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Introduction

The assessment structure of WPHOS5 mirrors that of other units in the specification. It
consists of 10 multiple choice questions, a number of short answer questions and some
longer, less structured questions. As an A2 assessment unit, synoptic elements are
incorporated into this paper. There is overlap with circular motion and exponential variation
in Unit 4, but also overlap with some of the AS content from Units 1 and 2.

This paper gave candidates the opportunity to demonstrate their understanding of a wide
range of topics from this unit, with all of the questions eliciting responses across the range
of marks; however marks for questions 15c, 16bii, 17b, and 19e 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. Some very good responses were seen for such
questions, with accurate solutions which were clearly set out. Occasionally in calculation
questions the final mark was lost due to a missing unit. Candidates understood the
convention that in the “show that” questions it was necessary to give the final answer to at
least one more significant figure than the value quoted in the question.

Once again there were examples of candidates disadvantaging themselves by not actually
answering the question, or by not expressing themselves using suitably precise language.
This was particularly the case in extended answer questions such as 16bii, 17b, and 18b
where candidates sometimes had knowledge of the topic, but could not express it accurately
and succinctly. Candidates could most improve by ensuring that they describe all aspects in
sufficient detail and always use appropriate specialist terminology when giving descriptive
answers.

Scientific terminology was used imprecisely and incorrectly in a number of responses seen
on this paper. In particular, descriptions of energy transfer implying that energy is lost were
commonly seen.

Once again there was confusion demonstrated between atoms, molecules, nuclei and
particles. At A2 level it is to be expected that, where candidates use such terms, they do so
with accuracy.

The space allowed for responses was usually sufficient. Candidates should be encouraged
to consider the number of marks available for a question, and to use this to inform their
response. If candidates 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.

There was evidence of candidates learning previous schemes in the expectation of earning
marks. Candidates should be encouraged to work with mark schemes in preparation for
their exam. However, it is important that they understand that mark schemes are written
for examiners, and so sometimes refer to what examiners expect to see rather than giving a
complete answer.
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Question 11 (a)

This question was answered well, with most candidates scoring full marks. The usual reason
for not awarding full marks was that the change in temperature was confused with the final
temperature of the water. Occasionally candidates made unnecessary conversions from °C
to K. Although a final answer in kelvin could score full marks, mistakes in the conversion
sometimes meant that the final mark was not awarded.

(a) Calculate the temperature of the water leaving the shower.

specific heat capacity of water = 4200 J kg' K™

AEzwcar (3)
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Temperature of water leaving the shower = 3?.?‘C [

ResultsPlus

Examiner Comments

This is a correct solution.
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Question 11 (b)

This should have been a straightforward 2 marks for most candidates, although it was

surprising how often the second mark could not be awarded due to candidates not specifying
that the actual output temperature of the water would be lower than their calculated value.
Candidates sometimes made vague reference to efficiency not being 100%, or talked about

energy being lost.

(b) When measured, the temperature of the water leaving the shower was not as calculated.
Explain why.
(2)
. There is heat loss. pot. . cll the heot@r of  heoter @ are . tronsferred

_into_water ., ond . the. heat of. nﬂ.’cer.......mif}H. . tronsfer_into.. swmw&rgs N

Examiner Comments

The idea that heat is transferred to the surroundings is clear,
but the effect on the water temperature is omitted.

(b) When measured, the temperature of the water leaving the shower was not as calculated.
Explain why.
(2)
The wed  Lower Ylen CA«‘U-‘W becase  web ol

Hamel ey ey tmstevred | b Hhe Belkrh baske G- Some

o dissipaked ko He surouadiogy | hesdig fe ol

Examiner Comments

The candidate attempts to describe the effect on the water
temperature, but only states that it changes.
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(b) When measured, the temperature of the water leaving the shower was not as calculated.
Explain why.
(2)

The domprehue  poeg lower e cdevlared becase wel-all

dowgy ey tmsfevred b He Cltr by beske G Seme

Cwob  disSipaved

Examiner Tip

Examiner Comments

Refer to energy transfer rather than energy
loss. Be sure to specify where the energy is
transferred to.

This response is worth 2 marks.
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Question 12 (a)

The question requires candidates to show that the ratio of gravitational forces is about
200. Hence a correct answer for the ratio would not be given full credit unless it was shown
that the value quoted was a ratio of forces. Some candidates used the expression for the
gravitational field strength, g = GM/r?, without making any reference to the gravitational
force, and so full credit could not be given.

