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Introduction

Once again the paper gave candidates the opportunity to demonstrate their understanding
of a wide range of topics from this unit. All of the questions elicited responses across the
range of marks, but marks for Q14, Q16 (b), and Q18 (d) tended to be clustered at the
lower end of the scale.

Calculation and ‘show that’ questions gave candidates an opportunity to demonstrate their
problem solving skills to good effect. In general, very good responses were seen for such
guestions. Re-arrangement of equations was sometimes poorly attempted, leading to
marks being lost. Candidates should be encouraged to substitute numerical values into an
equation before attempting a re-arrangement, as this may demonstrate a correct use of the
equation even if the final answer is incorrect due to poor algebra.

Occasionally in calculation questions the final mark was lost due to an incorrect or missing
unit. This was particularly apparent in Q19(c)(iv). Although H, and therefore its unit, might
be less frequently met than some quantities in the unit, it is to be expected that an A2
candidate should be able to derive mst/m = s.

Most candidates understood the convention that in a “show that” question it is necessary
to give the final answer to at least one more significant figure than the value quoted in the
question. Perhaps because the answer to Q13(b)(ii) was 0.602 many candidates lost the
final mark, as they gave 0.6 as their answer.

Reasoning and explanation type questions need careful interpretation of the question

and subsequent planning of the explanation or argument before the final answer stage is
reached. In this way candidates may ensure that all relevant points are included in their
answer in a logical sequence. The use of bullet points should be encouraged, as is some
thought to the structure of answers to such questions. In this way candidates may ensure
that they answer all the points required by the question. In addition, reference to the marks
allocated to each part of a question will tell them how many points or statements they
should be making.

As is often the case, candidates disadvantaged themselves by not actually answering

the question and in not expressing themselves using suitably precise language. This was
particularly the case in extended answer questions such as Q14 and Q19, where candidates
obviously had knowledge of the topic, but could not express it in the context required.

Although some well-structured, succinct answers to questions were seen it is clear that a
good proportion of the candidates sitting the exam would benefit from more time being
spent applying the physics that they have learnt to the types of extended answer question
commonly met in A2 papers.

Scientific terminology was used imprecisely and incorrectly in a number of responses seen on
this paper. The confusion between atoms, molecules, nuclei and particles was clear from the way
in which these terms were often used interchangeably. Similarly candidates used terms such as
element, isotope and nuclide inappropriately throughout their answers to Q18 and Q19. At A2
level it is to be expected that, where candidates use such terms, they do so with accuracy.

In Q13 and Q17 candidates were asked to “sketch” graphs. The word “sketch” is used
because it is not expected that candidates will use graph paper and plot points. However, all
essential detail should be included. So if a candidate is to attain full marks a sketch should
be drawn carefully enough to be physically correct showing all the important features. In
many sketch graphs that were seen it was not clear if the amplitude or time period stayed
constant etc. Those candidates who used a ruler to check approximate magnitudes and

who marked key values from the question on the axes scored more highly than those who
made a cursory free hand sketch. In such cases, carelessness in drawing rather than lack of
candidates’ understanding of concepts led to marks not being awarded.

The space allowed for responses was usually sufficient. However, candidates need to
remember that the space provided does not have to be filled. If they 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 11

Many candidates made over-complex and convoluted calculations to obtain the ratio. It was
disappointing to see that a significant number of candidates could not go from F = GMm/r?
to g = GM/r? without error; many candidates dropped the r? and wrote r instead. The final
answer was not always given as a decimal fraction, leading to further loss of a mark. Some
candidates gave a protracted description that earned no marks as it involved no quantitative
information. It is normally the case that in a question in which numerical values are supplied
a request to compare requires the candidate to find a numerical ratio.

11 In a physics lesson a student learns that the Earth is 81 times more massive than the
Moon. Searching the Internet, she is surprised to discover that the gravitational field
strength at the surface of the Earth is only 6 times greater than that at the surface of the

Moon.

Use the above data to compare the radius of the Earth with that of the Moon.
(3)
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ResultsP

Examiner Comments

The candidate has repeated information they were
given, but their response doesn't answer the question.

11 In a physics lesson a student learns that the Earth is §1 times more massive than the
Moon. Searching the Internet, she is surprised to discover that the gravitational field
strength at the surface of the Earth is only 6 times greater than that at the surface of the

Moon.

