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Introduction

This paper consists of 120 marks split between short open, open-response, calculations and
extended writing questions. The questions 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
guestions that assess conceptual and theoretical understanding of experimental methods (indirect
practical skills), some of which draw on students’ experiences of the core practicals.

The paper gave students 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.
Some question types that produced poor responses in June 2017 have resulted in better responses
in this examination, demonstrating that students are improving in their ability to answer new style
guestions as their exposure to such questions increases.

However, the marks for questions Q1, Q2a, Q4, Q7b, Q9b, and Q13b, which test indirect practical
skills, tended to be clustered at the lower end of the scale. Similarly Q10c¢, Q12a, which are linkage
questions, and questions Q6b, Q8b and Q13c which are synoptic/synthesis questions, tended not
to be as well answered as other questions on the paper.

On the whole, linkage questions in this paper tended to be poorly answered, with students either
not giving enough detail for a question with 6 indicative content points, or failing to link the ideas
adequately. Similarly, questions that require students to “assess”, “discuss”, “criticise” etc. are
producing superficial responses that omit essential physics theory. Many students seem to be
focusing on coming to a conclusion, rather than justifying how that conclusion might be supported
by the evidence.

As with the Legacy specification (GCE 2008), calculation and ‘show that’ questions gave students 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.

There were examples of students 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 7b and 9b, where students
sometimes had knowledge of the method, but could not express it accurately and succinctly.
Students 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. Voltage was sometimes used instead of specifying e.m.f. or potential difference, and
whether to refer to decimal places or the number of significant figures in a practical context was
often poorly understood.

Students need further practice in applying knowledge and skills to novel practical situations. Some
of the language of and processes of quantifying uncertainties in practical work is poorly understood
by students. In particular candidates’ use of the terms accuracy, error, precision, resolution and
uncertainty.

The space allowed for responses was usually sufficient. However, students need to remember that
the space provided does not have to be filled. Students should be encouraged to consider the
number of marks available for a question, and to use this to inform their response. If students
either need more space or want to replace an answer with a different one, they should indicate
clearly where that response is to be found.
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Question 1

This question relies upon an understanding of the definitions of accuracy and precision. 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 Legacy specification. For further detail, refer to Appendix 10 of
the current specification document.

In part (a), although many students correctly identified accuracy as how close a measured value is
to the true value, a significant minority of students confused precision with resolution of an
instrument. When students were aware that precision is due to the consistency of values they often
omitted that these values needed to be obtained by repeated measurements. In (b) a significant
number of students were able to say that the value was not accurate because of a systematic error
such as a zero error, calibration error or parallax error. Many students omitted to say whether their
descriptions referred to precise or accurate values.

1 A practical physics textbook states that “measurements may give a precise value for the
quantity being determined but this may not necessarily be an accurate value”.

(a) Describe what physicists mean by the terms accuracy and precision.

(2)

(b) The temperature of the air in a room is measured using a mercury-in-glass thermometer.

Describe how the value for the temperature may be precise but not accurate.

2)

+IUS

Examiner Comments

In this response precision is confused with resolution.
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ResultsPlus
Examiner Tip

Learn definitions of key terms given in the specification so that
you can write accurate descriptions in the examination.

1 A practical physics textbook states that “measurements may give a precise value for the
quantity being determined but this may not necessarily be an accurate value”.

(a) Describe what physicists mean by the terms accuracy and precision.

(2)

_____ eaY vead are Yo oo

(b) The temperature of the air in a room is measured using a mercury-in-glass thermometer.

Describe how the value for the temperature may be precise but not accurate.
(2)

?\ass ....... Pomorder  can  be .
whch  reduces C!.rty 335@7&?1(:
P(@Ctstaﬁ

can. skl

(-Uht(.' l”-

ResultsPlus

Examiner Comments

In this response accuracy and precision are correctly defined in
part (i), but in part (ii) systematic error is linked to precision
rather than accuracy.
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Question 2 (a)

This question required students to state why a data logger would be suitable in this investigation.
The responses seen would tend to indicate that many students had learned some generic
advantages of using a data logger without considering how relevant these would be for the stated
investigation.

The answer expected was that the data had to be collected over a long time. However, very few
realised the significance of the length of time involved. A significant number of candidates said in
answer to this question that data loggers were able to take many readings in a short time period or
that reaction time didn't have to be taken into consideration. The prevalence of responses that
repeated standard advantages of using data loggers rather than considering the specific
experiment referred to in the question meant that very few candidates were awarded this mark.

2 A student is investigating how the internal resistance of a dry cell varies over time.
She sets up the circuit shown to draw current from the cell.

>

to
data logger
—>

220Q —_

(a)
N
The student proposes to use a data logger to monitor the terminal potential difference (p.d.)

of the cell over a period of time,

(a) State why a data logger would be suitable to collect data in this investigation.
(1)

i The. . Data _"_Lﬁ_'j__f’_f.g G ..fz_(of - aﬁau/ﬁmﬂszcj" V_C?/Qﬁ__ﬁv__c&_u_

ResultsPlus

Examiner Comments

This response is typical of many seen. Although it may be an
advantage to the experimenter that the graph is plotted
automatically, this is not a good reason for why a data logger
should be used.
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2 A student is investigating how the internal resistance of a dry cell varies over time.
She sets up the circuit shown to draw current from the cell.

—
to
data logger

O

The student proposes to use a data logger to monitor the terminal potential difference (p.d.)
of the cell over a period of time.

2200 I

(a) State why a data logger would be suitable to collect data in this investigation.

ResultsPlus

Examiner Comments

In some applications, these would be reasons for choosing a
data logger. However, in this application the time interval is not
short, and reaction time is not an issue.

4 ResuitsPlus
Examiner Tip

Always relate answers to the context given in the question.
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Question 2 (b) (i)

This question tested students’ understanding of e.m.f. and terminal potential difference.

Although a few students referred to voltage, the majority of students did use the term 'potential
difference’ in their answers thereby gaining MP1. However, a significant number failed to mention
that the (external) resistance in the circuit remained constant and so were not awarded MP2. Some
students tried unsuccessfully to answer this question by stating that the current would reduce due
to a decrease in the energy per unit charge flowing through the cell over the lifetime of the cell.

(1) Explain, using the graph, why the current drawn from the cell decreases as the
chemical energy store in the cell is depleted.

ResultsPlus

Examiner Comments

This response correctly states that the potential difference across
the cell is decreasing as the chemical energy store is depleted,
but they omit to say that the resistance in the circuit remains
constant for MP2.

(i) Explain, using the graph, why the current drawn from the cell decreases as the
chemical energy store in the cell is depleted.

(2)

ﬂ"- ............ r “'*‘“""“‘- ......... i u-t‘-"'ut"i ........ ¢ ﬂ-'l'"“)', ...... m”";tﬂﬂn"’ﬂ*
a—cf\“"‘“‘!’hﬂaj*zplﬂl(‘ul mes , H\t ]'E\'"*-'ha] e PJ qHI-

As V:IR, o EEgmm R wmb, & gallin p.d

h.“l“-ﬂl‘bndql[mwﬂclﬂ
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ResultsPlus

Examiner Comments

Although the language used in this response is quite awkward,
there is enough for both marking points to be awarded.

Question 2 (b) (ii)

Nearly all students were able to use the graph to obtain a suitable value for the potential
difference. However, a significant minority used the e.m.f. with the external resistance to calculate
an incorrect value for the current. Some students failed to realise that the current is the same for R
and r. Some students appeared reluctant to use decimals and did most of the calculations with
fractions. This sometimes led to arithmetic errors. The unit was sometimes omitted from the final
answer.