(a) Show that the gravitational force of the Sun on the Earth is about 200 times greater
than the gravitational force of the Moon on the Earth,

. 1
R A TeD ¢ 1""1 ........ r“g’
gesumy = (Zio X1 ﬁ\ (3910 )

.

ResultsPlus

Examiner Comments

Although the candidate has obtained the correct numerical
answer, they have not demonstrated the link between g and F.
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(a) Show that the gravitational force of the Sun on the Earth is about 200 times greater
than the gravitational force of the Moon on the Earth.

Co (1r1a?) @

((3-$x1eY)
Cm; (17*'# “} CNE (-?“hlo“j
............... 65*!5 }t . (gﬁhldi)
______________ g
— x o = 3.3y = |83
('1 § 71" 3 x(o*? _

Y

ResultsPlus

Examiner Comments

This response is worth 2 marks.

Question 12 (b)

(i) This was straightforward, although some candidates did not use the symbols specified
in the question. Since D and x were given on the diagram it is to be expected that these
would be used by candidates in the two expressions.

(ii) It was common to see at least 1 mark for responses to this question. However, some
candidates tried to use the inverse square law to demonstrate that the gravitational
effect of the Sun on the Earth was very weak compared to that of the Moon. Such
responses ignored the very large difference in mass between the Sun and the Moon, and
so were based on a fallacious argument.

IAL Physics WPHO5 01



(b) The tides depend on the difference in the gravitational field strength produced by the
Sun and the Moon on opposite sides of the Earth.

Gravitational field strength at a point, due to the Sun, is given by g = %
r

where M = mass of Sun

r = distance of the point from the centre of Sun (not to scale).

The diagram shows the Earth and the Sun.

Sun
Earth
&
|
|
I
[ X >

(i) State two expressions for the gravitational field strength at opposite sides of the
Earth, due to the Sun.

Cpm (M

(1)

(i) Use these expressions to explain why the Sun has a relatively small effect on the

tides.
r--‘mc-i (2)

TL ddk D ﬂ; WL ER 5 P/
ﬂ‘ _____________________________________ J/ZM Lj\v- ¢J [fu-ﬂj 0 Vs- J
wu .............. J [L J//M. o (m,u el
B L4 ‘L 7 J,mzhu Wy ,z,‘_xz
«/&fﬁ - / U E ;h.l( Son ba JJJJ

(Total for Question 12 = 5 marks)

ResultsPlus

Examiner Comments

This response scores full marks.
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(1) State two expressions for the gravitational field strength at opposite sides of the
Earth, due to the Sun.

(1)
‘\ %": ..... G M ............. ;; P
Vv G ()
=2
+ (i) Use tLese expressions to explain why the Sun has a relatively small effect on the
tides.
(2)

....slﬂ(ﬁ......C?b.ib..i‘.h\[ﬁlﬁ‘aﬁ..Plcv){.}.n.mul. ko disence, Pre. Rmore the diskonee
ween Pie Sun and potat yarsueal, Yre less. Fore will \oe fxe&?o( St
22 .

fesalkeny 190«:& -::r:‘nv@oﬁ‘ﬁf: Carth. avould. hove. ah\'\%n?..({. so He. ‘Frxce 5

A

ﬁ ResultsPlus 4\ ResultsP

O
Examiner Comments

us

Examiner Tip
This candidate does not use the symbols given in Al ; ;

- . ways use standard symbols in equations.
the question in (i), and their answer to (ii) does Y Y 9
not score any marks.
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Question 13 (a)

The inverse relationship between the age of the universe and H, was generally well
understood. However, there was confusion as to the meaning of the two different values
quoted in the question. Many candidates assumed that the decrease in H, was due to the
23 years that had elapsed between the two determinations, and so they made general
statements about the universe aging, rather than making links between the value of H, and
scientists’ estimate of the age of the universe.

(a) State, with a reason, a conclusion about the age of the universe that can be drawn
from the change in the value of the Hubble constant.

Jo
N fwlLuLfm-?"lﬂ-c?J / /? fo,.

