force cn  dhe

‘qoaﬁ“m . ‘(h“-’dIECCﬁdﬂﬁ#fmvelSDQfmidTﬂgbﬂeme
Sewnd law. the. . boot il accelerate in  dhe  dyeckion the

recwltant  Jorce gets.

ﬁ ResultsPlus

Examiner Comments

The first three lines of this response are unnecessary, as the question did not
ask why the boat remained stationary initially. However, the four marking points

described above are clearly there, with extra detail included which mighthave
been required on another marking scheme.

OO ResultsP

Examiner Tip

Try to avoid unnecessary statements, but give
as much detail as you can.
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Ocur  execls . Soce o0 .

e execsd cguol tad epposite
i foree  on  Ahe oo (Nw\an SN 12 | lmu)

~There is o ned  force o0 the oo ..

Y= ...C&Q.Q..C}.{...d.i!.\ga.....{ba o Nedeas L8 o N

oxhere s aed Rere A s\ oeeceleale. .

wExaminer Comments

This good response gives the same four points but in
a very succinct fashion. The response is clear and to the
point. "Net force" is accepted for "resultant force".

The following responses were awarded less than the full 4 marks.

Due o Newbow's. . tisl w . fo %Jufmf/fgi-‘* pove
or e in o constad. peed  wlen Hore ¢ we  vesultet
e ok on A
Dt o Mewton's ool bw, wdew oly’m{. A _exerls on. ..
doce mo[-yéc(!zB . abjer-{ B wall olso act e
thf[tmwwq){)[lfimévmf&*fﬁﬂ
rr.cuffo—ll ﬁ*t«eaaas‘aniﬁ Lm.'{ . &Ib‘(f! Creafes 2 7 TR

anchrtion . so—Ho —tot-  becuse Ho  naler olso ewdts
& -Fwte o He boa.'f- 90 éL bm‘{ .(far{'q o wal

whar  Htre & an  wnbolmceol Lo ote o At ol
tovte to  lave  ou QC(Q(M'C(E)vT-
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A
ﬁ ResultsPlus @ ResultsPlus

Examiner Comments Examiner Tip

In this response, the first half consists of statements If the question asks for Newton's
of Newton's laws, which gain no credit as they are not laws to be stated, then do so, but
applied to the context in question. There are two general understand that using the laws is
statements about "objects". When the candidate gets to the not the same thing.

actual context, the laws stated are not actually applied, so

this response gains very little credit.

. Due 0. Neubon's . shirol (AW, Uhen. gzt voder appliés. a dowe... .
t0 ulter. water will give a stme size e . boat in.....
the gprsite  oliwectton . Due $0. Newbow's  socond Lot .. as. Haes...
NSt Sirce . appves. oN. dhe. purk. .. Fama. the. boat baphs.
o0 Qpeolerabe . so b bogine B0 MU

<;» ResultsPlus

Examiner Comments

This response gained 3 marks. The candidate makes the
very common mistake of saying that the rower applies the
force to the water.

LNewrens. L SiTer N akares  Avak a0 ewiect ar . resk wiM
L mema cooroee. ‘0 dne  Syate ef. TESt  saless and  watl  an exernd!
LHevee 8 aeelitd do k. e A Fivsk  the . weat.. mas... SEAriendvy.
Lox. ek Tesk.  Box  as. the Yowev  geeries ... 3. Coxee  wwich is

foAne . Ovevnal  Force . Staved. . in. 0ewrens . Swsr Vaw . Mee.. DO

\?gainstomnue

ﬁ ResultsPlus

Examiner Comments

This response is an example of the use of the idea of an
"external force". There are lots of external forces acting
on the boat, but the motion depends on whether they add
up to zero, or give a resultant.
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Question 18 (b)

This question gave a graph of the force on the boat plotted against time for a single stroke
of the oars. It then asked the candidate to calculate first the work done on the boat, and
then the average power developed.

18 (b) (i)

Part (i) involved calculating the work done during a single stroke of the oars. The marks
were for:

¢ Understanding that the work done is the area under the graph.
e (Calculating the work done with a wide tolerance.
e Accurately calculating the work done.

