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Introduction

The two areas of physics covered by Unit 1 are basic mechanics and properties of matter. The unit
is designed to examine the students on these subject areas in three distinct and important ways:

* testing their knowledge as described in the specification
¢ their understanding of the physics involved
* their ability to apply that knowledge in numerical and unfamiliar contexts.

To give a few instances from this particular paper, Question 11 is a simple test of whether they can
apply Stokes' law and carry out a straightforward calculation. Question 15(b) is a much more
complex calculation, involving a projectile, having a number of perfectly good but alternative ways
of reaching the answer, and so part of the test involves the student having to decide on a good
approach to a solution. Question 16(b), on work and forces, presents the students with a familiar
situation (pushing or pulling a trolley), but requires them to analyse it in a way they are unlikely to
have done previously. Question 19 requires them to respond to both numerical and descriptive
tests about a completely unfamiliar situation. Overall, the students found analysing a familiar
context in a new way the most demanding.

This year, the students did, in general, respond to the question as asked, rather than answering a
slightly different question as in previous papers. The responses to numerical questions were
generally good, and in most cases the physics of such questions was understood and the right
equation was correctly applied. There were some instances where this was not the case, as in 19(b),
where in many cases Stokes’ law was used in an attempt to determine the upthrust rather than
using the weight of the displaced water, but generally the correct equations were used in this exam.
When responding to a question involving a calculation, it is important that the examiner is able to
follow the student’s reasoning since most of the marks are awarded for the methods used in the
calculation. Attention to the layout of the response is therefore necessary.

Once again, there was weakness in learning the correct definitions of the properties of materials
(tough, strong, malleable, brittle etc), and the students could be clearer in their use of technical
terms, such as the confusion of velocity with acceleration, and accuracy with precision.

It is also important that the students note the keyword of a question. “Describe” and “Explain” do
not have the same meaning; explain requires reasoning as well as a description. “Criticise” would
mean something else again. It would be worth learning the meaning of the possible keywords for
these questions.

The standard of written English seen by the examiners in this paper was good, and caused little
difficulty in the marking of the paper. Apart from the * questions, where the candidate’s quality of
written communication is being assessed along with the physics, lack of skill in written English is not
penalised, as long as the response is clear and unambiguous.
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Section A

Question Subject Correct Most common
response alternative
1 Vectors and scalars D AandC
2 Units C D (the unit for Pa)
3 Properties of materials C
4 Calculation of acceleration C
5 Gravitational potential energy B A
6 Energy stored in a spring D C
7 Displacement-time graph C A
8 Newton'’s first law C D
9 Newton'’s third law A C
10 Hooke's law C

As intended, the multiple choice section scored quite highly. 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.

Question 1 was surprisingly not answered as well as expected. Probably, many students thought
that weight was a scalar quantity. Since the difference between vector and scalar quantities is
rather important, perhaps more emphasis needs to be placed on its teaching throughout the
curriculum.

Question 5 concerned the change of gravitational potential energy as three equal mass spheres are
raised, so the greatest change of GPE is for the sphere raised by the greatest distance. Many
students thought P would gain the greatest amount of GPE since the centre of mass is highest, but
in fact P and Q are raised by the same distance.

Question 6 concerned the work done in extending a spring. The fact that the graph is plotted as
extension against force, rather than the more usual force against extension, was not noted by most
students. The work done for the graph in the question is the area to the left of the line. AlImost half
the students decided it was the area under the line, and many assumed it was %F;x; i.e. the
equation for the energy stored in an elastic spring, ignoring the graph.

Question 7 concerned the force required to cause a given displacement time graph for a moving
object. The graph clearly indicates a decelerating object, so the force must be opposite to the
direction of motion. Most students opted for an increasing or decreasing resultant force, which
would, of course, have caused the object to increase its velocity and hence the gradient of the

graph.
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Question 11

(a) This straightforward calculation using Stokes' law was generally answered well. The resultant
downward force of 1.0x10™ N when the stone was stationary near the surface of the lake would be
equal to the drag on the stone when it reached terminal velocity. There were 2 marks for the
calculation:

Mark 1 was for correctly using the Stokes' law equation given in the list of data at the back of the
exam paper.

Mark 2 was for a fully correct calculation, leading to the correct speed with a unit.

A common mistake was to substitute the diameter for the radius of the stone. Occasionally, where
the number substituted for the radius was the fraction "1.1/2" rather than 0.55, there were
mistakes made in dealing with the factor of 2 in the subsequent calculation.

(b) The students were expected to state a condition which would ensure that the stone obeyed
Stokes' law, but not an assumption that had already been given in the question. Stating that the
stone was small or travelling at low speed are correct requirements for Stokes' law, but in this case
we know the size of the stone, and have calculated its speed, so these are not assumptions the
student had to make. A good response, made by many students, was that the stone was spherical
or had a smooth surface, or that the flow of the water around the stone was laminar.
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The first example below is a fully correct and well written response to both parts of the question.

SECTION B

Answer ALL questions in the spaces provided.

11 A small stone is released at the surface of a lake. Immediately after it is released the
resultant downward force on the stone is 1.0 x 10°N. The stone initially accelerates
through the water and then reaches a steady downwards speed v as shown.

(a) Calculate v.
(2)

diameter of stone = 1.1 x 107 m
viscosityofwmr-!lt)xlﬂ"hs 2.1 ]0
»

1 lo ;)f:"lvo?,.x\.t“ ........................................................................................................................................

4 0 ?m. ¢!

(b) State one assumption made when calculating the answer to part (a).
(n

T Shre war  ppfefly  gphernied

(Total for Question 11 = 3 marks)
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4 ResultsPlus

Examiner Comments

This student:

* Quotes the equation.

* Shows the equation with the values substituted.
* Does the calculation correctly.

* Quotes the answer with its unit.

ResultsPlus

Examiner Tip

You are less likely to make mistakes with a well
ordered response.

This response scored 1 mark for part (a) and 1 for part (b).

(a) Calculate v.
(2)

diameter of stone = 1.1 x 107 m
viscosity of water = 9.0 x 10~ Pas

N AN A N

'i
53
W
U
v
So
;\l

ve O S p3

/AL W i fﬂ'-@ _ﬁ W "6 (Total for Question 11 = 3 marks)
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V/N Examiner Comments

It was a common mistake to substitute the
diameter for the radius. Diameter is often quoted
because that is the quantity that would be
measured, but it is usually the radius that is
required for formulae.

\ ResuitsPlus
| Examiner Tip

Check whether radius or diameter is required.

(b) State one assumption made when calculating the answer to part (a).

gﬁf}i'l QD ‘\t l'-"i

ACIPNU SR P8 SN 3 SN S .N'.—ngﬂ.ﬁblff_? ¥
.
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V/N Examiner Comments

Probably the most common mistake in 11(b) was
to say either that the upthrust was negligible, or
that there was no friction on the stone. The
students often did not seem to realise that the
calculation in part (a) used the viscous drag force,
and that the upthrust was included in the resultant
downward force given in the question.

This was a very common response, clearly not
scoring the mark.