Use the above data to compare the radius of the Earth with that of the Moon.
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(Total for Question 11 = 3 marks)

ResultsPlus OO ResultsPlus

Examiner Comments Examiner Tip
This is a correct method, but the final Always work out numerical answers fully,
answer is not fully calculated. giving a decimal fraction where appropriate

for your final answer.
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Question 12 (a)

This was answered successfully by a large proportion of candidates. The most common
mistakes were in not squaring the radius or not taking the fourth power of temperature.
Some candidates did not convert radius and temperature into correct units. A few did not
use the correct formula for area.

m Earth can be considered to be a black body radiator at a temperature of 25°C.,
radius of Earth = 6380 km

(a) Calculate the total power radiated from the Earth.
2)

W L XA X T
i : 4
=Ee68x10®) x 4n x(6380x100mx 251273k
10
BT IO
Total power radiated = .. 26 W’“dow

ResultsPlus

Examiner Comments

Examiner Tip

The radius is not squared at the Check carefully as you go from a statement of
substitution stage. the formula to the substitution.

12 The Earth can be considered to be a black body radiator at a temperature of 25°C,
radius of Earth = 6380 km

(a) Calculate the total power radiated from the Earth.
(2)

2 BK ALK @bﬂo)l&szba—%]qN
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Total power radiated = 803 x 0B

OO ResultsPlus

)
Results¥lus Results
Examiner Comments xaminer Tip
The Stefan-Boltzmann constant has been Physical constants are given in a list at
omitted at the substitution stage. the end of the question paper.
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Question 12 (b)

This question yielded mostly correct answers with very few conversion errors. However, the

(b) Calculate the wavelength of the peak energy radiation for the Earth.
(2)

. - 3
e S RS U - S S-S ' <
P Do BB T BAR KIS S D

. -9

. -9
Wavelength of the peak energy radiation = .9 7 2% fo " ke .

Results+lus

Examiner Comments
The candidate seems to convert the wavelength Use ST units throughout in any
from m to km when making the substitution. calculations that you carry out.

(b) Calculate the wavelength of the peak energy radiation for the Earth,

_5 (2)

A =9 Fxet

Wavelength of the peak energy radiation = 9 ?'ZX{U R

ResultsPlus

Examiner Comments

There is a unit penalty here. Watch out for units - all final answers
should be quoted with appropriate units.
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Question 12 (c)

Most candidates correctly identified the wavelength as lying in the infra-red region of the
em-spectrum. It is expected that candidates will be able to match up wavelengths with
regions of the spectrum.

Question 13 (a)

Although many correct definitions were given, poor use of English often prevented
candidates from being given full credit. In good responses, the idea of proportionality
together with an opposite direction between acceleration/force and displacement was clearly
stated. However, when marks were lost it was usually because candidates did not qualify the
word “displacement” with “from the equilibrium position”.

13 (a) Define simple harmonic motion,
(2)

Qeilohion. . wheve. aceeleration . i c'dfecﬁd Propertional, o AisPlacemant:..
Be s, direckeR | toeonedn,. mean . Position . Time. pesiof s conmdank for. .
o omplitude..

ResultsPlus

Examiner Comments

The displacement from the mean
position is not clearly stated.

Qr .
0 —— 4y e

13 (a) Define simple harmonic motion. O"V__/M O

(2)
__S;‘m,o/z pacmends.. motian.. Aappens.. Lhen. . 7K. 5:(4:9%#71? 4% Andle...
spendant..8f. 7. amplitude.. A = frmp‘mé;zﬁ /mrre z_a/wa)c;_ aels
___Zé'r_m___fe(-?_:_c-enﬂ; pom . _/f'w' The  acelvation. 1. sritewsel

Livacd ... PrRpatonal. Fo.. TR . Aempts oistance.. maoved..cQp.. i
heg ayrva gve r/{'m 7 - .

My Tha cecnabl alames dha srmeindiam tom wmnbas laual dicelas navt ssribh tisna Fae tha sratae (n

<$ Resultslus
Examiner Tip
There is a lot of information given here, Learn definitions of key things in
but nothing that gains a mark. advance of the examination.

GCE Physics 6PHO5 01
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Question 13 (b) (i)

It was surprising how many candidates could not read off simple information (amplitude
and time period) from a graph and give a correct unit. Peak-to-peak displacement was often
seen for amplitude as well as a simple reading of the peak value of displacement from the
graph (the most common wrong answers seen for amplitude were 4.6 or 6.1). In addition
close but inaccurate values for both A and T were seen too frequently.

Question 13 (b) (ii)

Many good answers were seen, with clearly structured calculations leading to answers
within an acceptable range. However, the handling of significant figures was disappointing in
a number of cases. In a ‘show that’ question candidates must give an answer to at least one
more significant figure than given in the question.