(ii) Determine the internal resistance of the cell when its chemical energy store is
80% depleted. Assume that the e.m.f. of the cell remains constant at 4.0 V.

ResultsPlus

~ Examiner Comments

This response scores all 3 marks.
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(ii) Determine the internal resistance of the cell when its chemical energy store is

80% depleted. Assume that the e.m.f. of the cell remains constant at 4.0 V.
(3)

................... Nhaﬁﬂ"!o&a_f:lowl‘faszv PO

ResultsPlus

Examiner Comments

In this response the circuit current has been calculated by
assuming that the e.m.f. rather than the terminal p.d. of the cell
is across the resistor. Hence the final answer is incorrect and out

of range.
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Question 3 (a)

The majority of students correctly identified the micrometer as a suitable measuring instrument.
Some mentioned digital calipers which was acceptable, but a common incorrect answer was vernier

calipers.

3 A student 1s investigating the properties of steel. He has fifty steel discs available.

Each disc has a diameter d = 1.3 ¢cm and a thickness f = 2 mm,

(a) State a suitable measuring instrument that could be used with a single disc to measure .
(1)

NN, N DR

ResultsPlus

Examiner Comments

This was a common wrong answer. However, digital calipers
would be suitable, as they have a higher resolution than vernier
calipers.

ResultsPlus

Examiner Tip

Consider the resolution of all the measuring instruments
available to allow the most suitable instrument to be selected.
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3 A student is investigating the properties of steel. He has fifty steel discs available.

Each disc has a diameter 4 = 1.3 cm and a thickness 1 = 2 mm.

(a) State a suitable measuring instrument that could be used with a single disc to measure 1.
(1)

A-Sedem gl e INE sl MR s

ResultsPlus

Examiner Comments

In this response “screw gauge” on its own would not be enough
to score for the mark. However, “micrometer" has been added in
front of screw gauge and so the mark can be awarded.
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Question 3 (b)

Most students were able to calculate the volume and the mass of a disc. However, a common
mistake was to divide the resolution (0.2) instead of the uncertainty (0.1) by the percentage
uncertainty of 0.5% to find the total mass needed. A common method seen was to try to use trial
and improvement to find the correct number of disks. Applied correctly this could score full marks.
However, many responses of this type were incomplete.

(b) A balance which can measure mass with a resolution of 0.2 g is available.

Determine the minimum number of discs that should be placed on the balance together if
the percentage uncertainty in the measurement of the mass is to be less than 0.5%.

(4)
density of steel = 7900 kg m™

R V.83 N0 ¢ GG gty L

i, - Teerr /5
164« /0 Minimum number of discs = ... o

ResultsPlus

Examiner Comments

This response scored all 4 marks.
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(b) A balance which can measure mass with a resolution of 0.2 g is available.

Determine the minimum number of discs that should be placed on the balance together if
the percentage uncertainty in the measurement of the mass is to be less than 0.5%.

(4)
density of steel = 7900 kg m™

r--.. .O 65.;m = 0.0065m. k= ©.9292m ..
= 3\(0 OO&S);?ﬁ) ©02)..
3 3 545107 m?

7L B.5A0TT 2 2T

) .2 .,..3.9..x._m_7.%_k3__

= 2.90. N> .2 | '
L &S ONG S e 100 - = - O. 3 Yo ...
Minimum number of discs = iE)

ResultsPlus

Examiner Comments

In this response the volume of the disc is incorrectly calculated,
as the expression for the volume of a sphere has been used.
Although the equation is not written down, it is clear that this
incorrect volume has been used with the density to calculate a
value for the mass of the disc and so MP2 can be given. The
resolution has been used to calculate a percentage with a
random number of 15 discs to give a percentage lower than
0.5%. It is likely that a trial and improvement method is being
used, but in this case the method is incomplete.

ResultsPlus

Examiner Tip

Learn the expressions for volumes of regular objects so that you
don’t confuse the volume of a cylinder with the volume of a
sphere.
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Question 3 (c)

This question assesses students’ ability to calculate and combine uncertainties.

The percentage uncertainties in diameter and thickness were often correctly calculated, however
some calculated the percentage uncertainty in the radius which was incorrect. Multiplying the
percentage uncertainty in the diameter by two to find the percentage uncertainty in the area was
usually seen in the majority of answers. Many students round up too early in their calculations,
which can give an inaccurate answer. Some tried to calculate maximum/minimum values for
volume and then calculating the percentage uncertainty in the final answer from these values. The
final answer was expected to be given to no more than two significant figures.

(¢) The measured uncertainty in 4 is +0.1 mm and the measured uncertainty for
t is £0.05 mm.

Determine the percentage uncertainty in the calculated volume of the disc.

o\ \oo-0.2A3 %

R
PA

= 2N
QMWQG,.MI\LM:‘;O‘—\U,x24 -5
I lA" O({ - Lo

ResultsPlus

Examiner Comments

This response would score full marks if the final answer were to
be given to 1 or 2 significant figures rather than 3.

ResultsP!

Examiner Tip

When calculating uncertainties, remember that these are
estimates. Final answers for uncertainties should be givento 1 or
2 significant figures.
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Question 4 (a)

In this context “criticise” means that inconsistencies in the recording of the data should be
commented upon. However, some students commented upon the data collection rather than the
data recording.

The most common answer given was that current values should all be recorded to the same
number of significant figures. The correct answer, which was less commonly seen, was that the
current values should be recorded to the same number of decimal places or to the same
resolution. When dealing with raw data the resolution of the instrument being used (and hence the
number of decimal places quoted) is key. The number of significant figures quoted for raw data
may, but does not have to be, consistent.

4 A student set up the circuit shown and measured the current / through the filament lamp
for a range of values of potential difference (p.d.) V.

e
%t ™

D

The student’s data is shown in the table.

VIV I/A
3.0 0.6
4.0 0.75
6.0 1.00
8.0 1.20
10.0 1.35
12.0 1.5

(a) Criticise the student’s recording of the data.
(1)

e resua\n oce  not.o\ te. e Sopse

e AANDR/ D ARCANNAA DA S
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ResultsPlus

Examiner Comments

This is a correct response.

(a) Criticise the student’s recording of the data.

urCS Ma{ n.c‘f' ﬂe
5.

Sas

(1)

ResultsPlus

Examiner Comments

This response is incorrect, as it identifies the same number of
significant figures rather than the same number of decimal

places. In addition, there is a comment about the data collection,

rather than the data recording. This was seen relatively often,
but did not score a mark.

‘ ResultsPlus
Examiner Tip

Read the question carefully to ensure that your response is an
answer to the question.

GCE Physics 9PHO 03
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Question 4 (b)

This item required students to “assess the validity” of a statement, which requires students to draw
a conclusion from the information provided. Hence it is vital for full marks that students bring the
two pieces of evidence together to make a conclusion that refers to Ohm'’s law.

Many correctly stated that Ohm'’s law required current to be directly proportional to p.d., so the line
should pass through the origin if the law was to be obeyed. They then went on to say that as the
line didn't pass through the origin then the student’s statement was not valid.Few said that the
correct line should be a curve or that, as the question was about a filament lamp, the line would not
be linear. Some looked for reasons why the student’s statement was correct, such as a systematic
error in the data.

(b) The student drew a graph of how current varies with p.d. She drew a straight line on
the graph and claimed that the data demonstrates that the filament lamp obeys Ohm’s
law because the graph is linear.

2.0

1.8

1.6

1.4

1.2

1.0

I/A

0.8

0.6 us

0.4

0.2

0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Viv

Assess the validity of the student’s statement.
“)

_______ Ohts.. Jonmt Shies.. Fhat.. CooaTentt c—cdd  Volboge. oo ..
......... directle. . Progra i .. L hi3. caeg@h.  nls. Shenss. Ftk.....
Fhasr 292 Prowodnond. j b, 1. divker. it Tt A eemiA. ...