The vast majority of candidates realised that the area under the graph had to be calculated,
and they demonstrated a number of ways of doing that, from drawing on one large triangle,
to counting all the small squares. The latter would be more likely to score the third mark
for accuracy.

(b) The graph shows how the force applied to the boat varies with the distance moved by
the boat during one complete stroke.

700 1 T 1 1 1 111 | |
i . 5 | L ! ] 11
600 + A e EmaaaEsIsHEasuwa dmaEaE E sRumEsmEs
HA B R asaEss aaaa aman samansnans ssnasan:
500 . IGRFSRRE b e
Z w0 |/ : i
20'0 1 E_“____ I . 1T ___'r‘“‘- . A . T
100 FEEEER =Rah i ? a8 suuu .
5 1 T SSERN T
0 : 1 T 1 : | I T .‘.L
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60

Distance moved by the boat / m

(i) Use the graph to show that the work done on the boat during one stroke is about 500 J.
(3)

................................ Yobad woprle doue = 1084276 +1271:5 = 5128 T
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ﬁ ResultsPlus

Examiner Comments

This candidate has divided the area into three sections and correctly calculated
the area of each one. The answer is very close to the correct answer of 520

J. This type of method is much quicker than counting all the squares, and is
probably less likely to lead to errors in the counting.

(b) The graph shows how the force applied to the boat varies with the distance moved by

the boat during one complete stroke.

St
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—
8
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I
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0
0.00 0.20 0.40 0.60 0.80

1.00 1.20 1.40 1.60

Distance moved by the boat / m

(i) Use the graph to show that the work done on the boat during one stroke is about 500 J.
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ﬁ / ResultsPlus

Examiner Comments

This candidate has counted the number of squares and
multiplied by the work represented by each square.
Again, the answer is very close to the true value.
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18 (b) (ii)

The candidates now had to calculate the average power, either using the work done as
calculated in part (i) or using the "show that" value (500 J) given in part (i). They had to:

e Indicate that power is work / time
e Calculate the time for one stroke
e Calculate the power.

The majority of the mistakes were in dealing with the 24 strokes per minute. They could
either divide the work done by the time per stroke, or multiply by the frequency, but often
they mixed these incorrectly.

(ii) Hence calculate the average power developed.

average stroke rate = 24 strokes per minute
(3)

Power = wofkdona

.TTﬁ;MWWWJ@9xamMMWMWWW

(42w

Average power =

“IUS

Examiner Comments

This is a fully correct response, using the value of work done calculated in part (i). The candidate
has multiplied the work done by the number of strokes to give the work done per minute, and
then divided by 60 to give the power.

P=W - S0 = ]335 kI
& g
;q;ou o

Average power

ﬁ ResultsPlus

Examiner Comments

This response is an example of the confusion between the stroke time and the stroke rate. This
candidate has calculated the stroke rate (0.4 per second), but then divided the work done by that
value assuming it was the time.
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Question 18 (c)

The candidates were asked to explain why the work done by the rower was greater than the
gain in kinetic energy by the rower and boat together. The question was relatively poorly
answered. Discussion of the variation of the force, and the exhausted state of the rower
were common. Again, many were content to just mention energy loss, which was insufficient
for a mark. Many did mention friction with the water, but few described the kinetic energy
given to the water. For the two marks they were expected to mention:

e The friction with the water
e The turbulence or kinetic energy of the water.

It is, of course, the drag with the water that causes the turbulence, but we did not mind
whether they discussed the turbulence caused by the movement of the boat, or that caused
by the movement of the oars.

(¢) The work done by the rower is greater than the kinetic energy gained by the rower
and the boat.

Suggest two reasons why.

ﬁ ResultsPlus

Examiner Comments

This good response gained both marks. The candidate notes
the friction with the water, and also that some of the energy is
transferred to kinetic energy of the water.
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(c¢) The work done by the rower is greater than the kinetic energy gained by the rower
and the boat.

Suggest two reasons why.