O iy U»f' L AAS ML ) [ éz‘('x .......... Uﬂu.ﬂq-.'.w........ S Al e ) 1 J‘Mé d,_j__b,
) / 1707 f J Y, u

ResultsP

Examiner Comments

This candidate thinks that the Hubble constant has changed as a
result of the time that has elapsed between the measurements.

(a) State, with a reason, a conclusion about the age of the universe that can be drawn
from the change in the value of the Hubble constant.
(2)

The oge o e wnveme s dowd by o el e

et P age ddhe wnbete seoms b be Mecvald el W
v C,b{"*""Jt "—%, Mo i e “% M iveae s tur*jcm oy vy

i N o
<\'L. AR T [

A e oy o -l\E; oy ﬁ o’ & -“'P‘"‘J"b lesy oo

ﬁ ResultsPlus

Examiner Comments

This response gains the first mark, but the references to the
age of the universe are confusing and so the second mark
cannot be awarded.
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Question 13 (b)

(i) Most candidates understood that dark matter is matter that cannot be seen, and they
expressed this idea in a number of ways. However, the idea that we know that it exists
due to the gravitational forces it exerts was less often stated. A humber of candidates
seemed to think that dark matter is a perfect absorber of radiation, hence it cannot be
seen. The nature of dark matter is currently unknown, and hence statements that give
such detail about dark matter would seem to be highly speculative. A simple statement
that dark matter does not interact via the electromagnetic interaction would be sufficient
to meet MP2.

(ii) That there is a relationship between the amount of dark matter in the universe and its
eventual fate was referred to by most candidates. However, many responses referred to
an increase in the critical density of the universe, rather than an increase in the density
of the universe (which might mean that the density would then exceed the critical
density).

References to an open, a closed and a flat universe were all seen, as were references
to an eventual “big crunch”. When candidates are describing the ultimate fate of the
universe they should be sure to explain the meanings of the terms that they use.

(b) The universe is believed to consist of dark energy, dark matter and ordinary matter.

The relative amounts of dark energy, dark matter and ordinary matter believed to
exist in the universe have changed as a result of data from the Planck satellite.

4.5% 4.9%
72.8% 68.3%

Before Planck After Planck
[[] Dark energy . ]l Dark matter [JJ Ordinary matter

(1) Ex’plain what is meant by dark matter.

Dbl i iy speod el Bl o sk waidy 5. b,
WW"M&'W““ Tt 57 il spotad thal v MWJ)
Th ik B b ikdut & 2% st gt whin g
. volatin g Gpoctis, o it s cled ol . msch il wass s v,
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(11) Suggest how data from the Planck satellite, concerning dark matter, might change
our ideas on the future of the universe.

..... Te qw now retstor sor He mw’%da fwrrse Incriases que
oslinah g th sy gt et prcitie ikl dhwiy

ol e vill han 0 e’ e simarie,ad th WM
tankually sht Qr% T e donssidy ralis n (88 Qo e chitdinlie

wo M'bu have & Opth UGS SAangny . (Total for Question 13 = 6 marks)

<d\/ A\
Y/i ResultsPlus OO ,
Examiner Comments Examiner Tip

In (i) there is no reference to dark matter
having mass, and so only 1 mark is awarded
here. In (ii) there is enough for both marking

Be specific and use technical terms wherever
possible.

points.
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Question 14 (a)

Quite a large number of candidates omitted to incorporate the fact that there are 4 springs
into their calculation. As a consequence such solutions only scored 2 marks, since the final
answer was incorrect. Some candidates tried to incorporate f = 1/T into the equation for T,
so that they calculated f in one go. Although this is fine in principle, those candidates who
did this incorrectly were not awarded the “use of” mark, since they were not substituting
numbers into a physically correct equation.

(a) Calculate the natural frequency of oscillation of the box when it is carrying the equipment.
3)

B

11
6“‘5
R

?“I

Natural frequency = H"'}Hr B

“IUS

Examiner Comments

This candidate has combined the time period equation with f = 1/T,
but they have not included a factor of 4 to account for the 4 springs.

(a) Calculate the natural frequency of oscillation of the box when it is carrying the equipment.

(3)
[ = oA x /¥ 3 e 0807

usox iy

0-201%

Natural frequency = .3 2¢ M2 .

ResultsPlus

Examiner Comments

This response scores full marks.
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Question 14 (b)

This is a standard definition, and candidates should be ready to state this without difficulty.
However, it was common to see just 1 mark being awarded, on account of the point from
which displacement is measured not being specified. Few candidates were able to gain the
final mark, since their statements of why the system was an example of simple harmonic
motion were usually a restatement of what they had said for the first two marking points.

