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Introduction

There was a good range of performance in this paper, with all candidates having opportunities to
demonstrate their understanding and show progression from GCSE, although candidates continue to
show better performance with calculations than explanations. While there was an improvement in
selecting and quoting relevant formulae to inform and support explanations, there was often a lack of
precision in applying some of the physics terminology. Some candidates did not show sufficient clarity
in setting out explanations to demonstrate fully their understanding of the situations being described.

Problems with significant figures in ‘show that’ questions, the use of ‘gravity’ instead of ‘weight’ and
the use of g =10 m s2 were much more rare than in some previous series.

Section A

Performance was good on most multiple choice items in Section A, with many candidates at the higher
grades giving 10 correct responses.

Questions 2 and 5 elicited over 90% correct responses, and 1, 7, 8, 9 and 10 over 75%. Just over half of
the candidates answered questions 3 and 6 correctly.

In some cases the preferred incorrect answers are informative.

In question 3, candidates with an incorrect response rarely chose kW h or W s, but most often
selected N m. The use of quantity algebra might help them to connect N m with J when defining work.

Candidates drawing a labelled diagram were more likely to get the correct answer to question 4, but
sine was rarely chosen with or without diagrams.

Nearly half chose an incorrect answer to question 6, but they rarely chose answer A, answers B and C
being of similar popularity. This indicates a poor general understanding of Newton’s Third Law, apart
from the forces being of equal magnitude and in opposite directions. Many candidates still need to
learn that the forces act on different bodies and are the same type of force. This may be aided by
learning more than the epigrammatic ‘to every action there is an equal and opposite reaction’ form
of the law. Students might do better by learning about what happens ‘when body A exerts a force

on body B etc’, and by practising with simple examples, such as in question 14 on the January 2009
6PHO1 paper.

Candidates giving an incorrect response to question 8 nearly always chose A - ductile, showing a
confusion (also seen in question 18) between compression and tension.

Question 9 saw about a fifth of candidates saying a ball bearing would fall faster through hotter oil
and in question 10 a similar number indicated that they think work is a vector quantity.

Examiner Tip

Make a two column table and list the properties of the forces
in a Newton’s third law pair that are the same in one column
and the properties that are different in the other.
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Question

Correct Responses

1

86%

2

95%

53%

71%

92%

55%

86%

79%

78%

10

75%
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Question 11

Nearly all candidates showed that they could recognise Newton’s first and second laws of motion, with
well over half getting at least 3 marks. By using imprecise wording, however, many lost one or more of
the four marks available for stating the laws.

Marks were lost for the first law by making no reference to direction, which could be done by
including ‘velocity’, ‘acceleration’ or ‘straight line’ in the statement, and for failing to specify
‘resultant’ force, often referring to an ‘external’ force only. Some candidates discussed equal forces
rather than balanced forces.

The second law was commonly F = ma in symbols or in words, without specifying ‘resultant’
force. Resultant was missed in the second law more frequently than in the first. Candidates using
the formula sheet would have seen SF = ma, but sigma was not included nor was its significance
explained.

A few candidates quoted Newton’s third law.

Many candidates satisfactorily linked the two laws, but in some cases they merely requoted one or the
other or said that they both involved acceleration.

Most answers were structured clearly, stating first one law, then the next, and then comparing them.
This helped to gain the last mark.
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*11 During a lesson on Newton's laws of motion, a student says, *We don’t really need to
bother with Newton's first law because it is included in his second law”,

State Newton’s first two laws of motion and explain how Newton’s second law includes

the first law.
(5)
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Examiner Comments

This candidate is awarded 1 mark for Newton's second law (force = mass x
acceleration) and one for the final comparison, but simply adding ‘resultant’
to force in lines 1 and 3 and saying constant velocity instead of speed, or
saying constant speed in a straight line, allows 3 more marks to be obtained.
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Examiner Comments

This gets 3 marks, with a better final explanation than Examiner Tip

the previous example. Both laws need a reference to

resultant force. 'In equilibrium' is used a bit variably, Learn full versions of Newton's laws of motion
but the essential points are there. ) thoroughly so you can quote them accurately.
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Question 12

Responses to this question often displayed a lack of focus on the question asked, lack of clarity in
the language used and, unlike question 11, lack of structure in setting out explanations. Candidates
should be reminded of the quality of written communication requirement that, ‘Work must be clear
and organised in a logical manner using technical wording where appropriate’.

Under a third of the candidature gained more than two marks, and the two marks most frequently
awarded were for quoting relevant formulae.

Digressions frequently encountered by the examiners included references to the cost of weights
(schools apparently can’t afford many), the size of the force required to break the wire and

making the experiment quicker to complete because it would break sooner. There were also many
dissertations on the properties of copper as a ductile material or detailed descriptions of how to carry
out the experiment.

Candidates who may well have realised that the wire described would maximise the extension for a
given force and why that would be advantage often suggested it indirectly by rather vague references
to making the extension visible or making it easier to measure. They didn’t state that it would be
easier to measure because the extension would be greater.

