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Introduction

This is the third occasion that Unit 5 of the new specification has been examined. 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 the marks for Q15(c), Q17(b), and Q18(b) 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, good responses were seen to such
questions. However, whereas the majority of candidates produced solutions that were well
organised, there was evidence of poor layout in a number of scripts.

Candidates should be aware that in answering numerical questions their work should be set
out to enable the examiner to follow their reasoning. Candidates should also realise that
they should substitute all values into an equation, as a wrong final answer with incomplete
substitution in the previous steps will lead to little credit.

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.

Significant figures were a problem area for some candidates. Examples of incorrect
rounding, too few significant figures used in the course of a calculation, or numbers rounded
at each stage with a resulting inaccuracy in the final answer were all seen far too commonly
for an examination at this level.

In some questions well known quantities attracted unit errors. Candidates should be
encouraged to check units carefully for all quantities that they calculate.

Once again it was pleasing to see that candidates were generally able to access the correct
data and equations from the list provided. However responses were seen to both Q14(b)
and Q17(a)(i) in which 1/4 pe_ was used in place of the Boltzmann constant. Candidates
need to be reminded that they should be familiar with all of the information provided in the
data and equations section of the examination paper.

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.

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. This year there too many instances of candidates continuing
their work on another part of the paper with little indication to the examiner where the
continuation work was to be found.
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Question 11 (a)

Most candidates identified that the key feature of a standard candle was that its luminosity
is known. The most common mistake was to state that it was an object with fixed, standard
or the same luminosity. A small humber of responses described the method of using the
standard candle to calculate distance, or named a type of stellar object without indicating
that the luminosity of the object must be known.

SECTION B
Answer ALL questions in the spaces provided.

11 (a) State what astronomers mean by a standard candle.
(1)

fdbject (9 o stpwidh volle or fype. da upunova). whok

_[Numﬂo&l%ld.r S kngan. —So. ubs Ustknes. mmbe cal mtgd“«eol
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ResultsPlus
Examiner Comments

here is a large amount of detail included in this
response, but the key idea of a known luminosity is clear.

SECTION B

Answer ALL questions in the spaces provided.

11 (a) State what astronomers mean by a standard candle.

@RF&::}M

Examiner Comments

Again this response includes a lot of detail, but
the key information (that the luminosity of the
object is known) is missing.
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Question 11 (b)

This was generally well-answered. The most common mistake was to get the wrong units
(typically either leaving the unit out completely, or to use Wm-). In a small number of
responses the distance wasn’t squared.

(b) The luminosity of Sirius is 8.94 x 10*" W and its distadce from the Earth is
8.08 x 10" m,

Calculate the radiant energy flux of Sirius at the Earth,

~ = L :6‘}”)(‘ ﬂ . = 1 OOIX F’}N_
T = M

R v
Radiant energy flux = (fmx.l.g . w

(Total for Question 11 = 3 marks)

ResultsPlus
Examiner Comments

he flux is incorrectly given the same unit as the
luminosity of the star.

Examiner Tip
Check units carefully for any final answers that you calculate.

(b) The luminosity of Sirtus 18 ¥.94 x 10°" W and its distance rrom the eartn 1s
8.08 x 10" m.

Calculate the radiant energy flux of Sirius at the Earth.

L

...4??'.(8.-.06_}:.0;1&.)? ..... - l 08‘:1

Radiant energy flux =

ResultsPlus

Examiner Comments

The power of ten has not been included in the final answer.

Examiner Tip

Transfer numbers carefully from your calculator display. Remember to
include the full standard form value.
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Question 12

(@) In the main this was well answered. However, many ignored the terminology used in the
question and referred to m, and m, in their answers. A common mistake was to equate m
with m,.

(b) If a candidate lost this mark it was generally through using the wrong unit. Although it
might have been expected that the units for gravitational field strength would be well known
at this level, N, or N m2, and even kg m2were seen. In some responses the units were
omitted entirely.

12 (a) Derive an expression for the gravitational field strength g at a distance » from the
centre of a mass M. Use the list of equations at the end of this question paper.