Most candidates calculated the answer from vmax = wA. Those who followed this route
using v = Awsin(wt) often failed to realise that sin(wt) = 1 at maximum, so scored only the
first mark. Those following the gradient method often scored 2 marks. Some values for both
As and At were impossibly large (but gave an answer within the acceptable range). As a
teaching point, perhaps the use of tangents to curves as a means of finding the gradient of
a curve needs greater emphasis.

(i) Show that the maximum rate of change of water level displacement is about
0.6 m hour™'.
(3)
Mo Tk o} c‘m:m% b ok equibrum  posdom
: A watrr dapth :
k . - q_ _ =
A fiwa. A=

= 65-15 m =.0.52% % 0.6 m how
S -\
D

ResultsPlus

Examiner Comments

The candidate has clearly shown that the maximum rate of
change of water level displacement is as given in the question.
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(i) Show that the maximum rate of change of water level displacement is about
0.6 m hour™.

NV E OS89 mhow !

Se.the  mAax e take. of ..&.ha.ng_f. Of AMARERS L DA

88 aboue. O 6mnews

This candidate has used the values they read
from their graph in a calculation. Again, the
value given in the question is clearly shown.
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Question 13 (b) (iii)

The first mark was often not scored, but the second mark was. Poor draughtsmanship
sometimes led to the loss of this mark as well. The vast majority of candidates communicated
the idea of constant amplitude (most choosing the same amplitude as the curve already
there) though a common error was in the type of curve. The most common mistake was to
draw a sine wave starting at 0 and then going positive or to draw a cosine wave.

Graph sketching is still a skill many students need to perfect. The drawing of sine curves
would be helped in many cases by identifying key points on the axis before drawing in the
curve. Clearly some candidates have been taught this, since the dots were visible on their
scripts. This generally produced better graphs.

(iii) On the axis below sketch how the rate of change of water level displacement
varies with time for the interval 0-30 hours. The variation in water level
displacement with time has been drawn for you. You need not add any
numerical values to the y-axis.

A (2)
Al R R R R :
: M A :"1 SEEN Smmana\ nrgAvAgu A BREEER.ES nn ___,‘I.‘_"
G PR J
0 3821282 15T R Saammenny :
i ‘
"fh is A } :
___ ’ ] - H £ -—~.. g
| ” “‘.‘ L—I 1] ]
0 5 10 15 20 25 30 35 40 45 50
Time / hours

Examiner Comments

This is a well sketched graph.
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(iii) On the axis below sketch how the rate of change of water level displacement
varies with time for the interval 0-30 hours. The variation in water level
displacement with time has been drawn for you. You need not add any
numerical values to the y-axis.
(2)

s,

ResultsPlus

Examiner Comments

The graph shape is wrong, and neither amplitude
nor time period are correctly drawn.
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Question 14

Many candidates referred to resonance as part of their explanation, and the first four
marking points, relating to resonance, were the ones most commonly awarded. However
candidates often talked about resonance between the hammer and the tuning fork. In better
answers candidates were able to identify how and why the vibrations were transferred.

References to damping were seen in a number of scripts. However, the mention of a rubber
hammer in the stem seemed to prompt quite a few candidates, if they referred to damping
at all, to do so in connection with the hammer striking the fork rather than with the action
of the sounding box.

Only good candidates were able to say why the sound might last for a shorter time when
the sounding box was present. Some candidates gave reasons for the sound lasting for a
longer time when the fork was connected to the box.

*14 When a tuning fork is struck with a rubber hammer, a pure sound of fixed frequency is
produced. The photograph shows a tuning fork connected to a wooden sounding box.

Hammer
Tuning fork

Sound box

+ The sounding box amplifies the sound produced when the tuning fork is struck.

* The sound lasts for a shorter time than if the tuning fork were to be struck
identically but without the sounding box.

Explain these observations.
%)

When  the  duming ok fe  stuck  fk  vibwles ond hie
vibroken . cauers. . the . sound loox.. . Yo . vibwmke ab—
maximum. . @ea'uaq Becaute. . the. . nalural :pa}oency
Pruduaaaﬂ ‘97 e Jd;rk ¥ CN cnlled

Yo Feconance. c:mr.:l. | _c,Lue.. Yo reeonance. . the

eovnd oox. . ap- ampliffes . econds . uwsith L mosdmum

ResultsPlus

Examiner Comments

The candidate scores marks for 3 out of the first
4 marking points.
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*14 When a tuning fork is struck with a rubber hammer, a pure sound of fixed frequency is
produced. The photograph shows a tuning fork connected to a wooden sounding box.

Hammer
Tuning fork

Sound box

* The sounding box amplifies the sound produced when the tuning fork is struck.