Candidates frequently quoted stress = force/area, but rarely mentioned that the area would be
smaller, which could have led them on to increased stress and greater extension in a logical sequence.
When they quoted strain = extension/length they usually suggested that a greater length would give

a greater strain rather than that the same strain would entail a greater extension. Candidates did

not all appreciate that the Young modulus is a constant and thought that the long, thin wire would
increase it - even when they defined it as stress/strain and said strain would increase!

So, while candidates often started well by quoting relevant formulae, they need to consider the
variables in the formulae and the effect of changing them on the outcome. They just need to ask
themselves questions like, “If | increase x, then will y increase or decrease?”
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*12 Explain why the wire used when measuring the Young Modulus of copper in a school
laboratory is long and thin.

(5)
o Lomo thin wire  w. used  So tThat
+the studants Con see...the. brm.)z.img
pornt  of the wire w easily seen
s0..the  cross. fecktional value can
be.. .measured... &S Well as the.
extension of the wire beirlg, easily
Mmeasused, and not too (0719 betore.
the Wicre Jnags .

Plus

Examiner Comments

This candidate focuses on breaking point, which is not required for the Young
modulus, and how long it takes. Cross sectional area is mentioned, but its
size isn't commented upon. It says the extension is easily measured, but not
anything about what makes it easily measured, i.e. a larger extension.
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Examiner Comments

This candidate gets 4 marks by quoting the relevant formulae and a bit of
logical development: decreases area, so less force required, because stress
= force/area. It also says extension is more easily read with a long wire, but
doesn't say it is because the extension is greater.
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Question 13(a)

The first words in part (a) were ‘Use the graphs to help you’, but many candidates felt able to
proceed quite unaided, describing brittle in terms of shattering and ductile in terms of being drawn
into wires which did not refer to features of the graphs.

About three quarters of candidates gained at least one mark, and usually lost the other through
imprecise descriptions, most frequently referring to brittle as breaking with little deformation,
omitting plastic, or failing to qualify the plastic deformation of ductile materials as significant in
extent. Overall, more marks were awarded for brittle than ductile.

(a) Use the graphs to help you describe brittle and ductile behaviour.
(2)

Bride  malprialy break 01 orack. with.... Lbe, GLQ{WNho»«,
Whid . L««) The  We et SRS nbead 0y, Berding drony,
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Examiner Comments
This refers to the graph, but lacks some essential Examiner Tip
detail. It says brittle has little deformation,
without specifying plastic, and doesn't describe the Practise definitions so they can be quoted to the
significant extent of plastic deformation for ductile. required level of detail.

Bridle. Mo us. rove. hdie 1'0__}_% P\ashe. (eg;m,
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Plus

Examiner Comments

This is an example with the added level of
detail, gaining full marks.
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Question 13(b)

A good majority got both marks for part (b). The most frequent omission was to describe porcelain as
brittle and errors included references to hardness, so it wouldn’t dent, to malleability or ductility,
so it could be reshaped, to hardness, so that the pieces would be large or to there being little elastic
deformation, rather than little plastic deformation or just little deformation.

= . = R - o g
(b) In 2006, three Chinese vases, dating from the 17th Century, were smashed when a
man fell down the stairs at the Fitzwilliam Museum in Cambridge. The vases were
made of porcelain.

A restoration expert put the vases back together. She said, “It wasn't a difficult job,
The museum collected all the pieces and they fitted back together perfectly.”

Explain why it was possible to fit the pieces back together perfectly.
(2)

e @/rc,aJmL 1> ’(5"}5‘.« ord  hard  pmdfercel
ohtl o Le/ﬂ%) B rocod Hcrbls ond  Ldabh
S . ke /ﬂe S Lere {a_r&e ard)  Cloga
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Plus

Examiner Comments

This chooses the wrong properties and refers to large pieces. Clean
cut may indicate no change of shape, but is not clear enough.

THIE PlEceS  WILL. NOT . HAVE  DEFoMED  FLASTICALN , . ..
L PoRCel AR © VEBM BRMTLE. S0 THE VARE (0oubD. HAVE:
SHOTTERED  WSTEAD. &l DeNTE. ETC . cclewe,. - THE
dees wontD . £r BRCK. 10 CETHSR. AR . Mo PlAsTic
ofoauderiend on) VASE ~ (Total for Question 13 =4 marks)

Examiner Comments

This states that the material is brittle and
describes the effect to get full marks.
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Question 14(a)

In part (a), three quarters gave a sensible assumption, but only about a fifth attempted the correct
calculation based on conservation of energy, equating the decrease in gravitational potential energy
to the gain in kinetic energy.

The majority of students attempted to use an equation of motion, usually v? = u? + 2as. These
equations are for motion with uniform acceleration, which was not the case here, as shown by the
two diagrams of the wire, and so were not appropriate. Candidates applying this equation used g =
9.81 m s? as the acceleration, which is another error as this acceleration was not in the direction of
motion. Most used 0.6 m as s, but some used 14 m, which meant the path followed, the acceleration
and the displacement were all in different directions.