F
_ Cam,i‘ﬂz, B -
S e &

e

(b) Use your expression to calculate g at the surface of the Earth.

mass of Earth My = 5.97 x 10" kg
radius of Earth rg= 6.38 x 10°m

an (ot 10™") = [5.a3x8" o

e S i

Y

L act Ny emo 0B Ny

(b (Total for Question 12 = 3 marks)

ResultsPlus

Examiner Comments

It is not clear in (a) how g has been derived. m has been
cancelled with either m, or m, which has then become m.
Part (b) is correct.

\

ResultsPlus

Examiner Tip
When deriving a quantity, make sure that all the steps in your derivation are clear.
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12 (a) Derive an expression for the gravitational field strength g at a distance » from the
centre of a mass M. Use the list of equations at the end of this question paper.

Qs (j - %1 o .<2.=.

1|

m X

) 4 .= e
F= G Um ‘—/}'

— - rL&M
= (=) T

(b) Use your expression to calculaté g at the surface of the Earth

mass of Earth Mg = 5.97 x 10* kg
radius of Earth r;= 6.38 x 10° m

\\ {6 é‘»‘xfc: (5 %mo"““) v
T g = At
o= 4.9 N

_(Total for Question 12 = 3 marks)

Plus

Examiner Comments

In part (a) the expression is correctly derived. However, in part (b)
the unit for g is incorrect.

GCE Physics 6PHO5 01

7




Question 13 (a)

Virtually every answer seen was correct with unit.

13 The heating element of a hair dryer supplies 2.1 kW to the air flowing past it.
(a) The hair dryer is connected to a 230 V supply.

Calculate the minimum current in the heating element.
(2)

v LT T2 230 T 0o Qis A
T=M oo AR Tresua,

i

Current = & ([ A

ResultsPlus

Examiner Comments

The equation for P is re-arranged incorrectly and
so neither the substitution nor the final answer score any
marks.

ResultsPlus

Examiner Tip
Substitute values into the equation before re-arranging. That way you will get the
“use of” mark, even if you final answer is incorrect.

8
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Question 13 (b) (i)

Candidates were able to substitute into and manipulate the equation skilfully. Those who
did not obtain the correct final answer either tried an incorrect method of converting to
Kelvin, or subtracted the temperature of the air to give 10.6 °C as the final answer. A small
number omitted unit, or omitted the C from °C.

Some candidates were able to identify the correct equation to use for this question, but
failed to make the link that energy per second was power and that they could therefore use
the power given in the previous part of the question.

Question 13 (b) (ii)

In general candidates scored badly here. Some started with the electrical energy in the
element and did not go far enough to gain the second marking point. Some gave too much
detail of the kinetic energy of the molecules in the element and failed to use the words
‘heat’ or ‘thermal’. There was a generally poor understanding and use of the concept

of heat. Energy changes were not well expressed and were often on a very basic level,
displaying confusion between bulk kinetic energy of the air and the KE of the molecules.

(ii) Describe the energy changes that occur as air is blown past the heating element

Tharmad Wﬂ? IBWW/M ’F/WM Mw

@W«j Inovee. _)oc_bsw( (ﬁ’* L\_u_a/h\/S €/(.Qrv\ V\’L ﬂrﬂ—”
) ’ru"ﬂ \L’\i‘t L"d“/‘z ' (Total for Question 13 = 6 marks)

ResultsPlus
Examiner Comments

he response just misses the second marking point, as it doesn’t
state that the air molecules have an increased kinetic energy.

(ii) Describe the energy changes that occur as air is blown past the heating element.
(2)

ResultsPlus
Examiner Comments

he candidate may know what is happening as air passes the heater,
but this response is too vague to award either mark.

Examiner Tip
sure that your answers contain enough detail to be clear and unambiguous.
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Question 14

a)(i) There were many straightforward answers using P/T is constant. However, a number
of candidates tried to make this calculation much more complicated by using PV = NKkT and
working out V and N. Many of these went on to get the correct answer, but some gave up
and did not attempt part 14b, when their use of PV=NKT would have been appropriate.

It was disappointing to see some candidates failing to convert 20 °C to 293K.

(a)(ii) There were many correct answers, constant mass or constant number of molecules
being the most popular. The majority of other wrong answers centred around the idea that
the ball was a perfect sphere.