* The sound lasts for a shorter time than if the tuning fork were to be struck
identically but without the sounding box.

Explain these observations.
(%)

ol I[umwﬁ ..{u.n.K. s Showek . fﬂwwltr\a bow absonbh . .

Qﬂmgjom( . \‘mﬂ\ém o Sownd . ereng Mo L\«ﬁ‘\mw[ﬁ{ua‘b -
dw. b closed  swnfece.

o The . sound. . lowks. f on.... fnnﬁen er‘lxo\&’r’f';\lsomob"jéwa
beCmae#uSowanﬂ&m Labtonths  some. °§ }K.angj

fmmlﬂh *Wvﬁfonkwﬂw dary vibnoa b s domped.

ResultsPlus

Examiner Comments

The candidate has correctly linked damping of the
vibration to the sound lasting for a shorter time.
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Question 15 (a)

Many correct answers were seen. Unnecessary and sometimes incorrect conversions to
kelvin temperatures were occasionally carried out. Candidates need to be aware that a
temperature difference in kelvin is numerically identical to the same temperature difference
in celsius, therefore there is no need to carry out a conversion.

Question 15 (b)
(b)(i) was well answered, although there were some power conversion errors.

In (b)(ii) many answers suffered from lack of specific detail - responses referring to the
efficiency of the washing machine and vague statements of “heat loss” were common. To
gain credit candidates need to say where the “lost” energy might go. Only about half the
candidates could give the answer that no energy was lost to the surroundings.

(b) (i) The power of the heater is 2.5 kW. Calculate the minimum time it takes for the
water to be brought to the correct temperature,

R L T ¥ - 2
2/'5' y”d;/ ?xto ¢
73 21ef 2.5 X

l200¢ ¢

(2)

:1\|

1

Minimum time = .../ 2 ¢ 7 5
(ii) State an assumption you made in your calculation.
(1)
Nd‘ c‘ﬂ'r\i’w;?,- J-J ,}c‘!"l" "?J ﬂ'v‘ ftufy;;m\./ﬁf;'w

ResultsPlus

Examiner Comments

This response gains all 3 marks.
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Question 15 (c)

The vast majority of responses seen gained full credit. Forgetting to convert from kW to
W, and missing or wrong units meant that some candidates were not awarded the second
mark. However, the main errors seemed to come from candidates who attempted to use

E=VIt; in these cases power was often substituted for the energy.

Question 16 (a)

Very few students could explain clearly that the Moon is held in place by the gravitational
pull of the Earth. The mutual attraction between the two bodies was a common way of
expressing candidates’ understanding. A large proportion of candidates were not able to
demonstrate a clear grasp of what affects the radius of Moon’s orbit. Most answers indicated
gravitational force provided by the Earth was involved. Some lost marks by presenting a list

of possible factors.

16 (a) The Moon orbits the Earth in a circular path.

Explain why the Moon maintains this circular path and what determines the radius of

the path.
, (2)
Theve 14 * 2T .
Dt G Cripedat boree.  em  Ate. Plosn a smaantedns 170
) £/ {t.f.f'(
LArceday  rohlea o\ Tle : ' G Tl | [leon .

J 5
Resultstlus
Examiner Comments
The identification of a centripetal force is not enough

here - the candidate needs to say that it arises from
the gravitational pull of the Earth on the moon.
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16 (a) The Moon orbits the Earth in a circular path.

Explain why the Moon maintains this circular path and what determines the radius of

the path.
(2)

ntpeial.. @fa.,@on Meoea - Shts. fenullant e
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Examiner Comments

This response scores both marks.

Question 16 (b)

The most commonly awarded mark was for a reference to a centripetal force. However,
very few candidates seemed to understand the application of Newton’s 2" l[aw to circular
motion. Centrifugal force was commonly seen, along with the bottom of the bucket
attracting the water and holding it in the bucket. There was still the tendency in some
candidates’ minds to think of the centripetal force as an actual physical force, in addition to
weight and reaction, instead of it being provided by the weight and reaction.

Candidates who knew that there was a centripetal force, often attempted to explain the lack
of downwards motion by using Newton’s 3™ law and have a ‘centrifugal’ force making the
water move outwards. Very few candidates seemed to understand that the weight of the
water was supplying the centripetal force and so long as the required force was greater than
weight the weight could not pull the water down.

GCE Physics 6PHO5 01



The question asked about a minimum speed, but this was not always addressed in the
responses, with some candidates even suggesting that water would come out of the bucket
if the speed was too great. Where candidates were able to get the connection linking the

forces correct, there was generally no problem in arriving at an expression for the minimum
velocity.