This was similar to many responses in June 2010 for a bowling ball pendulum and candidates will need
to get used to identifying which situations may be solved by equations of motion, which may be solved
by conservation of energy and which may be solved by both.
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14 A playground ride consists of a steel cable running at an angle between two posts of
unequal height as shown in the diagram.

Steel cable
~
Post S Enst

2m 2.8m

l =

< 14 m

v

A child sits on the seat which moves on runners along the cable from the high end to the
lower end.

(a) (i) Show that her maximum possible speed when she arrives at the lower post is
about 3m s
(4)

1048723 = gaun o Bho =l 20T
0.7 = GO xu% ~todf 7 - 2 =509

ITTTer S
R

2 O

us

Examiner Comments

This candidate adopts the conservation of energy approach. Mass wasn't given, and isn't actually
needed, but the candidate sensibly uses the mass quoted later. The candidate abandons the
question when the answer isn't going to have the right magnitude. At this point it would have been
worth working through the question to find the error. In this case it was using the wrong value for h.
The assumption about mass is not sufficient, and the possible energy loss is not described and so no
kmark is awarded.
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Steel cable

Post Post

L.

14 m

v

M

A child sits on the seat which moves on runners along the cable from the high end to the
lower end.

(a) (i) Show that her maximum possible speed when she arrives at the lower post is
about 3 m s~
4)

(ii) State an assumption that you have made,
(1)

Plus

Examiner Comments

This example shows how it can be completed
fully without requiring mass.
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Question 14(b)

In part (b), a good majority labelled the downward force exerted by the girl and the seat (‘weight’
was accepted) and most of those also labelled tension with two appropriate arrows. Some candidates
added an extra force, usually vertically upwards, sometimes labelled reaction.

A majority of candidates started the calculation by finding weight correctly, but some experienced
difficulty with the trigonometric expressions, about a third completing it correctly. Mistakes in the
calculation included using tangent instead of sine, and interpreting 2 sin 2° as sin 4°. The ‘show that’
answer given plainly reminded a nhumber of candidates to divide by two at some stage. Clear diagrams
appeared to help.

Please note that the number of arrows, or forces, need not correspond to the number of marks for a
diagram.

(b) The diagram below shows the child at a point P where both sides of the cable make
an angle of 2° to the horizontal,

z [3

W
[

AL
p- &

(i) Add labelled arrows to the diagram to show the forces acting on the cable at the
point P,
(2)

(ii) The total mass of the child and seat is 40 kg.

Show that the tension in the cable is about 6000 N.
(3)

IM-:Ll_Oka owe Ay
' 1\2 ] -
snldytegs - “AEGHE

a
B G bogopy

Plus

Examiner Comments

The diagram has the correct arrows, but needs force labels.
Weight has been calculated correctly, but then tangent has been used whereas
tension is the hypotenuse of the relevant traingle of forces, so it should be sine.
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(i) Add labelled arrows to the diagram to show the forces acting on the cable at the

point P.
(2)
(ii) The total mass of the child and seat is 40 kg.
Show that the tension in the cable is about 6000 N.
(3)

2(Tsih2) = 40 x9-8)
2(Tsn2) = 392 4
L T=196.2  T=562] %N

Plus

Examiner Comments

A well set out and fully correct example.

Examiner Tip

It is worth drawing out a triangle of forces before
attempting calculations like this.
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Question 15(a)

In part (a), the great majority labelled the diagram correctly, drag being the most common omission.
There were very few additional forces shown and little use of ‘gravity’ instead of ‘weight’.

Candidates usually gave part of the condition required, but often lost a mark through imprecise
expression. They frequently made the ambiguous statement that weight must equal upthrust and drag,
or said the forces must be equal, instead of using weight = upthrust + drag. Having related the sizes of
the forces, they did not always state that this meant the forces were now in equilibrium or said there
would be no acceleration. They were asked to explain and there were 2 marks, so candidates should
expect to state a condition and a consequence of that condition.

15 (a) (i) A small solid particle is falling through water. Add labelled arrows to the
diagram below to show the forces acting on the particle.

2

(ii) Explain the condition for the particle to fall at its terminal velocity.

Lol ‘1\'\ \ L \{X\r Yo Iwh [ S t‘\ JJ-.LE) Wiveintiol Ln i l-‘«_.\ . li:l'-'_‘ et o

Sw LA (L(-. /.,','vfr 6.{& e BB R 2 el LT i .{"" -

Plus

ENEEI NG

A correct diagram, but it then suggests that weight, upthrust
and drag should equal each other, which would not balance
the forces. More care needs to be taken in a comparison of
forces like this, and an equation would be useful.
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(ii) Explain the condition for the particle to fall at its terminal velocity.