é%m.ﬁ:‘du)awl ......... O B
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N

N,
<N / ResultsPlus
?/\ Examiner Comments

This response makes a correct statement of Ohm'’s law and
identifies that the line drawn does not pass through the origin.
However, there is some confusion in the statement of the
conclusion as it is thought that the graph shows a “proportiona
but not a “directly proportional” relationship. The idea that a
straight line shows a proportional relationship and a straight line
through the origin shows a directly proportional relationship is
was a common misconception seen in a number of responses.

|II

&6\ ResuitsPlus

\ Examiner Tip

If there is a (directly) proportional relationship between two
quantities, then a straight line that passes through the origin will
be obtained when a graph of the two quantities is drawn.

GCE Physics 9PHO 03
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Assess the validity of the student’s statement.
4)

poprtioal. Tp  more readtings vere taten
Yetu OVW\J BV He corfe woulel be
MQ‘C_ M'f‘rca,b(e

%Z Results?lus

This is a good response scoring all 4 marks.

ResultsPlus
Examiner Tip

Remember that not all mean lines are straight. Sometimes data
indicates a curve rather than scatter about a straight line.
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Question 4 (c)

This question required students to be familiar with the potential divider circuit. It is clear from the
range of responses seen that most students had little idea how to draw a potential divider circuit.
This may be due to insufficient practical experience of such circuits.

Many answers were copies of the original circuit with the components arranged in a slightly
different order. Many students thought a rheostat controlling the current in the circuit would also
act as a potential divider. The ammeter was often moved closer to the battery and some students
simply replaced the battery with a variable power supply.

(c) Using the circuit shown the student was unable to obtain data for p.d.s less than 2.5 V.

Draw a diagram of a circuit the student could have used to enable a full range of p.d.s from
0to 12 V to be investigated.
(2)

1~

Y

Examiner Comments

The circuit drawn is correct and scores both marks.
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(c) Using the circuit shown the student was unable to obtain data for p.d.s less than 2.5 V.
_ ——————

Draw a diagram of a circuit the student could have used to enable a full range of p.d.s from
0to 12 V to be investigated.

—r-k

(2)

ResultsPlus

Examiner Comments

At first glance this circuit looks like a potential divided circuit.
However, it is just another way of indicating that there is a
variable resistor in the circuit. Also note that the voltmeter is not
measuring the potential difference across the lamp.

4 ResultsPlus
Examiner Tip

Voltmeters are connected in parallel with the component across
which they are measuring the p.d.
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(c) Using the circuit shown the student was unable to obtain data for p.d.s less than 2.5 V.

Draw a diagram of a circuit the student could have used to enable a full range of p.d.s from
(2)

0 to 12 V to be investigated.

(rrZ

A= (Total for Question 4 = 7 marks)

ResultsPlus

Examiner Comments

The circuit includes a potential divider, but the ammeter is not
measuring the current through the lamp.

ResultsPlus
Examiner Tip

Ammeters are connected in series with the component through
which they are measuring the current.
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Question 5 (a)

In part (i) the majority of answers identified the outlier, which was 87.5 cm, and correctly calculated
a more accurate value for the mean length. Some students re-did the calculation giving their
answer to a greater number of significant figures. In part (ii), the calculation of the time period
using the more accurate value was usually carried out correctly. The most frequent mistake was to
forget to convert the mean length in cm to a length in m, which resulted in a value for T which was
out by a factor of 10.

5 A student is using a simple pendulum to determine a value for the acceleration of free fall g.

!

|

(a) She measures the length / of the pendulum four times with a metre rule and records
the following values.

I/em
lil] I! I:!- l‘:
85.5 86.0 87.5 85.5

She calculates the mean length /_ of the pendulum using the following method:

85.5 + 86.0 + 87.5 + 85.5

1, = " = 86.1cm
(i) Calculate a more accurate value for / .
(2)
...................... 359 396.0495.5 2 96 67
................................................................................ e
1= 998%m ..
(ii) Determine the time period of the oscillations of this pendulum, using your
calculated value for 7 .
(2)
Time period of oscillations = ..., 2.5 7 ........ R
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N / ResultsPlus

‘v| < Examiner Comments

In part (i) the outlier has been excluded from the calculation of
the mean length, but the final answer is given to too many
significant figures. In part (ii) the length in cm has been
substituted into the expression for time period.

N\
y \
e 7
;‘/
Y

. ResultsPlus
~_\

) Examiner Tip

\
\

Ensure that all quantities are expressed in Sl units before
substituting them into an equation.
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(i) Calculate a more accurate value for / .
(2)
g5.5 + 960+ 8754855 ©ra2s

(ii)) Determine the time period of the oscillations of this pendulum, using your
calculated value for /.

0%0IS @)
Time period of oscillations = “36[7%

ResultsPlus

Examiner Comments

In part (i) the outlier has been included in the calculation of the
mean length, and the final answer is given to a greater number
of significant figures than in the question. In part (ii) the length in
m has been substituted into the expression for time period.
Once again the final answer is given to too many significant
figures.

ResultsPlus
Examiner Tip

The number of significant figures in your final answer should
reflect the number of significant figures in your raw data.
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Question 5 (b)

Using an increased number of oscillations was the most common response, although students who
gave this as a response sometimes omitted to give a reason why this modification should be made.
Fiducial markers were often suggested, but usually placed at A rather than O. Very few students
suggested letting the pendulum settle before starting to time. Suggestions of a larger amplitude or
a longer length for the pendulum were more common than might have been expected. Many
students made glib references to the use of a data logger or a video camera assuming that these
would automatically lead to improved values for T.

(b) She sets the pendulum into oscillations with small amplitude and uses a stopwatch to
determine the time period.

The student releases the pendulum at A and simultaneously starts the stopwatch. She
measures the time taken for 5 oscillations and divides the value by 5. She repeats the
procedure twice and calculates a mean time period.

Explain two modifications to the student’s method that would improve the value

obtained for the time period.
4)

vse ohaba  logger nsked of

Cenction speact)

""Gbuc.n_ _________________ S.a_b{-am_z_ LVl S‘Eccmk cn/ of cﬂ?
amoun o eosellabcon S

ResultsPlus

Examiner Comments

It's not clear how the use of a data logger would improve the
value obtained for T. The idea that the student should count a
number of oscillations that occur in a set time was seen in a
number of responses, although this would lead to a less accurate
value for T.

GCE Physics 9PHO 03
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ro STl yume  qd  Peak  APlace it

(.ﬂ !‘l‘e"nﬁd'\\;[;f 5S¢ +L-'l.$ 6#&‘{ &Pﬂwﬂ( Lpl:-ﬂ. g Canmrt Uraf

Covnt §rawtsS dor lo —lo OScillatons Ve calctas Ty From
- E (Total for Question 5 = 8 marks) 1)

ResultsPlus

Examiner Comments

This response scores 2 marks for the idea of increasing the
number of oscillations to reduce the percentage uncertainty.

However there isn't enough detail given in the other suggestion
for any further credit to be given.
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Question 6 (a)

The specification gives a number of standard derivations that students should be familiar with. It
was encouraging to see that the vast majority of students were well prepared to answer this
qguestion.