(1)



Question 12

This question involved a straightforward calculation concerning a boat heading across a river.
However, unlike Question 11, it required a calculation of two or more stages, depending on the
method chosen. The demand on the student's understanding of the physics involved was therefore
higher than is the case where a single equation only is needed to achieve the solution. There were a
number of possible methods that the student could use to determine the distance required:

* The time to cross the river could be calculated using the speed perpendicular to the banks, and
then the speed parallel to the river would be multiplied by that time. This is the method we were
expecting the students to use.

¢ Trigonometry could be used with the two speeds to calculate the angle at which the boat travels
across the river, and then that angle, together with the width of the river would give the distance
required.

* The overall speed of the boat could be determined by Pythagoras which, together with the time
to cross, could lead to the distance required.

* There were other possible and correct methods also.

Those students who used the first method tended to make the fewest mistakes, and this was the
most common method chosen. Where the combined speed was calculated, few managed to follow
it through to the correct distance.

Sometimes slightly incorrect answers for the distance were found due to rounding of intermediate
values during the calculation. The final value in any question should be rounded to an appropriate
number of significant figures, but rounding of intermediate values could lead to an error in the final
answer.

A significant number of responses treated the boat as a projectile, accelerating across the river at
9.81 m s % That was a clear misunderstanding of the context of the question.

A few students took measurements from the diagram, even though it is clearly stated as not to
scale. Others attempted to construct a scale diagram. In cases where the question asks for a scale
diagram we would expect that form of response and would allow a reasonable range for the
answer, but here such a method usually led to an answer outside the allowed range.
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The first two examples below scored all 3 marks.

12 A boat heads across a river towards X at a speed of 1.1 ms™ as shown. The speed of the

river from west to east is 0.55ms™",

north riverbank
M 5
75m 1.1ms™ 0.55ms™! -
v south riverbank
| |
X Y

The boat reaches the south riverbank at Y.

Determine the distance XY.

width of river = 75m

N

Diagram not
to scale

3

(Total for Question 12 = 3 marks)

IAL Physics WPHO1 01



"rl\\_,_,_,_.
< {’ ResultsPlus

Examiner Comments

This is the most straightforward method, and the
student has shown the working well.

Vo weben (5) e

Oz 6.6

XY
bane = F5

 Oihaends:  baao -

"rl\\_,_,_,_.
< {’ ResultsPlus

Examiner Comments

This method, using trigonometry, is also
straightforward and is well explained.

This response scored 2 marks.

The method used is correct. The overall speed has been calculated, as has the time to cross. The
diagonal distance is then found and Pythagoras is used to determine the distance along the river.
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This is a complex method involving a four step
calculation, and most students who use this
method do not achieve full marks. This response
has all four steps correct, but has incorrectly
rounded the value of x to 1.22 rather than 1.23
part way through the calculation, giving rise to an
error in the final answer.

ol ResultsPlus

Examiner Comments

Always try to use the most straightforward
method.

ResultsPlus

Examiner Tip
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Question 13 (a)

The question was not answered as well as had been expected. As the ball bearing rolled across the
bench towards the magnet, it would decelerate due to the frictional forces acting on it. However, as
it approached the magnet, the magnetic force of attraction would increase, equalling the frictional
force at 0.3s and then causing an acceleration at an increasing rate. Very few students explained
the graph fully, but the mark scheme did not demand that. The marks were for:

Mark 1 for saying that the ball bearing initially decelerates and then accelerates.
Mark 2 for the explanation that the initial change occurred due to friction.

Mark 3 for the explanation that the acceleration near the magnet was due to the force from the
magnet.

The first mark is for a description of what is happening, but we were expecting the technical terms
decelerate and accelerate to be used, not just that the velocity is decreasing and increasing. This
mark was usually achieved. The other marks are for an explanation, and it should be noted that the
command word in the question is "explain", so a reason for the shape of the graph was expected.
Few students gave a reason for the initial deceleration of the ball.

IAL Physics WPHO1 01
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The first example below shows a response that gained all 3 marks. The others show responses that
could not be given all the marks.

13 A ball bearing moves across a horizontal bench towards a magnet as shown.
e
ball bearing magnet -

The velocity-time graph for the horizontal motion of the ball bearing up to the point of
contact with the magnet is shown.

0.50 .
040
w
B 030
2z
2 020 &
2
0.10
0.00 4

00 01 02 03 04 05 06 07

Time /s

(a) Explain the shape of the graph.
3)

The. ol decalax s at 4 os, prcavse. of MR f3 ehor.of e e, kit
“'\ﬁ!ﬁx‘\‘r@n'ﬂhQﬁﬁtmﬁﬁho{ﬁmw\n&m,\:ﬁw&&&'\%
hma,beca\ﬁmﬁwm\mnﬂraumuNbu;'\‘rt’t'*‘-ﬁ ..... vesetles .
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Lf\-\ Examiner Comments

In this excellent response, the student
understands well what is happening and the
underlying cause. The first mark is given for the
description (decelerates then accelerates), and the
other marks also for the explanations. This
response goes beyond the mark scheme and also
explains why the rate of acceleration increases -
the curved line. On a tougher mark scheme, that
might have been required.

2l

i.\\; ResultsPlus
Examiner Tip

The clarity of the expression here makes the
response easy to understand.

[ Dgf
(a) Explain the shape of the graph.
3)
[al=] -um'-;oml
'ﬁn?uvuﬁ%&-ﬁfsﬁhlgctunds-}ht.hq\\ls#l-ﬁ-:a3

dﬂ-CE'tQ."ﬁhﬂa,Tfr\zn'remﬁiﬁmﬁtnda cbeteen O

hn‘ﬂsemﬁd:ﬁﬂmﬁ-ncm\ﬂvdehnﬂ-um#ormlj

Ao ~each Mo namimmsaom.. S hovelosty ok oa83wm /s,

Jf\

| N i
g { Resultsilus

Examiner Comments

This response gains the mark for describing what
is happening, but there is no attempt at an
explanation.

IAL Physics WPHO1 01
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b

&R\ ResuitsPus
\\3 Examiner Tip

Differentiate between the keywords "describe" and
"explain". If asked to explain, you need to give
reasons for what is happening.

(a) Explain the shape of the graph.
3)

L*ﬂthwl%ﬁwbc&klecram:&h} ="}
t0.0.3s. ,%Leﬂkcawplﬂshaws‘tbn{{:mvf[wbgr;e'ecmm%
after 03 ) the  naqtbicfiebdart the magnd attmch $he  bal) boig
which  the ﬂH&M‘hut fam, Merense. B and b boll bera
“f‘e\"“{‘foimv\flm*«g75.hcrausa\'\%afiffm?;frfmkhgwr"‘

- .5.______,'_.s_o__._fr@?_m_.?ﬂ&._.

A
{ ResultsPlus

Examiner Comments

This response just gained the third mark.

It was a common mistake to only say that the
velocity decreased, but that is just read from the
graph and requires no interpretation. We did
expect "decelerate" for the first mark. Students
were more familiar with "accelerates" than
"decelerates".

P~ \ ResultsPlus

Examiner Tip

Do be prepared to use technical terms.
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Question 13 (b)

For this question, it was expected that the students would draw a tangent at the far right hand end
of the graph and determine its gradient. However, the majority of responses either did not have a
tangent, or drew the tangent at the wrong point. It was clear that the students, overall, were unsure
how to measure the gradient of a curved graph, and many just took two points on the line. The
drawing of a tangent to determine the gradient of a curve should be a basic expectation for an A-
level student.