(b) State what is meant by simple harmonic motion and why the oscillation of the box is

an example of this.

3)

coSimpke harmend pdhen (N e perigdi | medton an

wich e gecoelvahon

COuplackment  Erom O

LS dwrecMy  properteal e

Cited pewt and g slweygs

Codlreeted  tuwevdy kg peitek Ta sy Khe

o Sellabien o ghards

fyum e Bvred  pent and

_____ syving . Sccedestel  dietly  propedanal fe

) .(.J.\..d.? o ment. . Ao

oA pent.

ﬁ ResultsPlus

Examiner Comments

This response is worth 2 marks for the
definition of s.h.m. The final sentence fails
to add anything worth the final marking
point.

ResultsP

Examiner Tip

us

Learn the conditions for effects such as s.h.m.,
resonance etc.
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Question 15 (a) (b)

(a) This question was well answered, with most candidates able to use the pressure
equation to obtain the pressure exerted by the gas.

(b) This question required some careful consideration of the data provided if a correct
solution was to be produced. Most candidates ignored the number of molecules that
remain in the canister, and solutions that took this approach could score full marks.
However, candidates were often unclear as to where the factor of 50 came into the
calculation. This meant that a number of candidates did not obtain a correct value for V.

(a) Show that at a temperature of 293 K the pressure exerted by the gas in a balloon is
about 1 x 10° Pa.

F(MM 200 Al X 293
e La 0" X x23 DR

(2)

(b) At a temperature of 293 K the pressure in the canister when full of helium is 2.3 x 10° Pa.
Calculate the volume of the canister.

(2)

QT 23008V sofrauf s Be0® 2

e

™

504 2.1%10° K3 x2B
2.5v|p¢

A
ﬁ ResultsPlus Q ResultsPlus

Examiner Comments Examiner Tip

This response shows all the calculations Final answers should always be given to enough
correctly, but the answer to (b) is only given significant figures for the accuracy of the final
to 1 significant figure. answer to be checked.
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Question 15 (c)

Questions asking candidates to explain pressure changes in terms of molecular momentum
changes have been set previously, although this was the first time that the number of
molecules (rather than the temperature) decreased. Some candidates replicated previous
mark scheme answers that referred to average molecular kinetic energy decreasing,
although most did acknowledge that it was the reduced number of molecules in the canister
that was the key change. However references to particles instead of atoms, the collisions
between atoms rather than with the walls of the container, and the change in momentum
rather than the rate of change of momentum were seen all too frequently.

(c) The pressure in the canister decreases as helium is used to fill the balloons. Explain

why this is the 0?3 1f:_|>clud1n% 1dei§ tgmf:tu:a in yo.ur answer % Poﬂ-r PM}
..... /ﬂ:rf(&@;marwzul . %QQ e (Y %ﬁwwm

4. heliinn muoriles o meﬁfar Jeww«wr

P againh Rl p o cansh o il -
m@cﬂ&mq/gmhy Ruduy 5 o cfdudion in He rﬂjﬁwj%

O@DWW"\ MM%M@(&W%KM Srwe_ [ome =
/#ewmmwmw&mn Wil

(Total for Questmn 15 = 7 mnrks) __g_

¥

—-hm?:

)\
ﬁ ResultsPlus 4

Examiner Comments

Examiner Tip

When outlining a process you need to be clear
what is happening at each stage. A bulleted list is
often helpful.

This response has enough for all the
marks, but the bulleted list is only partially
effective.
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Question 16 (a) and (b) (i)
(a) Most candidates added a reverse temperature scale to the diagram, but not all of these

candidates made the scale approximately logarithmic.

(b)(i) This was well answered, with the vast majority of candidates selecting the appropriate
area.

16 The Hertzsprung-Russell diagram is a plot of luminosity against temperature for a range
of stars,

F'y
106 4
]04* .'..:.u. - o. .
._]E d * ' L] .. ™ .. L] a
S 2 L . :. }:;:.: .l
? 10° ...Oo o
g * . -q
g .
E ] n .' ™
- ..
'—] *e l.
. . n“.:
]0 ] ..‘q...".
]0 4 ] .
L I | F
(0oo0 00 6000 4ooo
Temperature/K

(a) Add a suitable temperature scale to the diagram.