Most students made a creditable attempt at answering this question, usually with the desired
outcome. Some students carried out some complicated algebra, which was in fact correct, to get to
the right answer. Some students did not make explicit referenceto /=1, +/,, and a common
mistake for those using the correct method was omit to state that the p.d. values were the same. A
significant minority of students referred to identical resistors, which wasn't what was required. A
number just quoted the final formula, sometimes using this to show the combined reciprocal
formula for R

6 A student is experimenting with different combinations of springs and recalls that in
physics it is often possible to model different physical situations in similar ways,

The student suggests that a parallel combination of springs could be a model for a
parallel combination of resistors in a circuit.

k k _—-}—_—' &;"J(\/

]

F

:

(a) Derive an expression for the effective resistance R, of two resistors R, and R,
connected in parallel in a circuit.

P oraller 3

g, . X
ResultsPlus

Examiner Comments

This response assumes that the two resistors have the same
resistance. It gives just enough detail for 1 mark to be awarded.
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6 A student is experimenting with different combinations of springs and recalls that in
physics it is often possible to model different physical situations in similar ways.

The student suggests that a parallel combination of springs could be a model for a

parallel combination of resistors in a circuit.

f,;\ﬁ‘f <. %* Ta
T 2 " e ffd"f—
%Kl __IQ..\' \""II
k b =T
K
l : .| R R | &
? |

F

|

(a) Derive an expression for the effective resistance R, of two resistors R, and R,

connected in parallel in a circuit.

In perlad, gvoltege Ts  see ok cuved  splits:

...... Teees TomTa o T2 %
[ S %,H: %-—* v B V‘ ..... Fy ﬂ‘* ....... £ Mf’ ..........................................
...................................................................................................................................................................... P T

ResultsPlus

Examiner Comments

This response scores all 3 marks.
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Question 6 (b)

This question was set in a novel context and on the whole it was poorly answered. Those students
who dealt reasonably well with the context often omitted to give enough detail in their responses.

A significant number of students were able to earn 3 marks for stating that the spring constant was
double that of a single spring, the total resistance was half and that the suggestion was invalid.
Answers that provided more detail usually mentioned the force sharing but not that the extension
would be half. The equation for resistance quoted was often the general equation from (a) rather
than the equation for equal resistances, which was the one required. Maybe some students were
over focused on stating the conclusion, rather than developing the physics that led to the
conclusion.

(b) Assess the validity of the student’s suggestion by considering the effective stiffness of
two identical springs in parallel.
(6)

................ WASN. SPINQS.  Are  Comeard. . o eonrald.
_taRir. evak vaua..of... Chens  (sedt @el
by krz vl Oergse. 9@ sudodo | oeqqelon

wmﬂfa%wmmwmrm

ResultsPlus

Examiner Comments

This response is typical. The two situations are being compared
correctly, but there isn't enough detail in the response for more
than 3 marks to be awarded.
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ResultsP
Examiner Tip

In questions that ask you to assess the validity of something, be
sure to include sufficient detail of the physics theory that allows
you to make your assessment.

(b) Assess the validity of the student’s suggestion by considering the effective stiffness of
two identical springs in parallel.

(6)

ResultsPlus

Examiner Comments

In this response there is some detail given relating to the
effective resistance of a parallel resistor combination, although
no detail explaining why the effective spring constant of the
parallel spring combination should double.
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Question 7 (a)

The vast majority of students were able to use the equations mcA8 and mL, but the key error was to
forget to include all of the heat transfers. It was usual for the energy transfer as the condensed
steam cooled to be omitted from the calculation. Some students needlessly converted the
temperatures from celsius into kelvin.

7 A student carried out an experiment to determine the specific latent heat of vaporisation
of water using the apparatus shown.

The water in the flask was heated and steam was forced out of the flask and through the
glass tubing into the cold water in the insulated cup. The steam condensed as it passed
into the cold water.

(a) The initial temperature of the cold water was 18.5°C and the mass of water in the
cup was 255.0 g. After steam had been passed through the water for some time the
temperature had risen to 26.0 °C and the mass of the water in the cup was 258.3 g.

Calculate the specific latent heat of vaporisation of water.
3)

specific heat capacity of water = 4190 J kg K~

My B Shtr— Gatliard = 3P s 3-3Ixmte ey

......................... Bt 1B s B 1A B 8§ B B E B L 8B A E A LR A A A L R R RS A R LA L R B L LR B AL AR LS A L LR LA L LR R R A A R R U R R R R R R R R R R R LR

Specific latent heat of vaporisation of water = .. 2:'&"Tka""

ResultsPlus

Examiner Comments

This response scores all 3 marks.
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ResultsPlus

Examiner Comments

This response scores all 3 marks.

ResultsPlus
Examiner Tip

Begin by writing a word equation for the energy transfers
involved as the steam condenses and then cools down.
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Question 7 (b)

From the responses seen it was clear that many students could not visualise this experiment, and
so they struggled to understand aspects of the method. Many students fell back on GCSE answers
like ‘use a stirrer’ or made vague statements such as ‘energy is lost'.

In part (i) few students realised that the reason for leaving the water boiling for a few minutes was
to bring the tubing up to temperature, so that steam didn’t condense in the tubing. Most students
wrote about making sure all the water reaches boiling point, or to give enough time for all the
water turn into steam. Some students thought that time was needed to break the bonds in the
water molecules, or for the steam to gains enough kinetic energy to move to the cup. In part (ii)
many students identified the source of error as energy transfer to the surroundings but many
failed to say, ‘from the tube’. Also, many students mentioned insulating the flask or the cup (already
insulated) rather than insulating the tube. Many correctly said that the tubing should be insulated
or shortened, but were often less precise in describing the reason for this.

(b) (i) Explain why the water was heated to boiling point and left boiling for a few
minutes before the insulated cup of cold water was put in place.
(2)

_________ W AOS MR A DOV JEV 0 AR OO UACS. ... 86 AL TS
L SOMAA . PARD..... QAR AT DR ODAAS.... Db (0. SCh.. OO OSCaL..

RS e17Y Vo SN <oy 'L SN e T7.& S Mm%ﬂmtmrw@fwﬁﬁp%mnf

(i) Identify a significant source of error in this experiment and the steps that should
be taken o minimise its effect on the calculated value of the specific latent heat
of vaporisation of water.

2)
SRR MPALADATR. . MEe & e Colch . waatlr. . couddh  Re \ncalrect..

A CONNECTON,. Cas rent s focnn in.. Tae INSMACUEA. . . 80 Tha ...

"(I}.‘TMMWL\MUL%SMWL%hM%MSMKK%S$kT

..... Shshdh... \oe .. INALMXCA s ol e e adber. hab (ng.. 4

odasl, of L.
oveler TV minimise it effect onTh {T\‘;nl for Question 7 = 7 marks)
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< / ResultsPlus

| /< Examiner Comments

Expelling air from the tubing is a good idea, but for this we would
not need to keep the water boiling for a few minutes before
putting the cup in place. In part (ii) there is a reference to stirring,
which is ignored. However, there is a good description of
unwanted energy transfer and lagging for 2 marks.
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Question 8 (a)

Most students were able to calculate the magnification. A number of students thought that they
should use the area of the object and that of the image on the screen. In weaker responses they
substituted the image and object height into the lens formula. Some chose to substitute for u
rather than v and failed to find v through the magnification or a second use of the lens formula. The
manipulation of the lens formula also proved beyond some students. Quite a few students used
the u = f method successfully.

8 A converging lens can be used to produce a real image on a screen.

(a) A converging lens of focal length 15.0cm is used to project an image of an
illuminated object onto a screen. The object is a circle of diameter 4.0 mm and the
image must be as large as possible on a screen of size 0.75m by 1.25m.

Calculate the distance between the lens and the screen for this image to be displayed.

3)
C) 15

T5  1875-15 = AT

A
Distance between lens and screen = ?DECMA.