Mark 1 is for either using the graph's gradient or using Av/At. Either way, there must be no use of
points on the line for a time less than 0.5s.

Mark 2 is for drawing the tangent at 0.64s.
Mark 3 is for an acceleration in the range 2.8 to 3.6 m s,

The first response below shows a correct answer to the question. The other two show common
mistakes.

13 A ball bearing moves across a horizontal bench towards a magnet as shown.
. — R
ball bearing magnet

The velocity-time graph for the horizontal motion of the ball bearing up to the point of
contact with the magnet is shown.

0.50 . ./

0.40

0.30

0.20

Velocity / ms™

0.10

=

0.00

——

00 01 02 03 04 05 06 0.7
Time / s

(b) Calculate the maximum acceleration of the ball bearing.

(3)
O4¢g ~2
SO S N 3 0
ST =
................................................................................................................................................................... @, 1|mg_l
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V/’*‘*‘ Examiner Comments

f .-\n
A
A
!
|

The tangent is drawn at the correct point on the
graph, and the gradient is calculated from the
triangle shown on the graph.

&34\ ResultsPlus
\1 Examiner Tip

When taking readings from a graph, mark the
points used on the graph as well as showing the
calculation in the answer space.




13 A ball bearing moves across a horizontal bench towards a magnet as shown.
. —
ball bearing - magnet

The velocity-time graph for the horizontal motion of the ball bearing up to the point of
contact with the magnet is shown.

0.50

0.40

0.30

0.20

Velocity / ms™

0.10 .

0.00
00 01 02 03 04 05 06 07

Time / s

(b) Calculate the maximum acceleration of the ball bearing.

064 -
.............................................................................................. L o T Y o S - S

Maximum acceleration = ....o..:.ﬂ..ﬁ._&.a.m.s.:.'_?..

' { ResultsPlus

Examiner Comments

This very common response gained no marks. It
just takes a point at the top end of the graph and
divides the velocity by the time.
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Examiner Tip

Understand how to find the gradient of a curved
line.

13 A ball bearing moves across a horizontal bench towards a magnet as shown.
p— |
ball bearing magnet

The velocity-time graph for the horizontal motion of the ball bearing up to the point of
contact with the magnet is shown.

_ / B
0.50 IrJ o ’bl\- }‘Q '@

0.40

0.30

o {3 it
0.10

Velocity / ms™

0.00

00 01 02 03 04 05 06 07

Time / s

(b) Calculate the maximum acceleration of the ball bearing.

Gwadrent of 3%91\ :  acceleralion
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|

This response is close to being correct, but the
tangent on the graph has not been drawn at the
point of greatest acceleration. The curve can be
seen moving away from the tangent at the top of
the line. It gained the first mark only.
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Question 14 (a)

We were hoping here for a statement that a tough material is one that will absorb a large amount
of energy before fracturing. However, as there are other ways of describing a tough material, we
also allowed:

* a material that undergoes a lot of plastic deformation before fracture.

* a material that can withstand a large impact force before fracture.

In all cases, the statement should include the mention of without breaking or without fracturing.
Commonly we saw "before failure" but this might not involve an actual fracture and so it was not
allowed. For completeness, since we are discussing a tough material rather than an object, it should
be the energy per unit volume, but we did not insist on that. Many responses described the force
required to fracture, which is strength, not toughness. Note that the question asks about a tough

material, not just a description of toughness, so "a large amount" or a similar statement was
required.

There was just a single mark for the question.

The first response below gains the mark, the others do not.

14 The toughness of a sample of a material can be measured using an Izod impact test.

(a) State what is meant by a tough material.
(1)

Poomdide Mok an  absace..o. \e/a,e_ amonnk. O%EN:J% R

J"-

/

<& {ResultsPuus
w/’*‘“ Examiner Comments

This is the simple statement we would like to see.
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(a) State what is meant by a tough material.

_.o..measore of ability  Of a matedial
.40 _obsock _eneryy before breakage

N

ol Resultslus

Examiner Comments

This is a description of toughness, not of a tough
material.

ResultsPlus

Examiner Tip

Make sure you fully understand the question.

(a) State what is meant by a tough material.

ol Resultslus

Examiner Comments

This is the meaning of strong, not tough.

(1)
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Question 14 (b) (i)

The response expected was one of:
* centre of gravity
* centre of mass

Because this is a technical term that the student should know, and the question asks for the name
of the point, one of these names was required. Descriptions of the point were not allowed as
alternatives.

(b) The diagram shows an Izod impact tester. A sample of the material is placed in the
tester as shown. A pivoted hammer of mass m is released from a height H and strikes
the sample. The sample breaks. The height / to which the hammer rises after the
impact is measured.

hammer pivot hammer

-—-- start position

final position -----~

sample

(i) Name the point on the hammer to which the heights H and 4 are measured.

(1)

N

ol ResultsPlus

Examiner Comments

This correct response gives both names. It is not
normally advisable to give the examiner a choice of
answers, but since these are both correct, the
mark is awarded.
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Question 14 (b) (ii)

To gain the single mark for this item, there had to be an equation not just an expression, and it had

to use the variables given in the question.

The first sample below was awarded the mark, the others were not.

(i1) State an equation for the energy transferred to the sample.

n%\'\'fﬁ%htﬁnﬁ“m&fﬁﬂ“ﬂ Samgl”

"rl\\_,_,_,_.
< {’ ResultsPlus

Examiner Comments

The correct equation for the energy transferred.

(i) State an equation for the energy transferred to the sample.

(1)

(1)

"rl\\_,_,_,_.
< {’ ResultsPlus

Examiner Comments

This type of response was often seen, describing
the energy transfer as the hammer falls, not for
the energy transferred to the sample.
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(11) State an equation for the energy transferred to the sample.
(1)

I

< ResultsPlus
/""“‘" Examiner Comments

f .-\n

|
!
|

Another common response which did not gain the
mark as this is not an equation.

\. Examiner Tip

The question asks for an equation, so it needs to
start with E= or similar.

Question 14 (c)

This question asks how the toughness of the type of steel shown on the graph varies with
temperature, and also asks for an explanation in terms of brittleness and malleability. It does not
ask for a definition of any of those terms. The marks were as follows:

Mark 1 was for a statement that the toughness increases as temperature increases. That can be
seen directly from the graph.

Mark 2 was for a statement that the steel is more brittle at low temperatures.

Mark 3 was for a statement that the steel was more malleable at high temperatures.

Extra statements such as about the meaning of brittle or about viscosity, were ignored, as long as
they did not contradict a correct statement. For instance, saying that the steel is malleable at high
temperature gains mark 3 but then saying it is brittle at high temperature would result in mark 3

being lost.

This first response gains all three marks. It states that the steel is brittle at low temperature, and so
less tough, and that it is malleable at higher temperature and so becomes more tough.

26 IAL Physics WPHO1 01



(¢) The Izod impact test can be used to measure the toughness of steel at different
temperatures. The toughness of a particular type of steel varies with temperature as
shown in the graph.

-

Toughness 1

_/

~100 -50 0 50 100 150

Temperature / °C

The brittleness and malleability of the steel also vary with temperature.

