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Introduction

This was the first examination of this paper in the new specification. It consists of 120 marks
split between short open, open-response, calculations and extended writing questions. The
guestions draw on a range of the topics in the specification, and include synoptic questions
drawing on two or more different topics. The paper also includes questions that assess
conceptual and theoretical understanding of experimental methods (indirect practical skills),
some of which draw on students’ experiences of the core practicals.

This paper gave candidates the opportunity to demonstrate their understanding of a wide
range of topics from the specification, with all of the questions eliciting responses across the
range of marks.

However, the marks for questions 1, 4(c), 6(b), 10(b)(ii), 10(c)(i), and 10(d) which test indirect
practical skills, tended to be clustered at the lower end of the scale. Similarly question 5
which is a linkage question, and questions 12 and 13 which are synoptic questions, tended
not to be as well answered as other questions on the paper.

As with the previous specification, calculation and ‘show that’ questions gave candidates

an opportunity to demonstrate their problem-solving skills to good effect. Some very good
responses were seen for such questions, with well crafted solutions which were accurate
and clearly set out. Occasionally in calculation questions the final mark was not awarded
due to a missing unit. The more limited use of the “show that” format in this paper may have
increased the level of challenge for some candidates in questions where a calculation was
required.

There were many examples of candidates disadvantaging themselves by not actually
answering the question, or by not expressing themselves using suitably precise language.
This was particularly the case in some of the questions testing indirect practical skills such
as 4(c) and 12(b), where candidates sometimes had knowledge of the method, but could
not express it accurately and succinctly. Candidates could most improve by ensuring they
understand all aspects in sufficient detail and always use appropriate specialist terminology
when giving descriptive answers.

Scientific terminology was used imprecisely and incorrectly in a number of responses
seen on this paper. In particular, candidates’ use of the terms accuracy, error, precision,
resolution and uncertainty seemed to be quite fluid with some of these terms being used
interchangeably throughout the paper.

The space allowed for responses was usually sufficient. However, candidates need to
remember that the space provided does not have to be filled. Candidates should be
encouraged to consider the number of marks available for a question, and to use this to
inform their response.

GCE Physics 9PHO 03
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Question 1 (a)

This question was meant to provide a straightforward introduction to the paper, focusing on
the key terms error and uncertainty.

When scientists make an experimental measurement, they assume that some "true value"
exists, and that their measurements will produce a range of values that this "true value" will
fall within.

The terms used in this specification are those described in the publication by the Association
for Science Education entitled The Language of Measurement. It should be noted that certain
terms have a meaning different from those in the previous specification. For further detail,
refer to Appendix 10 of the current specification document.

Many candidates seemed to be confused about the differences between an error and

an uncertainty, and some clearly thought that they were the same. Weak answers to the
guestion often gave vague descriptions about when the results are wrong due to mistakes
made in the process of measurement. Some knew the definitions very well and gave a clear
response that scored full marks.

Answer ALL questions in the spaces provided.

1 A physics textbook states that “when carrying out experimental measurements there will
always be errors and uncertainties”.

(a) Describe what physicists mean by error and by uncertainty.
(2)
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ResultsPlus

Examiner Comments

This response did not score either marking point. Error is confused with
a mistake, and uncertainty is confused with precision (resolution) of an
instrument.

A

Examiner T|p

Learn definitions of key terms given in the specification so that you can write
accurate descriptions in the examination.
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Answer ALL questions in the spaces provided.

1 A physics textbook states that “when carrying out experimental measurements there will
always be errors and uncertainties”.

(a) Describe what physicists mean by error and by uncertainty.
(2)

alue Yot 8 dotsiad a g trse
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ResultsPlus

Examiner Comments

This response is worth 2 marks, as both error and uncertainty are defined
correctly.
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Question 1 (b)

Most candidates usually picked up at least 1 mark here, usually for a statement or
description of resolution, although reaction times and parallax error were commonly seen.

Some candidates used the word precision in place of resolution. On this occasion this was
accepted, although in future examination series the term precision will be expected to be
used for “the closeness of agreement between values obtained by repeated measurement”,
as defined in Appendix 10 of the specification.

Very few approached the third alternative on the mark scheme, and those that did usually
missed it by choosing the wrong factor as not being constant (e.g. the temperature of the
room might change during the experiment).

(b) Give two reasons why a measurement may have an uncertainty.

(2)

ResultsPlus

Examiner Comments

This response is worth 1 mark, as parallax error has been identified as a source
of uncertainty in a measurement. Note that “human error” on its own would not
be an answer worthy of credit.

(b) Give two reasons why a measurement may have an uncertainty.

2)
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(Total for Question 1 = 4 marks)

Once again the use of “human error” is insufficient for a mark, although as this
is qualified as being a reaction time a mark can be given. The reference to a zero
error (referred to as a system rather than a systematic error here) is enough for
a second mark to be awarded.

GCE Physics 9PHO 03 7



Question 2

This question was chosen as a straightforward experimental determination that should
have been familiar to most candidates. The question tests candidates’ knowledge of the
need for specific measuring instruments to be used, as well as their understanding of
simple techniques to improve the accuracy of the density value obtained. The question was
marked holistically, so that a precaution given in the answer to part (a) or a reference to an
averaging technique in part (b) would be credited.

Most candidates specified both the quantity being measured and the instrument to use.
It was expected that candidates would select a micrometer screw gauge to measure y and
Vernier calipers to measure x and z.

Given that many candidates will have used digital instruments to make such measurements
it was accepted that digital calipers could be an alternative to using a micrometer to
measure y. A number of candidates described using a ruler to measure at least one of the
lengths, although it was not thought that this was not the most suitable instrument to select.

In the context of the question, using a scale to measure the mass was just about acceptable,
although scales would be a more usual description. Many candidates referred to a balance,
with some calling it a top pan balance or an electronic balance. All these descriptions were
accepted.

Some candidates scored MP4 and MP5 together by describing a length measurement being
repeated in several places on the slides and then a mean value being calculated.

2 A student carries out measurements to determine the density of glass. The student has 20
glass microscope slides available.

The approximate dimensions of one slide are shown.

~_,
T

$y x &~ 75mm
y &= lmm

/ z = 25mm
/I

(a) The density is calculated using the equation

mass

density =
Y volume

Describe how the student can determine an accurate value for the density of the glass.
Your answer should include the measuring instruments required.
(4)
_ St~ Ty \
uwwémmwwmﬁq%g%wfa*—ﬁv& ..... e O
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(b) State one precaution that the student should take to ensure the measurements are accurate.
(1)

OO ResultsPlus

Examiner Tip

Consider the resolution of all the measuring instruments available to allow the
most suitable instrument to be selected.

2 A student carries out measurements to determine the density of glass. The student has 20
glass microscope slides available.

The approximate dimensions of one slide are shown.
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(a) The density is calculated using the equation
mass
volume

density =

Describe how the student can determine an accurate value for the density of the glass.