(2)

ﬁ ResultsPlus

Examiner Comments N\
This response gains the mark for work done against O
friction. However, it is a very common response in all O

questions of this kind, to respond with a statement such
as "some energy is lost to the surroundings", sometimes
including "as thermal energy" as here. It is only rarely that
such a response gets credit because at this level we need

Examiner T|p

Beware of the trivial response
"energy is lost to the surroundings".

the candidate to demonstrate a greater understanding of
how that happens.

Examiner Comments

A
This response is an example of careless wording making it O
difficult to award marks. Energy should not be said to be G

lost, as it is always transferred somewhere. However, we
might allow the word to be used if the meaning is clear and
it is not the most important point we are looking for. In this
response, the energy cannot be "lost" as friction, rather it
is the friction that causes the transfer of the energy.

Examiner T|p

Take care with the wording of the
response.

The kinetic energy in the waves formed by the boat is
a good point, and would score the mark.
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Question 18 (d)

The candidate was asked to suggest why the rower and the boat would gain different kinetic
energies. The answer was very straightforward, but it was surprising how few candidates
gave the answer that the masses of the rower and boat were different. There were
suggestions that the forces on the rower and the boat were different, that there was more
energy loss from one than the other, even that the rower became exhausted. Few seemed to
grasp the fact that the rower and the boat must be travelling at the same speed.

(d) Suggest why the rower and the boat gain different amounts of kinetic energy during

each stroke.
(1)

- The rower and the boat have difFerent masses.. ...

ResultsPlus ResultsP

Examiner Comments Examiner Tip

This response gives the basic fact we were

) There is only 1 mark available, so the
looking for.

answer is going to be very simple.

(d) Suggest why the rower and the boat gain different amounts of kinetic energy during
each stroke.

_ ' (1
 Bequue the, kinetic eneny TP s Huat with Lomay,.
Velodty® . So , the Fower ond bae bue ditfowst M) bt sme ok

: " yng?ﬁ,ﬂﬁﬁm&fftﬂﬂ(ﬁfid@yﬂwf

(Total for Question 18 = 13 marks)

ﬁ ResultsPlus

Examiner Comments

This response also gets the mark, but gives a more detailed explanation,
showing the physics behind the statement in the previous example.
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(d) Suggest why the rower and the boat gain different amounts of kinetic energy during
each stroke.

(n

ﬁ ResultsPlus @\

Examiner Comments

Examiner Tip

This response shows the common fall-back
response from a weaker candidate who has
not really understood the physics.

Note that this response does not
explain the question anyway.

(d) Suggest why the rower and the boat gain different amounts of kinetic energy during
each stroke.

(H
T devtr ey becomt ieed  qer it cavsing

& Aot in BE gedoing ek stebt

ResultsPlus

Examiner Comments

Another rather confused, but typical response.
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Question 19 (a)

For part (i), the candidates had to state the meaning of laminar flow. Part (ii) asked for the
conditions required for laminar flow. Although most obtained the single mark for part (i), the
majority also attempted to describe laminar flow when answering part (ii), instead of giving
the conditions required (see some examples below). The conditions expected for part (ii)

were any two from:

A small object
A smooth surface

A low velocity.

19 Stokes’ law can be used to calculate the resistive force F acting on an object as it moves

through a fluid.

The equation for Stokes’ law is
F = 6nnry

(a) Stokes’ law is only valid if the flow around the object is laminar.

(i) State what is meant by laminar flow.
(1)

LoLewiror Bow 0 aben Ve velooly..of . De. flwd of amy

(ii) State the conditions required for the flow around the object to be laminar,

Looves wth a glow  yeledhy
M

ResultsPlus

Examiner Comments

This is an example of a good response that gains the mark for
part (i) and gives two correct conditions for part (ii).
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19 Stokes’ law can be used to calculate the resistive force F' acting on an object as it moves
through a fluid.

The equation for Stokes’ law is
F = 6mnrv

(a) Stokes’ law is only valid if the flow around the object is laminar.