With reference to brittleness and malleability, explain how the toughness of this type
of steel varies with temperature.
3)

‘Wwhen the temper e becomes. lowersthe tupe. & steel will became.
more.and _more. brivtle. th3 means. it nill break with [ittte or

m#asﬂdo?wm@v‘m%%z?a@)mmmﬂb&/awa‘asmm
:mrm%&mdfeabfkfﬂdﬁﬂ&sfzd:hcrm,ﬂamrt;s}wms

la@@p(asmcfopamahba%mvﬁ?lumm:(ermmssfmsaft

(Total for Question 14 = 6 marks)
\_._._._. S
« { Resultsilus
y. Examiner Comments

A good response, describing all the three terms
required.
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ResultsPlus

Examiner Comments

This response gains marks 2 and 3 only since
toughness has not been discussed.

ResultsPlus

Examiner Tip

The question about toughness has not been
addressed.
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(Total for Question 14 = 6 marks)
£ Thak i & breaka 3t ulhool ane any plaske
deformation  Lndex ghress.

\_._._._. S
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y. Examiner Comments

Several students included a discussion about the
viscosity of the steel. While this showed a
misunderstanding of the nature of the steel and
the meaning of viscosity, any such statements
were ignored when the item was being marked.
This response gained the two marks for the
discussion of brittleness and malleability.
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Question 15 (a) (i)

For this 2 mark question, the marks were awarded for:
Mark 1 for an arrow vertically downwards, labelled as the weight.
Mark 2 for an arrow to the left and downwards, labelled as the air resistance, or a similar term.

If upthrust was added vertically upwards then it was ignored. Otherwise, if there were more than
two forces then the maximum mark would be 1.

The lines should be straight, attach to the dot, and include an arrow to give the direction. The
weight was generally drawn correctly, but there were some common mistakes which meant that
some quite easily gained marks were not awarded.

* The air resistance was often drawn horizontally to the left, rather than in the opposite direction
to the current path of the ball.

* An extra "driving force" was drawn in the direction of travel of the ball.

* Sometimes the arrows were carelessly drawn, not attaching to the ball, or the weight not
vertically down.

* Labelling the weight as "gravity", which is not a force, or as "g" which is an acceleration.

This example of the free-body force diagram did gain the mark.
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15 In a game of cricket, a player hits the ball, which takes path P.

Air resistance acted on the ball as it travelled through the air. If there was no air resistance,
the ball would have followed path Q.

(a) (i) Draw a free-body force diagram for the ball when at the position marked X on
path P.

(2)

alY &
esstonge

A
WY

ResultsPlus

Examiner Comments

This is a clearly drawn diagram, using a ruler, and
the forces are correctly labelled.

0) |
Q ResultsPlus
Examiner Tip

It is always best to use a ruler when drawing
straight lines.
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These responses did not gain the marks, for various reasons.

(a) (i) Draw a free-body force diagram for the ball when at the position marked X on

path P.

acr nesstance wa})«i—

ﬂa;'-’“ b Fore g
v

endéat P l“‘?m'

"rl\\_,_,_,_.
< {’ ResultsPlus

Examiner Comments

The weight and air resistance are clearly drawn
and labelled, but the extra force added in the
direction of travel shows a misunderstanding of
Newton's laws.

(a) () Draw a free-body force diagram for the ball when at the position marked X on

path P.

IAL Physics WPHO1 01
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Examiner Comments

A carelessly drawn diagram. The weight is just
about vertical, but not attached to the ball, and the
air resistance is also not attached to the ball. Had a
ruler been used, a more carefully drawn diagram
would have been produced. As it is, this response
did not score any marks.

(2)



\ ResultsPlus

\ Examiner Tip

Do not lose easy marks due to lack of care with
drawing.

Question 15 (a) (ii)

This question concerned the reasons for the change in the expected path of a cricket ball when air
resistance is included. There was a mark each for the two most obvious differences in the two
paths, and the majority of the students gained these two marks. There was then a mark for each of
the reasons for those two differences, which the students found much harder to obtain, often just
saying that the differences were due to air resistance acting on the ball.

Mark 1 was for saying that for path P the distance travelled is less. Since this is a projectile question,
normally a range calculation, most students gained this mark.

Mark 2 is for an explanation of the reduced range, which could only be considered if mark 1 had
already been awarded. Many responses had the velocity decreasing due to the drag, but did not say
it was the horizontal velocity so did not gain the mark.

Mark 3 is for saying that for path P the maximum height is lower.

Mark 4 is for the greater vertical deceleration, or greater vertical force downward, which again was
dependent on gaining mark 3.

This question included quality of written communication, and so it was expected that the
differences and their explanations would be described in a clear and orderly way.

Students seemed reluctant to consider horizontal and vertical components, despite this very
obviously being a projectile question.

The first sample gained all 4 marks. It was quite rare for full marks to be gained on this question,
because the students tended not to consider horizontal and vertical motion separately.

IAL Physics WPHO1 01

33



34

*(ii) Explain the differences between path P and path Q.

faqfh@bns O . 1es st
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ResultsPlus

Examiner Comments

This student has described the horizontal motion
first, explaining how the decreasing horizontal
velocity gives rise to a reduced horizontal distance
travelled. The vertical motion is then considered,
explaining how the greater vertical deceleration
reduces the maximum height reached.

,~) .
@ ResultsPlus
Examiner Tip

Projectile questions generally require horizontal
and vertical motions to be considered separately.
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This response was given 2 marks: mark 1 (in the first line) and mark 3 (in the last line).

*(ii) Explain the differences between path P and path Q.
(4)
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4 { ResultsPlus

Examiner Comments

Candidates often, as here, referred to "the vertical
component" and "the horizontal component”
without saying what they are components of. In
this case it is the velocity, or possibly the
acceleration or the force. The ball itself does not
have a horizontal component.

W
//[
|

&OA\ ResultsPus
\\_} Examiner Tip

Beware of leaving words out for the examiner to
complete.
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Question 15 (b)

The question here is "Determine whether six runs are scored". The question is the same in principle
as "Calculate the horizontal distance travelled by the ball", but it is a more practical context, and the
students found it rather less straightforward because it involved deciding what needed to be
calculated. There were also a number of possible ways to determine whether the six runs were
scored, although the great majority of students calculated the range and compared it with the
distance to the boundary. The possible methods were:

* Calculate the range and show that it is greater than 8ém.

* Calculate the time it takes for the ball to reach the boundary (2.7s), and show that it is less than
the time the ball is in the air (3.0s).

* Calculate the height of the ball above the ground after travelling the 86m horizontally to the
boundary, showing that the height is >0.

The answer must finish with the statement that therefore the six runs are scored in order to get the
4" mark.

An alternative method, used by a number of students, is to use the range equation. This equation is
not in the specification, and when this question was set, it was intended to test the students'
understanding of the physics of projectiles. Use of the range equation does not allow that test, and
so should not be encouraged. It is a correct method, and so if the range equation is correctly used
and the correct conclusion is drawn then the full marks are awarded. However, if the correct range
is not found, there is no opportunity to obtain any method marks, so zero will be scored.

This first example is a correct and well written response, for all 4 marks.
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(b) The ball was given an initial velocity of 35ms™' at an angle of 25° to the horizontal.
The horizontal distance from the player to the ‘boundary’ is 85m. The player scores
six ‘runs’ if the ball lands beyond the ‘boundary’ before it bounces.