(b) A bucket is swung in a vertical, circular path as shown,

The bucket is half filled with water and swung. The water stays in the bucket, even

at the top of the circular path, as long as the speed of the bucket exceeds a certain
value,

Explain why.
3)

ResultsPlus

Examiner Comments

The candidate seems to be saying that there is a maximum
speed before the water will come out of the bucket.
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the wadew \n M bucked  Jeeds o cwenteipedaf
fora while moing in e ciredday path. By
nedong. 3ad. law., Haewe. s an. equeal
oppoeite  dowee acking on i¥, Which s ading. ..
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weauleant foxce .aa.@ma on & _;__.s.___.zcz._ro_,__;f_k_sm?e_s |

This is a common misconception - that the
centripetal force is balanced by an outward force.

(b) A bucket is swung in a vertical, circular path as shown.

The bucket is half filled with water and swung. The water stays in the bucket, even
at the top of the circular path, as long as the speed of the bucket exceeds a certain

value.

Explain why.
(3)

but

ResultsPlus

Examiner Comments
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Question 17 (a)

The most successful answers to this question were through the use of T=2rnV(m/Kk).

A few failed to gain any marks by choosing to use the simple pendulum formula, or by

setting the acceleration to 9.81m s2.

Question 17 (b) (i)

Most candidates knew about a decrease in amplitude, and so the second mark was usually
awarded. Vague answers relating to energy loss in general without relating it to the system
in the question led to the first mark being withheld. A lot of candidates did not state clearly
that energy is dissipated or lost from the system. References to energy transfer need to be

clear that energy is being transferred out of the oscillating system.

(b) The oscillations of the pan are damped.

(i) Explain what is meant by this statement.
(2)

&Cﬁ(be—-) IR Q\Al\rb\b \'-;; | Q-"o*;av\'pil_ﬂ. b':'s M\'\%)
g lQh‘:U’t&x o Aarvoess .

Examiner Comments

This response comes close to being awarded a mark,
but overall the statements are too vague. e.g. which
part of the oscillation decreases?

\

Plus

Examiner Tip

Be specific when you are giving an explanation.

GCE Physics 6PHO5 01
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Question 17 (b) (ii)

The first two marking points were gained by most, although the sketches were often poor
with no evidence of pre-plotted points to help with the curve drawing. The final mark was
lost by most candidates because the time period of their curve decreased over time. It
might be that the majority of candidates still think that the period of the oscillation reduces
when a system is damped, but good candidates identified points on the time axis which
would give their graph a constant period.

(i) Sketch a graph to show how the displacement of the damped pan varies with
time,
: X 3
/_\D\bp‘ﬂtt‘fﬁ*ﬂ
Yo \\
\‘/;‘%&/_iﬂ B Time,
)
Resultstlus
Examiner Comments
This is an example of a clear sketch.
(ii) Sketch a graph to show how the displacement of the damped pan varies with
time. o
DsPes &)

ResultsPlus

Examiner Comments

The time period decreases substantially
from the first oscillation to the last.
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Question 18 (a)

Many candidates only described what isotopes are. In too many responses there was no
mention of the nucleus, candidates preferring instead to refer to atoms or molecules or
particles. Most candidates were too vague about what was decaying. Very poor terminology
and sloppy statements (such as ‘emitting ‘radioactive particles’, or describing a, B, vy

radiations as being radioactive) were commonly seen.

It is the nuclei that are unstable — not atoms, molecules, etc. Candidates should know that
radiation is emitted from a nucleus within the atom and that the radiations themselves are

not radioactive.

18 The radioactive isotope carbon-14 undergoes decay with a half-life of 5730 years.
While an organism is living, it takes in carbon from the atmosphere and the ratio of
carbon-14 to the stable isotope carbon-12 in the organism is constant. After death the
ratio changes, as the carbon-14 continues to decay but no more carbon is taken in. This
is the basis of radiocarbon dating.

Archaeologists have used radiocarbon dating to pinpoint the date of construction of
Stonehenge, an ancient stone circle in south west England. The archaeologists unearthed
dead organic material from under the stones and sent a sample of it to Oxford University
for analysis. Scientists at the university determined that the ratio of carbon-14 to
carbon-12 in the sample was only 60% of that found in living organisms.

(a) Explain what is meant by a radioactive isotope.
(’l C )

i “wﬁ bt e s‘am. eumu‘l....
has e &{{Wﬁ e 56 NTONS .

ResultsP

Examiner Comments

The response refers to "it" rather than "the nucleus".

\
OO ResultsPlus

Examiner Tip

Be careful of referring to quantities as "it" in your
answers. The examiner has to guess what "it" means.