Your answer should include the measuring instruments required.
4)
Qa

e need to use a Yop-pan_balance  oe veniy collper _anol g micondy
Fist , check the zevo ba*we oF’Jw ...... falance aﬂ@’ ..... mexguwre the

s 'fw 30 dides, Take the mean value pg the gecwsate ome.
Secondly a,lcu, chede. th 2em_ewor of callper, &R messwre e ijﬂ
anof the Width then take the mean value, Lasth —ue e inmele

th meoswe, heght (chek zew emww) fo cach amf toke mean value.

hkmnd[ﬁﬂm[d“fﬁmmﬂy%%qums*‘zu"fwfw

(b) State one precaution that the student should take to ensure the measurements are accurate.
(1)

............................ T % beter %o decde 200 emw emr bepre gny mevwe

Examiner Comments

This response includes an ambiguous statement about determining a mean
value, and so MP4 cannot be awarded. All the other marking points are stated

and so this response is worth 4 marks.
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Question 3

This question uses the command word deduce, which requires candidates to draw a
conclusion from the information provided. Hence it is vital that for MP3 to be awarded
candidates bring the two pieces of evidence together to make a conclusion that refers to
wave-particle duality.

This question was well answered, with most candidates giving a description of the
conclusions of the two sets of experiments leading to a statement about wave particle
duality. Some candidates did not make it explicit which set of experiments they were
referring to, and some candidates focused on the detection of charge in the field deflection
experiment and ignored the evidence that these provided for the particle nature of
electrons.

A small number of candidates, in seeing the use of metal foil, went off at a tangent and
described the Rutherford alpha particle experiment results.

3 In the 19th century experiments with magnetic and electric field deflections were used to
determine the charge to mass ratio of electrons.
Later experiments showed the diffraction of electrons as they passed through thin metal foils.
Deduce what these experiments tell us about electrons.
(3)
- Thege. me Ashow the. waye- parl'da dua,ltg of .
€elechons .. __
- The. Pr&k exper:mem ﬂmw Pﬂa 2ARCONS. ad‘mj a. porhole
as. magpeli fields. and elecirc. . felds wowd have no. effeck ..
on..a. NANE...
« The Secord @cpcnﬁm} Bhows. \'\\e. wae. . NakusE, o?
elecions... Thie ie. because onl Mun“b&dspﬁadad

ResultsPlus

Examiner Comments

Although the response refers to the first experiment and the second experiment
it is clear from the order in which these experiments are mentioned that correct
experiments are being referenced for each effect. Hence 3 marks can be given.

GCE Physics 9PHO 03 11



12

3 In the 19th century experiments with magnetic and electric field deflections were used to
determine the charge to mass ratio of electrons.
Later experiments showed the diffraction of electrons as they passed through thin metal foils.
Deduce what these experiments tell us about electrons.

%c&.shn.... Aot W o6 ANg, OXpMN

(3)

© (@INEd mmcxeos

0% R0sted Yool e meral ‘{bt\fu

ResultsPlus

Examiner Comments

This response is referring to alpha-particle scattering rather than electron
deflection and diffraction experiments, so no credit can be given.

us

Q ResultsP
Examiner Tip

Read the question carefully to ensure that you are giving an answer to the
question being posed.
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Question 4 (a)

The simple pendulum equation appears in the current specification equation list, although it
was not included in the list provided for the previous specification.

This should have been a straightforward calculation. However, many candidates did not
read the stem of the question carefully enough and substituted 1.00 s into the simple
pendulum equation rather than 2.00 s.

Occasionally g =10 N kg™ was used, resulting in just MP1 being awarded, despite an answer
very close to the accepted answer. Some candidates seemed to be unaware of the simple
pendulum equation and attempted to use equations of motion to obtain a solution.

4 A student set up a “seconds pendulum”, This is a simple pendulum for which the time
taken to move from the bob’s highest position on one side to its highest position on the
opposite side is 1.00s.

metre rule

M

(a) Calculate the length L required for the pendulum to be a “seconds pendulum”.

TNy

ﬁ ResultsPlus

Examiner Comments

This is a correct solution, so 2 marks were awarded.
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4 A student set up a “seconds pendulum”. This is a simple pendulum for which the time
taken to move from the bob’s highest position on one side to its highest position on the
opposite side is 1,00s,

metre rule

_L%JI;

(a) Calculate the length L required for the pendulum to be a “seconds pendulum“.

T f TS S

= -
Lf b

(= 0F%m.

0. FHm.

ResultsPlus

Examiner Comments

In this response the equation has not been re-arranged correctly before values
have been substituted, nor does it show the substitutions into the equation.
0 marks.

A

OO ResultsP!

Examiner Tip

us

Substitute numbers into an equation before re-arranging.
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Question 4 (b)

This question tests candidates’ knowledge of timing techniques. It is expected that all
candidates will have used a stopwatch to make manual measurements of an oscillating
system.

Most candidates were awarded MP1, with few choosing to time a single oscillation.
Occasionally candidates did not gain this mark as a result of not specifying the number
of oscillations that they would time. MP2 was usually awarded as a result of candidates
specifying repeats of multiple oscillations and then calculating a mean.

Only a small proportion of candidates made reference to a (fiducial) marker, although many
gave extra information such as waiting for the oscillations to settle down before timing, or
not displacing the pendulum through too large an angle.

(b) The student set the pendulum into oscillation. She used a stopwatch to check the
accuracy of the pendulum’s period T.

Describe the procedure the student should have used to obtain an accurate value for T,
(2)

_rplace o fiduciod mavkRY ax +ne cendtre opf oScillations

ostaut o timmes after orne  oScillakion and +ime for

s repeax S+imas ond f£ind g owerage and divide by

T

ResultsPlus

Examiner Comments

This response includes all the marking points and so is worth 2 marks.

L Mewwe the tiwe periodds mwe. (more than 20), and

- dﬁmwemeﬂt;grhaujﬂm/hwetﬁm S
_Then take the hean ‘e of the tomal time mol dvel rt

ResultsPlus

Examiner Comments

Although there is no indication of a fiducial marker being used, there is enough
in this response for 2 marks to be awarded.

GCE Physics 9PHO 03 15
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Question 4 (c)

This question required candidates to make a detailed consideration of the merits of using a
data logger in place of a manual timing method. The responses seen would tend to indicate
that many candidates had learned some advantages of using a data logger without actually
using a data logger themselves to collect data. Disadvantages of using a data logger seemed
to be confined to the relative cost of data logging equipment compared with that of a
stopwatch.

Most candidates scored MP1, with some of these candidates going on to score MP2 also.
Some candidates started their answers by stating that the stopwatch and the data logger
had the same resolution, and then went on to state that this meant they would also have
the same uncertainty. Some candidates used percentage uncertainty in their attempt at
MP2, which contradicted MP3. The least commonly awarded marks were MP3 and MP4,
which were both very rare to see.

It was clear that for many candidates the data logger would inevitably lead to a better
answer, and the only thing preventing data loggers being used to make such measurements
was the expense factor.

(c) Another student suggested that the uncertainty in the measurement of the time period of
the pendulum could be reduced by using a light gate and a data logger. The data logger
would record the time between successive interruptions of the light beam. Both the
data logger and the stopwatch have a resolution of 0.01 s,

-y

=

data logger

Comment on the student’s suggestion of using a data logger rather than a stopwatch.
(4)

o Vha s human bt . Lty onsl SHppity . o STOpuld) ...

: . Iy g ol mmﬁhﬁfg’kw?ewmﬁ%ﬁ l?/;ﬁ?o# i
W w@mﬂamwa@mqmwyﬁm .....
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(Total for Questinn 4 = 8 marks)
<%ZResults'@lus

Examiner Comments

Although “human error” on its own would not be enough for MP1, the
qualification that this error is associated with starting and stopping the
stopwatch is just enough to award MP1. The rest of the response includes all

the other marking points, and so this is an example of a response that gains full
marks.
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Question 5

This is an extended writing question which assesses the candidates’ ability to show a
coherent and logical structured answer with linkage and fully sustained reasoning. There
are 6 indicative content (IC) points, for which a maximum of 4 marks can be awarded. There
are two further marks available for appropriate linkage of ideas. In this question two linked
points from IC 1 - 3 could score 1 linkage mark, as could 2 linked points from IC 4 - 6.