ResultsPlus

Examiner Comments

The magnification is calculated correctly, so MP1 can be
awarded. However, the lens equation is used incorrectly, and so
no further credit can be given.
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8 A converging lens can be used to produce a real image on a screen.

(a) A converging lens of focal length 15.0cm is used to project an image of an

illuminated object onto a screen. The object is a circle of diameter 4.0mm and the
image must be as large as possible on a screen of size 0.75m by 1.25m.

Calculate the distance between the lens and the screen for this image to be displayed.

-

(3)
iMNAgR $12¢* Q. 7SM.

 objecesize = 4xie™d
moaniﬁcatian: \27-S \

A
W Y o875

S g TG S e

Distance between lens and screen = 2 2Y1

ResultsPlus

Examiner Comments

This solution scores all 3 marks.
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Question 8 (b)

Many gave an expression for the inverse square relationship but did not define terms. The second
marking point was commonly awarded, with only a few students forgetting to make a statement
about validity. Those students who took the second route, considering power over an area, were
likely to score both marks. Some students failed to identify that the intensity or brightness of the
image would fall to one quarter of the original brightness. Some stated that it would fall by one
quarter, and some reasoned in support of the magazine statement that it would be one half of the
original brightness.

(b) A magazine article includes the statement:

P
I= %

If the distance from the lens to the screen is doubled, the brightness of
the image is halved.

Assess the validity of this statement.
(2)

L e (onS K owvwe W0 1 SCreen o dounledh

R LY WL Squaie (o0 U W00 Y B
W dorea wookd bam s ok veam . thoy
e Drighe,  of
ac:l\/mte,(u[/u cme LN WD NSk

ResultsPlus

Examiner Comments

In this response the idea that the area is quadrupled and so the
brightness falls to one quarter is correctly stated. However, the
use of “it” in “according to the inverse square law it will cover 4
times the area” leaves it unclear whether it is the power that is
being spread over this area.
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(b) A magazine article includes the statement:

If the distance from the lens to the screen is doubled, the brightness of
the image is halved.

Assess the validity of this statement,
(2)

wackt

e ORI S

Wualqd)? ‘ool

(3]

L e STTIUNR VA TDRY - LR £ ao S AN -t St ST e Wik T2 = ST

o Kvee~ 5 gewwled . ¥t wAsveYeen 1 gaaewkreeot,

ResultsPlus

Examiner Comments

An explanation based on equations, but little indication of what
the quantities being referred to are.

& ResultsPlus
Examiner Tip

If you are using an equation as part of a description or
explanation, always define the meaning of the symbols (unless
these are already given in the question).
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Question 9 (a)

This question asked students to discuss an explanation of the photoelectric effect produced by a
student. A description of the photoelectric effect without reference to the explanation given in the
stem was not an answer to the question and so did not score full marks.

This question should have been straightforward, but it was relatively poorly answered. The majority
of answers correctly said that there was a threshold frequency and one photon was absorbed by
one electron. Most went on to say that the energy needed to release electrons was called the work
function or, alternatively, that photon energy above the work function would release electrons.
However, many students did not make explicit reference to the work function. Few students stated
that photons had an energy given by hf.

9 A student has been learning about the photoelectric effect.

(a) The student was asked by his teacher to explain the photoelectric effect. He gave the
following explanation:

Light above a certain threshold is able to free
electrons from a meetal, because the Lioht aives
energy to electrons i the metal. -
Some o{ this energy is wsed to rvelease the
electrons from the metal and the rest becones

Rinetic energy of the freed electvon.

Discuss whether the student’s answer fully explains the photoelectric effect.

GCE Physics 9PHO 03
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ResultsPlus

Examiner Comments

This is a good response, scoring all 4 marks.

9 A student has been learning about the photoelectric effect.

(a) The student was asked by his teacher to explain the photoelectric effect. He gave the
following explanation:

Light above a certain threshold is able to free
electrons frome a veetal, because the light gives

eneray to electrons i the metal. B
Some?{ this eneray is used to release the
- electrons frome the veetal and the rest becomes
i lkinetic energy of the freed electron.

Discuss whether the student’s answer fully explains the photoelectric effect.
(4)

I'é‘(ot!-—fIO£f“lfjﬁxrﬂafq“c,‘{mf-c(cgf e

wo'”‘:funcé‘“ﬂ O ‘%Cﬂ;éalﬁﬂﬂa{

%cMre-réozij-"c;,ugﬂf)‘éajfcc.rm'jcq.c.g B
C{ccémnjfrnm#‘tma{dij’e {hc:-)) Mmus€

'ﬂa{,cl‘y-ck ce ey Ji:ffn-—e ﬁccbtévtfﬂgg
i;rofc'ée.tner)j(-tvd.r B {l,.-, mféec.(roa
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ResultsPlus

Examiner Comments

This response is quite confused and lacking in detail. There is a
reference to threshold frequency, which is just about enough for
MP1, but nothing else. The response seems to indicate that in
the photoelectric effect electrons are promoted to higher energy
levels by the incident light.
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Question 9 (b)

This question was generally well done. The majority of students correctly rearranged the
photoelectric equation so that they could compare it with y = mx + ¢. They then said that a graph of
stopping potential against frequency could be plotted with a gradient equal to the Planck constant
divided by the electron charge. Alternatively a graph of maximum K E, or eV, against frequency
could be plotted with a gradient equal to the Planck constant. Some students had difficulty
rearranging the photoelectric equation and the majority of students who gave a good answer
omitted to define ® as the work function in the photoelectric equation so would not gain full marks.

GCE Physics 9PHO 03 43



(b) The student sets up a circuit to investigate the photoelectric effect.
light
“y

photocell - el
v

AL
)

*___

The student illuminates the photocell with light of known frequency . A current

is produced in the circuit due to the emitted electrons. He adjusts the potential
difference, using a potential divider, until the reading on the milliammeter is zero and
records the corresponding reading ¥, on the voltmeter. He repeats this procedure for
other frequencies of light.

When the reading on the milliammeter is zero the maximum kinetic energy of the
emitted electrons is given by eV,

Explain how the student can use his results to determine a value for the Planck
constant h using a graphical method.
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ﬁ | { ResultsPlus

Examiner Comments

This is a good response, which gains all but the first MP. The
approach is quite algebraic, but there is enough detail given to
understand what the equations mean.
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(b) The student sets up a circuit to investigate the photoelectric effect.
light
“y

v N

photocell . <
' i th_#"
i %{
(A —

=/

The student illuminates the photocell with light of known frequency /. A current

is produced in the circuit due to the emitted electrons. He adjusts the potential
difference, using a potential divider, until the reading on the milliammeter is zero and
records the corresponding reading V. on the voltmeter. He repeats this procedure for

other frequencies of light. hEe g + !’2 N‘l.
When the reading on the milliammeter is zero the maximum kinetic energy of the
emitted electrons is given by eV, h§ = p’ + ‘4 e

Explain how the student can use his results to determine a value for the Planck
constant 4 using a graphical method. '

()

1 Con  record ina Jabl He

k
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N (7 ResultsPlus
E/N Examiner Comments

This response includes an introductory section on the data
collection, which isn't required by the question. However, the

detail given following this section is enough for all but the first
MP.
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Question 9 (c)
Although many students scored full marks on this question, some used this as an opportunity to
discuss wave-particle duality, which wasn't what was being asked. Photons were often mention

without specifying that these were the particles of light. Few students referred to the evidence of
photons having momentum in their answers.

(c) This experiment demonstrates the particle nature of light.

Explain what is meant by the particle nature of light.
L[ (2)

- L Ltwj
L LZ

ResultsPlus

Examiner Comments

This response gives little information other than a reference to
wave-particle duality, and so it did not score any marks.