Determine whether six ‘runs’ will be scored. Ignore the effects of air resistance.

Nercical omponent. = 356025 =14. 18w

.......... Nz O N=ES
c

0= 14.13 ¢ (-9.81&) 21226
2.0156

(Total for Question 15 = 10 marks)

ResultsPlus

Examiner Comments

The student has resolved the velocity vertically and
horizontally, determined the time of flight, used
that to calculate the range and then drawn the
correct conclusion about the six runs being scored.

() -
Q ResultsPlus
Examiner Tip

Do not forget the conclusion in this type of
question.
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This response scored 4 marks for the correct use of the range equation. However, many candidates
tried to use this equation and made a mistake in the working, scoring them zero marks.
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ol ResultsPlus

Examiner Comments

It is not helpful for candidates to attempt to learn
complex equations that are not in the
specification. They need to be able to demonstrate
to the examiner their understanding of the physics
involved, which is not possible using this equation.

These two examples show the alternative methods. Both score all 4 marks.

' @)
( \/H ) /jz
. Horizontol velocity= 35c08Q2S) . <

Ve= 2man@S

.t
e WBOR 2= 3025 . BTE
e = 268
YE:S, 6 runs will be scored- (Total for Question 15 = 10 marks)
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Examiner Comments

Here the time in the air is compared to the time to
reach the boundary, showing that it reaches the
boundary before it lands on the ground.
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Examiner Comments

This candidate has correctly calculated that the ball
is still 4.4 m above the ground as it crosses the
boundary.

IAL Physics WPHO1 01 39



40

Question 16 (a)

The students did not find this an easy question to answer. Being asked to criticise an incorrect
statement is less straightforward than being asked to make the correct statement, but the question
did expose some misunderstandings of the physics involved in Newton's laws.

¢ A few students seemed muddled about the difference between the first and second laws (and
sometimes the third law).

* Many responses were unclear about the difference between an external force and a resultant
force.

* Few students actually criticised the statement, preferring to just quote what they thought was a
correct statement.

* Terms were often mixed up; descriptions of internal forces, original motion, certain speed,
original style of motion, will keep moving etc.

There were 3 marks for the question:

Mark 1 was for saying that external force should be resultant force.

Mark 2 was for saying that "no motion" is not always true.

Mark 3 was for saying that there could be uniform motion.

Marks 1 and 3 could come from a correct statement of the first law, and these two marks were
quite often scored. Although students often correctly stated the use of resultant force, they then
sometimes reverted to using the term external force, showing that they did not really understand
how different the terms are. Mark 2 would only be scored if there was a definite criticism of the

statement, and this mark was much more rarely scored.

The first example below was given the full 3 marks, and is a correct, well written response. The
other responses show some of the mistakes that were made.
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16 (a) A student states Newton’s first law of motion as
If there is no external force, there will be no motion.

Criticise this statement,
(3)
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ol Resultslus

Examiner Comments

This response gives the correct statement of the
law, gaining the first and third mark for the first 3
lines.

The student then gives a full criticism of the errors
in the statement in the question, saying that "no
motion" might not be correct, with a good reason.
This student also correctly criticises the "external
force" statement, saying that an external force
might not give rise to a resultant force as the
forces could be balanced, a point that some other
responses also made.
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ResultsPlus

Examiner Comments

This candidate is almost correct, but reverts to
"external force" in the last line of the response.

@ ResultsPlus
Examiner Tip

Know the difference between internal, external
and resultant forces, and use the correct term.




&N

ol Resultslus

Examiner Comments

This response gained mark 1 and mark 3, but there
is no criticism of the statement.

ResultsPlus

Examiner Tip

Understand that "criticise" means more than just
give the correct statement.
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Question 16 (b)

The students are asked to explain why pushing a trolley requires more work than pulling it, given
certain conditions described in the question.

The 5 marks for the question were allocated as follows:

Mark 1 for saying that when pushing there is a component of the applied force acting downwards.
Mark 2 for saying that this causes the normal contact force to increase.

Mark 3 for saying that therefore the frictional force increases.

Mark 4 for saying that the increased friction leads to a greater applied force.

Mark 5 for W=Fxd with F being the horizontal component of the applied force.

The first three marks were the ones most commonly scored, but that was usually not linked to the
force required from the person for mark 4. The equation W=Fxd was often quoted, but the terms
were not defined, and so the student did not fully explain why the work done was greater.

The question could be answered by either explaining why pulling required less work or why
pushing required more work. Several students decided to explain both, which was just a repetition
of the physics, so wasted time.

Quite often we saw responses that gave the reason for the reduced work as being that the angle of
the applied force when pulling was less that that angle when pushing. This was despite being told in

the question that the angles were the same.

Others said that the extra downward force when pushing increased the weight of the trolley - a
clear error of physics.

This response is a rare occurrence of one that gained the full 5 marks. "Force in the direction of

motion" is sufficient to indicate that it is the horizontal component of the applied force that is being
used.
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*(b) The diagrams show a person pushing a trolley and pulling a trolley.

The angle & between the arms of the person and the horizontal is the same for both
pushing and pulling. Corresponding diagrams showing the forces on the trolley for
pushing and pulling are also shown.

pushing pulling

normal contact force normal contact force
force of person
on trolley F'_
friction friction
force of person
on trolley F_
weight weight

It can be assumed that the frictional force between the trolley and the ground is
proportional to the normal contact force of the ground on the trolley.

Explain why pulling the trolley a certain distance requires the person to do less work
than pushing the trolley the same distance.

AR W
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< {/ ResultsPlus

Examiner Comments

A good, clear and well ordered response.

This response scored 3 marks.
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< { ResultsPlus

Examiner Comments

This response is more typical of the ones we saw.
The first three marks are clear, but it becomes very
vague about why the greater amount of friction
gives rise to more work being required. In addition,
time has been wasted dealing with pulling and
pushing separately, since those first 3 marks are in
the first 3 lines of the response.

b

&R\ ResuitsPus
\\3 Examiner Tip

There is rarely any need to give the same physics
twice.
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Question 17 (a)

The two additional measurements are the diameter and the original length of the wire, which
should be an easy 2 marks. However, many students told us that they would measure the radius or
the area of cross section, which is clearly impossible to do directly, and they missed the "original"
from the length of the wire. Other quantities were often listed, such as the mass of the load and the
extension, even though these were already discussed in the question.

The first response below is fully correct for 2 marks, and the others show common errors.

17 A student determined the Young modulus of a material, in the form of a wire, using the
equipment shown. A control wire, with a constant load, was used as a comparison for

measuring the extension of the wire under test.

o

[
)
i
I
L
]
[

control wire \ / wire under test
spirit level \

=

micrometer
constant load

applied load

Every time a known weight was added to the applied load the micrometer was adjusted
until the spirit level was horizontal. The movement of the applied load was the same as
the movement of the micrometer.

(a) List any additional measurements that are required for the student to determine a
value for the Young modulus of the material.
(2)
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ol Resultslus

Examiner Comments

This response is exactly what we would expect. A
clear and precise answer.
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(a) List any additional measurements that are required for the student to determine a
value for the Young modulus of the material.