The extracts given relate to the forces acting on a plane. In giving a clear response to

the question it is important for candidates to point out that the left hand statements are
connected to Newton's 3rd law (N3) and the right hand statement needs to be considered in
the context of a particular direction (horizontal or vertical in this case).

Out of the IC points, the most commonly seen were IC1, IC2 and IC3. However, a number of
candidates failed to link these to N3. In many of the scripts seen, candidates did not work
hard enough to distinguish the vertical motion from the horizontal motion. This restricted
their ability to access I1C4, IC5, and 1C6.

A minority of candidates simply stated what all of Newton'’s laws were, with very little
attempt to relate these to the statements given in the extract.

*5  The following extract comes from a section on forces, on a website written for children.

Forces act in pairs.
The lift force on a plane pushing
it up into the sky is paired with gravity,
which pulls the plane back towards the
centre of the Earth.

If both forces in the pair
are equal, the plane will stay
at rest in the same place.

Criticise this extract.

(6)

....w.%j.:d:....ﬂ...@'H.#ﬁr’#..e.-..:;val...m‘..W,-}'.t.-.;‘ma..ﬂn...._iﬂl!‘..ﬁ.),...g&._‘}wrm.r’amlr-. S
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(Total for Question 5 = 6 marks)

Examiner Comments

This is an excellent response to the question. All 6 indicative content points are
stated and there is good linkage of ideas, giving this response 6 marks.

*5 The following extract comes from a section on forces, on a website written for children.

Forces act in pairs.
The lift force on a plane pushing
it up into the sky is paired with gravity,
which pulls the plane back towards the
centre of the Earth.

If both forces in the pair
are equal, the plane will stay
at rest in the same place.

Criticise this extract,

(6)
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Examiner Comments

<@ZResults@lus

In places this response is in danger of losing sight of the context of the question.
However, the first 3 indicative points are just about stated (giving 2 marks),

and there is some logical linkage between these points (giving 1 mark) and so 3
marks are justified.

A

OO ResultsPlus

Examiner Tip

Always relate answers to the context given in the question.
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Question 6 (a)

This question assesses candidates’ ability to calculate and combine uncertainties. In

this case it was acceptable for candidates to calculate the percentage uncertainty in

the resistance reading by taking the full range or just half the range. However, in future
examination series the half range value is expected to be used in calculating the percentage
uncertainty. This is clarified in an updated section in Appendix 10 of the specification.

This question was answered well in general. All of the marking points were commonly seen
although MP4 was the least commonly awarded. A small number of candidates halved

the diameter reading before applying the same * value to the radius as there was for the
diameter. As this is incorrect such candidates were not awarded MP3.

6 A student carried out an experiment to determine the resistivity of nichrome wire,

He used an ohmmeter to measure the resistance of a length of nichrome wire as shown.

The diameter of the wire was measured as 0.27mm + 0.01 mm.
The length of the wire was measured as 1.25m + 0.05m.

(a) Determine which of the three measurements introduces the greatest uncertainty into
the value for the resistivity.

Your answer should include calculations.
(4)

Uncaduindy jn iwnee, . _M_L Xloe = 3-7x
= Lo
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ResultsPlus

Examiner Comments
This response scores all 4 marks.
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Question 6 (b)

Many candidates could describe the correct technique of measuring the diameter in
multiple places/orientations then calculating a mean. However, a smaller number of
candidates stated that they would do this to remove the effect of random error.

Some candidates missed the point of the question and stated that they would use a
micrometer or a digital caliper. As the resolution had already been shown as 0.01 mm it is
not clear what such candidates thought the original measurements had been made with.

A number of candidates also decided to change the experiment by stating that the student
could use a thicker wire to reduce the percentage uncertainty of the diameter reading.
Although it is true that using thicker wire would reduce the percentage uncertainty, this
would not be a solution for this particular experiment.

% (b) Explain how the student could reduce the uncertainty in the measurement of the diameter.
(2)

To nediwe e unwkmda___ 0 the  Measwoned o Ammhr
Hu sM,L old e fe ML«omkr fo Mmosoe P dionde
' Thts il reloee fla 4}'& o} (onden orcoc.

ResultsPlus

Examiner Comments
This response score both marks.

(b) Explain how the student could reduce the uncertainty in the measurement of the diameter.
(2)

Londd meannre detaoid -ef- Atarad wieed /-uJJL.rn-u S
wotl a~d. Ar.'m'&.._..éy. s of Pars [iorls... Toe. nocasioed A
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ﬁ ResultsPlus

Examiner Comments

Although measuring a number of wires side by side would appear to reduce
the percentage uncertainty by making the total measurement larger, in practice
this is not a feasible technique. The response does include a reason, but as the

method would not work, the reason is invalid and so this response did not score
any marks.

A

ResultsPlus

Examiner Tip

Take care with explain questions. In such questions there will be credit for a
valid reason or justification.
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Question 6 (c)

There were some good answers seen to this question, although MP4 was less commonly
awarded than the other 3 marking points.

A few candidates used diameter instead of radius for the area calculation. In addition,
power of 10 errors for the diameter were common. However, the measurement that most
candidates tripped up with was the need to use a maximum length (as it is the denominator
in the resistivity formula). Many candidates used the minimum value of the length.

A good proportion of the candidates did the calculation with all of the original values and
then subtracted their total percentage uncertainty from (a), which was a valid method.

(c) Calculate the WIUE of resistivity possible from the student’s data.
(4)

>
2 0tbuen L M s ,) - |
Q:ﬁ;zf f’ = ﬂ;ao 5 L_,?cfo

Minimum resistivity = .. 2221002,

ﬁ ResultsPlus

Examiner Comments

In this response the diameter has been used in place of the radius, and so the
area value is incorrect. MP2 can be awarded for use of the resistivity equation,
but the values selected would not lead to a minimum value of the resistivity and
so no further credit can be given.
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Question 7 (a)

This question involves a more standard data logger application than that in Q4, although
many candidates struggled to do more than state that the time interval being measured was
very short.

A good number of candidates realised that the time interval that had to be measured was
short and that the data logger was appropriate. However, few candidates had the idea of a
high sampling rate being necessary for measuring such short times. It was common to see
references to simultaneous measurements between voltage and time. Although true this
was not a relevant feature for this application.

There was no expectation for candidates to make a comparison with humans performing
the experiment with a stopwatch, but many candidates seemed to feel the need to do
this. As a result, these candidates often struggled to achieve MP2 as they wrote about the
uncertainty in the stopwatch being greater than that of the data logger.

(a) Explain why a data logger is appropriate for this demonstration.

(2)
Ak SR N CanSAL AL EWR S MO, | DN 8 S fe e

- 7Li‘—\sl(:>r~ec,-_§acnw;;{

ResultsPlus

Examiner Comments

This response just repeats standard things about data loggers, and does not
relate the data logger use to this particular context. No marks were awarded.

(a) Explain why a data logger is appropriate for this demonstration.
(2)

Hoen ot o ety i ] b el wé/s/,,
M A3 J:?S}' ﬂé‘ﬂ [{'éﬂﬂ;wv‘gﬂmﬁ/y 4: f’e”w{_ ac{,a’xb%

ResultsPlus

Examiner Comments

This response concentrates on why timing with a stopwatch would be wrong,
rather than why timing with a data logger is correct. Nonetheless there is
enough for MP1 to be awarded.
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Question 7 (b) (i)

On the whole this was a well answered question, with many candidates taking correct
readings from the graph and using an appropriate equation to calculate the speed of the
pulse.