ResultsPlus
Examiner Tip

Read the question carefully and make sure that your response is
an answer to the question being asked.
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(¢) This experiment demonstrates the particle nature of light.
Explain what is meant by the particle nature of light.

2

%Z ResultsPlus
Examiner Comments

This response says enough for both marks to be awarded.
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Question 10 (a)

The vast majority of students obtained a correct answer to part (i), but some used the wrong
equation of motion in part (ii), or sometimes the wrong distance. In weaker responses the total
distance was divided by the total time.

10 The Shanghai Maglev Train is the first commercially operated high-speed magnetic
levitation train in the world, connecting the airport and central Shanghai.

(a) The total distance travelled is 29.9 km and the total journey time is 440 s. The train
starts from rest and reaches a speed of 97 ms™' in 120 s.

(i) Calculate the average acceleration of the train during the first 120 s.
(2)

U=adat

Average acceleration of train = 03{»’“(

(ii) Calculate the average speed of the train for the period following the 120 s
acceleration.

(=t flhat’= YoMl = SEBIm
S oty oeathetio = 20.9¥ [0’ ,,—s'f?z= 24' aéf»ﬂ

(3)

4‘*“‘“‘““" Q?d‘f f’z"f N ?*z"‘

Average speed of train = ?{f“

ResultsPlus

Examiner Comments

This response scored full marks.
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(i) Calculate the average acceleration of the train during the first 120 s.

X (2)
26029. 94 x10° Ve
vros Sy P P 0 L o O S P PP TP P U D TSR
1 -
a=Y"2 . AT o 6.glms
................................................................................ f tw
...... LT )L,
-}
Average acceleration of train = .¢2: ¥TL/AS

(ii) Calculate the average speed of the train for the period following the 120 s
acceleration. o

Average speed of train = .. 5308 .

ResultsPlus

Examiner Comments

This response would have scored full marks, but MP2 in part (i)
could not be awarded as there is a unit error.

ResultsPlus
Examiner Tip

Always check the units of your final answer.
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Question 10 (b)

Most answers scored the first mark. Some students referred to “drag” rather than frictional force,
although those doing so usually qualified it with a mention of the tracks. A significant number of
answers referred to greater acceleration or higher speed but did relate this to the maximum speed
and as a result gained no credit. References to energy being “lost” rather than transferred or
wasted were relatively common.

(b) Electromagnetic forces enable the train to levitate above a steel rail.

Explain why magnetic ]evitatiun is an advantage for a high-speed transport system.
( 2)

.Hna_ eain. fo. qgo.i: uﬂu&s\m.o;r‘l spendh o Qtstrrem mtm_
en. xacks..

ResultsPlus

Examiner Comments

This response refers to “frictional drag”, and it is unclear whether
this means less resistive forces due to no contact with the rails or
less air resistance, so MP1 was not awarded. The phrase “go at
very high speeds a lot more easily” was not thought to be
sufficient for MP2.

ResultsPlus

Examiner Tip

Be sure to use technical terms accurately.
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(b) Electromagnetic forces enable the train to levitate above a steel rail.

Explain why magnetic levitation is an advantage for a high-speed transport system.
(2)

=< yva /rem /m chon beln Hao
(055 ama/ a.//

rr{ il MSe hzon. ﬂu‘smu
Sf&d E_A‘_v_ J/.g_ r"h.v"'z-

ResultsPlus

Examiner Comments

This is a good description of reduced friction, so MP1 is awarded.
The stated consequence of reduced friction (no energy loss) is
just enough for MP2.
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Question 10 (c)

This question 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 points, for which a maximum of 4 marks can be awarded. There are two further
marks available for appropriate linkage of ideas.

Although there are many examples of model answers to the first part of this question, as the
physics theory has been examined many times in the previous specification, students found it
difficult to apply the theory to the particular context given. Most responses seen included a change
in flux, and an induced e.m.f., but other steps were often missed out before the explanation
concluded with a reference to the change being opposed and a force being produced. Some
students just discussed Faraday's laws and did not relate these to the situation in the question.

*(c) A linear induction motor provides the force to accelerate the train forwards. A current
flows in sequence through coils of wire mounted in the track. The train is dragged
along as the magnetic field progresses along the coils of wire in the track. This is
similar to moving a permanent magnetic field away from a conductor.

A teacher demonstrates this effect by quickly removing one end of a bar magnet from
a suspended aluminum ring.

aluminium ring

direction of
movement

magnet

When the magnet is removed from the ring, the ring moves in the same direction as
the magnet.

Explain, using the laws of electromagnetic induction, why the ring moves in the
direction of the magnet.
(6)
BTV TV TTS/NN &% 7o SOOY W SR PRI NPT P S G 1 10 S VA S £ SN o7, S
e o lems low b St o) M fue Gk M Megrkic
B o) 'Ihfmgoppuu)‘rhm}lfwmduudf}fﬁw .
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N/ (ResultsPlus
ﬁ/\e Examiner Comments

This response omits any reference to changes in flux linkage,
although indicative content points 2 through to 5 are included. 4
indicative content points gives a mark of 3 for content. The lack
of a clear argument (no starting point and no end point) means
that no linkage marks are justified. and so this response scores 3
marks.

\ 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.
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%Z Results@lus

This is a good answer to the question. All 6 indicative content
points are made, giving a mark of 4 for content. The logical flow

of the argument is good enough for both linkage marks to be
given.
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Question 11 (a)

This item was very poorly answered with the vast majority of students scoring zero. Responses
indicated that it was a common misconception held by students that a satellite in orbit about the
Earth is so far away from the centre of the Earth that the gravitational field strength can be
assumed to be zero. Many students who thought that g was zero even argued this by using inverse
square law. The most common mark earned was for a reference to free fall, but those who scored
on MP1 often didn't then get MP2. There were occasional references to centripetal forces for MP2,
though the necessary qualifier, “all of the weight”, was rarely seen.

11 The International Space Station (ISS) is in a low Earth orbit. Astronauts in ISS have an
apparent weight of zero. In order to determine their mass, the astronauts must secure
themselves to a platform which is set into oscillation and moves with simple harmonic
motion.

(a) Explain why the astronauts in the ISS have an apparent weight of zero.
(2)

11\&7 0@ 0. an§ot_free- gn/},{xwwv& B Cath Aoty g
b Tm s Mwwwl‘ggim

ResultsPlus

Examiner Comments

Both marking points are seen here, so full marks for this
response.
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Question 11 (b)

Most students have an idea what simple harmonic motion is. However, although many students
seem well trained on this question, many failed to score full marks. This was generally due to
missing words in their statement, such as not specifying the point that displacement is measured
from. A small number of students stated that displacement is measured from equilibrium. In a
formal statement of simple harmonic motion they should be clear that they are measuring
displacement from a point or position. Some students used an equation, but did not define the
terms.

(b) State what is meant by simple harmonic motion.
(2)

CALS AR W KT g« Do e e Ml wien
\003 A A

W W\_\-\iji _ca.(.txve waovdd
PRI Lwn Mo AN O‘PY‘:"‘\_*Q cwae,dxw Joo

o= IS P\U\C.AMM“

ResultsPlus

Examiner Comments

Both marking points are seen here, so full marks for this
response.

ResultsPlus
Examiner Tip

Learn standard definitions so that your answers to questions like
this are accurate and complete.
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(b) State what is meant by simple harmonic motion.
(2)

4%(%&?1;4&/&&@;{@1’%@{2{,&0a&;,ﬂ/amm,f,zn/%m ..............
GRROIIL... QULLLACN..... AALLL 022D, QLAY D QCES. ADAALTL. L.