(2)
UPH‘f’Vﬁjc c;vxg VB ns &“‘rj MM%LC be FE{U.«L ED
khe parkRAes -wagl«fc

[

us

Examiner Comments

This repeats a fairly common mistake, saying weight equals
upthrust AND drag. It should say weight = upthrust PLUS drag.
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Question 15(b)(i-iii)

For (b)(i) about half gave a sensible line and almost all completed a recognisable diagrammatic
representation of the definition of turbulent flow in part (ii).

A good majority described the difference between laminar and turbulent flow for part (iii). Those
failing to get this mark sometimes described laminar simply as smooth or streamlined, neither of
which is sufficient. Some stated that laminar flow is in straight lines, when they possibly meant
parallel. Others said that the velocity is the same everywhere, which rather misses the point of
considering a gradation of speeds between adjacent layers of fluid, when they meant that the velocity
at a point remains the same over time.

(b) Flowing water can be used to move solid particles from one place to another.
(i) The diagram below shows water moving horizontally with a laminar flow.

Add to the diagram to show the path of the particle falling through this water

flow.
/ Surface

(1)

iiai ticle

V\(\f( y

(ii) Complete the diagram below to show water moving with turbulent flow.
(1)

(iii) Describe the difference between laminar and turbulent flow.
(1)

Lowanow™ SLO&O ey tﬂtﬁfuﬂm o 51}&(}\ S&a()[b
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Examiner Comments

The diagrams are satisfactory. The descriptions are linked to
speed of flow, whereas speed is an indicator of which type
of flow to expect rather than a property of the flow. Steady
\_ velocity needs to refer to the water at a particular point.
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(iii) Describe the difference between laminar and turbulent flow,

(1)
Lomenad Hlow b c. Smooth .b*rsh.t.'c)lﬂf —
How,.. Wielees. . Tucboleat Flows 15 mixed

S0 — ok .(f.{/\.ur.r_o.‘.ﬂzﬁf]... e

Examiner Comments
Laminar is described as smooth and straight, neither of which is

sufficient. It should describe the flow as having parallel layers.
The turbulent description needs to say what is mixed up.

(ii1) Describe the difference between laminar and turbulent flow.

1
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(:‘.‘J J,IRJ‘,,-.,.{" U-rocfll\:n\i'

Plus

Examiner Comments

When this says velocity at every point IS the same, it should say
velocity at any point REMAINS the same. The turbulent description
needs to refer to the velocity changing at a given point.
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Question 15(b)(iv)

About a third got a mark for part (iv), even when they had a good clue from correct diagrams for parts
(i) and (ii). Candidates often just linked turbulent flow to higher speeds and suggested an increased
force pushing the particle.

(iv) Suggest why turbulent flow may be used to move small solid particles.
(1)

——%‘:K-GFQ/(JLUL(' /u /)u_ /ru/' /7/,\ / oA A.*7£L q;/_()&_t =)

Yipv ¢ ./IZ‘-K' S\ /r (i‘( /)({ v /»". ' {f J (] {'Lf’.(' 4_'(' v I,li~ If(&_(‘ (?{..i #M'k.f"

|f§ st ‘~1(j<‘ <.

Plus

Examiner Comments

This only refers to an assumed greater speed of flow and
implies a greater force (stronger current). It needs to include a
suggestion of some vertical component of force and/or motion.

(iv) Suggest why turbulent flow may be used to move small solid particles.
(1

The skt clunge n - direckien  oe e inas
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Examiner Comments

This makes a sensible suggestion, and refers
appropriately to the earlier digrams.
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Question 16(a)

Candidates usually recognised the difference between a question asking them to add labelled arrows
to a diagram and one asking for a free body diagram and drew arrows from the point given in part
(a). A few may have been misled by the 2 marks and only showed 2 forces, usually weight and friction
or weight and normal contact force. The rest felt no such restriction on the number of forces and
frequently included 4 in different directions, only a sixth getting the diagram correct. Many who
added weight, friction (or air resistance) and normal contact force correctly added an additional
force down the slope, often labelled thrust or resultant. While weight was usually in the correct
direction, many students thought they needed all the forces to be vertical or horizontal, while others
drew all forces parallel or perpendicular to the slope. These candidates may have been thinking of
components. Thinking of ‘normal contact force’ rather than ‘reaction’ may help students to get the
direction right.

e nr e s aeena e g e

| 1»#‘*‘5. e
/ﬂy
R

force
]\mﬂ"“i DENEEI NG

Two forces are in the correct direction, but none are shown correctly
with force arrows leaving the point. Each pair is along the same line of
action, but this is not a necessary condition for forces.

& D
2
XA
;Ww

Examiner Comments

This has drag and NCF correct, but has weight in the opposite
direction to NCF instead of vertical. An additional effect down the
slope has been added.

