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Introduction

The assessment structure of Advanced Paper 2 is equal to that of Advanced Paper 1. The
assessment consisted of ten multiple choice questions, a number of short answer questions,
and longer questions. The paper allowed candidates of all abilities to demonstrate their
knowledge and understanding of physics, through a variety of structured and unstructured
calculations and longer and shorter written responses. They were able to apply their
knowledge to familiar and unfamiliar contexts.

All candidates were able to access marks by performing simple calculations, substituting data
and rearranging simple formulae. Many candidates were able access marks for the correct
use of standard definitions and simple explanations of physical phenomena. The latter
included the formation of standing waves in oscillating systems and the analysis of
absorption spectra in stars. Longer unstructured calculation questions were more
demanding. The conversion of °C to K was generally carried out effectively, although omitting
this step did lead to incorrect answers to calculations in some cases.

As always, candidates are encouraged to always include units, as some candidates were not
awarded the final mark for unit omission. Higher scoring candidates were able to produce
some excellent multi-stage calculations, with elegant use of algebra and valid conclusions.
The quality of written communication for the aforementioned group was excellent, with
many good examples of longer written responses scoring full marks.

In some questions candidates needed to use extra space to expand or replace their answers.
When this is the case, candidates should be reminded to indicate clearly where the additional
information can be found. Steady improvement in standards and accessibility of marking
points was demonstrated in all areas.
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Question 11

The majority of candidates were able to use the formula for the diffraction grating correctly,
giving a correct answer with the correct units and scoring both marks. A small proportion of
responses confused the grating spacing with the number of lines per metre and attempted

to calculate d as being 1/1.6 x 10°® m. In this case this error cost both marks.

11 A student shone green light from a laser through a diffraction grating, producing
a diffraction pattern on a screen. The student determined the angle of the third
order maximum,.

Calculate the wavelength of the green light.

angle of third order maximum = 73.3°
grating spacing = 1.67 x 10™°m

Wavelength = ...

N { ResultsPlus
/--.. Examiner Comments

This response scored both marks. The answer is given in nm, butiitis a

correct and valid use of units. Answers of 5.33 x 10”7 m generally
scored 2 marks.

L” \ ResultsPlus
\

| Examiner Tip
Check which mode the calculator is set to. In this case we need to use
degrees, as the angle is expressed in degrees.
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11 A student shone green light from a laser through a diffraction grating, producing
a diffraction pattern on a screen. The student determined the angle of the third
order maximum,

Calculate the wavelength of the green light.

angle of third order maximum = 73.3° i o
grating spacing = 1.67 x 10°m , (4 x1? cbin) 3+3
x dan® o _ -6

Wavelength = ...

N,

% ResultsPlus
Examiner Comments

This response did not score any marks as the answer corresponds to
the use of a value of n=1, which loses MP1. If this had not been the
case MP2 would have not been awarded due to the omission of units.

(T ResultsPlus
\_} Examiner Tip

Unless a calculation question is a 'show that question’, the final
marking point will always need correct units.
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Question 12 (a)(i)-(b)

This question was testing candidates' knowledge of the photoelectric effect. Part (a)(i)
required knowledge of the term 'threshold frequency' and was generally well answered by
the majority of candidates. (a)(ii) was more demanding and required a discussion of how the
existence of a threshold frequency was not consistent with wave theory. Many candidates
were able to correctly state that energy will build up over time, but a smaller proportion
linked this to the idea that electrons would be emitted at any frequency if wave theory could
be applied. Part (b) required the definition of a photon and many candidates were able to
provide this.

GCE Physics 9PH0 02 6



12 Study of the photoelectric effect leads to observations that cannot be explained by the
wave theory of light.

When ultraviolet light is shone on a charged zinc plate, electrons are released.
When visible light is shone on the zinc plate, electrons are not released.

(a) (i) State what is meant by threshold frequency.
(1)

Ths e mnem A& fregoency fegaied por
ddubns b lene Flo Spece o fow s

(i1) Explain why the observation of a threshold frequency is not consistent with the
wave theory of light.
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(b) The ﬁl?toelec tric eftect can be( exp%ed using éﬂ of pho ns .M( J

State what is meant by the term photon.
(D)
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ig ResultsPlus
Examiner Comments

This response scored all 4 marks.

In (a)(ii) the first 2 lines were not creditworthy, but then the candidate

went on to say that with wave theory electrons will be released at any

frequency as there will be a build up of energy, which scored both
marking points for this part.
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12 Study of the photoelectric effect leads to observations that cannot be explained by the
wave theory of light.

When ultraviolet light is shone on a charged zinc plate, electrons are released.
When visible light is shone on the zinc plate, electrons are not released.

(a) (i) State what is meant by threshold frequency.

2y e mippivmem

(ii) Explain why the observation of a threshold frequency is not consistent with the
wave theory of light.

2)
e :} lrghd )'0 ‘;Llwt |ﬂ'd A eyt id would wl\WMi}»
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(b) The photoelectric effect can be explained using the idea of photons.

State what is meant by the term photon.
(1)

/ ResultsPlus

Examiner Comments

This response scored 2 marks. (a)(i) was enough to award the marking
point.

In (a)(ii) one mark was scored for the idea that energy would be
continuously supplied to the electron.

Part (b) did not use the necessary terms 'discrete’ or 'quantum’.
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12 Study of the photoelectric effect leads to observations that cannot be explained by the
wave theory of light.

When ultraviolet light is shone on a charged zinc plate, electrons are released.
When visible light is shone on the zinc plate, electrons are not released.

(a) (i) State what is meant by threshold frequency.

(1

.»-%L. ....... wfc&j ____________________________________

(ii) Explain why the observation of a threshold frequency is not consistent with the
wave theory of light.

R R s e A S Y S - S W O i T /ey

(b) The photoelectric effect can be explained using the idea of photons.

State what is meant by the term photon.

oromys Mt aacay =3 e

|

iﬁ ResultsPlus
Examiner Comments

In (a)(i) the candidate has the idea of minimum frequency required, but
does not go on to say "to give enough energy to an electron to be
released".

In (a)(ii) stating it is inconsistent with wave theory is insufficient,
without the idea that with waves energy builds up over time, so
electron would be released regardless of the frequency.

In (b) the terms 'discrete’ or 'quantum of energy' were required to
score the mark.
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Question 13

This question was generally well answered with the majority of candidates scoring 3 or 4
marks. The first marking point (MP1) for the use of Wein's law was generally awarded to most
candidates. They were then required to use the temperature obtained in the formula for the
Stephan-Boltzmann law. Some candidates made no further progress at this stage because of

attempting to use the formula for Intensity. MP2 was for the use of 4mr? to determine the
area, some candidates did not score this mark due to doubling the value of the radius they
were given in the question or for the omission of the power of 4 in the formula. Many
candidates were able to use the Stephan-Boltzman law correctly and where 3 marks were
awarded instead of 4 it was generally due to unit omission or the use of incorrect units.