B S G

ResultsPlus

Examiner Comments

In this response the displacement is not specified as being from
the equilibrium position, so MP1 is not awarded. The response
then continues with an ambiguous statement “in the opposite
direction”. It's not clear what it's in the opposite direction to.
However, the response then goes on to specify that acceleration
always acts towards the equilibrium position, and so MP2 can be
awarded.
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Question 11 (c)

Part (i) was usually well answered with students saying that a large number of oscillations (greater
than 5) was timed to determine the time period and hence the frequency. Part (ii) was not usually
as well answered as part (i). To be correct they had to say that the amplitude was measured and
then the maximum speed was determined e.g. by USINg Vinayx = 2T Xmay-

Many used v =-Awsinwt in their explanation but did not state sinwt was equal to 1 so were not
awarded MP2. Common incorrect answers related to measuring an average speed (total distance
over time period), rather than a maximum speed.

(c) Describe how, using a stopwatch and a ruler, the following quantities could be
determined for the oscillating platform:

(i) the frequency of oscillation

@

U Ascithians, iy S [0 Oxllateay

 collbe e cth o c,wwoé M:ﬁfw{fa/é}}@ﬁx clulte o 50, ,aam/
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(i) the maximum speed of the platform.

(2)
‘stoncl
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ResultsPlus

Examiner Comments

Both marks can be awarded for part (i). However in part (ii) the
response ignores that this is simple harmonic motion and
suggests that we can just calculate the average speed, so no
credit for part (ii).

60 GCE Physics 9PHO 03



(c) Describe how, using a stopwatch and a ruler, the following quantities could be
determined for the oscillating platform:

(i) the frequency of oscillation

(2

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

...... Q. Vmox.... )
NET AW siawt. ., whers. A ampldude  ond i time.
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ResultsPlus

Examiner Comments

A good response to part (i), but part (i) can only be given 1 mark,
as it is not clear that in the velocity expression sinwt = 1.
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(¢) Describe how, using a stopwatch and a ruler, the following quantities could be
determined for the oscillating platform:

(i) the frequency of oscillation

athoe tde, Voo ko hure WA o Che
M ..................... bl lua i) anned. M% ..... by lb.....

Ww . MM M (:

%Z ResultsPlus
Examiner Comments

A good response to both parts, and so full marks.
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Question 11 (d)

The explanation should include reference to the kinetic energy equation as well as the expression
for the maximum velocity. It follows that if x,,,,, is doubled, E, is quadrupled. However, this was not
often seen.Nonetheless, many correctly stated that K.E is quadrupled and so were awarded MP2.

LJ L= ,' L 'I i : .1_ M
(d) The platform continues to move with simple harmonic motion at the same frequency, ae g

but its amplitude is doubled. PNVIr anhe
Sty fti

(2)

B MCA G V2, P e E Al plogis S

L P ke = Y grate o2 }:4,0!7%5{ 1 A

Explain how the maximum kinetic energy of the platform will change.

ResultsPlus

Examiner Comments

A good response that gives enough detail for both marks to be
awarded.

GCE Physics 9PHO 03 63



Question 12 (a)

This question is an extended writing question which assesses the students’ ability to show a
coherent and logical structured answer with linkage and fully sustained reasoning. There are 6
indicative content points, for which a maximum of 4 marks can be awarded.There are two further
marks available for appropriate linkage of ideas.

Although the physics theory has been examined many times in the Legacy specification, students’
responses were often lacking in detail. Some students thought that the question was asking for a
mathematical derivation of the pressure equation, and so limited the marks that they could be
awarded for their response. Many students correctly stated that as the temperature increases the
molecular velocity/kinetic energy increases, as does the momentum. Fewer said that the rate or
frequency of collision (or even the time between collisions) with the container walls increases as a
result. Some students talked about collisions, but did not make a reference to the container walls.
This implied that the collisions could have been with each other, which would not have explained
an increase of pressure. Some students talked about gas and didn’t mention atoms or molecules at
all. The idea that the rate of change of momentum is equal to the force was regularly expressed as
an equation without the terms being specified. Similarly, pressure as force per unit area was
frequently expressed as a formula without defining the terms.

12 Our understanding of the atom has developed over time, from early models in which
atoms were considered to be hard incompressible spheres, through to the nuclear model
of the atom and the ladder model in which electrons exist in a discrete number of allowed
energy states.

*(a) The model of atoms as hard incompressible spheres, moving rapidly and randomly,
can be used to explain why gases exert a pressure.

Explain, using ideas of momentum, why the pressure exerted by a gas increases as

the temperature of the gas increases.

(6)
tha
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| /< Examiner Comments

In this response all indicative content points except point 3 are
seen, although the clarity of expression is variable.5 indicative
content points equates to a mark of 3 for the content. 2 linkage
marks are available, although the clarity of the argument is such
that only 1 linkage mark was actually given. Overall this gave a
score of 4 marks.

<A\ ResultsPlus
\ Examiner Tip

Be specific and use technical terms wherever possible.
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12 Owr understanding of the atom has developed over time, from early models in which
atoms were considered to be hard incompressible spheres, through to the nuclear model
of the atom and the ladder model in which electrons exist in a discrete number of allowed
energy states.

*(a) The model of atoms as hard incompressible spheres, moving rapidly and randomly,
can be used to explain why gases exert a pressure.

Explain, using ideas of momentum, why the pressure exerted by a gas increases as
the temperature of the gas increases.
(6)
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| /< Examiner Comments

This is a good answer to the question. All 6 indicative content
points are made, giving a mark of 4 for content. The logical flow
of the argument is good enough for both linkage marks to be
given.

4B\

| ResuitsPlus
\

) 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.
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Question 12 (b) (i)

The electric potential equation is new to the current specification, and many students seemed to be
unfamiliar with this equation.

Many students tried to use the Coulomb force equation incorrectly. Some students obtained the
correct answer by using work done equals force time displacement. This was usually done by
making the displacement equal to the minimum distance between the alpha particle and the gold
nucleus, which is incorrect. Nonetheless such students could still score marks for giving correct
charges for the alpha particle and gold nucleus, or for converting the kinetic energy from MeV into
J. In converting MeV to Joules some students had problems with powers of ten. Despite the relative
unfamiliarity of the electric potential equation, some good correct solutions to this question were
seen.

(b) The nuclear model of the atom was established following a series of experiments in La @
which alpha particles were directed at thin gold foil. .._'___2

alpha particle approaching a gold nucleus, '’; Au, head-on will be brought to ¢
t and returned along its original path.

Calculate the minimum distance between the alpha particle and the nucleus for
alpha particles of energy of 5.5 MeV.

o )
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. . =
Minimum distance = 4. 13310 "

ResultsPlus

Examiner Comments

This is a good succinct answer to the question, so all 4 marks
awarded.
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(b) The nuclear model of the atom was established following a series of experiments in
which alpha particles were directed at thin gold foil.

(i) An alpha particle approaching a gold nucleus, 2] Au, head-on will be brought to
rest and returned along its original path.

Calculate the minimum distance between the alpha particle arid the nucleus for

alpha particles of energy of 5.5 MeV.
(4)
Lo AT 90w 9 =L, Seme\ .
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Minimum distance = LI er e mo

ResultsPlus

Examiner Comments

This response looks correct, and the answer is what we are
expecting. However, the electric potential equation has not been
used.Instead the method uses work done = force x displacement
with the Coulomb force equation. This cannot be correct, as the
displacement of the alpha particle as it approaches is not equal
to the distance between the alpha particle and the gold nucleus.
However, the response can score the MP1 and MP2.