GCE Physics 6PHO5 01
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18 The radioactive isotope carbon-14 undergoes decay with a half-life of 5730 years.
While an organism is living, it takes in carbon from the atmosphere and the ratio of
carbon-14 to the stable isotope carbon-12 in the organism is constant. After death the
ratio changes, as the carbon-14 continues to decay but no more carbon is taken in. This
is the basis of radiocarbon dating.

Archaeologists have used radiocarbon dating to pinpoint the date of construction of
Stonehenge, an ancient stone circle in south west England. The archaeologists unearthed
dead organic material from under the stones and sent a sample of it to Oxford University
for analysis. Scientists at the university determined that the ratio of carbon-14 to
carbon-12 in the sample was only 60% of that found in living organisms.

(a) Explain what is meant by a radioactive isotope.
(2)

Radiooctive. fsofope. bos o0 vnsdable  nuelei,. that. qive ovi. xadiotien. of ...

P.cu:!-.u'.de.e.....:{.o......bf.’.f.umﬁ. Ledab e . s ...':{Ecaﬁ ol randam... aed. sporianeouns.., .

ResultsPlus

Examiner Comments

The first sentence is enough for 2 marks.
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Question 18 (b)

General knowledge that “which nucleus will decay next” and “when a given nucleus will
decay” are unpredictable was good, but issues occurred in the terminology used. After
writing the phrase “we do not know which nucleus will decay” quite a few candidates
omitted to add the word “next”, which is necessary to establish that the decay is random
(since all nuclei will decay eventually). Few candidates were able to express the fact that
there was a probability of decay in a given time.

(b) Radioactive decay is a random process. Explain what this means.
(2)

o Radiachive  de cay 5. & Condom pracess. which imPles
Hat. ¥e. codiakion 1% hephazand | ond.  the decoy. ..

s..deen. not  eccor. in on.ofdenly

orocem. 3 s uncandain, . ¥od then  ex. howe .
(X wi\l decoy g of—4=

N\

ResultsPlus

Examiner Comments

There is nothing here that is worth a mark. The final sentence
comes closest to gaining a mark, but it is just too vague.

(b) Radioactive decay is a random process. Explain what this means.
(2)

_ , _ ne x
T eaen. is.nod...possible. 0. predict . ohich . ovclei . cod | ..dema_mﬂ.__ _

of... haud many. atomd.... ol dema. in..0o S.E.JFO et od a{'-l':mw? \

Examiner Comments

The first part of the response is worth 1 mark.

(b) Radioactive decay is a random process. Explain what this means.

.. 4 Yhe c.t.é‘to.uﬂi'ﬂ. ele menk ée_ccqs ot e LN Om W iy
oo 3 decays. Yoo Soewn . 8iffevent  so Olewent. ob . &fferen) Yiwmes,with .

wh. . Fised ‘p.\fa?.fflv\i of ..A‘E.ccui\mﬁ.

ResultsPlus

Examiner Comments

No marks here.
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Question 18 (c)

Many correct answers were seen, with most candidates able to gain the first three marks.

However, not all were able to tackle the final equation and calculation.

The ratio N/N_ was generally substituted with the correct value though some inserted 60

and forgot it was a percentage. Some problems arose by candidates using 40% rather than
60%. A few answers brought in the mass numbers of the carbon isotopes, writing the ratio

as 12/14.

Candidates could have saved a lot of time if they didn’t bother to convert time into seconds
in this question. Poor conversions such as 360 days in a year and the omission of 24hrs in a

day when using seconds were not as uncommon as might be expected.

(¢) Calculate the decay constant of carbon-14 and hence the time since Stonehenge was
constructed.
(6)
A= fey,
oo 4- C.)q
=~ L 2_/(‘5”30»;%:«.1»,60 &0) ?ﬁ@?«fo H}
Say bhat __.._.'?“:J.u._?—.___._.‘..‘.) o N mws Se 60% 94 =6
Nz e Lﬂ N J
Co (i 10) - (&) /N 02 <1 Aty
Results¥lus
Examiner Comments Fime - 3?60 tj
Apart from an arithmetic error this is all correct. Final rme =
mark is not awarded, as the answer is incorrect.

(¢) Calculate the decay constant of carbon-14 and hence the time since Stonehenge was
constructed.

. he. de?aj constant of cacbon 14, A= lzre .

ResultsPlus

Examiner Comments

A typical weaker response, gaining the first 3 marks.
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Question 18 (d)

Most grasped the idea that the amount of C-14 varied somehow, but fewer described
the variation in terms of the C-14 to C-12 ratio. Quite a few stated the age as lower
than calculated and very few communicated the lack of comparing ‘like with like” in the
calculations. Some responses concluded that “the date would be less” which is a good
example of poor language skills obscuring what might be a correct understanding /
interpretation.