(b) (i) Circle the area on the diagram where you would expect white dwarf stars to be
located.

ResultsPlus

Examiner Comments

The temperature scale is a reverse scale, but it is linear and not
logarithmic.

IAL Physics WPHO5 01



16 The Hertzsprung-Russell diagram is a plot of luminosity against temperature for a range

of stars,
A
10° 4
104 4 ""‘.:'. ’ T .
E . - . . .. . ; L]

- L L] L]

- 2 ' o, '..‘l '

g. 100 4 L L >

& e

R .

E I 1 .' '.-'

- s .c...
107 "i'::,:.
1044 *

I ] ] 1
10,000 10,000 6000 Soo
Temperature/K

(a) Add a suitable temperature scale to the diagram.

(2)

(b) (i) Circle the area on the diagram where you would expect white dwarf stars to be

located.

(1)

The temperature scale indicates that some main sequence stars have a
surface temperature of only 500 K. This is too low; we might expect the
lower end of the temperature scale to be at least 2500 K.

ResultsPlus

Examiner Comments
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Question 16 (b) (ii)

The response to this question was disappointing. Most candidates seemed to think that the
question required them to write at length about the physical processes that occur in a main
sequence star before it becomes a white dwarf. This often meant that detail relating to the
star once it was in the white dwarf stage was crammed into the last couple of lines of the
answer. Only a small minority of candidates made it clear that fusion had ceased in the star,
and few gave any indication why the stars are known as white dwarfs.

*(ii) Explain, in terms of the physical processes occurring in the star, why white dwarf

stars are so named and would be located in this area.
(4)

_Aflec the. Njdiogen. Bision wmside Me. Maunsequenie. Stor siesebnhes
e mincdiny enol. Size wlteses. Yo oeanne ated opemtend elium. ﬁ(s
S, Hs e helumn @L-s\m Pmshes, all %ﬂr e Sk p, R‘Sm?zr(a{apses

4% %P,Cakam\‘tma as Wb@ mugﬁfb b&"(&mt’ a.uhite. dwerf. Whty
)w«%aﬁ,W‘m@)—»]umm&Mm hig h&mpemfuf&aﬁé’/%f(pbmm ..
(wemsm \ 5 PP/ some ke, wohite. dweel. e, @clug.fFond....

. Jhei-tamparatee. decrveses. funing inlo. o braso... dued it e blak...

jfwa*ﬁ ﬂ\},w we.. Con. lebor o Wea's. law. Hhat as Be. kEmPecdu-e;

- Wages, Ne.. wareleng th clecases so. it even agpear white.. ...

ﬁ ResultsPlus

Examiner Comments

Examiner Tip

There is too much in this response about the
processes leading up to the formation of a
white dwarf.

Structure your answers to aid understanding. Try
not to use more space than is provided - think
before you begin to write.
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*(ii) Explain, in terms of the physical processes occurring in the star, why white dwarf
stars are so named and would be located in this area.
(4)

'wmpvﬁlﬂh'fﬁncﬁrlnuaccwmtj_%n"hfh*mdwﬁ*’l:‘ih‘r .
2. 50 00 eaergy. ... vekeasel ) hance. k. e gmall.. uminovity e
'—FCMFﬁqfvﬂ?F’thdwnwFuiﬂw R
! ehrdhor Since.. dwarC . Stay _ emmiti ne veele. . ltgnt ik
_does tant 3 nat @i visible at nmignt ., dnetd why dwew

LBtar 3o noY in e main Seg e E

ResultsPlus

Examiner Comments

There is a mark for stating that there is no fusion occurring in the
star. However, nothing else in the response is worthy of credit.
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Question 17 (a) (i)

This question tests a standard piece of knowledge, and it was well answered in the main.
Some candidates were not awarded the second mark as a result of their response making
reference to a large amplitude of oscillation. The size of the amplitude varies according to
the system being forced into oscillation. In some systems the amplitude is large even
though resonance is not occurring. What we know about a system being driven into
oscillation at its natural frequency however is that the amplitude will be a maximum.

17 A drum is played by striking a circular membrane with a drumstick. The resulting
vibration of the membrane may produce resonance.