. F‘”“.‘i U: ﬂN‘uf\vAn 'd.a. plh;?_

b & dua b gnidly | US

Vel Examiner Comments

This has the three correct forces and all in the correct direction.
There is an additional arrow, labelled acceleration, which should
not be added to a free body force diagram. In addition, without
details of the speed, it isn’t possible to determine whether it is

accelerating or travelling at constant velocity.
|\ J
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Question 16(b)(c)

In part (b), a majority selected an appropriate equation, although some rearranged it incorrectly.
Some tried to use v = u + at, but they generally calculated the average velocity from 11 m / 4.9 s
first and didn’t double it. A large majority used their acceleration or the ‘show that’ value to find the
force, although some used g = 9.81 m s as the acceleration.

In part (c), the majority found the correct component of the adult’s force, but rarely did any subtract
the resultant force to find the resistive force. Again, clear diagrams appeared to help.

Candidates had little difficulty in applying work = force x distance and dividing this by time for power,
but there was a fairly high incidence of using the wrong force, either the correct answer to (c) (i), 200
N, or the answer to (b) (ii). Units were sometimes given as N s'.

A fair proportion used P = Fv, which is not required by the specification. With some irony, while using
average velocity was a problem in (b) (i), candidates tended to go astray here by calculating and using
the final velocity. Although the calculations should involve exactly the same quantities (188 N x 11 m /
4.9 s), those not using P = Fv were less likely to go astray.

(b) The child and sledge are pulled across level ground by an adult.

(i) They are pulled 11 m from rest in 4.9 s.

Show that the average acceleration ig about 1 m s,
_/g & -
-_—

l[m f.\-xqﬂ Al .
25

AL ot
7 ™ i

(ii) The child and sledge have a combined mass of 40 kg.

Calculate the average resultant force on the child and sledge.

__.L_I&OK%FT-M__Q__._
_ L&OBKHV]{!,""

Average resultant force = . (.-‘\‘O N
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(c) The force applied by the adult is 200 N at an angle of 20° to the horizontal.

(i) Calculate the average resistive force acting while the sledge is being pulled.

' '2.0%!/ (2)
“\\
20w GO Fema
K
Cwocm2e % wese
i 209 COSZOMMO
Average resistive force = . .’.e7' Quans
(ii) Calculate the average power developed by the adult in pulling the sledge 11 m.
(3)
S %
ferer=TE noox. =
e 2,200y
B
Llfg

Average power = CVUSCiﬁw -

Plus

Examiner Comments

This attempts to find acceleration using change in speed/time, but the speed
used is the average rather than the final speed.

in part (c) the resultant force isn't used to find resistive force and, although the
correct equations are used, the wrong force is used when calculating power.
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(b) The child and sledge are pulled across level ground by an adult.

(i) They are pulled 11 m from rest in 4.9 s.

Show that the average acceleration is about | m s,

(2)
Ssvkatal®
© 112120050 B
_._1_.1_ e O\ = 0918 mrt
. IQOOj R ...abm{fl—. 1ms=2
(i1) The child and sledge have a combined mass of 40 kg.
Calculate the average resultant force on the child and sledge. ,
(2)

st (Ox0al€ = 36.7wV

Average resultant force = . .36 .77 M.
\ j

(c) The force applied by the adult is 200 N at an angle of 20° to the horizontal.

(i)

Calculate the average resistive force acting while the sledge is being pulled.

(2)
2 >

Horealod . Qempnent of . Force. appleol
2 = 200 (520 = 188 .

183~ 26.7). .= _ISlN

Average resistive force = . . le AL
(ii) Calculate the average power developed by the adult in pulling the sledge 11 m.
(3)

bod Adone = Fore w olsloswce

200005280 .~ ) 2206770

ok do = Pwer 2067 o 22w
~ At 49

us Average power = CJ—Z 2\

Examiner Comments

This is a good example of a fully correct answer.
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Question 17(a)(i-ii)

Few problems were seen in (a) (i) and (ii), with over 90% getting both marks.

(a) (i) Show that the initial horizontal component of the fluid’s velocity is about 5 m s,

«-—\;‘i:_\' C‘”%(S(ﬁ\ % 7 S: (+| g) Z (h

(i) Shaqw that the initial vertical component of the fluid’s velocity is about 6 m s™',

—_ \ (

= COS| ,\(, x\l/ / S ( ) (}1‘ C’_Q g

——T T —— T

Examiner Comments

This candidate completes part (i) but then, instead of using sine, uses cosine of
the other angle but subtracts from 90 incorrectly. It should be cos 40 in part (ii).

(a) (i) Show that the initial horizontal component of the fluid’s velocity is about 5 m s L

75 W
[3%; s XTS =4-Fms
q_l
(if) Show that the initial vertical component of the fluid’s velocity is about 6 m 5!

0
4/;—1;2 4&‘5" = G- 7‘{44/3“7

tan 60 X 4.8 =& 5 F2 m4! 5,160 X 76 = s‘zgms“’

us

Examiner Comments

This candidate calculates the answer in part (ii)
in several different ways, but they all work.
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Question 17(a)(iii)

In (a) (iii), the majority set out on the route of considering vertical and horizontal motion
independently, finding the time to the highest point and going on to find the range. A proportion of
those using this method failed to double the time to the highest point.