In a number of answers the assumption that air behaves as an ideal gas was identified,
which was fine. However, some candidates quoted individual assumptions of the kinetic
theory (e.g. collisions between molecules are perfectly elastic etc.) and such answer did not
gain credit.

(b) Candidates found this calculation demanding to complete. Volume calculation errors
were common (powers of 10, using 4pr? instead of 4pr3/3 or diameter instead of radius).
Only a minority of candidates realised that they had to find a pressure difference; the
majority found (successfully or unsuccessfully) the number of air molecules at one of the
temperatures only. For those who did attempt to find the pressure difference, accuracy
suffered when they calculated the numbers of molecules at the two pressures separately,
rather than using the pressure difference in one calculation.

14 A football has a diameter of 22.5 ¢cm. It contains air at a temperature of 20°C and a
pressure of 1.65 x 10° Pa. When the football is left in direct sunlight, the temperature of
the air in the football increases to 40°C. ’

In the following calculations, assume that the volume of the football remains constant.

(a) (i) Show that the new pressure exerted by the air in the football is about 2 x 10° Pa.

SRR XA 3778 oy
| To .\

L |
165007 o P 50, =\ FbRO e

wrzts GOy A TR0 m

(ii) State another assumption you made in your calculation.
(n

psswe obt i el ek enly Snerhl £ e
kineHe & ewswe wo ve --. »no \\nWM‘*C'j[?L{..ULL’j
bonds bLekween  Uts et veolecarles.

ResultsPlus

Examiner Comments

In part (ii) the assumptions made are those of the kinetic theory -
not an assumption required to be able to use the gas law.

10
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P

(b) Air is then released from the football until the Wﬂmgmualﬂ'&_
Assuming that the temperature remains at 40°C, calculate the number of molecules
that escape. : - Y
pe 313K \;,%“{ o
P _ P, N, = PV =514

NN E|

NPy = St Geic)
P U ro "By

!

[ Sashlst) o v
o T”%K'ng =2 Fae” Mk im hally
:2‘ 17}4013 mSauls) et
K'?_,- w Ktoﬂ)'( (Y2 )Numher of molecules escaping = [ Y¥xio L .
:l-‘fxldbl

(Total for Question 14 = 6 marks)

Rounding errors have led to a final answer that is less
than the actual answer.

Examiner Tip

Be careful when rounding - keep enough significant figures in
your calculator memory to ensure that your final answer does not
differ appreciably from the expected answer.

GCE Physics 6PHO5 01
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Question 15 (a)

This was a textbook definition, and was well answered by most. However, it was clear that
some candidates did not realise that a standard definition was required. Answers referring
to general features of a system exhibiting simple harmonic motion were seen from these

candidates.

15

A student makes the “ruler piano™ shown in the photograph.

. e  swe. NJM&W%'@SWKMAWM) o

One end of each ruler is held flat on the desk whilst the other end is set into oscillation.
Each ruler oscillates at a different frequency. Some of the rulers produce an audible
sound,

(a) State the condition for an oscillation to be simple harmonic.
(2)

ez SHM e occows. uhen A Fwe pred T

Yo osabibon. Mo dﬁ!? o
4 S{l.o!rt) ;wwm/ keefiv‘a t Tine [chJ Ko Squee

'I
S
s

¢

The response focuses on the isochronous

nature of Simple harmonic oscillators. If you are using an equation to define a
This is not a definition of s.h.m. quantity, make sure that you state what
There is an equation included, but the each symbol in the equation represents.
symbols are not defined and so credit

cannot be given for this.

ResultsPlus

Examiner Comments

ResultsPlus

Examiner Tip

12
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Question 15 (b)

This was calculated successfully by most of those who could work out the period. The most
common error was in not realising that you had to halve 5cm to get the amplitude. Most
candidates sensibly used the formula v = A . Those who brought in the sine function
invariably got wrong values for v__ because they substituted inappropriate times into the
equation.

It was encouraging to see that many students are aware that answers to this type of
question should not be left in terms of p.