(a) (1) Explain what is meant by resonance.
(2)

...... Whén pﬁt’ . A.l.t_\ﬁﬂ.gj(ie._.c}:;alla_‘fﬁ..qf a .c]hknﬁeqtewﬂ necte
mkml.?feqwencg Ade Soject Ptee) }n:wSI%’ch e max amaunt: ...
N4 ENRK. hoh 'nq\nf’fi\“ amh‘hde

ResultsPlus

Examiner Comments

This response is worth 2 marks.

17 A drum is played by striking a circular membrane with a drumstick. The resulting
vibration of the membrane may produce resonance.

(a) (i) Explain what is meant by resonance.
(2)

_.Jonen e appyed .Q‘regumcq _____ e egual o the natoral
Arequenay.... e ol begne v move. w0 a.. verr  large...
ampitucle:

)\
ﬁ ResultsPlus ResultsPlus

Examiner Comments Examiner Tip

This response just about gets the first marking Know and use technical words correctly.
point, as applied frequency can be taken to be

driving frequency in this context. However, there

is not enough for the second marking point.
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Question 17 (a) (ii)

The expected answer was given in many cases, but some candidates tried to complicate
the situation by considering the amplitude or by discussing energy transfer through the
membrane of the drum.

Question 17 (b)

(i) Although it was clear that most candidates had an understanding of what is meant by
damping, the ability to express this clearly was lacking in some cases.

(ii) Responses indicated that candidates understood that the gel was absorbing energy from
the drum as it changed shape. However, there were many references to the deformation
of the gel being plastic without an attempt to explain what this means.

(b) The sound produced when the drum is struck may persist for too long and so
damping is used. Some drummers attach strips of a gel to the drum membrane. The
gel is able to deform plastically and hence shorten the time that the drum sounds.

gel strip

gel strip gel strip attached to drum skin

(1) State what is meant by damping.
(2)

- Dampma,‘““' L.Meined  of  absorbing  Ane eperqy due of dne
.System aad & would decrease N amplirude ~of assicilalren

gl
by akcorbing  eneioy  and wi clissipate 0 bne form . Femtathaet

(i1) Explain how a gel that can deform plastically is able to produce damping.
(3)

A Qel aan Aeform Plastrcalty Yoy absorbing eneroy Fom

h’! . osseilledten  and g vsed Jo |a-Mre—cr INcremse dhe (otenieg)

€Nergy ok dhe sei So nat B} defoans Plasticalliy UsIng
that €nergey. Thus Producesy danmmping  as 4 teouvlel  decrems e

the amplifode Of Osgchation by albguibing @nergy  adh &gm;mqsi-erh
and digpatimy——Tthe
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ﬁ Resultstlus

Examiner Comments

ResultsPlus

) . Examiner Tip
In (i) there is enough for the second marking

point, but not the first. In (ii) there is just enough
for the first marking point, but nothing further.

Use technical language carefully in answering
questions such as this.
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Question 18 (a)

(i) This was answered well, although some candidates forgot to convert the distance from
the Earth to the Sun to m before substituting into the expression for the radiation flux.

(i) This question required candidates to use the Stefan-Boltzmann equation. Some
candidates forgot to multiply the luminosity of the Sun by a factor of 100 and so had a

power of ten error in their final answer. Some candidates indicated in their substitution

that they intended to raise the temperature to the fourth power, but then did not do so
when they performed the calculation.

18 At the top of the Earth’s atmosphere the measured radiation flux of the Sun is 1.36 kW m™.

(a) (i) Show that the luminosity of the Sun is about 4 x 10* W,

distance from Earth to the Sun = 1.50 x 10® km

L= (eaexio®) x (W10 x (vaxio®xig?)

= 2-85X10°° W

(ii) The luminosity of a star depends on its surface area and temperature.

Calculate the radius of a star that has a surface temperature of 4000 K and
luminosity 100 times that of the Sun.

(2)
L= o qrr T

00 345 X167 = (5-67 x 168D x (1) x ¥2x ( Hooo)”

27
Y= 38XI0

3
Y= 58 X0 m

ResultsPlus

Examiner Comments

This response gets full marks for (i), but squares T in (ii) rather than raising it to a power of 4.
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Question 18 (b) (i)

Most candidates realised that they had to calculate a Doppler shift or a relative velocity
value. Some candidates thought that the observed wavelength was longer than the emitted
wavelength and so stated incorrectly that there was a red shift or that the star was receding
from the Earth. Perhaps because of the confusion in identifying the two wavelengths some
candidates substituted 654.58 nm (instead of 656.29 nm) into the bottom line of the
Doppler shift equation. Although this gave an answer that was almost the same as the
correct answer, such responses were not awarded full marks since they had made an error
in their data selection.