The factor of 2 (required because the pulse travels along the rod and then back) often
seemed to “arrive” at some point in the calculation. For a few candidates this happened
after they had worked out a speed of 2950 m s, which they then doubled to 5900 m s™".
Such candidates could score a maximum of 2 marks.

A number of candidates thought that a standing wave method could be used to solve this
problem. These candidates used the contact time to calculate a frequency and then used
v=f A to calculate the wave speed. Candidates attempting this method obtained the correct
numerical answer, but without any clear indication of why such a solution is appropriate.

(b) (1) Use the graph to show that the speed of the pulse in the rod is about 6000 m s™'.
length of steel rod = 1.18 m
(3)

Yoo —loeos = Yoo uy; (Xl 4 npp.

M ] 5 — — !
e = v Iy = Sqe0 Mmoo
¢ /2 S

Results+lus
Examiner Comments
In this response the candidate does not seem to be sure if they should double

the distance or halve the time. However, their calculation leads to the correct
answer and appears not to be fiddled.
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(b) (i) Use the graph to show that the speed of the pulse in the rod is about 6000 m s'.

length of steel rod = 1.18 m
(3)

s [ HOO 00D~ 400 = 4O0KIO s b3y

o . Rb wa -\ .
T R S T 200 R (OO NS

——— e,

ResultsPlus

Examiner Comments

This response is clearer about how the speed is calculated. The final value
quoted is 6000 m s, although immediately prior to this a 2 significant figure
value has been given and so this scores all 3 marks.

lus

Examiner Tip

In a “show that” question be sure to make your working clear and quote your
answer to at least 1 more significant figure than the value given in the question.
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Question 7 (b) (ii)

The Young Modulus is a quantity that A level candidates should be familiar with, and so it is
to be expected that the Sl units of Pa (or N m~2) would be well known.

This question was well answered by most candidates, but many omitted or gave incorrect
units. Some candidates re-arranged the given equation incorrectly before substituting
values into it. The mark for “use of” a formula can only be awarded if the candidate
substitutes dimensionally correct quantities into a correct equation.

As this question relied upon the answer to part (i), candidates should be aware that if their
answer to part (i) is nowhere near the “show that” value, they should use the “show that”
value for any further calculations.

length of steel rod = 1.18m
- (3)

Ab= 0900 4 _ouots)

SO0 M = Sooxs®

o ADO X0 o 2 R IO e

Tt

(if) The speed of sound v in the rod depends on the Young modulus E and the
density p of the material of the rod as given by the equation

Calculate the Young modulus of steel.
P = 1850 kg m™

e > £

2)

LA N
Young modulus of steel = #3510 rqn s

(Total for Question 7 = 7 marks)

GCE Physics 9PHO 03
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ﬁ ResultsPlus

Examiner Comments

In this response the unit for the Young Modulus has been incorrectly stated.
The candidate has tried to work out the units from the equation given in the
qguestion, but has ended up with a wrong unit. For this reason MP2 cannot be
awarded and the response scores just 1 mark.

A

Examiner Tip

Note that if the candidate had worked out the units correctly as kg m™ s72, then
full credit would have been given (although the Sl unit for the Young Modulus is
Pa or N m).
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Question 8 (a)

A surprisingly large proportion of candidates placed either the ammeter or the voltmeter in

the wrong position in the circuit.

8 A student wanted to plot a graph of current against potential difference for a light
emitting diode (LED). He used the circuit shown.

ResultsPlus
Examiner Comments

This shows the ammeter and voltmeter in correct positions in the circuit.

A

ResultsP!

Examiner Tip
Ammeters are connected in series with the component through which they

are measuring the current. Voltmeters are connected in parallel with the
component across which they are measuring the p.d.

GCE Physics 9PHO 03
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Question 8 (b) (i)

This question used the command word criticise, which requires candidates to “look at the
merits and/or faults of the information presented and back judgements made”.

Some candidates were not able to state clearly what is meant by an ohmic conductor. This
may have led such candidates to state that the LED was not an ohmic conductor, but that it
did conform to Ohm's Law.

Better answers often started off well but then candidates contradicted themselves by
stating that after 2 V the graph was linear suggesting that it could be ohmic for higher values
of potential difference.

(1) The student wrote the following conclusion.

"The graph shows that in general the LED is not an ohmic conductor.
However, for potential differences greater than +2 V, Ohm's law is
obeyed since the graph is linear in this region.”

Criticise the student’s conclusion.

e Te emd o W gyl by Qoo e 423V

Lok so by e be  felgon nehveon a2l amed ¢ 1SY.
| ckmwti—t& . Ohwwis Lo lwv) wharage ! . Ao clo. vk ...

Empdkcgjm.xtvhm € w%

<?/Zl?esults?’f’lus

Examiner Comments

In this response there is no statement of Ohm'’s law or expectation of what the
behaviour of an ohmic conductor should be. In addition there is a suggestion
that Ohm'’s law may be obeyed within a certain range of p.d.s. No marks are
awarded.

A

ResultsP

Examiner Tip

us

Read through your answers to ensure that what you have written makes sense.
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(i) The student wrote the following conclusion.

"The graph shows that in general the LED is not an ohmic conductor.
However, for potential differences greater than +2 V, Ohm's law is
obeyed since the graph is linear in this region.”

Criticise the student’s conclusion.

@)

Examiner Comments
This response scores both marks.
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Question 8 (b) (ii)
This question was answered well with a good proportion of candidates gaining all 4 marks.

Those candidates who performed poorly on this question often did so because they had
worked out the resistance of the whole circuit and had not considered that the LED had any

resistance.

(i1) The student used the LED with a 5.0 V power supply as shown in the circuit.

50V
e
w 2,

[$xr6 >
To be lit to normal brightness the current through the LED must be 18 mA.

Calculate the resistance of the resistor needed in the circuit.

(4)
§2+3  R=¥ L S pee (bbgI

'Hk\@"b

Resistance = H)q'n"

ResultsPlus

Examiner Comments
This concise response scores all 4 marks.
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Question 9 (a)

One question in this paper is used to assess candidates’ ability to draw and interpret graphs.
This may include using a logarithmic plot to test a power law variation as in this example.

Most candidates picked up both marks, being well drilled in this style of question. However,
a small number were not able to simplify the equation using logs.

The majority of those who obtained a correct log equation but missed out on MP2 did so by
not making a clear link between their equation and the equation of a straight line (y = m x + ¢).

Explain why a graph of log L against log M would give a straight line.

(2)

....."..9.3..!7..T.'......f.‘?’t).{’—..sun *Tf_log_f‘_*_-_ . D eguadne con b tipeened

» {oél:“* | tp}othc tllegbey i fom gz ehc whare
« (

| - rm,x’*r\f;’fo:ﬂ- i ot 9-ann, log M

LG e axe and oo B
G ‘t-hﬂ:lww .

ResultsPlus

Examiner Comments

This response clearly shows the links between the log equation and the general
equation of a straight line and is worth both marks.