(b) The end of one ruler moves through 5.0 ¢cm from one extreme position to the other,
and makes 10 complete oscillations in 4.5 s,

Calculate the maximum velocity of this end.
(3)

£

™. 4S5 ¢

R e

Results+lus
Examiner Comments
The amplitude is incorrectly substituted as 0.05 m.
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Question 15 (c)

This question was very poorly answered. Most candidates simply ignored the reference

to standing waves in the rubric. The most common way of gaining credit was to make

a comment relating the length to the frequency, but many candidates did not explain

that the frequency would decrease as the length was increased, and so they did not gain
credit. These candidates said frequency would ‘change’ when the length ‘changed’ or that a
‘different’ length meant a ‘different’ frequency.

Other incorrect approaches were to talk about mass-spring systems, the simple pendulum
and resonance. Some candidates were confusing amplitude with frequency and quite a few
answers assumed there was a driving frequency somewhere which would resonate with one
of the rulers.

(c) A standing wave is set up on each oscillating ruler.

Explain why each length of ruler oscillates at a different frequency.
(3)

“The. shotted  the ol Hae gmalles e
modmum  omplitude . Ag the poSBilde
AmPlitude  loecomes smoMer leas entreyy
LS reechack o SQJF Ljf uinto o&(‘.d lation

W&nf@. {Q &m:lar qmonm‘r& OFWQ{’}
ose okfap\xul to X ru\ucs o Qrequorrj

wu&uai@ oS the f“o:tbo(l ascillakions
nere

(Total for Question 15 = 8 marks)

Examiner Comments

There is no reference to standing waves
in this response. The physics included is
inappropriate and incorrect for this context.

Examiner Tip

Check the wording of the question to find pointers for
the way in which you should structure your response.

14

GCE Physics 6PHO5 01




Question 16 (a) (b)

(a)(i) There were many correct answers to this question. The most common mistakes were
to calculate the decay constant in yr?, rather than s!. Candidates should be encouraged

to inspect the units for quantities given in questions carefully before they attempt a
calculation. In this instance it should have been clear that, since the show that value was in
Bqg, they would have to work out a half-life in s™.

(a)(ii) Candidates tended to be able to either get all 3 marks relatively easily, or fail at the
point they had converted MeV to J. Many candidates failed to appreciate the implication of
power being energy per second.

(b)(i) The statement “5% of the energy released is radiated away” led a number candidates
to assume that 5% was the amount to be discarded and that it was the 95% “remaining”
that was to be used in the Stefan-Boltzmann’s equation. Those who used 5% correctly
generally went on to obtain the correct answer. A few candidates took 5% of the
temperature they had worked out as their answer to the question.

A small number of answers seen used a converse argument to answer the question. i.e.
they started with a temperature of 1000 K and worked backwards to show that about 5% of
the power is radiated away. Working a 3 mark “show that” question in reverse in this way
restricts the maximum credit to 2 marks.

(b)(i) The calculation was done well, often with the “show that” value for the temperature
being used. Where candidates failed to score full marks it was mostly because the units
were omitted from the answer.

(b)(iii) Many candidates did not identify that the peak wavelength lay in the infrared

region of the em-spectrum. This showed that their appreciation of this topic was purely
theoretical. It is a reasonable assumption to expect candidates at this level to know that a
body at a temperature of about 1000K predominately emits infrared radiation. Gamma rays
and UV were the most common incorrect answers.

16 Polonium-210 is an_alpha-emitter with a half-life of 138 days. It emits alpha particles of
energy 5.3 MeV as it éccays to a stable isotope of lead.

One small pellet of polonium-210 contains 1.3 x 10*' atoms.

e ——

(8) (i) Show that the initial activity of this polonium pellet is about 8 x 10" Bq.
(3)

A=A A s
Ty, #2138 »< 2460 @O

= SRR\ S| e\ SH

'"."'M.?SG;@{&?‘&;_ = S$.8| x|

2.
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(ii) Hence show that the rate of energy release by the pellet is more than 60 W.
(3)

-2
.62 xo |
-1
|\ x |0 f-}x\o"-,cl.io X 10
= o.1 &2\ w0 B
— "
= 1 FoxwT
(b) The radius of the pellet is 2.25 mm and its equilibrium temperature would be about
1000 =
(i) Assuming that 5% of the energy released is radiated away, show that this
approximate value of temperature is correct.
3)

V= & 3= (220

—

I & VS s

Lk T\ AX o

- o ~23

ResultsPlus

Examiner Comments

In part (a)(ii) the energy conversion is correct, but it is not clear what the rest
of the calculation is about.