Since both wavelengths were quoted in nm it was unnecessary to convert the values into m
when substituting into AA/A. Candidates should be aware of this, as complicating the
calculation with unnecessary conversion factors often leads to arithmetic errors.

State what conclusion can be made about BO30D from this data. Your answer

should include a calculation,
( ‘I

—g:;;ﬂ-ésé"? —60P.SF z.‘b[ri“

_uc;_ :-‘3-%\—@.\/ - 7g,x»{amfj

['b I/LM . WPMM Wt?\.u&.[tu\a'ﬂf\ S thn ste

ResultsPlus

Examiner Comments

This response looks correct, but the wrong wavelength has been
substituted into the denominator of the equation.
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Question 18 (b) (ii)
A fair proportion of candidates identified the student’s statement as being incorrect,
although the explanation given often resulted in 1 rather than 2 marks. Sometimes Wien’s
law was referred to in a general way without a convincing link to this particular application.
Some candidates tried to calculate the temperature of BO30D and comparing it to the
temperature of the star referred to in Q18(a)(ii).

(1) A student states that blue stars are cooler than yellow stars. Use Wien's law to
comment on the accuracy of this statement.

Wan's b MW’AMA%MM slos MWO}W

ResultsPlus

Examiner Comments

This response gives just enough detail for 2 marks.

IAL Physics WPHO5 01

27



28

Question 19 (a) (i)

This was generally well answered, although there was a significant minority of responses
that did not gain all 3 marks. As candidates first start to balance nuclear equations
before they meet the content of this unit maybe it is an aspect of the specification that is
overlooked when preparing for the assessment.

Question 19 (a) (ii)

The vast majority of candidates knew that random meant that the next to decay could not
be predicted, but the issue was with the next what. Many candidates referred to atoms or
particles and so were not awarded the mark. Candidates should be aware that radioactive
decay is a nuclear rather than an atomic process.

(ii) State what is meant by decays randomly.

We  doond o know  wha W wdll dzcag-

ﬁ ResultsPlus

Examiner Comments

This response is close to gaining the mark, but we do not
know what “it” is and so this scores zero.

(ii) State what is meant by decays randomly.
(1)

ntk
We.g:w'b krow. when_ will_the. cbmy . hq?(tumul . hich.... Parhd’:: il dach

ﬁ ResultsPlus

Examiner Comments

This response refers to particles rather than nuclei and so does
not get the mark.
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Question 19 (b)

Most candidates were content to perform just one half-life determination (usually based on
activities on 240 Bg and 120 Bq). To gain full credit here it was expected that candidates
would consider at least 2 half-lives and then calculate an average.

(b) Carbon 1s taken in by living organisms throughout their lives. Whilst an organism is
alive, the ratio of carbon-14 to carbon-12 in the organism stays the same.

From the time that the organism dies, the ratio of carbon-14 to carbon-12 decreases.
Hence certain ancient objects can be dated using the decay of carbon-14.

An activity-time graph for carbon-14 is shown.

250 1 . e e .
ISR SR SR R
2001 S e SR
o \ HH HHH HHH .:.:5:5::
8 150 -4+ e aatt EESY e s
:E . TN 1 BEEREREEE 38 Stata saganassan e
< 1001 HEHET T i
.  EEELYENENERENSE NN SEEm ] 1]
! I I
8 BERE 8. R
50 ffoi \ iSacas
! o i o b NENEERED
I e T .__:___:;:_::j R ENERE FNE SN | RS EeEEN FeA
o W e s SSEEN AR [ S N

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
' Time elapsed/years

Use the graph to show that the half-life of carbon-14 is about 6000 years.
(2)

B a-t-hﬁkA o ::h.c."-ﬂ-h—- e ook,

4" oD qu was (’:]'Sbc' - 'W‘% yoass & EOO0 ymans.
cTime v adiviby o cﬁ&uwhﬁﬂm'm%

+°S°Bal was ( 13000 - “T““)\g-am 82 5SS pean

ﬁ ResultsPlus

Examiner Comments

This response is worth 2 marks. Another way to get the same result would have been to have read
off the time interval for the decay from 200 Bq to 50 Bg and then divided by 2 to calculate the
average half-life.
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Question 19 (c) (i)

The most common response seen was to “account for background radiation” which was
insufficient. Candidates needed to communicate the idea that the background count rate
was increased due to the presence of background radiation. Many expressed this by stating
that the background count rate had to be subtracted from the recorded count rate. Some
candidates got close to this by stating that background radiation had to be subtracted from
the recorded count rate, but this was not close enough for a mark to be awarded.