GCE Physics 9PHO 02 10



13 Aldebaran is a red giant star.

For a black body radiator of Aldebaran’s surface temperature, the wavelength 4__ at
which the intensity is maximum is 7.43 x 107" m.

Determine the luminosity of Aldebaran.

radius of Aldebaran

=3.14 x 10""m

= &
........ T BT At N B S £
_______________ T: 2-%A% xw = REGO0K
.................................... RIS S Y
________ L. o quu
oz @ selwe o b (sigee® ¥(3G00)
= 1.€% \{Lﬁlq Luminosity = .... lCSKme\d

calculated

ig ResultsPlus
Examiner Comments

This response scored all 4 marks. The candidate has correctly

correctly identified the unit as being watts.

the area within the Stephan-Boltzmann equation and has

ol
.-"'(--\I 1

Q) ResultsPlus

Examiner Tip
When performing multi-stage calculations, ensure brackets are used
correctly. If not, the final marking point cannot be scored if the answer
is not correct.
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13 Aldebaran is a red giant star.

For a black bady radiator of Aldebaran’s surface tcmpcratun: the wavelength 4
which the intensity is maximum is 7.43 x 10" m,

Determine the luminosity of Aldebaran.
radius of Aldebaran = 3.14 x 10"°m

...... j . 8’\1033
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|

% ResultsPlus
Examiner Comments

This response scored 2 marks. MP1 for the correct value of T being
calculated using Wein's law and MP2 for a correct area calculation as
shown in the Stefan-Boltzmann equation. The candidate has not

calculated T4, which meant they were unable to score MP3 or 4.
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13 Aldebaran is a red giant star.

For a black body radiator of Aldebaran’s surface temperature, the waveieng@
which the intensity is maximum is 7.43 x 107 m.

Determine the luminosity of Aldebaran.

radius of Aldebaran = 3.14 x 10""m

e AT AT e
.,-1.-—-.—- ...................................................................................................................................................................................................
........... qunr"'LAmﬂzsﬂzms

|

ﬂ ResultsPlus
Examiner Comments

In this response the candidate has confused the wavelength of
maximum intensity, for the intensity, which they have attempted to use
with the formula for intensity.

They do score MP2 for the use of A = 41tr2, so this response scores 1
mark.
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Question 14 (a)-(d)

The first part of this question generally scored very well, with the vast majority of candidates
scoring 3 marks. Very occasionally MP3 was not awarded for leaving the final answer as a
fraction.

Part (b) was also generally well answered with the majority of candidates being able to apply
the thin lens equation effectively. Where incorrect use of distances or misapplication of the
formula lead to an incorrect answer, some candidates were able to use this incorrect answer
effectively in part (c) to determine the image height and score all 3 marks with error carried
forward (ecf).

Part (c) was also well answered, with the majority of candidates correctly calculating the
magnification and multiplying this by the object height. Occasionally incorrect units or a
power of ten error (POT) meant that MP3 was not scored.

The final part of the question proved the most challenging, with the majority of candidates
not scoring the mark for (d). Some candidates who did identify the image as being virtual and
erect/upright often did this with the aid of a sketch lens diagram.
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14 Amﬂentuaedgomvergmgthmlenmmoombmnhmmfmmmuf
an object.

(a) Show that the power of the combination of lenses was about 20D.

focal length of lens 1 = 10cm
focal length of lens 2 = 15¢cm

3
rg.

PR q_é_.“xo \Or6e3 S16630
N

Ve, 05, | 2l = Ry
LT

(b) The object was 4cm in front of the combination of lenses.
2

Gt leer LZANB3 N:(oa2
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(¢) The object height was 1.4cm.

Calculate the image height.

(d) The object is magnified.
State two other properties of the image.

(1)
...... NWND ANMONR | R CSumw@up)

N\

ig ResultsPlus
Examiner Comments

This response scored full marks. Centimetres have been converted
directly to metres in calculations. In part (c) the candidate has elegantly
combined both equations to arrive at the correct answer in fewer
steps.

GCE Physics 9PHO0 02 16



14 A student used two converging thin lenses in combination to form an image of
an object.

(a) Show that the power of the combination of lenses was about 20D.

focal length of lens 1 = 10em ¢ |/
focal length of lens 2 = 15cm 4 (5

(b) The object was 4cm in front of the combination of lenses.

Calculate the image distance.

= (2)
Ly Lo~ lod VAN L —
........................... -.-Lu : ,‘é- 2(
v
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(c) The object height was 1.4cm.,
Calculate the image height.

(3)

(d) The object is magnified.
State two other properties of the image.

iﬁ Examiner Comments

Parts (a), (b) and (d) scored full marks. In part (c) the candidate had
attempted to use the thin lens equation, rather than magnification, so
this scored no marks.
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14 A student used two converging thin lenses in combination to form an image of
an object,

(a) Show that the power of the combination of lenses was about 20D,

focal length of lens 1 = 10cm
focal length of lens 2 = 15cm

(b) The object was 4cm in front of the combination of lenses.

Calculate the image distance.

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

U:Olizﬁ' Image distance = O"zh
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(c) The object height was 1.4cm.
Calculate the image height.

(3)
M ﬁ%
e
........................ M S e
Image height = ... ...
(d) The object is magnified.
State two other properties of the image.
(1)

I+ (s tnyerted

Part (a) and (b) both scored full marks. In part (c) the candidate
identified the correct formula to use, but did not substitute in any
values, so scored no marks. In part (d) the answer should have been
virtual and erect/upright, so this did not score the mark.
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Question 15 (a)

There was a wide spread of marks awarded for this question. There were some excellent
responses which scored full marks and the vast majority of candidates were able to score
some marks for demonstrating their knowledge of how standing waves are formed or how
resonance occurs in simple harmonic motion (SHM).

For MP1 and MP4 to be awarded, both marks required reference to the context of the
guestion, namely the oscillating system. This was the toothbrush and mass-string system.
Some candidates did not score MP1 as a vague statement of 'waves reflect and
interfere/driving frequency matches the natural frequency' does not refer to the necessary
context.

For MP4 to be scored, the location of where the maximum amplitude and hence antinode
was formed was required. Candidates could also score MP4 for stating the correct location of
the nodes, which are minimum/zero amplitude. MP4 was frequently not scored for not
referencing the location of the antinode/nodes.