Errors included using v? = u? + 2as and giving the height found as the final answer, reversing the
components, using 7.5 m s instead of one of the components and applying acceleration to the
horizontal motion.

Some candidates used a single range equation, but some of these lost a lot of marks by not quoting or
completing it correctly.

(iii) Use these values to calculate the maximum horizontal distance travelled by the
fluid. Assume the fluid leaves the bottle at ground level.

Ufz v=0 o 981 5= 7 L ? ? verhady )

S7.+ 9-BIE A8l =57 b= 0S5¢S

Srconsts be Feneh bep
P

V= U+at o

&

S (00 SNVE % Y N = ST v SO L o
§= UE. 4+ a2 a0 S=uk - ¢7x<6-53S
P Oolonce . toavelled ol badf oy, S=233bm
ien S0 masuwen honzeod dislace = 2334 = 6.6%m

Maximum distance

66 Bm

us

Examiner Comments

This candidate adopts the correct general approach, but makes some errors.
The vertical velocity is used to calculate time to maximum height, and this is
doubled later for the full flight, and the horizontal component is quoted, but
the vertical component is used again in the distance calculation.

(iii) Use these values to calculate the maximum horizontal distance travelled by the
fluid. Assume the fluid leaves the bottle at ground level.

UE‘; V= O O:qgl S=z ’? E ? ? Uert‘lfwi\;; 4

S7.+-9-8) £ At =7 ke 05¢S

Svconds b Fesel bep
n !

V= V+at Oz
o L - SRV X Sy N S T S S =

#= 0k« datd k520 S:0k . Sz §7x0:585
-? o Boolnce.... bnvelled....oh... bedk... oy = S 23 m
So. masuwen hotizeded dislace = 2%3.34 = 6.6 ¢
Maximum distance &. & B J

Plus

Examiner Comments

This is set out well, including all the values and with the relvant equations. Unfortunately
the time to maximum height wasn't doubled to find the full time of flight.
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Question 17(b)(i)

For the (b) (i) calculation, three quarters got credit for using the kinetic energy equation. Many of
those who did not get this mark forgot to substitute using velocity squared. About a half got the
second mark. Those who did not usually neglected to square velocity, used the wrong mass or the
wrong velocity or calculated kinetic energy separately for the mass before and the mass after and
found the difference. Quite a few gave N as the unit.

(b) (i) Calculate the total amount of kinetic energy transferred to the fluid.

total mass of bottle, contents and sweets before the experiment = 2.24 kg
total mass of bottle, contents and sweets after the experiment = 0,79 kg

2.2k ke emyt

~0.19 ke OSXILBXIS
s - 3373 1

Kinetic energy = .5 - %5?'5 ,j

Examiner Comments

Although the formula has been quoted correctly, once
substituted this only includes velocity, not velocity squared.

AT AR TS U P e B L R
o 33 63-2222 =
tEe =%5x 03 A-S* 21 W7

Kinetic energy = HO-3IB)N

i

us

Examiner Comments

This candidate gets credit for using the kinetic energy formula, but has
used two masses to calculate energy separately and subtracted one value
from the other. As part of the 2.24 kg and the 0.79 kg don’t move at all,
this value has no meaning.

The difference in mass should have been found before carrying out the

calculation.
\_ J
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In (b) (ii) and (b) (iii), answers were often reversed in comparison to those required and only a
quarter gained any marks. For example, air resistance was very often quoted in (ii) when it was a
possible cause in part (iii). Many candidates used inaccuracies in measurements or rounding errors as
explanations. The key to this part was that the initial speed had been calculated as 7.5 m s using the
measured range and assuming all the liquid leaving the bottle had this velocity. Considering measured
mass and calculated velocity, as they were used to find kinetic energy, might have been a good way

to start. Kinetic energy would be too large if either was too large, and the context and photograph
suggest a range of velocities and spilled liquid affecting the mass. Kinetic energy would be too small if
either was too small, and the context suggests velocity.

(ii) Give a reason why your value of kinetic energy might be higher than the true
value.
4}

1§L"LLLL«/M eesaly. W LSy AnTanA, ::'.mvv\g."\.
% ¥

(iii) Explain why your value of kinetic energy might be lower than the true value.
(2)

Recosne. MA.. Sexed. of.. Somn..pon®. of Ha Pl e,

[ A i .. -’Jl
(('j;w\(.} ‘~,.-c,u3\!(.4' y (DTN COMen u./\,lu) s, ;','.T.*.’F [N W s = 2 cortabiedl

us

Examiner Comments

This has the basic idea for both reasons, but in the wrong order. The answer to (iii) would get
the mark if it was given for part (ii). Energy lost through sound is a bit imprecise for a part
(iiii) answer, but it would identify the calculated energy being less than the original energy.