(i) State what is meant by laminar flow.
(1)

§ Lam"lhqr-‘How o Flwd flow.  wa S l'f»’\jel" S . Thare's . mo .
- sudden. change of. ...Qll.’lmo:.‘]:l.f.ﬂ.m......Qf...SFE.E.d....D.'.'F...'.{'.[.\E.. Flow, T/v;vefoc}tJ
xt. _r.:_x___@ﬁuaa_____Fdrt___dqﬁs_h_‘t_____r_hﬁn.j.g_,.....T}!.-{,.h.e....Oc.tr.e,......m.......ezi&{.!..&:_,. e

(ii) State the conditions required for the flow around the object to be laminar.
(2)

coThe Flow. ‘13 loaminar so the cowdition. of o 95
Sﬁmdmr ond_not chaetic . The. afmj Y e ===
dﬂ%n‘[z rJaaV\?E ﬁt}uz. -bm;r«bm ent. . ‘Ffﬂw W\ﬂj gw&j Betrd.....

-kafg, 0. StoF th obr@u‘t et Moﬂ"ﬂH%@WNJMH
wonlt be acuarate .

ﬁ ResultsPlus

Examiner Comments

For part (i) this candidate has given four correct descriptions
of laminar flow, any one of which would gain the mark. The
response in part (ii) however, gains no marks.

It is fine to give the four possible responses in part (i)
as long as they are all correct. However, if one were
incorrect, then it would be considered to be giving the
examiner a choice, and so would not gain the mark.
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19 Stokes’ law can be used to calculate the resistive force F acting on an object as it moves
through a fluid.

The equation for Stokes’ law is
F = 6ngrv

(a) Stokes’ law is only valid if the flow around the object is laminar,

(i) State what is meant by laminar flow.
(1)

Tl A i ene z*j,« with no. abw,,b{ 47
ue&oafj

(11} State the conditions required for the flow around the object to be lammar
(2)

Tlere... are. no  ravolom. . L.nje .. yelocs
A e o &j
e {Yow S{wu{o( }'we LugL.e»r w:aoqu
Hawe . eoblies .

ResultsPlus

Examiner Comments

Part (i) gains the mark, but part (ii) is more about what
laminar flow is than the conditions required, so no marks.
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19 Stokes’ law can be used to calculate the resistive force F acting on an object as it moves
through a fluid.

The equation for Stokes’ law is
F = 6myrv

(a) Stokes’ law is only valid if the flow around the object is laminar.

(i) State what is meant by laminar flow.

S 5%&977491”@%%934@5@/&5%4{7@? .

(ii) State the conditions required for the flow around the object to be laminar.

o bl 220 BABERR oo

ResultsPlus

Examiner Comments

Another typical response. It gains the mark for part (i) but part
(ii) again describes what laminar flow is, so no mark.

Examiner Tip

Most candidates did not answer the question set in part
(ii). Think just what the question is asking.

IAL Physics 1 WPHO1 01
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Question 19 (b) (i)

The two other quantities that need to be measured are:

e The distance between the markers on the measuring cylinder.
e The diameter of the ball bearing.

The candidate needs to think in terms of the experiment given, read the description carefully
and actually imagine carrying it out. Instead of the distance between the markers, many
candidates wrote the height of the measuring cylinder. Instead of the diameter of the ball
bearing, many wrote the radius, thinking that the radius could be measured directly. Many
suggested that the time of fall could be measured, even though that had been stated in the
question as already noted. Sometimes all the quantities in the equation were listed. Note
that a statement of the two quantities is all that is required.

(b) A student carried out an experiment to determine the viscosity of glycerol using the
apparatus shown,

e
]

- —

== first marker

glycerol

F second marker

A ball bearing was released at the top of a measuring cylinder containing glycerol.
A stopwatch was used to measure the time taken to fall between the markers.
This was repeated for ball bearings of different sizes.

The following equation was used to calculate the viscosity #.

r = radius of ball bearing

azr’ 4xr’ p, = density of ball bearing
P8 = P8 = bmrnv
3 3 Py = density of glycerol

v = terminal velocity

(1) The density of the glycerol and the ball bearing are known.

State two other quantities the student would have to measure directly to calculate
the viscosity.