MP2 and MP5 were most commonly scored by the majority of candidates. It is worth noting
that MP2 was sometimes not awarded as the candidate had used the term 'superimpose’,
which is not correct.
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15 A student wound a piece of string around the head of an electric toothbrush. The student
attached a small mass to the other end of the string, as shown in Photograph 1.

head toothbrush

string

mass

Photograph 1
The toothbrush was switched on and the head started to vibrate. The student rotated

the toothbrush slowly to unwind the string. At a particular length, large vibrations were
observed on the string. The string formed a loop, as shown in Photograph 2.

loop

Photograph 2
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(a) Explain how the vibrations of the toothbrush head caused the loop to form.
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ResultsPlus

Examiner Comments
This response scored all 5 marks. It was clear that the candidate was

talking about the superposition of waves travelling on the oscillating
system and they correctly identified the position of the antinode.
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15 A student wound a piece of string around the head of an electric toothbrush. The student
attached a small mass to the other end of the string, as shown in Photograph 1.

head toothbrush

string

mass

Photograph 1
The toothbrush was switched on and the head started to vibrate. The student rotated

the toothbrush slowly to unwind the string. At a particular length, large vibrations were
observed on the string. The string formed a loop, as shown in Photograph 2.

loop

Photograph 2
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(a) Explain how the vibrations of the toothbrush head caused the loop to form.
()

, Toand fro  The and  1hg
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N,

ﬁ/ < ResultsPlus
I/--.. Examiner Comments

This response scored 3 marks. Here the candidate has scored MP1, 2
and 5 within the first 3 lines. They then went on to talk about waves
meeting with a path difference of nA, which was not awarded any
further marks. To score MP3 candidates were required to talk about
waves being in phase for constructive interference or antiphase for
destructive interference. MP4 required the location of either the
antinode or the nodes on the string, as well as reference to
maximum/minimum amplitude respectively.
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15 A student wound a piece of string around the head of an electric toothbrush. The student
attached a small mass to the other end of the string, as shown in Photograph 1.

head toothbrush

string

mass

Photograph 1
The toothbrush was switched on and the head started to vibrate. The student rotated

the toothbrush slowly to unwind the string. At a particular length, large vibrations were
observed on the string. The string formed a loop, as shown in Photograph 2.

loop

Photograph 2
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(a) Explain how the vibrations of the toothbrush head caused the loop to form.
- (5)
..................................................................................................................................................... \"'“6“"5\""59‘“\’

% Examiner Comments

This response scored MP5 only for reference to a standing wave being
formed.
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Question 15 (b)

As with many of the calculation questions on the paper, this question was generally very well
answered with many candidates scoring the full 5 marks. The most problematic marking
point to award was MP3 for determining the wavelength as candidates needed to realise the
length of the string they had been given in the question had 4 loops which corresponds to 2
wavelengths. Where candidates used the length of string or a quarter of the length of the
string, MP3 and hence MP5 were not awarded. Occasionally candidates misinterpreted the
qguestion as being about a simple pendulum and attempted to find a value for T using
T=21v(I/g). In this case MP2 and 5 were not awarded as the T they had found was a time
period, not the tension in the string and therefore not dimensionally correct.

(b) The student continued to unwind the string and the loop disappeared. When the
length of the unwound string was twice that shown in Photograph 2 two loops were
seen. Three loops were seen when the unwound length was three times that shown
in Photograph 2 and so on.

Determine the frequency of vibration of the toothbrush head.

unwound length of string with 4 loops = 0.69m
mass on string = 0.010kg
mass per unit length of string = 9.1 x 10*kgm™'
3

T X A o g A NN

N
\/ { ResultsPlus

Examiner Comments
This response scored all 5 marks. The candidate has carried out correct

substitutions, calculations and included the correct unit with the final
answer.
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(b) The student continued to unwind the string and the loop disappeared. When the
length of the unwound string was twice that shown in Photograph 2 two loops were
seen. Three loops were seen when the unwound length was three times that shown
in Photograph 2 and so on.

Determine the frequency of vibration of the toothbrush head.

unwound length of string with 4 loops = 0.69m
mass on string = 0.010kg
mass per unit length of string = 9.1 x 10 kgm™’
()

Y-r
N= "ﬁvzl}%'fiaaicnﬁ%tzv‘
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LB vy love Pxoes AEEHEZE

|

ﬂ ResultsPlus
Examiner Comments

Here the candidate has scored MP1 and 2 for calculating the tension
and then the wave speed. They used 0.69 m as the wavelength, so did
not score MP3 or MP5. However, they have used a dimensionally
correct wavelength, so they scored MP4 for use of the wave speed
equation.
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e student continued to unwind the string and the loop disappeared. When the
length of the unwound string was twice that shown in Photograph 2 two loops were
seen. Three loops were seen when the unwound length was three times that shown
in Photograph 2 and so on.

Determine the frequency of vibration of the toothbrush head.

unwound length of string with 4 loops = 0.69m
mass on string = 0.010kg
mass per unit length of string = 9.1 x 10*kgm™’
(5)

):'* > 3%,

vs F‘

3(&«:“'“1%

Frequency = . EQ4 T 2| H2,

|

ﬂ ResultsPlus
Examiner Comments

Here the candidate has scored MP1 for correctly determining the
wavelength. They then go on to attempt to derive an equation to
determine the frequency in just one step. Whilst this can be a valid
method, in this case they had replaced T in the formula by the number
1 and scored no further marks.
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Question 16 (a)

This question was very well answered by the vast majority of candidates, where most
responses scored the full 4 marks. The main issue which prevented full marks from being
scored was forgetting to correct for the mass of the platform, which meant that MP3 and
MP4 could not be awarded.
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16 On the International Space Station (ISS), astronauts measure their mass once a month
using a Body Mass Measurement Device (BMMD),

The BMMD is constructed from a large spring attached to the floor of the ISS, with a
platform and handles attached to the spring. The spring is compressed and the astronaut
puts his body onto the platform and h_q_l_:_ig;__o_rlt_q_@ill_g._n_gles, as shown.

astronaut

platform

handles

spring inside cover

(Source: https://www.nasa.gov/content/nasa-astronaut-rick-mastracchio-3)

The spring is released and the astronaut and platform oscillate with simple
harmonic motion.

An astronaut used the BMMD. The frequency of oscillation was (.34 Hz.
(a) Determine the mass of the astronaut.

spring constant = 350Nm™'
mass of platform = 5.7kg
{4)

R

| oy B

Mass of astronaut = ?]uj
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ResultsPlus

Examiner Comments

This response scores all 4 marks, clearly laid out and with correct units.
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16 On the International Space Station (ISS), astronauts measure their mass once a month
using a Body Mass Measurement Device (BMMD).

The BMMD is constructed from a large spring attached to the floor of the ISS, with a
platform and handles attached to the spring. The spring is compressed and the astronaut
puts his body onto the platform and holds onto the handles, as shown.

astronaut

platform

handles

spring inside cover

(Source: https://www.nasa.gov/content/nasa-astronaut-rick-mastracchio-3)

The spring is released and the astronaut and platform oscillate with simple
harmonic motion.