Explain why a graph of log L against log M would give a straight line.

togL="10gm 4 Loy ( c,.,)

ResultsPlus

Examiner Comments

This response applies logs correctly but omits the reference to the general
equation of a straight line, so only MP1 is awarded.
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Question 9 (b) (i)

In plotting a graph, candidates should choose scales that spread the plotted points over
more than half of the available graph paper. Difficult scales (i.e. scales increasing in “3"s, “7"s
etc.) must not be used, and axes should be clearly labelled; where appropriate, units should
be included. Points should be plotted clearly (preferably using crosses) and a line of best fit
drawn to show the trend.

Most candidates completed the table giving their data to 3 or 4 significant figures, and so
MP1 was frequently awarded. Similarly MP3, 4 and 5 were quite commonly seen, although a
number of candidates did not plot the point for which log (M) was negative. For those who
plotted the points correctly, the mark for the best fit line was rarely missed.

MP2 was the least commonly awarded mark, as most candidates were unable to show the
label for the y-axis correctly. In addition, some had the axes the wrong way round.

(b) The table shows data for a range of main sequence stars.

L0*W M log) flog (65%) | ly™ [l
3.63 0.557 0.560 -0.26
469 1.88 2.67] 0.27
5920 3.52 3.772 0.95

40800 5.85 4.61] 0.76

294000 9.72 S.96¢ 0.99

(i) Plot a graph of log L against log M. You may use the columns provided to show
any processed data.
(3)
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The response above has an incorrect number of significant figures in the log
M column of the table and the labelling on the y-axis is not correct. Otherwise
the scaling and plotting is correct with a good line of best fit drawn, and so the
response scores 3 marks.

(b) The table shows data for a range of main sequence stars.

L/10™W M %07/1@@) gy
3.63 0.557 o R |-o-2%y
469 1.88 2/ &7 0 21y
5920 3.52 2 -1 o Sy
40800 5.85 /u -/l:.\ o161

294000 9.72 ey 5. Q8%

(i) Plot a graph of log L against log M. You may use the columns provided to show
any processed data.

"L:a C [ Aﬂ-‘s 'UQB ©

z%.g

211
2.2

I W O
20-5

GCE Physics 9PHO 03



) B,!]

@ oo

21

26

29
~02 —0\ © 0N vz 934 05 0.6 O 2 A 1.0

GCE Physics 9PHO 03 39



ResultsPlus

Examiner Comments
The response above scores all 5 marks.

ResultsP

Examiner Tip

us

Remember to indicate the units of quantities when labelling axes.
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Question 9 (b) (ii)

Most candidates knew to use a large triangle when calculating the gradient of the line,
although many did not obtain a value for m within the expected range. This is disappointing,
as the data was selected to give an unambiguous mean line which should have resulted in
all candidates calculating a value for m within the range.

Most candidates read the value of the y-intercept off the graph and found the inverse log
to obtain a value for L, . Having done so, many candidates did not then go on to write a
relationship and be awarded MP4.

(ii) Determine values for p and L, _and hence state the mathematical relationship
between L and M.

(4)
oy Ly 2 20 Coon b l0!0 e Batxe™
$6. 2= 1815
grediek 2 *ear-C-e.1n . Kt T
__________________ —
L*8.48%x0° M
ResultsPlus

Examiner Comments
This response scores all 4 marks.
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Question 10 (a)

Although not a core practical, the experiment described in this question uses many of the
skills and techniques developed in carrying out core practical 15. It was disappointing to see
that so many candidates were unfamiliar with basic counting techniques, and appeared to
know so little of the use of a GM-tube to measure radioactive counts.

This should have been a straightforward process to describe, but a great deal of confusion
was demonstrated on account of hurried half descriptions of how to proceed. Many
candidates suggested subtracting count rates from counts and vice versa. Too many
candidates seemed to think that the count and the count rate were interchangeable, so MP2
was often not awarded.

(a) Describe how to determine the corrected count rate from the source.
(2)

N REWW'L _ Soute. Coomn dne. foom . N lecue  pow  GM fuee. for. (0 minvel Fo
lolevige Nov chjfbmd Q... e de. bjS fo. G uemge Al

ResultsPlus

Examiner Comments

This response is good enough for MP1, but there is no detail given about finding
the count rate and so MP2 is not awarded.

(a) Describe how to determine the corrected count rate from the source.
(2)

ResultsPlus

Examiner Comments

This response omits any time for the background count, and then refers to
subtracting a count from a count rate. No marks awarded.
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ResultsP

Examiner Tip

us

When outlining a process, you need to be clear what is happening at each stage.
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Question 10 (b) (i)

The mark scheme allowed for two different approaches. The second approach was rarely
seen, although it did allow 2 marks to be scored in a small number of cases.

The majority of candidates gained MP1 from the first approach by stating that there would
be an increased area of tube exposed to the y-rays with the tube turned on its side.

Some candidates did consider how this would affect the count rate, but most simply said
that there would be “more radiation detected” or that the “count rate is more accurate”.
The advantage to be gained by increasing the area exposed to the y-radiation (an increased
count rate) was much less frequently seen.

(b) His teacher turned the GM tube through 90° so that the side of the tube faced the
source as shown below.

source GM tube counter

M

[ ]

metre rule
II Ll I T I T T 1 I T | 1 I ) 1 I T I 1 IJ

(i) Explain why this arrangement could lead to more accurate data.
(2)

Ebig oy Llee (S more ovieea. For Eho samme reg

Examiner Comments

This response identifies the larger area and so is awarded MP1. The reference to
a greater proportion of y-rays being detected is close, but not close enough for
MP2 to be awarded. To meet MP2 it is necessary to refer to an increased count
rate.

<?/Zi?esultsﬁlus
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Question 10 (b) (ii)

A number of candidates discussed measuring background radiation here, although this had
been considered in part (a). However, many candidates were awarded MP1 by stating that
the count should be taken for a much longer time. Few went on to give a clear reason why
this would lead to data with an improved accuracy.

At this point in Q10, a number of candidates decided to change the experiment by putting
the source and detector closer together so that more counts would be recorded in 2

minutes.

(ii) Explain another modification to the experimental method which would improve
the accuracy of the data.

Resultstlus
Examiner Comments
This response says enough for both marks to be awarded.

GCE Physics 9PHO 03
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Question 10 (c) (i)

Although many candidates drew a good line of best fit through the plotted points, quite a
number of students drew a straight line through the origin. Of those who did not force the
data through the origin, many joined first and last points. This only left points above the line,
and so was not the line of best fit.

W (Aelegha

(c) The variation in the intensity of gamma radiation with distance from a point source
should obey an inverse square law. If this is the case, then the count rate C should
vary with d according to the equation

K

C=——

ind’
where K is a constant.
mmwm&amdmmmfaumm.

2.5 T

2.0

1.5

C*/Bq™*

1.0

0.5

0.0

0.0 5.0 10.0 15.0 20.0 25.0
d/cm

(i) Draw a line of best fit on the graph.
(1)

ResultsPlus

Examiner Comments

This graph was not awarded the mark, as the line drawn has all off line points
above the line.

GCE Physics 9PHO 03



(c) The variation in the intensity of gamma radiation with distance from a point source
should obey an inverse square law. If this is the case, then the count rate C should

vary with d according to the equation

where K is a constant.

'ﬂwﬂuhﬂphmﬂ:i;aymuhhmddmmudﬁwﬁﬁuwhggmﬁx

25

i

2.0

1.5

C*/Bg*

1.0 1

0.5

|- -+

0.0 &=

0.0 5.0 10.0 15.0
d/em

(i) Draw a line of best fit on the graph.