(2)
e onamal o legth of He wre.
T ms&-qcﬁ%a\qmo‘f-ﬂﬁwﬁi.
N\
< {/ ResultsPlus
Examiner Comments
This response gained 1 mark for the original
length, but it is not possible to measure the cross
sectional area - that must be calculated from the
diameter.
. \ ResultsPlus
\\_} Examiner Tip
If asked for a measurement, give a variable that it
is possible to measure.
(a) List any additional measurements that are required for the student to determine a
value for the Young modulus of the material.
(2)

A
< {/ Resultslus

Examiner Comments

This response gives the measuring instruments
that would be used, not the measurements that
need to be taken. It therefore does not score any
marks.

This is the answer to a different question, which
may well have been asked previously, but does not
answer the question set here.
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&34\ ResultsPlus
N Examiner Tip

Read the question carefully.

Question 17 (b) (i)

A straightforward question for 1 mark. The correct response is a straight line through the origin.

(b) The student plotted a graph of the applied load against the extension of the wire.
(i) Sketch the graph that you would expect the student to obtain.

(1)
A
=
g
=
2
-
(=
«,
Extension
j\\_,_,_,_.
< {’ ResultsPlus

Examiner Comments

This is the correct response for 1 mark.

2
Ve

&34\ ResultsPlus
N Examiner Tip

Please use a ruler for drawing a straight line. It
makes it a lot clearer that it is what you intend.
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(b) The student plotted a graph of the applied load against the extension of the wire. ’

(i) Sketch the graph that you would expect the student to obtain.
(1)

Applied load

W

Extension

i~

/

| e
A

V/N Examiner Comments

This is a common response that takes the
extension beyond the elastic limit and does not get
the mark. To measure the Young modulus the wire
remains below the limit of proportionality.

Question 17 (b) (ii)

There are 2 marks for explaining how the graph from the experiment can be used to determine the
Young modulus.

Mark 1 is for saying that the gradient of the graph would be used. It must be of the given graph, so
those who went on to plot a graph of stress against strain and took the gradient of that graph lost
both marks for this question.

Mark 2 is for multiplying by the original length and dividing by the area of cross section. Those
students who just said the length (missing the original or initial), or who just divided by the area of
the wire (not the cross section) were not given this mark.

The first response below scored 2 marks, the second scored zero.
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(ii) Explain how the student can use the graph to determine the Young modulus of the material.

(2)
"2. Pe Shauld Bres  conMich u&-@mt \p.aﬂ'\c.
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{ ResultsPlus

Examiner Comments

A fully correct answer, clearly recorded.
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Examiner Comments

In this response, a different graph is being plotted,
so it is not the gradient of the given graph that is
being used. This may well be the way that the
student did perform the experiment and is a good
form of analysis, but it is not as the question
requires. No marks awarded.

b

A4\ ResultsPus
\\_} Examiner Tip

Do please answer the question as it is set. You are
asked how to use the given graph.

“.
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Question 17 (c)

In this question, there were up to a maximum of 2 marks for giving two advantages of using the
first method to determine the Young modulus. These two could be chosen from:

¢ use of the micrometer
¢ use of a control wire
* that no pulley is required.

The students were then expected to give reasons for the two advantages they had chosen to
describe, for the other 2 marks.

Control wire and micrometer were strong scorers for the advantages. There was confusion over the
difference between accuracy and precision which caused marks not to be awarded for the
explanation of the use of the micrometer. Very few students scored the explanation mark for the
control wire and the explanation mark for the pulley was not often awarded as students simply said
friction without an explanation as to its effect. Weaker students simply listed common causes of
error such as human error parallax etc. A number of students thought the micrometer was being
used to measure the diameter of the wire, which would lose them the advantage mark for the
micrometer.

In fact, many students appeared to be totally unaware of the Searle’s apparatus described and/or
failed to understand how it worked. The method used was clearly explained in the question for
those who had not met the apparatus previously, and it should be understood that a micrometer
scale can be used for purposes other than measuring small diameters.
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(c) A simpler method to determine the Young modulus of a material in the form of a wire
is shown.

The position of a marker along a metre rule is recorded each time the applied load is increased.

G clunp wire under test

marker applied load
metre rule

Explain two advantages of using the first method, rather than the second method, to

determine the Young modulus.
4)
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Examiner Comments

This response scored the full 4 marks. The
advantage of using a micrometer is given as the
improved precision in measurement of the
extension, and the use of a control wire to
compensate for temperature changes is clear.
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Explain two advantages of using the first method, rather than the second method, to

determine the Young modulus.
“"b (""p:::** o r“.‘n'h;""' 4
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Examiner Comments

The only mark in this response is for the control
wire. The explanation about reducing parallax is a
common guess but is incorrect. The use of the
micrometer would normally score a mark, but it is
being used here to measure the diameter of the
wire rather than the extension.

s

S\ ResultsPlus

Examiner Tip

Remember that micrometers are not only used to
measure a diameter, although that is the most
common use.
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Question 18 (a)

Good marks were obtained for this question about the differences between laminar and turbulent
flow. When adding to the diagrams, as stated in the question, the students were expected to
continue the lines already drawn on the paper. This caused particular problems with the turbulent
flow diagram, as many responses just showed a series of small isolated eddies without any actual
flow lines. To gain the mark for turbulent flow, the flow lines had either to cross each other or
include eddies. The great majority of responses scored the mark for the laminar flow diagram, but
again, it would help if students would use a ruler to draw lines that they know should be straight.

18 The flow of the blood around the body is mostly laminar. The speed of the blood in the
body is greatest on leaving the heart and at this point turbulent flow can occur.

(a) Add to the diagrams to show laminar flow and turbulent flow.
(2)

Laminar flow Turbulent flow
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Examiner Comments

This response scored both marks, and is the kind
of response we were hoping for.

18 The flow of the blood around the body is mostly laminar. The speed of the blood in the
body is greatest on leaving the heart and at this point turbulent flow can occur.

(a) Add to the diagrams to show laminar flow and turbulent flow.

(2)
Laminar flow - Turbulent flow
> Sy e 79
s e e
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',/"*“ Examiner Comments

This response scored neither mark. The laminar
flow lines did not continue the given lines, nor
were they parallel or straight. The turbulent flow
lines were isolated eddies, with no connection to
the given lines.

\ ResultsPlus

\ Examiner Tip

Use a ruler for straight lines.

Question 18 (b) (i)

In this question, the students were given an equation for the power output of the heart and were
asked to derive it using the principle of energy conservation. Overall, the energy conservation part
was answered well, but the students found it difficult to include the blood density and the time
element into a final equation. They must beware of working backwards from the given equation
because they are being asked to derive the equation, not to show that it is correct.

The marks were awarded for:

Mark 1 for showing that the total energy of the blood is its kinetic energy plus its gravitational
potential energy. A number of students equated KE and GPE, as though the KE was being
transferred to GPE, and so they failed to score.

Mark 2 for including the KE and GPE equations. Most students gained these two marks.

Mark 3 for dividing the energy by time to give the power. Many students just divided by 1s, which
was not considered sufficient for deriving an equation for power. It is not good enough just to say
that the power is the energy transferred in one second, and write P=E. In fact, the difference
between energy and power was often ignored in answers to this item.

Mark 4 was for using the density equation for the blood, and continuing the algebra through to
derive the correct equation. In many cases, this mark was not obtained because the student did not
show that the equation had been derived.