(2)

ResultsPlus

Examiner Comments

These two statements are all that are needed to gain the two marks.
The response is absolutely clear and straight to the point.
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)
mvasmce Ve dowekee A AP kol beadfgp  ond  gbyeia e toding

trasacr P dsdente Bhaen aprled ad e T Bee  miogind do
Labtern N \rlodty .

ﬁ ResultsP

Examiner Comments

This response also gives the two correct answers but also goes
on to explain how they are used. To do this is fine as long as the
candidate has the time.

(2)
oothe Hme token foc e ool becning to
ool ondl the . distonce  Yarough  whick it Fells .

and Mae rvadicnsof .6 ba\Y - |

ﬁ ResultsPlus

Examiner Comments

This candidate gives three possible answers, all )
of which are incorrect.

ResultsP

Examiner Tip

us

The time taken is a quantity already given in the
question, so is not an "other quantity".

The distance through which the ball falls is Be precise in your answers.
imprecise - it must be between the markers.

The radius cannot be measured directly, and
the question asks for quantities that have to be
measured.
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Question 19 (b) (ii)

The question asks what is represented by the first term on the left hand side of the
equation. The candidate can either understand that there are the three forces acting on the
ball bearing, the weight, upthrust and drag, and note which is which in the full equation,

or just work through the term given, as volume x density x g. Although most candidates
answered this part correctly, there were still a number of errors, giving answers such as
volume of the ball or mass of the ball.

3
(i) State the quantity that is represented by the term “”T" ng

(1

T¥s. the.. we;ﬂﬂ.fv.tf: of the botr LGM-."MS ____________________

ResultsPlus

Examiner Comments

This response is the straightforward answer we expected.

3

(ii) State the quantity that is represented by the term MTFEJ:S
- (1)

ﬁ ResultsPlus

Examiner Comments

This candidate has confused the density of the ball bearing
with the density of the glycerol, an occurrence that was more
common in part (iii).

3
(ii) State the quantity that is represented by the term %Trphg'

ﬁ ResultsP

Examiner Comments

(1)

This occasional response did not gain the mark
because there are too many possible weights.
It could be the weight of the glycerol or the
weight of the liquid displaced, as well as the
weight of the ball. The examiner cannot tell
whether the candidate knows which weight it is.

Ensure your answer is complete
and unambiguous.
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Question 19 (b) (iii)

The candidate is asked what the second term in the equation represents. There are two
possible answers:

e The upthrust on the ball bearing.
e The weight of the glycerol displaced.

Either of these was allowed for the mark.

(iii) State the quantity that is represented by the term %Tr P8

ResultsPlus

Examiner Comments

This very good response gives both the possible answers,
although the mark would be gained for either of them.

Lo FEofeprecents. the  Weignt of the gyiycerol

ﬁ ResultsPlus

Examiner Comments

This is an example of an incomplete response because the
candidate could mean it is the weight of all the glycerol. If the
candidate responds with the weight of glycerol, it must be clear
that it is the displaced glycerol.

Examiner Tip

Again, ensure your answer is full and unambiguous.
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Question 19 (b) (iv)

The candidates were asked to describe how to use the results obtained in the experiment
to determine the viscosity of glycerol, by means of a graphical method. It must be noted
that the "results obtained", as given in the question, are the time taken to fall between
the markers and the different sizes of the ball bearings. A very wide range of marks was
obtained, many scoring zero and others the full 4 marks, with all the values in between.
Most candidates understood the need to obtain a straight line graph, and were able to do
so, although in many cases, the plotted variables were complex. A lot of marks were lost
because key instructions were missing, such as "measure the gradient". The 4 marks were
awarded as follows:

e Calculate the velocity of the ball bearing. Many missed this point, assuming that it had
already been done.

e Plot the velocity against (radius)?. Many suggested far more complex axes — see some
examples below. Complex axes did not score this mark.

e Determine the gradient. This had to be stated and not just implied, as it is an essential
part of the procedure.

e State how to calculate the viscosity from the gradient.