1200

25.0

1)

ResultsPlus

Examiner Comments

This line was not awarded the mark as the candidate has forced it through the

origin.

A

ResultsPlus

Examiner Tip

Not all straight line graphs go through the origin. When drawing a mean line aim
to have points equally scattered on either side of the line.

GCE Physics 9PHO 03
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Question 10 (c) (ii)

This question asks candidates to discuss the extent to which the data supports the
conclusion given. In this context discuss requires the candidate to investigate the situation
by mathematical reasoning.

The first three marking points were commonly seen, with MP2 and MP3 the most commonly
awarded. It was rare to see reference to systematic error for MP4 to be awarded.

205 - | IR
1
2.0
o 15
&
& 1.0
0.5
0.0k — : :
0.0 5.0 10.0 15.0 20.0 25.0

d/cm

(ii) The student concluded that the graph was consistent with the gamma radiation
intensity obeying an inverse square law.

Discuss the extent to which the data obtained supports the student’s conclusion.
(4)
............................. ¢ = K  Ked Hw & consh o
Bt

C= E oK .l‘ s dtal
r.l&.]. e ‘\'hk O \mw 3\'&9\-
Pmnrﬁtu&\ﬁlr‘;bﬂhgﬂp\lﬁm’r

L po%s  fhrorgh  the  evigin which memns
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<?/ZResults?ﬁlus

Examiner Comments

This response includes all the detail necessary for the first 3 marking points. The
statement about systematic error was considered to be enough to award MP4,

even though the candidate hedges their bets a little by also making reference to
the random nature of radioactivity.
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Question 10 (d)

Some candidates struggled to apply what they knew about the penetrating power of
a-particles and f8-particles. It was common to see answers expressing the belief that a-
particles would be able to penetrate the air and so would arrive at the GM-tube, and that
JS-particles would not be able to travel more than about 20 cm in air and so would not
arrive at the GM-tube. In reality, candidates only needed to consider the likelihood of these
radiations penetrating the sides of the GM-tube to give an answer to the question.

(d) It is suggested that the investigation into the way in which gamma radiation
spreads out from a source, using the apparatus as shown in (b}, could be carried out
successfully using a radium-226 source.

Radium-226 emits a, p and y radiation.

Justify this suggestion.

(Total for Question 10 = 13 marks)

IV N N

%
Results+lus
Examiner Comments
This response says enough for both marks to be awarded.
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Question 11 (a)

In this question, candidates were asked to criticise the student’s table. This required them to
inspect the data set, and look at the merits and/or faults of the information presented.

Most candidates could spot that data in the table was given to an inconsistent number of

decimal places. References to an inconsistent number of significant figures were accepted
for MP1. However, very few candidates realised that a good deal of raw data was missing

from the table, since extension of the spring cannot be measured directly.

(a) Criticise the student’s table.
(2)

e valuss. o exeenson. aowes anct Bovisiing fucse s vt

Conpetint.. w.t...@@.’V...&..Vﬂ&..&f..ﬂ.ﬁ?cﬁsﬁcm...,.a,,,{m.._.mwozmg..w ...........
0. decimad. [oces, k. ek fmd Lol pHkCes. A (50 the vor . .
olata. o 4L quje’i/L &t e [osbtns. shodel. Ve reqeiithc...........
/7% (my% Livass. adclec, dupn. dtducted. o ol duc  exttnsce.

ResultsPlus

Examiner Comments
This response says enough to meet both marking points.

A

Examiner Tip

When recording experimental data always include all of the raw data in your
results table.

GCE Physics 9PHO 03
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Question 11 (b)

This question was answered well, and good application of unit conversions was seen from

some, but not all, candidates.

(b) The student used her data to plot a graph as shown.
1.6

1.4

0.0_ 1 :

0.0 1.0 2.0 3.0 4.0 5.0
extension / cm

Determine a value for the force constant & of the spring.

o 2 S 7
.................................... =282 N

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

GCE Physics 9PHO 03
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ResultsPlus

Examiner Comments

This response is worth just 1 mark, as there is a unit conversion issue and the
final answer is out by a power of 10.

A

Examiner Tip

Take care with units - the units of your final answer should match the units of
the data used to calculate your answer.
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Question 11 (c)

This question is a more open-ended calculation which requires candidates to apply more
sophisticated problem-solving skills than simply substituting values into an equation.

Many candidates either calculated an incorrect spring constant for the spring combination
or simply used the value given in the question. Those candidates who calculated the spring
constant of the combination correctly usually went on to score all 4 marks.

A small number of candidates seemed to be unaware of the mass on a spring time period
equation.

(c) Two identical springs are joined in series and a bar magnet is hung from one end as shown.

The bar magnet is displaced a small distance vertically from its equilibrium position
and released.

Calculate the frequency at which the system oscillates.

mass of magnet = 120 g
spring constant of each spring =22 N m™'

- l

,1 5 J;"? Ly " P - i‘(

= 665 e
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Frequency = ...°

ResultsPlus

Examiner Comments

In this response the spring constant for the spring combination has been
correctly calculated and the calculation for the frequency of oscillation is correct,
so this is worth 4 marks.
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Question 11 (d)

This question is another extended writing question assessing the candidates’ ability to show
a coherent and logical structured answer with linkage and fully sustained reasoning. There
are 6 indicative content (IC) points, for which a maximum of 4 marks can be awarded. There
are two further marks available for appropriate linkage of ideas. In this question three
linked points from IC 1 - 4 could score 1 linkage mark, as could 2 linked points from IC5 - 6.

This was quite a novel context, and it was heartening to see some very good responses to
this question. IC1, 2 and 3 were commonly seen, but poor expression meant that many
candidates struggled to express 1C4 with sufficient clarity. Weaker responses introduced
confusion as to what is induced, with many responses only referring to a current being
induced.

A common mistake with IC5 was to talk about the magnet oscillating at its natural frequency,
without making it clear that this was the same frequency with which the other magnet was
oscillating. However, resonance was mentioned relatively frequently.

*(d) Identical bar magnets are suspended from identical springs, with the North pole of each magnet
inside a coil of wire as shown. The two coils are connected together with conducting leads.

magnet B

conducting
leads

c&il

Magnet A is displaced so that it oscillates vertically. The North pole of magnet A moves
into and out of the coil of wire with simple harmonic motion. As this motion continues,
magnet B starts to oscillate. The amplitude of oscillation of magnet B increases over time.

Explain why magnet B starts to oscillate with an increasing amplitude.

/”?{grff Al & £l Ia«d‘w Mams. ‘J‘é::{' wae IS, &. Cheayy
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ResultsPlus

Examiner Comments

This is a textbook answer to the question, with all of the indicative content
points seen with good linkage included. This response is therefore worth 6
marks.

OO ResultsPlus

Examiner Tip

Plan your answer to a question like this before you start to write. Planning your
response will help you to write your answer out logically and with a minimum of
repetition.

GCE Physics 9PHO 03
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Question 12 (a)

This is a standard calculation, for which most candidates should have scored at least 2
marks. However, MP1 was often not awarded because candidates substituted 650.0 nm
instead of 650.2 nm in the denominator of the Doppler equation. Such candidates usually
went on to score a mark for the magnitude of the velocity, although most candidates either
thought that the star was moving away from the Earth or made no comment relating to the
direction of movement.

12 Barnard’s star is a red dwarf star in the vicinity of the Sun. The wavelength of a line in
the spectrum of light emitted from Barnard’s star is measured to be 656.0 nm, The same
light produced by a source in a laboratory has a wavelength of 656.2 nm.