ResultsP

Examiner Tip

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 12 (b) (ii)

Many students were able to say that electrons were behaving like waves and that the electron
wavelength was similar to the atomic spacing. Fewer gave the de Broglie equation in words as the
link between these two ideas. Quite often the equation was referred to without saying what it was,
or the formula was given without defining the terms. Many students made reference to wave-
particle duality, but did not focus sufficiently on the wave nature (which is what this experiment
demonstrates). Responses were often spoiled through lack of clarity, or, in some cases, by
confusing this experiment with the Rutherford alpha particle experiment.

(ii) It is observed that electrons, with energy of 5.5 keV, are diffracted as they pass
through the thin gold foil.

Explain a conclusion about the electrons that can be made from this observation.

(3)
S 17 VRO < 7 W 3 Pey-S £ | CERI T STt - TCT\. "= S
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ResultsPlus

Examiner Comments

This scores MP1 and MP3, but doesn't give the link between the
wavelength and the momentum.
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Question 12 (c)

Many responses seen used the basic ideas outlined in the stem of the question without adding any
further detail. Students did not always make it clear which electrons were elevated to a higher
energy level, and some referred to the atom as gaining the energy. Energy states/levels were
commonly used but the importance of the energy difference between states was not always made
clear and those that did mention that the photon energy, E, was = hf did not always link this to large
energy difference and high frequency radiation.

A number of students thought that this was a question about nuclear fusion/fission or some other
nuclear activity, and some students confused this with the photoelectric effect or ionisation. Some
considered that the incident electron would be absorbed by the nucleus, make it unstable and as a
result the nucleus would emit gamma radiation.

(c) In the energy ladder model of the atom, electrons exist in a discrete number of
allowed energy states. The collision of electrons with gold atoms may lead to the
production of high frequency electromagnetic radiation.

Explain how high frequency electromagnetic radiation may be produced when
electrons collide with atoms in a metal.

_be  Lour lLowe clecveld (Total for Question 12 = 17 marks)
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Examiner Comments

This response misinterprets the question, and gives an answer
which seems to be an incorrect version of the photoelectric

effect.

4\

(\\ ResultsPlus

) Examiner Tip

Read the question carefully to ensure that you are giving an
answer to the question being posed.
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%Z ResultsPlus
Examiner Comments

This is a good general description of the process, although the
lack of reference to photons means that it cannot score full
marks.

ResultsPlus
Examiner Tip

When outlining a process you need to be clear what is happening
at each stage.
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Question 13 (a)

In plotting a graph, students 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 with units included which appropriate. Points should be
plotted clearly (preferably using crosses) and a line of best fit drawn to show the trend.

A number of students produced clearly plotted graphs on appropriately large scaled axes, with
clearly identified points on the line from which the gradient was determined. These students
usually gave an expansion of the equation to show how the constants p and g were to be
determined from a log or In graph, and used appropriate numbers of significant figures
throughout. However, not all students appreciate that the same number of significant figures is
required for processed data. In addition, a significant number used scales for which their plotted
points did not cover more than one half of the scale each way. A few students chose to use scales in
multiples of 3, which produced a difficult scale. Very few students used the correct notation for
labelling the quantity log (D/mm) on the axis. Points were generally plotted clearly and accurately to
within half a square. For the line of best fit mark, there was a tendency to regard the first point as a
pivot for the line, and there was a number of mistakes getting from the intercept to a final result. In
some cases this was using the wrong base on the calculator, and in others not taking the inverse
logarithm at all.
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The diameter D of each circular fringe, numbered N from the centre, is measured using
the microscope. The data obtained from such an experiment is shown.

N D/mm |Log N 163 (D/mm )
I 5.13 o |p-#10
2 7,08 0-%01  |5.450
. 8.71 0737 |[CAu0
4 10.23 0-602 (-0l
5 11.48 3699 |- 06

(a) The relationship between N and D is of the form D = pN? where p and g are constants.

Determine p and g for this data using a graphical method. Use the additional
columns for your processed data.
(8)

..... log D = 9 (9 Loﬂ
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Examiner Comments

This is a good response, with all 8 marks being awarded.

N\

\
& \ ResultsPlus
\3 Examiner Tip

You cannot take the log of a number that has units. Before taking
the log divide the quantity by its unit so that it is dimensionless.

GCE Physics 9PHO 03 77



Question 13 (b)

This question assesses students’ ability to calculate and combine uncertainties.In this question 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 poorly answered. In part (i) this was usually because students were using the full
range rather than the half range. It was clear that many of the students do not know how to work
out the percentage uncertainty in a difference between two measured values. A common method
was to work out the percentage uncertainty in the two measurement and add the two values
together. In addition, many students quoted their final answer to an excessive number of
significant figures. Part (ii) was poorly answered, with most students stating a range of common
sources of error: systematic error, parallax, poor instrument resolution, human error etc. Some
wrote about the difficulty of seeing things through a microscope. Others stated that it was due to
not being able to identify the centre point, not realising its irrelevance. Better responses scored a
mark by referring to the irregular shape of the pattern.

(b) The table below shows the readings from which the diameter of the first dark circle
was calculated.

Position of left-hand | Position of right-hand
side of circle /mm | _side of circle /mm | Drmeter/ mm
54.79 49.66 5.13

(i) Use these readings to estimate the percentage uncertainty in the diameter due to
the resolution of the instrument.

2)
RO X -7 TN 20-to N A  AS
S\

GO Tl = 0. \AST. |

Percentage uncertainty = . &: \S7-

(ii) State why the actual percentage uncertainty would have been greater than the
value calculated in (b)(i).
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E/N Examiner Comments

This is a good response. The steps in calculating the percentage
uncertainty are clearly shown in part (i) and, in part (ii), the
reason why the actual value would be greater than this is good.

GCE Physics 9PHO 03 79



Question 13 (c)

This question asks students to discuss the validity of the student’s suggestion. In this context
“discuss” means to consider the situation in detail and consider pros and cons of the student’s
suggestion.

This question was generally not well answered. A significant number of students knew that they
needed to talk about coherence and were able to state the conditions for coherence, namely a
constant phase relationship and the same frequency/wavelength. However, although many
students were able to give the conditions for coherence, they were then unable to apply this to the
given situation. Many agreed with the statement that only monochromatic light would produce
interference fringes, but few understood that for each frequency present in white light the reflected
waves would be coherent so a set of dark rings would be produced or a set of coloured rings would
be produced. There would be different interference patterns for different frequencies present in
white light. In a number of responses students simply referred to light rather than waves.

(c) When considering the principles of this experiment, a student suggests that
interference fringes would only be produced with monochromatic light. This is
because interference requires coherent light waves.

Discuss the validity of the student’s suggestion.

.......... & cwilickid. Wﬂm '
cz’w . st be an sl runber

.......... dt,m A Cnflichle il . ...
M ca'/ﬂ{%'éam /@M%&JW ......................

80 GCE Physics 9PHO 03



ResultsPlus

Examiner Comments

This response starts with a good description of what is meant by
coherent waves for 2 marks. However, the response then
diverges into a general consideration of the conditions for
constructive and destructive interference rather than engage
with what happens with light that isn't monochromatic.

(c) When considering the principles of this experiment, a student suggests that
interference fringes would only be produced with monochromatic light. This is
because interference requires coherent light waves.

Discuss the validity of the student’s suggestion.
(4)
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ResultsPlus

Examiner Comments

This is quite a good response, with most of the essential detail
included. There is not quite enough detail for MP3 to be
awarded, so this response was given 3 marks.
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Paper Summary

In order to improve their performance students should:
* Ensure that they have a thorough knowledge of the physics content of the whole specification.

* Be ready 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.

* Try to 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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