Question 19 (c) (ii)

The two alternatives given in the mark scheme were seen quite frequently, although some
candidates made reference to the background count rate.

Question 19 (c) (iii)

A number of excellent responses were seen to this question, although some candidates
calculated a value for the decay constant but progressed little further than this. In
calculating the decay constant A, many candidates converted the half-life into seconds,
obtaining a value for the A in s71. Since they then obtained a value for the time elapsed in s,
many converted this back to years. Those candidates who calculated A in yr=! calculated a
value for the age of the sample directly in years.

v Yie ey

Assume the half-life of carbon-14 is 6000 years.

/03:2756}{’/4-’/%6%

/h Z /ﬂ)' e : e e s

(iii) Calculate the age of the ancient object.

(3)

-(; - bc o Jcar
Age of ancient object = é% 2}{ W

ResultsPlus

Examiner Comments

This candidate seems to be carrying out the required procedure for full marks, but an arithmetic error
means that they get an incorrect final answer.
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(iii) Calculate the age of the ancient object. not ! V/pb.ae a .

Assume the half-life of carbon-14 is 6000 years.
3)

1]
Age of ancient object = 27‘3?"“’ 8

ResultsPlus

Examiner Comments

This response is worth all 3 marks, but the candidate needlessly converts times
into seconds and then back into years at the end of the calculation.

Question 19 (d)

Most candidates recognised that the time scale involved was far too long for a carbon-14
determination of the age. Many candidates stated that too many half-lives had elapsed and
that the activity from any carbon in the skull would be negligible. Some realised that the
carbon content of the skull would be negligible anyway, and so the method would be invalid.
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Question 19 (e)

Responses to this question were quite disappointing, with candidates sometimes making
sweeping generalisations about the statement rather than picking the statement apart

and correcting any inaccurate physics. More perceptive candidates were able to read the
statement with a critical eye.

There was some confusion over binding energy, with some candidates stating that it is the
energy released when a nucleus is split up into its constituent nucleons. These candidates
were probably thinking about the energy released when the binding energy per nucleon
increases during the process of fission or fusion. Few candidates corrected the idea that
atoms undergo fission, and when describing fission many omitted to say that the process
occurs when massive nuclei split into less massive nuclei.

*(e) A website includes the following statement about heavy nuclei:

Particles in the nucleus are held together by a force scientists call nuclear binding
energy. It is possible to overcome the binding energy in some large atoms, such as
uranium atoms, causing the atoms to undergo fission.

Comment on this statement.
(4)

Eincl{@ wefﬁj Ly H\C....%C(BB _____ needca'..._..lq....sp’;_l—_____p_-____m.c_fws
ke ik uu&“vﬂuL ks The ypete Mok W5 puckiclen i,

Mw.nwl'{dh\?qt“\t/ NC) Mj“tj\f'ﬂjﬂbtlclr’ feree. . Doving .
___.hu.r...l ........ 5_-\_95_._4«- PL; LIV‘}HBM%" ....... h...!‘lﬂ]' ‘overeme’ e

....vrh.im....-sg‘np ..... ubsods o low  wneeyy  ateleon  Hee  pssions

()m«jljﬂ/ ..... n.u.[*d.... 14 __[c-_ﬁ'.- H"- H-‘l sy f H«; c}rr'gn'h'/....l.f\.\.-.c..ll.fe%:......

A
ﬁ ResultsPlus Q P
Examiner Comments Examiner Tip

This response picks up on most of the anomalies If you are asked to comment on a statement,
in the website's description, although there is little be sure to identify aspects which are
reinforcement that it is nuclei rather than atoms correct and aspects which are incorrect or
that undergo fission. Although marking points are misleading.

met, the candidate's response reads rather like
their own description rather than a critique of the
description found on the website.
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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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