(a) Calculate the velocity of Barnard’s star relative to the Earth,
(3)

e e e

LTRONON3LOY

ResultsPlus

Examiner Comments

This is worth just 1 mark, as 650 nm has been substituted in the denominator
rather than 650.2 nm, and there is no indication of the direction of the star.

A

Examiner Tip

Always check that you have substituted similar quantities into the correct places
in an equation such as the Doppler equation, which contains two different
wavelengths (or frequencies) and two different velocities.
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Question 12 (b)

As this experiment is core practical 8, candidates should have been able to describe how the
diffraction grating is used without difficulty. However, it was disappointing to see that many
candidates were unfamiliar with even the most basic details of the experiment.

The command word comment requires the synthesis of a number of variables from data/
information to form a judgement. In this question, many candidates thought that a simple
statement would suffice for a comment that is identified as being worth 4 marks.

In part (i), few candidates described or drew the set up correctly (the laser light needs to be
perpendicular to the plane of the diffraction grating for an accurate value of the wavelength
to be determined).

Although many candidates may have referred to the distances required, few specified that
they should be measured.

There was confusion with other interference experiments in calling the orders fringes, and
many referred to measuring angles rather than the distance between orders.

In part (ii), only a small proportion of candidates realised that the question was about
whether or not the grating would separate the two wavelengths from Barnard's star
sufficiently well to make an accurate measurement of their difference. Those who did
usually scored full marks for this part.

A large proportion of candidates did not attempt to use the grating equation, and these
candidates wrote about comparing A with the line spacing of the grating instead. In the
better responses, candidates did attempt to use the grating equation, but most of them only
attempted to calculate the angle of a constructive order for just one of the wavelengths.

A significant number of candidates did not seem to know what quantities each of the terms
in the equation n A = d sin 8 represented. Some candidates thought that n was the number
of lines per metre of the grating.

-
(b) A diffraction grating can be used to analyse the radiation emitted by a variety of sources.

(i) A diffraction grating of known grating spacing is used in a school laboratory to
analyse the light emitted by a laser.

Describe how the diffraction grating is used and the measurements that should be taken.
(3)
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(ii) A diffraction grating with grating spacing of 2.2 x 107 m is used to determine

the difference in wavelength for the spectral line emitted by Barnard’s star.

Comment on the suitability of using a diffraction grating with this spacing.
You should include appropriate calculations.

(4)

Mz dewo  drzexos

.....656 O’X 10 z'éxro _9 | —‘5

000 902
o-17. 3&;

ﬂExammer Comments

The response in part (i) indicates the two distances that need to be measured
(although the use of “d” for the distance from the grating to the wall is a poor
choice of symbol). There is no indication that the plane of the grating needs

to be perpendicular to the light from the laser, although this could have easily

been shown with a labelled diagram. This gives this part of the question 2
marks.

In part (i), all the required elements are included and the response is worth all 4
marks.

Examiner Tip

A well-drawn, correctly labelled/annotated diagram can often help to score
marks in a question.
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Question 12 (c) (i)

This was answered well by the vast majority of candidates. Occasionally the use of the
wrong ‘k’ from the data list or the omission of the “3” (or the “2") from the “3/2" factor

resulted in marks not being awarded.

(c) Visible light from the star originates from the photosphere. In the photosphere of
Barnard’s star, hydrogen and helium atoms are at a temperature of 3100 K.

(i) Calculate the mean kinetic energy of an atom in the photosphere at a temperature
of 3100 K. =T

(2)

T x300~8- M6 = 4.) & 20" 3

"

n
Mean kinetic energy = 4‘{&‘5/0‘]'

ResultsPlus

Examiner Comments
This response uses the wrong value for the constant k, so no marks are
awarded.

A

ResultsPlus

Examiner Tip

Check any equations and data that you use from the list supplied in the exam
paper very carefully before you use them.
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Question 12 (c) (ii)

Quite a lot of candidates knew exactly what to write, and wrote a competent answer in
terms of energy levels. However, some candidates omitted any reference to electrons,
referring just to the atom becoming excited etc.

Most commonly, if only one mark was awarded, it was due to the lack of the word photon in
MP2.

(ii) Describe how these atoms emit visible light.

— .. Pome . receive ....z.v.u.v?sbca.....Fr.cm....qﬂzu:..i:ﬂ _____ o BReckvons.
oomoves ot Ae e d ooty ol 77 s sladsle
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el whiche. 03 .h“v,'lC.“...3-.}2.(.(9‘6....‘.T..'......EYU!-!’.'CJL_.B S veliooeel s Q{cc:ﬁ“fc_mamht
([aFa TT2TR 1 s SR B e
T cneah oA TN rdoased. i, oppre. priakt. =2, Rekoast. vidi 6l Light

ResultsPlus

Examiner Comments

This response is close to meeting both marking points but actually was only
awarded 1 mark for the first part of the answer. MP2 was not given, as it was
not clear that the electromagnetic radiation was emitted as a photon.

A

ResultsP!

Examiner Tip

us

Be specific and use technical terms wherever possible.
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Question 13 (a)

This was generally well answered. Some textbook descriptions were seen, although some
candidates answered in terms of mass and atomic number, which tends to mask the
similarity and difference seen between isotopes.

(a) State what is meant by isotopes.
(1

lsotves oo ohoms of aa demant  with a diflacent
mass 1o a8 nomal ctom of thet elemeat .

ResultsPlus

Examiner Comments

This response uses the term “normal atom” which is an undefined term. If the
candidate had clarified that “normal atoms” of a given element all contain the
same number of protons, then the mark could have been awarded.

13 Mass spectrometry is a technique used to separate ions based on their charge to mass ratio.

The atoms in a sample are ionised and then accelerated and formed into a fine beam.
This beam is passed into a region of uniform magnetic field and the ions are deflected by
different amounts according to their mass.

(a) State what is meant by isotopes.
(1)

ResultsPlus

Examiner Comments
A textbook answer, worth 1 mark.
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Question 13 (b)

This was answered well by most candidates, with working out clearly shown. However, a
significant number of candidates forgot that on “show that” questions you need to clearly
see the working that went behind the answer. Such candidates wrote out the whole
expression algebraically, then wrote the answer without showing any substitutions.

Although told in the question that it is a singly-charged ion, a significant number of
candidates used 35e.

(b) In a mass spectrometer, chlorine-35 ions are accelerated through a potential difference
of 8.50 kV to produce an ion beam. JREN T vo '\ 4

Show that the speed of singly ionised chlorine-35 atoms is about 2.2 x 10° m s™".

mass of an ion of chlorine-35 =34.97 u
4)

b0y axa0t = 2 ~(Bu b agt) xvE
C13exi07'S = Vav3.20502%x 0wyt

Nty pgxi0omiet
NI 206%10% e’

%
Resultstlus
Examiner Comments
A textbook answer, worth all 4 marks.

64 GCE Physics 9PHO 03



Question 13 (c) (i)

The majority of candidates were able to indicate the direction of the electric field correctly,
although many of these candidates drew the magnetic field in the opposite direction to the
electric field. Maybe they were thinking about the direction of the electric and magnetic
forces.

Many diagrams consisted of arrows or markings with no labelling. Candidates should be
encouraged to label their diagrams to avoid ambiguities.

(c) In most mass spectrometers the ions are passed through a velocity selector, after
being accelerated, to produce a beam of ions of a particular velocity.
The velocity selector consists of a pair of parallel plates, across which a potential
difference (p.d.) is applied to create an electric field.