“It will make no difference” or “the decay constant / half-life will change” were seen quite
often, and it was also quite common for the information given to be interpreted in the
opposite way from that intended.

(d) The rate of production of carbon-14 in the atmosphere has decreased since
Stonehenge was constructed. Explain how this would affect the scientists’
calculations of when Stonehenge was constructed.
(3)
The_amourt of Corban-)4 i, _.Jr.rf_i.nj._._a.-j.a.h_i.i.m& rave will et be less thon ...
Hhe amawet of . corbon- l4. P
T still. l_i_rinj_ o Thusy the. F&“ﬁjd ratio. o cacbon =4 b corbon N2
Jnthe sampR. showid. be. lss than. 0%. of thet fauad i 'MU ja.msn,s _—
’ﬂ-l @lemloted time il be less thon e octual +ime since. 5‘&’—11«‘?2

3k _m_._a,ﬁanic,.mq?bekmi_ _ uﬁ&n_._that_mjmu M.

ResultsPlus

Examiner Comments

This response says enough for all 3 marks to be awarded.

(d) The rate of production of carbon-14 in the atmosphere has decreased since
Stonehenge was constructed, Explain how this would affect the scientists’
calculations of when Stonehenge was constructed.

A ol I\/ (3
LA !’i"'l 4_j R h@ ......

R C0educAlon. s dengsed
.J.ef.(.mm S Hsldo ) {t_ etomes. urbm qw( 'Wz d-equ
_ w“(’km&- hecome s Seallan... The. slen e fvng. vam)d . he .ﬁ%rcf'{-rd
\
B O

\

ResultsPlus

Examiner Comments

No marks here. It was a reasonably common incorrect
response to say that the decay constant becomes smaller.
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Question 19 (a)

In general candidates scored well in explaining the process of nuclear fusion and in
describing and explaining the conditions, but generally scored very badly in explaining why
it is difficult to replicate conditions outside of a star.

Many responses showed familiarity with the nature and requirements of fusion, but with a
lack of accurate expression. For instance ‘molecules’ were said to fuse, mass was ‘changed’
(without reference to the fact that it was lost), and the very high temperature was to ensure
that the electrostatic repulsion between ‘atoms’ was overcome. Candidates should know
that plasma in stars and in fusion reactors it is much too hot for molecules and atoms to
exist, so it is nuclei that fuse. Also, a small number of candidates confused fusion with
fission.

Most candidates did not seem to appreciate problems with the containment of a very hot
plasma and the problems with any containment vessel. It is a pertinent question to ask in
teaching this section of the specification why, after over half a century of trying, we still
have not developed the technology required.

*(a) The conditions needed for fusion to occur make it difficult to replicate outside of a
star.
State and explain:
*  how the process of fusion is able to release energy

* the conditions necessary for fusion to occur

*  why the conditions are difficult to replicate outside of a star.

%mﬂmﬁ&ﬂhwwmmm&

ResultsPlus

Examiner Comments

Just 2 marks here - for the high pressure and the confinement
problems. The reference to molecules is worrying at this level.
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*(a) The conditions needed for fusion to occur make it difficult to replicate outside of a
star.

State and explain:
*  how the process of fusion is able to release energy
« the conditions necessary for fusion to occur

*  why the conditions are difficult to replicate outside of a star.
(6)

Iﬁ&p:rﬁ..lwﬂ..@:&sﬂ..).....PMLLQ'&S-----haf....SﬂEG}ﬂ?......b;ﬂ.d{;i? ........ energy per
nutleon thon. then & the reactonts. 7h% means. ___fbe.pﬂoduct:

Qmmw@b@bwndﬁﬂdéb&bq@!f&smm‘ﬁﬁgq}éf\maj&
An.maLs. 1S .@,amen.,ne...meleaa.ed.......e:m....e,nenﬁj......mcmn.df’n. te..
=2 AE:mel . Bath. hi’cjh -&empquure.ardh% densi
.Qm....ﬂegafned.....ﬂ%b...{-.empmahlﬂ&......1?5,...mee.Qze.d..”....'éﬂ‘....mzrﬁ-;éafam.............._—

(o} e('t!()me,.......e[e.c.ﬁn&aﬁah%:,...r.eﬁu[.ﬂ%n,_...bt-.huem...._.f}.!e....nuc/ef omd S
j&h -5 (] Q l,):) [s] 5 o 0 ]a
_en.a.::éj.......m.... NESIN ¢ h....ﬂ,a”!.?@.m.n...Hﬂé@....-_.,“Zz,-._,.u.kd.x%&(&......@. manlan

ﬁ_)li%.h...._é-.unper.afme.....henause.........bea{:. iz last ond oreade.
—pa (on ;nemmz{pﬂob/emc, e

AN

ResultsPlus

Examiner Comments

This is an example of a good response which
covers most of the 3 areas well.