Many students would benefit from being taught how to lay out a derivation logically from first
principles, as there were some very muddled statements which would have been clear had those
students explicitly acknowledged the equation E=Pt. They need to be taught to understand the
meaning of derivation.
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(b) A student wishes to estimate the power output P of the heart. He argues that the heart
has to pump out blood at a speed v and raise it to a height /# above the heart.
He proposes the following equation for P.

1
P= EPQ‘—'Z"';OQgh

where Q is the volume of blood passing a point per second and p is the density of the blood.

(i) Derive this equation for P using the principle of conservation of energy.
“4)

ResultsPlus

Examiner Comments

This response is well laid out and achieved all 4
marks. The meaning of power in terms of energy is
first stated, then the energy to be substituted is
given. The equation for density is stated and
worked through clearly to give the final required
equation.

0) |
Q ResultsPlus
Examiner Tip

Understand what it means to derive an equation.
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Question 18 (b) (ii)

For this question, the students were expected to use the equation given on the previous page,
substitute the given values into it, and calculate the power of the heart. Many students obtained
the correct answer, but the greatest problem for most seemed to be the conversion of the units for
Q. They should not really have difficulty in converting cm® to m?, and perhaps a bit more practice at
this skill is needed. Other mistakes were noted, particularly forgetting to include g in the equation,
and forgetting to square the velocity.

The marks were as follows:

Mark 1 for correctly converting the unit of Q. If this was done incorrectly the final answer mark
would also not be scored, so the maximum mark would be 1.

Mark 2 was for correctly substituting into the equation.

Mark 3 was for the answer with its unit (0.42W). The unit did cause some problems here, with some
either not giving a unit or giving the answer in J.

For the two responses below, the first scored all 3 marks, and the second shows the most common
mistake we found and gained 1 mark.

(if) Calculate the power output P of the heart when pumping blood to a height of 0.40m
above the heart. Assume that the speed of the blood has not changed since leaving

the heart.
(3)
p=1100kgm™
Q0=95em’s" = 1.€ (0" W&
v=045ms"’
PrzeQrweQgh

- ’l-'.:»_ x loox A-sx10° « (6-45)* + [l0o X T5xl0°" = 98 x0°l

- 0 -6loS8ebls + o-Ulobss

= 0- Llokt3 s
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w/’*‘“ Examiner Comments

This is a good, clear response. The unit is correctly
converted and each step of the working is shown.

95 -0QSms. .. P2 7:;:@1 + FGSM

z ox 00X 0295 x(@°4S)T % 1100X O sx 0-U x AR

.= . Ma06 W

i~

/
B
A

w/’*‘“ Examiner Comments

This response shows the most common mistake,
which is to divide the value of Q by 100 rather than
1003,

&34\ ResultsPlus
\1 Examiner Tip

Take care with unit conversions.

Ask yourself whether your answer is reasonable - 4
kW is a very high power for a heart!

Question 18 (b) (iii)

A power greater than the value calculated will be required because work has to be done against
friction as the blood moves along the arteries. This is because the viscosity of the blood has been
ignored in the calculation. There may be other reasons why more power is required, but as far as
the calculation in part (ii) is concerned, it is clear that ignoring friction is the major problem.

The two responses below could score the 2 marks, but each also shows a commonly found
misconception.
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(iii) Suggest why, in practice, P will have to be greater than the value calculated in (b)(ii).
(2)

Gecause her il be turbulal  Slow, so more

wmﬁwr//ngd{obea/% ayamifgruﬂmtna{

............... a’al!i/mt,’/mlné?ﬂ!ﬁ"“dﬂéﬂ.ﬁnmtifﬂd . ﬂmj._.

(Total for Question 18 = 11 marks)

< {/ ResultsPlus

Examiner Comments

This response gets the 2 marks for work being
done against friction. Many students just said that
the problem was that turbulent flow would occur,
but in fact, even if the flow were laminar there
would be friction that had been ignored in the
calculation.

(iii) Suggest why, in practice, P will have to be greater than the value calculated in (b)(ii).

(2)
_Jempesadure of bleod May VY o\ Ahus viscosity way

very. Draoy Worln done ogams’f dreg and frbuwlence not. hhcn

< {/ ResultsPlus

Examiner Comments

This gets the marks for work done against drag,
but the comments on the temperature and
turbulence, or the variation of the viscosity are not
relevant. Such changes would vary the friction in
the blood, but not introduce it.
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Question 19 (a)

Part (a)(i)

For this question, the student was required to calculate the initial downward acceleration on the
system as it began to fall through the water. Since this was the initial acceleration, when the speed

was zero, there was no drag on the system, so the only forces involved were weight and upthrust.

Mark 1 is for showing that the resultant force is the weight minus the upthrust. This step was
commonly ignored, but those who were correct here generally obtained the 3 marks.

Mark 2 is for using the equation F=ma to calculate the acceleration. Many students only gained this
mark, because they substituted only the weight or only the upthrust for F.

Mark 3 is for the correct acceleration, with its unit.
Part (a)(ii)

This is about why the system reaches a terminal velocity, and is very similar to questions that have
been asked many times.

Mark 1 is for saying that as the speed increases the drag on the system also increases. It is not
enough to say just that the drag increases as it falls, it must be linked to the speed. This fact was
poorly understood by students, and they often wrote that the upthrust increased as the system
descended and ignored drag completely.

Mark 2 is for saying that the resultant force becomes zero, or that weight becomes equal to
upthrust plus drag.

It is important to remember that, in any question like this one, if a response is given in terms of an
equation, all the symbols used must be defined.

IAL Physics WPHO1 01

61



62

19 An underwater system for detecting earthquakes is placed on the seabed. The system
includes a pressure sensor and 10 glass spheres. The system is connected to a detachable
anchor. Regular signals are sent, via satellite, to a central control station.

connecting glass sphere

chain

seabed

(a) The system and anchor are released just below the surface of the sea. They accelerate
for a few seconds and then fall to the seabed at a constant velocity.

(i) Calculate the initial acceleration of the system and anchor.
3)

total upthrust acting on the system and anchor = 2500N
total mass of system and anchor = 470kg

Vima 461N =600 - ma.. . Fe A

-7.46107W
=46V

Py

(ii) Explain why, after a few seconds, the system and anchor fall to the seabed at a
constant velocity.
(2)

W As becaumpe o n The Yart py Yhere
ho Jdrag Aok gs A selocty dncreenty
LY Olf’atj increane. anel  decomes. equal. ﬁ'é\

................. so. Ahre s no sesultand fore. (Dr-tj 1. UpThia)” W«er-
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(iii) Calculate the drag force acting on the system and anchor as they fall at a constant velocity.

(1)

=W = O

Drag force = E:M ...............

{ ResultsPlus

Examiner Comments

so 3 marks scored.

(i) The weight, the resultant force and the
acceleration are all correctly and clearly calculated,

(ii) The student has stated that the drag increases
as the velocity increases, and that the resultant
force drops to zero, so 2 marks scored.

(iii) The correct answer is given for the drag force,
with the unit, so 1 mark scored.

2
//[

&OA\ ResultsPus
\\_} Examiner Tip

Learn how to fully explain terminal velocity. It is a
question that is asked quite regularly.

(ii) Explain why, after a few seconds, the system and anchor fall to the seabed at a

constant velocity.