In (b)(i) an inappropriate equation has been selected.

(ii) Calculate the wavelength at which peak energy radiation occurs.

2 = 2.@98 x\0"
LO0O

= 2.99% X © "

ResultsPlus ResultsPlus

Examiner Comments Examiner Tip

here is a unit error for the answer to Always check that units have been
(b) (ii), as the unit is not included. included.

16
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Question 16 (c)

This was answered well, with most candidates writing so much about alpha radiation
that they covered the marking points. Common mistakes were to talk about polonium

penetrating the skin, alpha particles not penetrating the body or being stopped by a few cm

of skin.

(¢) Explain why very small quantities of polonium-210 are a health hazard only if taken
into the body.
(2)

Gammon... . rodke oo, S V= » Ve ubni‘inn% _ohen
compares Yo alphee o heta Pleha & is
e most. wm»s ftc:.r\{s'm&... ohad o connat. o Aravel.

. %QWT s “cur:...CHMLW.W.Coﬁﬂ_.m.1;aaehtde.._M*Lih_m_Skﬁy.
' Bu}
Belo  con penedrode P S (Total for Question 16 = 14 marks)

cond  penelrade  Ain melals, mko\os ib easny ‘o

MG Ye

g\ﬂ ResultsPlus

Examiner Comments
he answer includes enough about alpha radiation to gain
both marks, but the unnecessary detail relating to beta and
gamma radiation is a distraction and may have resulted
in the candidate missing out an important aspect of alpha
radiation required by the question.

\

Examiner Tip
the queation that is on the paper - don't just write
everything down that you know about a topic.

Answer

Question 17 (a) (i)

This was answered well. The most common mistakes were to use the wrong k for the
equation, or to incorrectly convert the mass from u to kg. A common error was the
omission of the 1.0087 factor. Occasionally the calculation was not completed and the
answer to velocity squared was given.

GCE Physics 6PHO5 01
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Question 17 (a) (ii-iii)
(a)(ii) This was a straightforward question which was answered well.

(a)(iii) Most candidates could calculate a mass defect but forgot either all or some of the
neutrons. They could all convert u to kg and use E=mc2.

Many found it difficult to work out the fission rate, using E/P instead of P/E and hence
finding the time between fissions instead of the rate. At this point it was clear that some
did not know what G is as a prefix, using an incorrect factor of 10 in their substitution. For

many of those candidates who did go on to obtain the correct final answer, missing units
resulted in the final mark not being awarded.

(iii) Calculate the energy released in a single fission. Hence determine the rate of
fission necessary to maintain a power output of 2.5 GW.

Mass / u
b 235.0439
BCs | 137.9110
“Rb 95.9343

(4)
= T36-0524 o -13%-26}.7“
= 013849
T 0-1894 « (]-6&&!0-17)

. g

T 3lgaxioT Ty

W% E=3 (2as2ax07 ) (3000)*

-2
Z = x0T
= <
|
= .
: s-gwiot

N

s g ot ___ . o
l"lJtlu"“ —4@'34 Xlo !

a
2 xto A ;'1

Fission rate =

Plus
Examiner Comments

In (a)(iii) the candidate has used an equation for kinetic erngy, rather than the
Einstein mass-energy equation. Also, the value for the speed of light is incorrect,

and so the final answer would have been incorrect even if the 0.5 factor had been
omitted.

Examiner Tip

Check formulae and data carefully from the list given at the back of the paper.
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Question 17 (b) (i)

On the whole, answers to this question were disappointing. Conditions for fusion were
relatively well known, but answers often lacked the detail needed to secure the marks. This
is particularly true of the qualification of temperature and density as being very high.

Practical details for sustainable fusion were rarely mentioned, many candidates deciding
instead to focus their whole argument upon vague statements about the relative amounts
of energy required to be put into the reactor compared to the amount of energy released
as a result. Containment issues were often treated very superficially, and were often

based around the idea that it was too expensive to build a reactor, or maintain the extreme
conditions.