Ik all of He el Wl howe o
the . distan. used

(iii) Explain why your value of kinetic energy might be lower than the true value.

boww e fud vodA  hue lken b
ph o a kol Cwe

us

Examiner Comments

This does give a correct answer for part (ii),
but the answer ot part (iii) is not relevant.
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Question 18(a)(i)

(a) (i) While three quarters got some credit, often for mentioning a straight line, only half got two
marks. Many of these said ‘force is proportional to length’ rather than ‘force is proportional to
extension’ or ‘force is proportional to change in length’. This is another example where candidates
would do well to simply learn a law off by heart. For (a) (i), having ‘force is directly proportional to
extension’ in mind would have helped many.

A significant minority thought it didn’t follow Hooke’s law because the line didn’t pass through the
origin. They should be familiar with length vs force and extension vs force graphs and know the
difference. It was somewhat disappointing that so few candidates incorporated this into their correct
references to extension being proportional to force.

(a) (i) Explain whether the results follow Hooke’s law.
(1)

Tey Thon M yhocona Mo kao shoighd Thaegor,
{L\y _ _{,G'{'L{"IJT Clan 'L\' E‘\d {"{1:".'.9 Y\,,l oM vy [LL‘(?_‘}'LB ﬁ'\’ ,f"fx_j? ‘.;,-[’\) f‘tt}\ »
_\ 1' |'W__}j, «,m\ f'\’(k fl Q\(\ )GGI _l/«_f“"d 3; peoyn *"*t”*’”'“l:;] ‘;T)'-?-l -

Examiner Comments

This identifies a straight line, but links force to length rather
than extension. Saying 'the force put on' is somewhat ambiguous
as it could mean the force added each time or the total force.

The resulls do fﬁ([ﬂw Hooke lowo because Lhy 8ruph 8. 0
S.Hmﬁhi e, which means. Force. is cﬁmc&b anx;rh‘nml {r
Lengf (or Extension),

Examiner Comments

This may not be deliberate, but candidates must
choose their answer and not leave it to the examiner.
This candidate should choose extension.




GCE Physics 6PHO1 01

Question 18(a)(ii)

For (a) (ii), about three quarters of candidates who attempted this related stiffness to the gradient,
although a fair proportion simply used two values from the graph and did not find the extension. A
number of candidates did not read the graph values accurately enough and some used particularly
small triangles. Scaling problems were usually eliminated because of the ‘show that’ answer.

A number of candidates did not attempt this part. It might be that they were put off by length being
used, or perhaps they didn’t recognise the term stiffness, although it is in the specification.

(ii) Show that the stiffness of the Slinky is about 0.7 N m™.

_‘F? kAot

(3)

034V . 0ww 05 . 0. 22w

- e

20 ) T3
0N _ 9 A !
e

Plus

Examiner Comments

This candidate has used Force/length rather than Force/extension. They
have also done it for three pairs of values and obtained different results,
which helps to illustrate that it is not the same as the gradient.

Faxe Kz £ Fzos E=(oe %16k (oo w152
_ E =].1
O-% _ panw

JUREEAE

Examiner Comments

This example clearly shows how extension has been
calculated and goes on to find the correct answer.
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Question 18(a)(iii)

Part (a) (iii) saw about three quarters identifying and using a correct formula, but there were again

problems with not using an extension and misreading the scale and additional problems with cm and
m. Directly calculating area from the graph usually resulted in the inclusion of an extra quantity of

energy equal to the original length x the force chosen from an extra rectangle on the graph.

(iii) Calculate the elastic strain energy stored in the Slinky when the applied force is
0.70 N.

(3)

by 2 Fhx

—_ ,O".7 * 257 AR AN,

Elastic strain energy = /7‘;. 91/

Plus

Examiner Comments

Examiner Tip

This candidate has used force x extension, forgetting the factor Do use the formula sheet to check -
of 1/2. A length has also been used, rather than an extension. that's what it's there for.

TN | S G S T

D R O Y X B0 e

Elastic strain energy = ... ..\ )

Plus

Examiner Comments

This uses the correct formula, but again uses length rather
than extension. At F = 0.7 N the extension is 1.0 m.
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Question 18(b)(i-ii)

Part (b) highlighted a lot of confusion between force and energy. For example, in part (i), some
thought the spring was stretched more because gravitational potential energy increased as height
increased. Some thought the Slinky stretched more at the top because the hand was pulling it up
from the top and others unfortunately thought the bottom was supported by the ground. A majority
managed to make some link with increased force at the top or having to support all the coils below.

Many candidates did not seem familiar with the centre of gravity of an irregular object, often placing
it precisely in the centre or at the very bottom in (b) (ii).

(b) The photograph shows part of the Slinky hanging from a person’s hand.

-
Lt

-
P
€
-
&
=

(1) Explain why the coils are extended more at the top than the bottom.
(2)

@acaw,a é’lt @il at H& )@T k> A Fﬁ 'ukm(ﬁ«r’ &?--{’miﬂ d’hﬂﬂ

(1) Mark and label the approximate position of the centre of gravity of the Slinky
on the photograph above.