An astronaut used the BMMD. The frequency of oscillation was 0.34 Hz.
(a) Determine the mass of the astronaut.

spring constant = 350Nm"'
mass of platform = 5.7 kg

Mass of astronaut = ....... 7 \Fj ..........................
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y {: ResultsPlus
/--._ Examiner Comments

This also scores all 4 marks. The candidate has derived an equation
correctly to directly determine the mass of the astronaut, leading to a
correct answer.
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16 On the International Space Station (ISS), astronauts measure their mass once a month
using a Body Mass Measurement Device (BMMD).

The BMMD is constructed from a large spring attached to the floor of the ISS, with a
platform and handles attached to the spring. The spring is compressed and the astronaut
puts his body onto the platform and holds onto the handles, as shown.

astronaut

platform

handles

g
spring inside cover ?ﬂ-— j_f‘

(Source: https://www.nasa.gov/content/nasa-astronaut-rick-mastracchio-3)

The spring is released and the astronaut and platform oscillate with simple
harmonic motion.

An astronaut used the BMMD. The frequency of oscillation was 0.34 Hz.
(a) Determine the mass of the astronaut. F =0 _?4.

spring constant = 350Nm™' _
mass of platform = 5.7kg =S A >C
B 4
Bl 7 4

HHT) < K) +5.7 =1 =233

2¢

Mass of astronaut = f 2 3)7 /%
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Examiner Comments

MP1 and MP2 have been scored here. Correcting for the mass of the

platform has been incorrectly applied, leading to an incorrect answer,
and MP3 and 4 not being awarded.
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Question 16 (b)(i)-(ii)

This question has proved to be one of the more challenging calculation questions. Whilst a
significant number of candidates did score the full 6 marks, they were in the minority. Part (i)
commonly scored MP2 and MP3 for calculating w and then determining a value for the
acceleration. However MP1 was often not awarded as candidates did not realise the value for
the distance travelled by the astronaut was equal to double the amplitude. This lead to an
incorrect value for the acceleration and hence MP4 could not be scored.

In part (i) candidates were not penalised further for using the incorrect amplitude as an ecf
was applied as long as they had used a dimensionally correct value of 0.29 m. A small
number of candidates had used their value for the acceleration from the previous part as the
value of A. In this case MP1 and 2 could not be awarded. MP2 was frequently not awarded
when MP1 had been, due to not converting radians.

Some candidates had attempted to answer the question using kinematic equations of
motion (suvat equations). As the acceleration is not constant, this method was not awarded
any marks.
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(b) The distance between the upper and lower points of the first oscillation is 0.29m. =~ ]~ =%l
(i) Calculate the magnitude of the maximum acceleration of the astronaut.
- (%)
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(ii) Calculate the speed of the astronaut 3.5s after the start of the oscillations.
= VBRAO NS G VBRSY)
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% ResultsPlus
Examiner Comments

This response scored full marks. It is likely the candidate had the
calculator set to radians mode, leading to a correct answer in part (ii).

2)

Speed = 0‘ md (
.
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(b) The distance between the upper and lower points of the first oscillation is 0.29m. J:o'z;

(i) Calculate the magnitude of the maximum acceleration of the astronaut.

Magnitude of maximum acceleration = ... , '32‘”’5 ............
(ii) Calculate the speed of the astronaut 3.5 s after the start of the oscillations.

...... V= =0.277(XT03Y) sip (2T+03¥>35)= - 0.0 & | mst

.................................................................................................................................................................................................................................................
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M,
\ !

Y / ResultsPlus
/'--.‘: Examiner Comments

Part (i) shows an example of a common error, where the candidate has
used 0.29 m as the amplitude. This meant that MP1 and 4 could not be
awarded. Therefore, this response scored 2 marks.

Part (ii) scores MP1 as an ecf, as they have already been penalised for
using the incorrect amplitude in part (i). However, another common
issue prevented this candidate from scoring MP2 as radians had not
been converted.

A ResultsPlus
0\

Examiner Tip
When carrying out calculations which involve performing sine or
cosine functions with quantities in radians, always make sure the
calculator is in radians mode.
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This response shows another good example which scores all 4 marks for part (i). In part (ii)
the calculation is correct, but radians have not been converted, so scores MP1 only.

(b) The distance between the upper MS of the first oscillation is 0,29 m.

(i) Calculate the magnitude of the maximum acceleration of the astronaut.
— - )

-k
Magnitude of maximum acceleration = @'GbMS

(ii) Calculate the speed of the astronaut 3.5s after the start of the oscillations.
(2)

NEAL SRl

..................... 2= (L2 amx039) s (alix0.24x8.8)

ig ResultsPlus
Examiner Comments

In part (i) the candidate scores all four marks.
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Question 17 (a)

This question also proved to be fairly demanding. A significant number of candidates did
score all 6 marks for a series of correct calculations and a valid conclusion, that upthrust was
greater than the weight of the balloon so it can take off. These were in the minority, with the
majority of candidates scoring 3 marks or less. In order to access MP1 and 2 candidates
needed to realise the pressure would be the same and correctly use pV = NKT, with
temperature in kelvin (K). Sometimes MP2 was awarded for a correct conversion to Kin an
incorrectly used formula. The most commonly awarded mark was MP5 for calculating any
weight correctly. MP3 was also commonly scored, although sometimes with the volume of
the air at 20 °C, which would not lead to the correct final answer.
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17 (a) A hot air balloon consists of a fabric envelope, heaters and a basket, as shown.

> envelope

basket

When the balloon is set up, the envelope is partly filled with air at 20°C. The air is
then heated to 120°C and expands to fill the envelope and becomes less dense.

The air pressure inside the envelope is always equal to the air
envelope because the envelope is open at the bottom.

The balloon takes off when the upthrust is more than the total weight of the balloon,
the air in the envelope and the passengers.

Deduce whether the balloon can take off. .

volume of air at 120°C in inflated envelope = 2800m’ » \/
density of air at 20°C = 2kgm™> - L
mass of balloon =(380kg, -

mass of passengers =340kg> - : T
upthrust when the envelope is full = 33000N Puwide. = T

@ coe
i Vl - P" Va

€ Owondle s INECT,,

28 00 e\ e
e = .
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R Ry, T

v, @
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% ResultsPlus
Examiner Comments

This response scored all 6 marks. Calculations have all been carried
out correctly and the conclusion is valid.
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17 (a) A hot air balloon consists of a fabric envelope, heaters and a basket, as shown.

+ envelope

L)

basket

When the balloon is set up, the envelope is partly filled with air at 20°C. The air is
then heated to 120°C and expands to fill the envelope and becomes less dense.