In one mass spectrometer the plates are 2.5 cm apart and a p.d. of 135 V is applied.

A magnetic field is also applied to produce a force on the ions in the opposite
direction to the force from the electric field. For one particular speed the ions travel
in a straight line and emerge from the selector.

(i) Add to the diagram to indicate the directions of the electric field and the magnetic field.
(2)

ResultsPlus

Examiner Comments

This response scored zero. There is no labelling and so the examiners can only
guess at the directions of the two fields.

A

ResultsP!

Examiner Tip

us

A correctly labelled/annotated diagram helps to score marks in a question.
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(¢) In most mass spectrometers the ions are passed through a velocity selector, after
i i : cular veloci

being accelerated, to prod

The velocity selector consists of a pair of parallel plates, across which a potential
difference (p.d.) is applied to create an electric field.
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In one mass spectrometer the plates are 2.5 cm apart and a p.d. of 135 V is applied.

A magnetic field is also applied to produce a force on the ions in the opposite
direction to the force from the electric field. For one particular speed the jons travel

in a straight line and emerge from the selector.

(i) Add to the diagram to indicate the directions of the electric field and the magnetic field.
(2)

ResultsPlus

Examiner Comments
This response is clear - both marks can be awarded.
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Question 13 (c) (ii)

There are a number of valid ways to answer this question. Although in the mark scheme it
suggests comparing the two forces, many candidates used the magnetic force on a charged
particle expression (F = BQv) to show that the speed needed is around 2.2 x 10° m s™".

Some candidates use the expression with the value of speed inserted to work out what the
magnetic flux density should be, and show that this is therefore suitable.

(i) The magnetic flux density applied to the velocity selector is 24.5 mT.

Deduce whether this magnetic flux density is suitable to produce a beam of
chlorine-35 ions of speed 2.2 x 10° m 5.
4)

Fgre(m‘n\c,ﬁefdt-:—%zyﬂ'—; o S

25X

rtor"*ﬁ?'d'ﬂad‘ o Figw}%:eﬂF:BeUr
= §.63Ix0 '”’N

'!The.yegul'fsarcﬁlmui'f‘f-hgmmc.E],th?‘mﬁl(_,#“xmru#au{ S

ResultsPlus

Examiner Comments
One way to score full marks.

(ii) The magnetic flux density applied to the velocity selector is 24.5 mT.

Deduce whether this magnetic flux density is suitable to produce a beam of
chlorine-35 ions of speed 2.2 x 10° m s™',

4)
! - poduct aheam._ob o35
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ResultsPlus

Examiner Comments
Another way to score full marks.
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Question 13 (d) (i)

Quite often, candidates just stated that force is perpendicular to “the ion” or to “the motion”,
so they did not say enough for MP1 to be awarded. Similarly MP2 was rarely awarded, as
many candidates seemed to think that a bald reference to “centripetal force” would be
enough.

(d) After passing through the velocity selector the ion beam enters a region of uniform
magnetic flux density 0.35 T with the ions travelling at right angles to the field direction.

(i) Explain why the ions travel in a circular path.

| oA H’,s«A\M Qﬂfﬂl adﬂ"\‘b on the ons
L CAAS Inny Jc ‘co mC@QlUdJCQ o Ha ade. At m«f}*‘-&\w

Wasw,mﬁﬁw?@@]a@efﬁmr&ulk\ﬂgh
CFCUJ‘““‘-OQO’\ e

(2)

ResultsPlus
Examiner Comments

This response includes a number of key words, but it is too vague to allow any
marks to be awarded.

OO ResultsPlus

Examiner Tip

When explaining a phenomenon be sure to express your ideas clearly and
unambiguously.

) © gpabid (2)
Pt e sk iy ko Mo Coby k% P Ko bt
Se, \Y olng s & golosle Yo He Mm @ mokin (d doredkin,
oy mughekle i), So Kb Yo 10w alwags aledhe \owaeds @ (arhe,

ResultsPlus

Examiner Comments
This is a good answer to the question worthy of both marks.
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Question 13 (d) (ii)
This question was answered well by the vast majority of candidates.

The equation is given on the paper as p/BQ and some candidates omitted the velocity and
just calculated the mass for the numerator.

Some candidates chose to derive this equation themselves and used separate equations,

equating mv?/r with Bqv. However those who chose this method often omitted terms or
made arithmetic errors.

(if) Calculate the radius of the circular path.

oMV 3waik(lere 0t R) v (22 mst)

Ba 0BT x(rbospmc)
- 0229,

CcRAem

Radius = 'qu C'M‘ .

Results#lus

Examiner Comments

This response uses the equation given in the formula list and a correct final
answer is obtained gaining it full marks.

B

(o
(i1) Calculate the radius of the circular path.

(2)
T 3 -

R - RV
o = XBa

&
s S L W
e 30X ) -66x107 2 XA lxgd - C-STao S

Er\, TF-3BS > k’asx\-ﬁ-&ro““'\

-3

Radius = €-S1xio ™
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ResultsPlus

Examiner Comments

In this response an attempt is made to derive the equation for the radius of the
path from first principles. Unfortunately the derivation contains errors and no
marks can be awarded.

A

ResultsP

Examiner Tip

us

Know which of the standard equations given in the specification are listed on
the formula sheet at the end of the exam paper.
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Question 13 (d) (iii)

The paths drawn by most candidates were generally correct, with the best responses
showing a continually increasing radius. Disappointingly, some of the diagrams seen were
drawn with very little care

Explanations were not as strong as identifying the path. Most candidates identified that the
difference was because the mass had increased, but few stated that the charge would be
the same, so it was common to award 1 mark here.

Some candidates thought that that the charge has increased to 37e and gave that as the
reason for the change in curvature.

(iii) The diagram shows the path of the chlorine-35 ions in the field. Chlorine-37 ions
enter the magnetic field with the same velocity.

uniform magnetic field

Afﬂﬁm

detector

1. Add another line to the diagram to show the path of these chlorine-37 ions.
(1)

2. Explain any differences in the paths.

f*’h@‘"’:-—-y— ﬂv,fﬁe mﬁruﬁc}?xpuﬁ“']m}(
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ResultsPlus

Examiner Comments

This response includes a correct path for the more massive ion and a correct
explanation as to why the radius of curvature is greater, giving 3 marks in total.
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(iii) The diagram shows the path of the chlorine-35 ions in the field. Chlorine-37 ions
enter the magnetic field with the same velocity.

uniform magnetic field

. cnonine - 3xionsg

detector

1= Ty

—_—
B
1. Add another line to the diagram to show the path of these chlorine-37 ions.
(1)
2. Explain any differences in the paths.
(2)
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OO ResultsPlus

In this response the path of the more massive ion is v
Examiner Tip

drawn with the same curvature as the original ion - just
displaced slightly, so the first marking point is not met.

Nonetheless a mark is awarded for the statement that Take care to draw diagrams as

carefully as possible.

the greater mass leads to a greater radius of curvature.
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Paper Summary

Based on their performance on this paper, candidates are offered the following advice in
order to improve their performance:

+ Ensure that they have a thorough knowledge of the physics content of the whole
specification;

* Beready to apply their knowledge of core practicals and general techniques to
questions testing their indirect practical skills;

* Read each question carefully, and answer what is asked;
*  Show all their workings in calculations;

+ For descriptive questions:

* Make a note of the marks and include that number of different physics points;

+ Tryto base the answer around a specific equation or principle.
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Grade Boundaries

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

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