Dw‘swamm 50

e A N N VAR N R O O

(2)
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Examiner Comments

This response gets the second mark for saying that
the resultant force becomes zero, but there is no

reason given for the drag force increasing, so does
not gain mark 1.

(i) Calculate the initial acceleration of the system and anchor.
(3)

total upthrust acting on the system and anchor = 2500N
total mass of system and anchor = 470kg

_____________________________ o0 1T D
200 T T

Initial acceleration = . D+ 3.2 mls* .

(if) Explain why, after a few seconds, the system and anchor fall to the seabed at a
constant velocity.

%Lvnk Ln\b\k ‘U'\.o. ___________ ruy’t ________ F:m;.e. _________ Vs Q

ofsb‘f\—f’-
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',/"*“ Examiner Comments

(a)(i) The weight is ignored in this response, which,
surprisingly, occurred quite regularly. Just mark 2 is
awarded for the use of F=ma.

(a)(ii) Mark 2 only. There are many errors here:

* The drag is being ignored despite it being the
main cause of terminal velocity.

* Weight is being called gravity.
* We seem to have the upthrust slowly increasing.

All of these are misunderstandings of the physics
involved, but all were seen regularly.

Question 19 (b)

To answer this question, students are given the upthrust on the system, and have to use that to
calculate the volume of the water displaced and hence the diameter of the spheres. The marks are
given as follows:

Mark 1 for using the given upthrust and dividing by the 10 spheres. The divide by 10 can be on the
upthrust, or on the mass of water, or on the volume, but the calculation must be initially based on
the upthrust. Many students used the drag from (a)(iii), which is not relevant now as that was for
the falling system, or they used the weight from (a)(i), which includes the anchor, now released, and
is not the weight of the water displaced. Others calculated the diameter and then divided that by
10, which is clearly incorrect.

Mark 2 is for the use of W=mg.
Mark 3 is for the use of V=m/p. Most responses scored marks 2 and 3.

Mark 4 is for the use of the equation for the volume of a sphere in terms of its diameter. Many
students did not know this equation, or left the answer as the radius.

Mark 5 is for the correct diameter, with the unit.
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(b) The system is re-floated every two years so that the batteries can be replaced.
To re-float the system, the anchor is detached from the system and the glass spheres
cause the system to rise to the surface of the water, leaving the anchor behind.

The total upthrust on the system due to the 10 glass spheres is 2500N. It can be
assumed that the upthrust on the rest of the system is negligible.

Calculate the diameter of one glass sphere.
(S)

density of sea water = 1030kgm™

250V = 2SON = eptrnrt o one Ifiw&t-

Diameter of one glass sphere = . Q:36m ...

{ ResultsPlus

Examiner Comments

This is an example of a fully correct response,
leading to the correct diameter of 0.36m.

66 IAL Physics WPHO1 01



upﬂruﬁf 0{ W‘ﬂtﬁf JJ?!MEJ
wgﬁ d'[' wa’lef' J;s}pfmceJ éJg 0 ﬁfpﬂf@f ﬁuvaig

.............................................. !‘-#...Vro_s_._ o R O
........................................ /ozox\/mx?sz?m
’2 coo

8.26 =Ny

.................................. @Mf’*’sﬂgn

Re:039 k=% 0039

ﬂaw#ﬁr of 15 .0029%x2 =0 0%8m. ..

Diameter of one glass sphere = .20 7qm ...

{ ResultsPlus

Examiner Comments

This response shows the correct calculation of the
whole volume of the 10 spheres, but the division
by ten for the single sphere is not done until after
a diameter has been calculated. The response
does not therefore gain mark 1 or mark 5.

Question 19 (c) (i)

Why should the chain be made of a high strength material? There are two marks:

Mark 1 for saying what strength or strong means.

Mark 2 for the application to the chain in this equipment.

The 2 marks were rarely scored. Mark 1 for the meaning of strength was fairly often gained,
although there was confusion with toughness, and prevention of plastic deformation was regularly

mentioned. Few students could relate the strength requirement to the large weight of the anchor,
or the large upthrust of the spheres, or just the large tension in the chain.
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(¢) When selecting the material for the connecting chain, all the forces that act on the
chain are considered.

(i) Explain why the connecting chain should be made of a high strength material.
2)

Qemmh lw}nuﬁﬂﬂmlh;n& haress iphoes
..... cnwe.lo-’% eam-‘fucem‘uc(nm\oﬁ}c’mfn
‘l’MILQL}rQ_S; .......... N lh\h’ -Lﬂﬁ,‘:f'

ResultsPlus

Examiner Comments

This response does say what is meant by high
strength, and relates that to the large tension in
the chain caused by the large upthrust of the
spheres.

b mederied. .. madericl....oith . high . sitengh o
absorb. o lob ok sress. A bhigh  sirenath modesicd .

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

ResultsPlus

Examiner Comments

This response scored neither mark. It was quite
common to see reference to plastic deformation,
but that is not to do with strength.

. B.«-rm:z-b\-«:]b\ﬁs-w THM":‘-H?wlLaMal,iﬁi'lvwan

........ Mkmdsq;‘&wmwﬁ a {vr eSS EAed,

hlesavbe @V\M:)}_ ..... atho i bftﬂk-?'\.a ............. s
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< {’ ResultsPlus

Examiner Comments

Zero marks. Strength, toughness and hardness are
being equated here, and the energy statement is
about toughness not strength.

P> \\ ResultsPlus

Examiner Tip

You need to know the meaning of the terms used
for the properties of materials - strong, tough,
brittle, malleable, hard.

zaC}ahSw;}?Mﬁnééqu%ﬁasJﬂ/\ormupr a.50.

iop i

"rl\\_,_,_,_.
< {’ ResultsPlus

Examiner Comments

Again, this is all about plastic deformation, not the
stress or force needed to cause fracture.
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Question 19 (c) (ii)

This has to be an "additional" force, not one that has already been discussed in the question, and it
has to be a force on the chain. Very few students gave the correct answer, which was water

movement.

(i1) Suggest what causes an additional force on the connecting chain when the system
is on the seabed.
(1)

LoTwe wvrenk of g weder  omad o Comnt

CVAscows ey - Op e condogk TRl

.
< {/ Resultslus

Examiner Comments

This response scored the mark for the water
currents. The contact force with the ground was
ignored - it is not a force on the chain.

he  uvptrwst . of  wotey 00 the
r.omec.hna(hum

A
< { ResultsPlus

Examiner Comments

No mark. Upthrust is not an additional force -
upthrust has already been discussed in the
question.
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Reaction  focce  feom. the  Seahed . the ancher

"rl\\_,_,_,_.
< {’ ResultsPlus

Examiner Comments

No mark. The normal contact force of the sea bed
on the anchor is often mentioned, but this is a
force on the anchor, not the chain.

IAL Physics WPHO1 01 71



Paper Summary

The variety of questions, in terms of physics content and style, gave the students ample
opportunity to demonstrate their proficiency in the subject.

Based on their performance on this paper, students are offered the following advice:
* When asked to “explain”, the student needs to give physical reasons for the event described.

* 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.

¢ Use a ruler when drawing a diagram in which the lines are intended to be straight.

* Show all working in calculations, and only round the final answer.

72 |IAL Physics WPHO1 01



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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