The air pressure inside the envelope is always equal to the air pressure outside the
envelope envelope is open at the bottom.
The balloon takes off when the upthrust is more than the total weight of the balloon,

the air in the envelope and the passengers.
Deduce whether the balloon can take off.

A=6.012410 %%

volume of air at 120°C in inflated envelope = 2800 m’
density of air at 20°C = 1.2kgm”

mass of balloon = 380 kg

mass of passengers = 340kg

upthrust when the envelope is full = 33000N

(6)
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N,

ﬂﬂesuﬁsﬂtﬁ
Examiner Comments

Here we see that MP1 and 2 have been scored, as temperature has
been converted to K and a correct volume of air at 120 °C has been
calculated. This has then been used in the equation for density to
calculate the mass effectively, scoring MP3. The candidate has used

W = mg to calculate weight, so scores MP4. However, the candidate has
not added up the masses and has not provided a conclusion.
Therefore MP4 and 6 have not been awarded.
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17 (a) A hot air balloon consists of a fabric envelope, heaters and a basket, as shown.

> envelope

heaters

basket

When the balloon is set up, the envelope is partly filled with air at 20°C. The air is
then heated to 120°C and expands to fill the envelope and becomes less dense.

The air pressure inside the envelope is always equal to the air pressure outside the
envelope because the envelope is open at the bottom.

The balloon takes off when the upthrust is more than the total weight of the balloon,
the air in the envelope and the passengers.

Deduce whether the balloon can take off.

volume of air at 120°C in inflated envelope = 2800m’
density of air at 20°C = 1.2kgm™

mass of balloon = 380kg

mass of passengers = 340kg

upthrust when the envelope is full = 33000N

(6)
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2 ResultsPlus

Examiner Comments

This response scores MP3 for calculating the mass of air and MP5 for
use of W =mg.
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Question 17 (b)(i)

This short 1 mark question was reasonably well answered by around half of all candidates.
Frequently seen correct responses related to the random motion of particles or to the
collisions being elastic. Incorrect responses often referred to the kinetic energy of all of the
particles being the same.

This scored MP9, that particles move with random motion.

(b) (i) State one assumption of the kinetic theory of gases.

'a.-tl,(,, (1)
JI'I\ R
’YfﬁResuits?lus
Examiner Comments
See above.
(b) (i) State one assumption of the kinetic theory of gases.
(1)

AN lecds tonnd  ar eracky e seme. ASBMYE Speed

. j\ B
ﬂ ResultsPlus
Examiner Comments

This scored 0, as this is not one of the assumptions of an ideal gas and
in reality there will be a range of speeds.

(b) (1) State one assumption of the kinetic theory of gases.
(1)

we  MeSS  apel rMeOye o f the Game Speed

ﬂ ResultsPlus
Examiner Comments

The gas being ideal was a fairly common incorrect response.
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Question 17 (b)(ii)

This question was generally well answered, with the vast majority of responses scoring at
least 1 if not 2 marks. MP1 was most frequently not awarded due to not writing both
formulae out in full and simply equating them directly. MP2 was very frequently awarded due
to the use of suitable algebra to derive the necessary equation.

This response scored full marks. Both equations have been written out in full with correct
use of brackets, which scored MP1. Going on to equate both equations and suitable use of
algebra scored MP2.

(ii) Derive an equation to show that, for a gas at temperature T,

3
the mean kinetic energy of the molecules = 5 kT
(2)

Wz NeT Nh’f' = % Um4c>"’?-r~<f~"?r*fmt<f

y / ResultsPlus

Examiner Comments

See above.
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NT=ENeneetz %

(ii) Derive an equation to show that, for a gas at temperature 7,

3
the mean kinetic energy of the molecules = > kT

\

!
%MTr-‘imcr_‘?

a\___

ﬂ ResultsPlus
Examiner Comments

This response did not score MP1 as the candidate has directly equated
both equations. However, there is correct use of algebra leading to the
required expression, scoring MP2.

(ii) Derive an equation to show that, for a gas at temperature 7,

the mean kinetic energy of the molecules = % kT

This also scored 1 mark, for the same reasons stated above.
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Question 17 (b)(iii)

This question was very well answered with the majority of candidates scoring at least 2 out of
the 3 available marks. MP1 was very commonly scored, with barely no instances of MP1
being lost for using the mass of a proton instead of the mass of 1u, which is given in the data

booklet as 1.66 x 1027 kg. MP2 was also awarded frequently as most candidates were aware
of the need to convert T to K. MP3 was most frequently not awarded when candidates had
not calculated the square root of the velocity.

(iii) Calculate the root-mean-square speed of nitrogen molecules at a temperature
of 120°C.

mass of nitrogen molecule = 28 u

5 @)

™

RC72 ] R

B 31([u41;;)5. -39 alg”
e C - -8l b xlen?

L =¢7= Sfltw”
Root-mean-square speed = . 5 ql”’h{' {gﬁ7

Y / ResultsPlus

Exa miner Comments

This response scored all 3 marks. The mass was correctly calculated
using the correct value for u and T has been converted to K.
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(iii) Calculate the root-mean-square speed of nitrogen molecules at a temperature

of 120°C.
mass of nitrogen molecule = 28u
2 kel . 3)
L m £ i
= M..< S~ I L 2o2737.3B ks

LRy xtoe 23)(' E?B_')

(‘2,'8:( 7T a0 B

% 7 -

= é', 9'2_ é 3‘3{ ‘L 5‘—#‘4 M
Root-mean-square speed = 2l GSqM'

AN

ﬂ ResultsPlus
Examiner Comments

Here MP1 and MP2 have been scored, as the correct values have been
effectively substituted into the correct equation, with temperature in K.
However, due to a calculator error, the final answer is incorrect and
therefore MP3 was not awarded.
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(iii) Calculate the root-mean-square speed of nitrogen molecules at a temperature
of 120°C.

mass of nitrogen molecule = 28u

)

L7 = Z KT 3kT = <27

33900 )120) 10688467
@?ffﬂwﬁ)

W /07%*0

Root-mean-square speed =

¢ ResultsPlus

Examiner Comments

MP1 for correct calculation of the mass was awarded. MP2 and 3 were
not awarded as temperature was not in K.
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Question 18 (a)

This was the linkage question. A wide spread of marks was awarded to candidates'
responses. A significant number of responses scored all 6 marks, showing that all of the
indicative content (IC) marks were accessible. The majority of responses scored at least

3 marks. The most commonly scored mark was IC1, which was for using the term energy
levels in relation to electrons or atoms. IC2 was generally also well scored and where it wasn't
credited, it was because candidates had not expressed that the photon is absorbed by the
electron.