(b) *(i) State the conditions for fusion and hence explain why it has proved difficult to
maintain a sustainable reaction in a practical fusion reactor.
(4)

.ﬁamm - CeqUINes -.Gr‘fr*e-me.-(uj---h%k .%{.ay\vp,amdwfj_
Witk Yake oloX ol resowces fes sostann..
The pressove. condamed woittiin o fuston
Ceaxeder oS alsa i, 80 kg ddficalt
gbstm LS. O lmc:}kt Ccp&ﬁr( PrOSRES, orend

S At ‘S:.us.'knov\.mbt& e O ‘f?v'ac.'hc:c»..( Quaf@_ﬂ_

o ter .

ResultsPlus
Examiner Comments

This response only says enough to gain the first marking point
(extremely high temperature).

GCE Physics 6PHO5 01
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(b) *(i) State the conditions for fusion and hence Explain why it has proved difficult to
‘ maintain a sustainable reaction in a practical fusion reactor.

ResultsPlus

Examiner Comments
his response contains enough detail for all 4
marks to be awarded.

Question 17 (b) (ii)

Even when the nuclear equation was correctly completed there was a wide variety of
particle names identified.

20
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Question 17 (b) (iii)

Candidates tended to make statements about fusion without reference to fission. There
were few comparative statements. Many thought that fusion produces no radioactive

products,

and comparative statements about energy production seldom referred to unit

mass. Answers in terms of abundance tended to focus on just one (e.g. hydrogen is readily

available

OR Uranium is a limited resource).

The idea that fusion is an intrinsically safer process since loss of containment causes it to
stop, whereas a fission chain reaction might go out of control, was touched on, but not in
enough detail for the mark. Usually the answer said ‘it is safer because there is no chain

reaction’.

(iii) Despite the difficulties, the quest for a practical fusion reactor continues,

State two advantages fusion power might have over fission power.

| Ma ek Mol thua\‘j_ _rt_"t-r.u.-l

2 I"-'l"* ‘bl_ Cen "‘“”?J Ll 1% ?.ﬂ_;]‘j Conuje W LY gt ~
t._""_'-“" feactien -

(Total for Question 17 = 16 marks)

~IusS
Examiner Comments
hese two brief statements come close to gaining marks, but
fall short due to lack of detail.

ResultsPlus

Examiner Tip
Read your answer back to check that it really is an answer to the question.

a8 thoSé, cveaked ™ Rsston, 2 havd I dAigpose
A ey . have . very m:]l \ﬁlﬁ?\fgsé(@ " o _\ |

2 Obkammg Ucantum 235 (envechment ) foc_besion rs

| Fugtm  bowex doeg noy create , havwhy)  wagie producks

veru. . oSY\y. % deHrtcait

ResultsPlus
Examiner Comments

he first statement makes a comparison between fusion and
fission, but the second statement does not.

GCE Physics 6PHO5 01
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Question 18 (a) (i)

The vast majority of answers scored 1 mark.

18 Current theory predicts that there is a massive black hole at the centre of every galaxy.
It is suggested that if galaxies approach, then their central black holes begin to orbit each
other until the galaxies merge.

In 2009, astronomers found convincing evidence of two such black holes orbiting as a
binary system. From data collected, they estimated that the separation of the black holes
was 3.2 x 10'® m and that their masses were 1.6 x 10 kg and 4.0 x 10" kg.

(a) (i) State the origin of the force that maintains the black holes in an orbit.

(eﬁ'h’rw é.rt.e _ ‘1_‘-}’":'] touwrards e Lout-q ‘é‘ Hery orbit

)
Resultstlus
Examiner Comments
The centripetal force is a name for the force acting towards

the centre of the circular path, rather than being the origin of
the force that maintains the black holes in a circular path.

\ _
ResultsPlus

Examiner Tip
Read the question carefully, so that you are sure what you are being

asked to do.
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(a)(ii) Most calculated the value correctly. Omission

of the square factor once the values

had been substituted occasionally led to the loss of both marks.

(a)(iii) The majority of candidates who attempted this question followed a suitable method
and arrived at an acceptable answer. A sizeable minority did not set out their calculations

in an ordered way and as a result made errors that cost them some of the marks. In other
responses in which marks were lost, an incorrect Kepler’s Law approach was commonly

seen.

hole.