A wide range of approaches was seen, but unfortunately some failed to realise that plotting
v against r would result in a curved graph. Any graph that would be a curve could not
score any of the 3 graph marks. Many students were aware of the need to calculate the
terminal velocity, but went into great depth about it, some suggesting that a distance-time
graph could be plotted to do so. It was very common for highly complex axes to be plotted,
such as weight of ball minus the upthrust against 6nr, giving a gradient of viscosity. Such
responses were denied the plot mark but could score the other three.
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(iv) Describe how the results obtained and a graphical method can be used to
determine a value for the viscosity of the glycerol.

................ H.n..vt.‘k[. ot thors T S ...

}'La..—-w;_guf]v ead eud o X ool lua IA.SJM}, B

4)

ﬁ ResultsPlus

Examiner Comments

This is an ideal response, scoring all 4 marks. The candidate
calculates the velocity, states the correct axes, states that

the gradient is calculated, and gives the equation to find the
viscosity from the gradient. This candidate has thought through
the method before writing it down, so that the response is clear
and direct.

OO ResultsPlus

Examiner Tip

When writing out an experimental method,
make sure each step is clearly noted.
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(iv) Describe how the results obtained and a graphical method can be used to
determine a value for the viscosity of the glycerol.
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Examiner Comments

This response scores 3 marks, another good answer. The
candidate this time shows clearly how the equation has been
rearranged to give the variables to be plotted. However, there is

no statement that the velocity has to be calculated first, so only
scores 3 marks.
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(iv) Describe how the results obtained and a graphical method can be used to
determine a value for the viscosity of the glycerol.

(4)
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ﬁ ResultsPlus

Examiner Comments

This response scored 2 marks, for calculating the velocity, and for stating
how to determine the viscosity from the gradient. The axes chosen will
give a straight line graph, but are complex and require a lot of calculation
for each point. The plot mark was therefore not given. Unfortunately, the
candidate did not tell us to measure the gradient.

Examiner Tip

Make sure each step of the method
is clearly given.
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(iv) Describe how the results obtained and a graphical method can be used to
determine a value for the viscosity of the glycerol.
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Examiner Comments

This response scores a single mark only for calculating the velocity. At first sight, the
axes chosen look satisfactory, if complex, but when it comes to the gradient it is clear
that the value includes the variable r and so these axes would not give a straight line.
It is therefore not possible to determine a gradient and none of the 3 graph marks
can be scored. Had the X-axis been rv then more credit could have been given.
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Examiner Tip

Beware of gradients including a variable when
looking for a straight line.
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Question 19 (c)

The candidates were asked to explain how a low temperature would affect the supply of
glycerol to a waste system. The 2 marks were awarded for:

e The viscosity is high at low temperature.
e The flow rate is reduces.

Note that this is about the flow of glycerol, not of the waste water or of the nitrogen,

both of which are mentioned in the question. A few thought that the viscosity dropped as
temperature fell, but the great majority scored the first point. Many did not score the second
point because they discussed the effect on the waste water or the nitrogen removal.

(¢) Glycerol can be pumped into waste systems to remove nitrogen during the treatment
of waste water.

Explain the effect that low temperatures could have on the supply of glycerol to a
waste system.
(2)
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Examiner Comments

This response scored both of the 2 marks. It is a clear and
succinct answer.
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Examiner Comments Examiner Tip

This response scored 1 mark, for the viscosity
being greater. However, the candidate then goes
on to discuss the waste water and the nitrogen,
as was done by many others also.

The question is about the supply of
glycerol. Make sure that is the question
you respond to.
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This response scored 1 mark, for the slower flow of glycerol.
"Thicker" is not a good scientific description of the viscosity, and
it does not indicate whether the viscosity is higher or lower.
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Paper Summary

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

e A number of times on this paper, some candidates tended not to answer the question
as it was set. Read the question carefully, so that you are as clear as possible about
what is required.

e When responding to a question, try not to give the examiner a choice of answers.
If any are wrong, you will not gain the credit.

e Be accurate when taking measurements from pictures.

e Show all working in calculations, and beware of incorrect rounding of the answer.
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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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