IC3 was generally well scored, for stating that photon energy = hf. A fairly common reason for
IC5 and 6 not to be scored was when candidates said that electrons de-excite and emit a
photon. In this case candidates were talking about emission spectrum, which was not what
was required by the question. They needed to talk about the corresponding
wavelength/frequency of the absorbed photon to be able to access MP5 and 6.
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18 In 1864, William Huggins and William Miller used dark lines in the spectrum of the Sun

to identify elements in the Sun’s atmosphere. Uosen ot 21 WM .
*(a) Explain how gases in the Sun’s atmosphere cause dark lines in the spectrum
corrcspondmﬁ to different elements. &
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_ ResultsPlus

Examiner Comments

This scored 6 marks. IC1 was scored in line 1. IC5 is scored in lines 2
and 3. Lines 4 to 7 score IC2 and IC4. IC3 is scored on the last printed

line and the candidate then goes on to score IC6 in the section written
below.

18 In 1864, William Huggins and William Miller used dark lines in the spectrum of the Sun
to identify elements in the Sun’s atmosphere. ———

*(a) Explain how gases in the Sun’s atmosphere cause dark lines in the spectrum
corresponding to different elements.

s’ s atmosplhore ;e&cmhﬁlna\bmgef

_____________________________________________________________________________________________________________________________________________ [Mn‘ssm\gnﬁ

T eowrse obsorbbov ol enges. oML

Ldonle Uime v Ao spectvum.. commesponding fo.
Loy Aowey

_ ResultsPlus

Examiner Comments

IC1 and just enough for IC5 is scored in the first line. IC2 is awarded in
lines 3to 5.1C4 is scored in lines 6 and 7.
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18 In 1864, William Huggins and William Miller used dark lines in the spectrum of the Sun

: . . s is A -
to identify elements in the Sun’s atmosphere. e eq%m?:: s 4, phoron

*(a) Explain how gﬁ' in the Sun’s atmosphere cause dark lines in the spectrum P€ 5’: g ﬁ,f: e
corresponding to different elements. 1 "‘;.";_, A except
rh evrgntl A,

atmoiphere  have elechnns,
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/ ResultsPlus

Examiner Comments

This response scored IC1 and IC2 in lines 2 and 3. The candidate then
went on to talk about emission and scored no further marks.
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Question 18 (b)

This was one of the more challenging calculation questions on the paper. However, it was
generally well answered, with the majority of candidates scoring 3 or 4 marks. A very
common reason to not score MP4 after having successfully scored MP1, 2 and 3 was to state
the transition is from n = 3 to n = 2. This could have followed on from candidates referring to

an emission spectrum in the previous question.
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(b) The diagram shows some energy levels of a hydrogen atom.

n=35

n=4

n=1

~0.54eV
-0.85eV

-1.51eV

-3.40eV

~13.6eV

Not to scale

The absorption spectrum for hydrogen includes a set of lines that all derive from
transitions involving the n = 2 energy level. One of these lines is known as the

hydrogen-alpha line.

Deduce the transition involved in the formation of the hydrogen-alpha line.
wavelength of hydrogen-alpha line = 656.46 nm

L3tz Box 6S6.ugale Y

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

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

(4)
...... From 022 koo

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

ResultsPlus

Examiner Comments

This response scores full marks. MP1, 2 and 3 for the calculations and
MP4 for the valid conclusion fromn=2ton = 3.
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(b) The diagram shows some energy levels of a hydrogen atom.

n=>5 —0.54eV
n=4 —_0.85 eV
n=3 s o -1.51eV Not to s_cale
n=2 -3.40eV
n=1 -13.6eV

The absorption spectrum for hydrogen includes a set of lines that all derive from
transitions involving the n = 2 energy level. One of these lines is known as the
hydrogen-alpha line.

Deduce the transition involved in the formation of the hydrogen-alpha line.
wavelength of hydrogen-alpha line = 656.46 nm

(4)
IM 1x ....................... i .{'-";L% ............................................ R
Gﬁ‘mlo:"'h ...... e 56...4.12.'..? ........... 5028 kl0..
.............. 7 -;ﬂ’s"‘"”
=1-39
B SO N T AR R SEAIAl S et v
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/ ResultsPlus

Examiner Comments

This scores MP1, 2 and 3 for the calculations. MP4 is not awarded as
the conclusion states fromn=3ton = 2.
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Question 18 (c)(i)

This was one of the more challenging questions and the majority of candidates scored either
0 or 1 mark. However, a significant number of candidates were able to score all 3 marks for a
valid conclusion which explained how change in wavelength can be used to find the speed
and direction. MP1 was commonly scored for recognising that wavelength will increase if an
object is moving away from Earth, or the converse that it will decrease if the object is moving
towards Earth. Where MP1 was not awarded it was because candidates talked about
red/blueshift rather than increase/ decrease in wavelength. MP2 was quite frequently scored
for correctly rearranging the redshift of electromagnetic radiation equation.

(c) In 1868, William Huggins analysed light from the star Sirius A. The wavelength
of the hydrogen-alpha line for light from Sirius A was slightly different from the
hydrogen-alpha line observed from a source in a laboratory.

Huggins suggested that this difference could be explained using the Doppler effect
and could be used to determine the speed and direction of the star’s motion relative
to the Earth.

(i) Assess Huggins's suggestion.
3)

ol quJA[MI Fivs  broaust... @5 on.okject aowes.

c.{osf.rowfimw,ajﬂ«w@-rvmanwosliwouﬂ
v A&

AN T . el

s S0 C e e 5sS . TES

Sob*'“ﬂO{fﬂC«{Qﬂmm‘*Spf-&mcoufo‘/k0‘&1‘6'“—'“'”}

N
\/ { ResultsPlus
/--.. Examiner Comments

All 3 marks have been awarded to this response. MP1 for the decrease
in wavelength if an object is moving towards Earth. MP2 was awarded

for stating the velocity is proportional to the change in wavelength.
MP3 was awarded for 'his suggestion is true', which is a valid
conclusion.

W4\ ResultsPlus
\ Examiner Tip

When being asked to assess a suggestion you must always give a valid
conclusion.
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(c) In 1868, William Huggins analysed light from the star Sirius A. The wavelength
of the hydrogen-alpha line for light from Sirius A was slightly different from the
hydrogen-alpha line observed from a source in a laboratory.

Huggins suggested that this difference could be explained using the Doppler effect
and could be used to determine the speed and direction of the star’s motion relative
to the Earth.

(i) Assess Huggins's suggestion.

g ResultsPlus

Examiner Comments

This response scores MP1 only, for the idea that wavelength increases
when an object is moving away from Earth.
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(c) In 1868, William Huggins analysed light from the star Sirius A. The wavelength
of the hydrogen-alpha line for light from Sirius A was slightly different from the
hydrogen-alpha line observed from a source in a laboratory.

Huggins suggested that this difference could be explained using the Doppler effect
and could be used to determine the speed and direction of the star’s motion relative
to the Earth.