(AR

Plus

Examiner Comments

This states that the top coils are supporting more
of the slinky, but doesn’t link it to a greater force.
The centre of gravity is in a sensible position.
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(b) The photograph shows part of the Slinky hanging from a person’s hand.

T

=
b
¥
=

(1) Explain why the coils are extended more at the top than the bottom.
(2)

Tece in ree rass ach‘nj_p!oun s pac fe bop A
o(.'néz:, i counteracts. tb elagh e gy sored. His. canses
e 2ofesdian .

(i) Mark and label the approximate position of the centre of gravity of the Slinky
on the photograph above.

(D

Plus

Examiner Comments

This candidate has indicated that a greater mass of the slinky is below the upper coils
but fails to link extension to force, trying to explain in terms of energy instead.

The centre of gravity is not on the central axis of the coil, although it is positioned at
a sensible vertical position.
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Question 18(b)(iii)

In (b) (iii) the majority linked the ball to the action of gravity only and about a third successfully
compared this to the additional effect of elasticity on the Slinky, but they were far more likely to
do so in terms of energy than force. Despite a clear instruction to consider forces, forces were not
mentioned at all, unless it was to talk of strain energy pulling the spring down.

Candidates who mentioned weight (or gravitational potential energy) for the ball and tension (or
elastic potential energy) for the Slinky did not always also mention the gravitational effect on the
Slinky to establish a full comparison. A small proportion who correctly compared the forces went on to
mention the effect of the extra force, i.e. an increased acceleration of the top coils.

There was sometimes reference to less air resistance for the Slinky, and a number of candidates
thought compressive forces were acting.

For the final part candidates were only asked to make a suggestion of a cause rather than to explain
it, but few mentioned that there was an upwards force as well as a downwards force or simply invoked
Newton’s first law to say that the forces must be balanced. Some suggested that the bottom coils had
to wait for the top coils to catch up.
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(iii) A ball is dropped from the same height, and at the same time, as the top of the
Slinky is released. The three photographs below show what happens.

*(1) By considering the forces actiig on the top coils of the Slinky, explain why

| they fall faster than the ball.
i (3)
The forces q.-_-}.'nj on k’f’ coilg 1s 'ﬂl‘ger than of .acting on the ‘ball,
elagte
lecavse there 7S stred  ctromn  enery in the Slnky which pulls H)e

Aownwords ,
the top ceils , ot the "sam ¢ Lt s being pulling  aravifatienal force.

of Earth, while the lall only actts in the alfmmk—od-
Hue jop coils’
force. of Earth only. Thus B fall fasrer than the bal.

Beﬂdtsa Hae wughk 0~F -H.,g boﬁom c..m"lS Q\Sﬂ fwll '|~ht +°I’ Corls c]oun

Leffect of qmitdla)

(2) Suggest why the bottom coils remain in the same position in the three

photographs.
8}

|
|

| Their. enecgy. insde Sliakg js vsed 0 do work fo recover the Sknky's
: shope..instead of  being transterred as  kinelic energy o fall .
o Qewnwords

Plus

ENEECI NG

1 This is an example of an answer mixing energy and force. It says the elastic
strain energy pulls coils downwards, showing confusion between force and
energy. It does identify weight as the sole force acting on the ball. It just
quotes 'falls faster' and doesn't relate this to acceleration.

2 This may have some relevance, but doesn't explain the question in any way.
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*(1) By considering the forces acting on the top coils of the Slinky, explain why
they fall faster than the ball,

(3)

/ﬂr\m Jcrfﬂ | ML‘\\aon o ball 15 wuqkﬁr . Hovener. ac‘rr\J .
| oo Kes L spE S Gnks s beyemble o Ehs p. coils. plos..

| H"-ﬂ, Qlyk.‘?r.\.t.)?w\._ _}orf& . van (&0. ._.jp.(i.r_\D_-. 'ﬂr\?s 3‘w~q.._5_._.
one..oxeal. (acger. . ceselbuk doun wady” }Drm}o('dxe

glinky e e Lol

(2) Suggest why the bottom coils remain in the same position in the three
photographs.

M e fora of - Lhe axdensa pulls the
oy MJLJQ&DM\-DjQJ(LQKV]OdA J‘Q_(DQSQ Bre. Tha. [ao‘(gﬂ?!“\ﬁ’ﬂ%
i kAl as b J-mk'fbf\éo(%g%?ﬂ@q/mk{‘? m(} S

Plus

Examiner Comments

1 This example does describe the forces correctly, but doesn't link it to acceleration.
2 This does describe an upwards force balancing weight, although it is called a reaction
force, which is not clear. It would be quite satisfactory if it said, for example, tension.
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Paper Summary

Candidates who used clear diagrams and set out their data in problems performed more consistently
in calculations.

Those who were able to quote the required laws directly and concisely had a clear advantage in
applying them to new situations.

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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