GCE Physics 6PHO5 01

27



28

Question 19 (b)

This question part was quite poorly answered. The first mark was commonly awarded but
the second two were rarely given. Candidates recalled that fission took place for A > 56
and fusion took place for A < 56 but showed no clear understanding of why this was the
case. General comments on the binding energy change when a nucleus is formed from
separate protons and neutrons were also quite common. Some candidates were too sloppy
in stating B.E. as opposed to B.E./nucleon to discuss the stability of a nucleus; they did not

realise that nuclei heavier than iron will have larger B.E.s by virtue of increased numbers of
nucleons.

(b) The graph shows the average binding energy per nucleon for a range of isotopes.

10
g ]20 ;ch mnbn
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Nucleon number, A

Massive stars can only produce elements up to iron (Fe) in their cores by fusion.
Use information from the graph to explain why.

:&i Inm }\M ﬂﬂ?a'rcff avera e bmu"n eneﬁy v
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-

i T iy fhe configualin of Fe /

ResultsPlus

Examiner Comments

Just 1 mark for the reference to Fe having the
greatest binding energy per nucleon.
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This response is worth the first 2 marks. There isn't enough
to award the 3rd mark, although the response comes close.

(b) The graph shows the average binding energy per nucleon for a range of isotopes.

)

9 16
% nO ;gﬂy Em
s —-.\-’:"%::

: a—r'g S—
3
= 4
5 6H\3H°
5 4
£
. JHe
o 2f
L
< 0

0 50 100 150 200 250

Nucleon number, A
Massive stars can only produce elements up to iron (Fe) in their cores by fusion.

Use information from the graph to explain why.
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ResultsPlus

Examiner Comments
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Question 19 (c) (i)

Many answers talked about the uses of standard candles without actually clearly stating
what a standard candle was. However, those candidates who knew what a standard candle
is gave answers to the point.

A type la supernova occurs when a white dwarf star in a close binary system
accumulates matter from its companion star. This eventually leads to a supernova
outburst. Type la supernovae are used by astronomers as standard candles,

(c) (i) State what is meant by a standard candle.
(1)

% 5t ondntd . cand)s. are. ViAo yeasure  distowmes of  n shar.

L 98Ine L Ao kER. B Imaginany. Y rianales

<D/ ?,,
Results#lus
Examiner Comments
This response says what a standard candle is used

for, rather than saying what a standard candle is.
This was typical of a minority of responses.

Question 19 (c) (ii)

Most candidates correctly answered this question part.

Question 19 (c) (iii)

Many correct answers to this item were seen, but although the majority of candidates knew
the answers, a few did not seem to know the difference between a galaxy moving away
from us and galaxies moving apart. Some just said that the universe was expanding, which
didn’t answer the question posed.
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Question 19 (c) (iv)

While there were many correct values calculated, candidates were not always able
to identify the units for H_ from the equation. Some used the red shift ratio as the
velocity. Some candidates played it too smart, giving answers in parsecs.

(iv) The redshift is measured to be 0.064. Calculate a value for the Hubble constant,

0 ﬁéﬁ‘ 3x(u )

1 A2xloT /4 m f

Hubble constant = 2f {’)LX [

ResultsPlus

Examiner Comments

Correct answer, but unit penalty applied. Interestingly
the candidate does give units for the speed.

(iv) The redshift is measured to be 0.064. Calculate a value for the Hubble constant.
3

ol

Z=
006\ % 3x)6° =V

Va [A20 0000 s

v Hoxd
Ho = 4.84x10'"
b

<d Hubble constant = . 4:- 84 x1o © .

« (ResultsPlus y

Examiner Comments Examiner Tip

An incorrect re-arrangement of the Hubble's Law Always show substitutions into

equation and so an incorrect final answer. The mark equations that you quote.

for use of the Hubble's Law equation cannot be

awarded, as the substitution is not shown.
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Paper Summary

In order to improve their performance candidates should:

Ensure they have a thorough knowledge of the physics for this unit.
Read the question and answer what is asked.

For descriptive questions, make a note of the marks and include that number of different
physics points.

Show all their workings in calculations.

For descriptive questions, try to base the answer around a specific equation which is quoted.
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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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