(i) Assess Huggins’s suggestion.

See below.

/'fl'\

5\ ResultsPlus

\_) Examiner Tip

This response scored 0 marks. The candidate has the idea that there is
a change in wavelength caused by the relative motion of the star;
however they have not provided enough information to score MP1.
'Stretched' or 'compressed' is not sufficient for increased/decreased
wavelength and red/blueshift would have needed this information for
further clarification to score MP1.
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Question 18 (c)(ii)

A generally well answered question, the vast majority of candidates being able to score MP1
for correct use of the redshift of electromagnetic radiation equation. A significant proportion
of candidates then went on to add the change in wavelength to the laboratory value, scoring
MP2. Where MP2 was not awarded, it was generally because the change in wavelength was
subtracted from the laboratory value, or no further calculations were done.

(ii) Sirius A has a component of velocity away from the Earth of 5.5kms™".

The wavelength of the hydrogen-alpha line observed from a source in the

laboratory 1s 656.46 nm.

Calculate the wavelength of the hydrogen-alpha line as seen in the spectrum

of Sirius A.

(2)
%2 650 lalG Ten. AN Ly
PETILaT - mq'-'.._. "RE N RN A R R R E RN IR R R E R RN R R E T N TR N R R R R T TR
v 5 5 R\B M'a
&f{\ (_ M2

e
...._E’%("L"L?h\opqi n\O . (q ‘551\10

Wavelength = (75(3"\01—1“ .

I\

\( { ResultsPlus
/--.. Examiner Comments

MP1 has been awarded for correct calculation of AA and MP2 has been
scored for adding this to A as measured in the laboratory.
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(ii) Sirius A has a component of velocity away from the Earth of 5.5kms™".

The wavelength of the hydrogen-alpha line observed from a source in the
laboratory is 656.46nm.

Calculate the wavelength of the hydrogen-alpha line as seen in the spectrum
of Sirius A.

(2)

______________ paxo e

Wavelength = l'lxw'% ........................

N\

ﬂ ResultsPlus
Examiner Comments

MP1 has been scored here for correct use of the redshift of

electromagnetic radiation equation. This value needed to be added

onto the wavelength of the line in the laboratory to score MP2. So this
response scores 1 mark.
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v y ™ 2 = . NP W
(ii) Sirius A has a component of velocity away from the Earth of 5.5kms™. - tb?fllf
The wavelength of the hydrogen-alpha line observed from a source in the ot
laboratory is 656.46 nm.
Calculate the wavelength of the hydrogen-alpha line as seen in the spectrum
of Sirius A. A© oo ~Aoc©
Ao (2)

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

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

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

N\

ig ResultsPlus
Examiner Comments

This response scored 0 marks. The full version of the redshift formula
has not been used.
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Question 19 (a)(i)

This question required recall of the definitions of 'random' and 'spontaneous'. However, the
majority of responses scored 0 or 1 mark only. MP1 was often awarded for saying it is not
affected by external conditions. MP2 was also awarded in many cases. However, there were
several responses which were approaching being creditworthy but did not score MP2. This
was usually by saying "it" cannot be predicted, but not clarifying what "it" was, eg when the
next nuclei will decay.

19 Nuclear decay is described as being spontaneous and random.

(a) (i) State what is meant by spontaneous and random in this context.
(2)

CSpon tameous . meows..... thak ik occus. . wibh.
Lovkernd,  sHmdws /o exfemal  bvies . Randon  means Wb we

..--‘-I;\ .
\/ (: ResultsPlus
I/--.. Examiner Comments

This response scores MP1 for saying that spontaneous occurs with
external stimuli and MP2 for saying which nucleus will decay and
when.

19 Nuclear decay is described as being spontaneous and random.

(a) (i) State what is meant by spontaneous and random in this context.
(2)

SPnnﬂt&nMus —. %  dec O-‘dg ocfhev b exdevinad L shimol
.............. Qﬁh&ﬂ NN — Mgfﬁkkfh{:@&ﬂ,ckd bepl ”

..--‘-I;\ .
\/ (: ResultsPlus
I/--.. Examiner Comments

MP1 was scored for decays without external stimuli. MP2 was not
awarded as 'no pattern' is too vague.
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19 Nuclear decay is described as being spontaneous and random. 1, ? "% e
[

5
P .
(a) (i) State what is meant by spontaneous and random in this context. (- .

)

ig ResultsPlus
Examiner Comments

'Can't be controlled' is too vague to award MP1. 'lt can happen at
anytime' is not specific enough to which nuclei decays and why it
cannot be predicted; therefore MP2 was not awarded.
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Question 19 (a)(ii)

This was a demanding question, which in general was not answered well. The majority of
candidates did not score any marks. However, there were a significant number of responses
which scored full marks. This showed that the mark scheme was accessible. MP2 was the
most commonly scored mark for the idea that a large number of nuclei are involved.

(i) Explain why the dgcay constant of an isotope can be determined even though

nuclear decay is random.
(2)

Him\volol\m)wfe%uwdmcﬂqaﬂmev’w\ﬂ’m,a/cﬂ
ol e dodded 2 P Tl duslaesof Av i decatying
D \oye vt e ook b e averse bawy o nedio-

Y { ResultsPlus
/--.. Examiner Comments

This scored both MP1 and MP2 - - the idea that the probability can be
determined and that a large number of nuclei are involved scores both
marks.
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(ii) Explain why the decay constant of an isotope can be determined even though
nuclear decay is random.

(2)

redd Ut J(vt' N \uraL ol Cﬂ. NG

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

¢ ResultsPlus

Examiner Comments

This response scored MP2, for the idea of a large number of nuclei.
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(i) Explain why the decay constant of an isotope can be determined even though
nuclear decay is random.

- n(2) @)
T T ey AS twe number of  sotepes adwicys

Aty o 2 !&

_ ResultsPlus

Examiner Comments

This candidate has demonstrated an understanding of exponential
decay, but has not explained how the probability can be determined,
or that a large number of nuclei are involved.
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Question 19 (b)

This question proved to be particularly challenging to most candidates. Many responses
required the use of additional paper and it should be noted that in this case, it is important
that the candidate indicates the location of any additional information. MP1 was commonly
not scored due to omission of the words 'measure’ and/or 'count'. Phrases such as "the
student should measure the background radiation" were insufficient as there was no
mention of count rate. As this error was only penalised once, most students were able to be
awarded MP2 for measuring the count rate from the source. MP3 was frequently scored for
using paper to absorb alpha. Many responses suggested moving the source further away
from the GM tube, so alpha would not be detected. This was not creditworthy as it would
also give an incorrect beta reading. MP4 was the least frequently awarded marking point, as
it required count rate of beta/ total count rate x 100 to give the % of beta radiation. Incorrect
methods to obtain the beta count and omission of x 100 to give % were common reasons for
not awarding MP4.