(iii) The black holes orbit about a point 7.7 x 10" m from the larger mass black

R A

' 3.2x 10" m N
h i
1.6 x 10* kg 4.0 x 10" kg

O » O
«—>

~ GMM_
7.7%10% m s

Not to scale

Show that the orbital time of the binary system is about 100 years, — GM v <

> - GMyr T 3
~GEMA — Py ~C ~ 378,67 T
r

(77x4d™)%

T..

Examiner Comments

<J\\:Z ResultsPlus

The candidate has used Newton’s 2nd law to
equate the expression for the gravitational
force to that for the centripetal force. This is
incorrect, as the value of r is different for each
of these. If the candidate had used the value
of the gravitational force from (a)(ii), then
they would not have made this error.

_I - 4?/qqszz'f
-1 1 o
ED XCOX T

R P T

27@ ResultsP

us

Examiner Tip

part of a question is often used in a
subsequent part. This is often the

case in a question in which there is
a “show that” calculation.
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Question 18 (b) (i-ii)

(b)(i) This was generally well answered, although not all candidates could clearly express
that red shift meant that the observed wavelength is longer. A common answer was that the
‘light was shifted to the red’, without a mention of wavelength or frequency.

Some candidates referred to the black holes and not the galaxies, which excluded them
from the second mark.

The evidence for the expansion of the universe was well understood, if not always well
expressed. Several referred to receding stars rather than galaxies and some candidates
were clumsy with their wording, with suggestions that the galaxy itself was expanding.

(b)(ii) This was a challenging question for most candidates. Even those who probably knew
what the answer was were finding it difficult to put into words. Most candidates who scored
mark here just explained that the system is moving away and did not attempt to compare
the relative velocities of the rotational motion of the black holes in relation to the much
larger velocity of recession.

(b) As the black holes swallow up matter, radiation is emitted. To observers on Earth
this radiation appears to be red shifted.

*(i) State what red shift means and discuss the conclusions that can be drawn from
the observation that radiation from all distant galaxics is red shifted.
(3)
ref fﬁﬂ,% ts The sh fdf i of Ws;z/c_/:;fyf_ﬁj Awe
1o | 5’/8’/”/:/ l4 '51:71 ? f!,m _' :}y’ew‘ Ma/é//;}y awny

dmﬂr’l ny, -

fﬂ%“ﬁﬁ%ﬁ—%’( I 4/ /M‘f?’w ///M

E{f"?f“'”x z{ﬂmeﬁ ). /é’ab/f/m/ That  mean cz//}ﬁ;ffﬁ

alt r’m; ;{LW7 M 43,

L.

ResultsPlus

Examiner Comments

The response refers to a shift in the wavelength, but it isn’t clear
what this means in terms of the value of the wavelength.
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(ii) Suggest why the light from both black holes is red shifted, even though the
black holes are orbiting each other and hence moving in opposite directions.

(2)
e

Lbwvaves Se v S. QX'\)QV'.L\J V‘l3

“«eregcefa Ae ‘)ogc._t\.\a_ Ao con c,\.ucl.e '\\An:\ _
gbg\ewx oYi Bleckboles

'\\«a QW%HQ \D 1\’1#1
s Wtoul.\/\g c\spczj %o.ﬂ '\\.«L e,ow'\'\'l

Examiner Comments

This response includes half of the answer - that the
binary sytem is moving away from us - but omits

making a comparison with this effect and the rotation of
the black holes within the binary system.
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Question 18 (b) (iii)

This question was generally well answered. The most common mistake was to use 0.38 as
the velocity value, losing all 3 marks straight away.

(iii) The observed red shift for the two black holes was 0.38.

Calculate the distance of the merging galaxies from the Earth,

Hy=16x10"s"
(3)
2 hod  2:F  aeoy
2c=J  Zro.3) c=31)0ps"

A

= 4,380 m

. . _95_.
Distance from the Earth = 4’! 33{/9 /’f/? .

(Total for Question 18 = 14 marks)

Y

Resultslus
Examiner Comments

he candidate has written down all of the
information needed to obtain a correct answer, but
jumbled it up in one big incorrect substitution.

Examiner Tip
Work out quantities one by one before making a substitution to
calculate a final answer.
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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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