(b) A radioactive source used in a school laboratory emits alpha and beta radiation.

Describe how the percentage of the activity due to beta radiation may be determined
using a Geiger—Miiller tube and ratemeter.
(4)
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Examiner Comments

This response scored all 4 marks. Record the background count was
sufficient for MP1. MP2 is scored in lines 2 and 3. MP3 was awarded for
the use of paper and MP4 was awarded for a correct method to
determine the % of beta emitted.
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(b) A radioactive source used in a school laboratory emits alpha and beta radiation.

Describe how the percentage of the activity due to beta radiation may be determined
using a Geiger-Miiller tube and ratemeter.
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\(fﬁ ResultsPlus
Examiner Comments

MP1, 2 and 3 have been awarded to this response. MP4 was not
awarded as the candidate did not state to multiply by 100 to calculate
the percentage.

< ResultsPlus

| Examiner Tip
If you have been asked to determine a percentage, make sure to say
how you will perform the percentage calculation.
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(b) A radioactive source used in a school laboratory emits alpha and beta radiation.

Describe how the percentage of the activity due to beta radiation may be determined
using a Geiger—Miiller tube and ratemeter.

4)
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2 ResultsPlus

Examiner Comments

This scored MP2 only for recording the counts from the source. The
candidate then went on to talk about moving the source further away,

which would give an incorrect beta count, and so MP3 and 4 could not
be awarded. There is no mention of measuring background count, so
MP1 was not awarded.
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Question 19 (c)(i)-(ii)
Part (i) was well answered with the majority of candidates scoring all 3 marks.

Part (ii) was more demanding and the majority of candidates scored 0 or 1 mark only. MP1
was not commonly scored as candidates needed to state which decay chains would emit
beta, or those that would only emit alpha. MP2 was the most commonly scoring marking
point for the idea that Neptunium has a very long half-life. Where candidates quoted the
numerical value of this, MP2 could not be scored, as this information had been provided in
the table. MP3 could only be awarded if the candidate had referred to only a small
proportion/amount of proactinium being present and a valid conclusion.

(c) Americium-241 is used in schools as a source of alpha radiation. ’ g_(( ok U l
A pure americium-241 source was bought 34 years ago by a school. /)
‘9) ¢ o éa

(i) Determine the percentage of the initial activity that would be expected today for
the americium-241 source.

half-life of americium-241 = 432 years

(3)
S m fOX(O KK
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Expected percentage of initial activity = QSZ
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(ii) The decay products of americium are unstable and undergo a series of
further decays.

The table shows the first three decays in this sequence.

Isotope Decay product |  Emission Half-life

americium-241 neptunium-237 alpha 432 years

~—3| neptunium-237 | protactinium-233 alpha 2100000 years
protactinium-233 | uranium-233 beta 27 days

A student states, “Protactinium-233 emits beta particles when it decays, so
by now the americium-241 source bought 34 years ago will be emitting a
significant amount of beta radiation.”

Discuss the student’s statement.

—‘I“[‘ (Total for Question 19 = 14 marks)
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ﬂ ResultsPlus
Examiner Comments

Part (i) scored all 3 marks for correct calculations, leading to a correct
percentage.

Part (ii) also scored all 3 marks.

Scores MP2 in line 4. MP1 is scored just below the printed line. Barely
any proactinium and student is wrong scores MP3.

(c) Americium-241 is used in schools as a source of alpha radiation.
A pure americium-241 source was bought 34 years ago by a school.

(i) Determine the percentage of the mmal activity that would be expected today for
the americium-241 source.

half-life of americium-241 = 432 years
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Expected percentage of initial activity = ... 20" Ll

79 GCE Physics 9PHO 02



(i1) The decay products of americium are unstable and undergo a series of
further decays.

The table shows the first three decays in this sequence.

Isotope Decay product 'Emission Half-life
americium-241 neptunium-237 alpha 432 years
neptunium-237 | protactinium-233 alpha 2 100000 years

protactinium-233 uranium-233 beta 27 days

A student states, “Protactinium-233 emits beta particles when it decays, so
by now the americium-241 source bought 34 years ago will be emitting a
significant amount of beta radiation.”

Discuss the student’s statement.

(3)
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ig ResultsPlus
Examiner Comments

Part (i) scores all 3 marks.

Part (ii) scores 0 marks. There is no mention of which decay produces
alpha or beta for MP1 and the half life of Neptunium has not been
identified as very long for MP2.
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(c) Americium-241 is used in s¢ oolsasasoum::f;iphnn;;nom &? ¢ Noatoky O
A pure americium-241 mumewasboughtﬁymggobyaml wos  duwe Yo B+

(i) Determine the percentage of the initial activity that would be expected today for
the americium-241 source.

half-life of americium-241 = 432 years
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(ii) The decay products of americium are unstable and undergo a series of
further decays.

The table shows the first three decays in this sequence.

Isotope Decay product | Emission Half-life
© americium-241 neptunium-237 | alpha 432 years
neptunium-237 | protactinium-233 alpha 2100000 years
protactinium-233 |  uranium-233 beta 27 days

A student states, “Protactinium-233 emits beta particles when it decays,' so
by now the americium-241 source bought 34 years ago will be emitting a
significant amount of beta radiation.”

Discuss the student’s statement.
3)
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Y { ResultsPlus

Examiner Comments
The candidate had converted the half lives to seconds, which was
unnecessary; this response still scores 3 marks as this is a valid
method.

Part (ii) scores 0. MP1 was not awarded as there is no mention of which
decays will lead to beta being emitted. MP2 was not awarded as the
candidate has not identified the half-life of Neptunium as being very
long. MP3 was not awarded although there was some potentially
creditworthy information, in that only 5% would have decayed and the
student is wrong. However, this required clarification that only 5% of
Americium had decayed, so the proportion of proactinium would be
small.
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Paper Summary

Based on their performance in this paper, candidates should:

e Check which mode their calculator should be in, depending on if they are dealing with
degrees or radians.

e Check that numerical answers to calculations represent sensible values and go back and
check the calculation when they do not.

e Remember that physical quantities have a magnitude and a unit and both must be given
in answers to numerical questions.

e Note that if you are given a value of the radius, then doubling it will lead to an invalid area
calculation; the diameter needs to be halved in an area calculation.

e Be sure to convert all values to the same Sl units in questions with mixed quantities. For
example use m instead of cm in the lens formula.

e Learn standard desciptions such as threshold frequency and the definition of a photon.

e Know that in calculations which involve ideal gases, temperature must be converted to K.

e Remember when calculating a value to the power of x, not to miss off the power.

e When the question is an assess or discuss question, remember to provide a valid
conclusion.
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Grade boundaries

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

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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