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About this booklet

This booklet has been produced to support physics teachers delivering the new GCE A
level Physics specification (first assessment summer 2017).

The booklet looks at questions from the Sample Assessment Materials. It shows real
student responses to these questions, and how the examining team follow the mark
schemes to demonstrate how the students would be awarded marks on these questions.

How to use this booklet

Our examining team have selected student responses to 9 questions from the trialling of
the Sample Assessment Materials. Following each question you will find the mark scheme
for that question and then a range of student responses with accompanying examiner
comments on how the mark scheme has been applied and the marks awarded, and on
common errors for this sort of question.

4 © Pearson Education Ltd 2014.



Paper 1: Advanced Physics |

Exemplar question 1

A tennis player uses a racket to hit a ball over a net.

net
25m

12m

The player stands 12 m from the net. He throws the ball vertically upwards and hits the
ball at a height of 2.5 m above the ground. The ball leaves the racket horizontally with a
velocity of 25 m s™. The ball has a mass of 0.06 kg.

(a) The ball is in contact with the racket for 0.04 s.

Calculate the average force on the ball.

(b) The ball must land within 6.1 m of the other side of the net.

Determine whether the ball hits the ground within this distance. Support your answer
with a calculation. Ignore the height of the net.
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Mark scheme

LG Acceptable answers Additional guidance Mark
number
1(a) Either Example of calculation:
e Calculate acceleration (1) Fom CEFIE _aop N
e Usec of ¥ = ma (1) o
e F=38N(1)
OR
e (alculate change in momentum (1)
= dm
o Useof ' = - 1)
e F=38N()
3
1 (b) e Usecofz = ut+ %mi 6)) Answer consistent with calculated value.
e Useof ¢ m %ﬂ‘r:: with vertical components to find t (1) Example of calculation:
e Use of # = ut with horizontal components to find s (1) ¢ =yt HER 0714
e Subtract 12 from their answer for horizontal distance (1) et
e Distance from net =6 m (1) Fm 25 ¥ 0714 = 1785 m
e Makes conclusion whether the ball is within the required
range of the net (1) Distance from net=17.85-12=59m 6

© Pearson Education Ltd 2014.




Answers to parts a) and b)
Student answer A
(a) The ball is in contact with the racket for 0.04 s.

Calculate the average force on the ball.

(3)
=5 00 Q) T T e [.S Q'.ff). Mgl
(.S = 0.0k = 375N

-+
(b) The ball must land within 6.1 m of the other side of the net. sSo Vv A e
2.50 42 9.3

Determine whether the ball hits the ground within this distance. Support your answer
with a calculation. Ignore the height of the net.

(6)
ff vt <. o\f 9\

@bl)(&")

p_

Examiner comments

a) This is a correct calculation of the average force with a correct unit and so
scores the full 3 marks. It would have been a better answer if words had been
used, e.g. change in momentum = 2.5 x 0.06......... and force = change in
momentum/time = 1.5 /0.4 = ..... If students make an arithmetic error and do
not explain what they are doing, it can be difficult to award method marks.

b) This is also a correct calculation with the student initially finding the time for
the ball to reach the ground. We can tell by the humbers used that the next
calculation is finding the horizontal distance travelled by the ball but it would
have been useful if the student had actually written that. This type of question,
which asks for a conclusion, needs a clear statement from the student. In this
case, stating that the 5.84 m is the distance on the other side of the net so that
the ball does hit the ground within the distance is sufficient for the last marking
point and so this scores the full 6 marks.
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Student answer B
(a) The ball is in contact with the racket for 0.04 s.

Calculate the average force on the ball.

3
F - Ma\ < O.. O 6
= '2_ S
oL s
: 0 .04
F: O 06 < 25
F-}?jN
Average force = 37.5N
(b) The ball must land within 6.1 m of the other side of the net.
Determine whether the ball hits the ground within this distance. Support your answer
with a calculation. Ignore the height of the net.
(6)
[2s . ¢
= ) 21§ d, 5 ma_
te0gys  G)FIZe
= ISJ ] lial

2n X073 |7y
—B’ The ball hits fhe  pround within
b dishnce.

Examiner comments
a) Another full 3 mark answer

b) This is a slightly different method for dealing with the distances since it adds
the 6.1 m to the 12 m but this is an acceptable alternative and scores the first 5
marks for the calculations. However the lack of words to explain the steps taken
makes this script difficult to follow so the last marking point for the conclusion
has not been awarded. The first calculation could have referred to the time to
reach the ground, the 18.2 m could have been identified as the maximum
possible distance that the ball can travel and the last calculation as the distance it
actually travels.

8 © Pearson Education Ltd 2014.



Student answer C

(a) The ball is in contact with the racket for 0.04 s,

Calculate the average force on the ball.

3)
—
0. 06125 -0 =37.5N
o 04
(b) The ball must land within 6.1 m of the other side of the net.
Determine whether the ball hits the ground within this distance. Support your answer
with a calculation. Ignore the height of the net.
(6)
vizwo 4+ 2ag

2.5 VY2 xq.%F|I Xt = O.1lsewns

s =[25+0\x0. 7] =19V
2-

doesn't go over nat g

Examiner comments
a) Another correct answer that would be better with some annotation.

b) This student has calculated the time correctly to score the first 2 marking
points but then assumes that there is a horizontal acceleration, which is
wrong, and so the distance travelled is incorrect. This student thinks that the
ball only travels 8.875 m so as a conclusion should have said ‘since 8.875 m
is less than 12 m the ball will not pass over the net’. However, since the
distance calculation was based on incorrect physics the student could not
score the last marking point.
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Exemplar question 2

In an experiment to determine the charge on an electron, negatively charged oil drops are
allowed to fall between two parallel metal plates separated by a distance d.

A potential difference (p.d.) is applied across the plates. The diagram shows one oil drop
between the plates.

When the p.d. is 0 V the oil drop accelerates to terminal velocity. The p.d. is increased.
It 1s observed that at a particular p.d. ¥ the oil drop stops falling and remains stationary
between the plates.

*(a) Explain the motion of the oil drop in terms of the forces acting on it as the p.d. is
increased from 0 to V.

(b) The oil drop has a mass m. Show that the charge ¢ on the oil drop is given by

mgd
V

(¢) Explain what would happen to the oil drop if the p.d. is increased further.

10 © Pearson Education Ltd 2014,



Mark scheme

Question Acceptable answers Additional guidance Mark
number
2 (a)* Guidance on how the mark scheme should be

This question assesses a student’s ability to show a coherent
and logically structured answer with linkages and fully-
sustained reasoning.

Marks are awarded for indicative content and for how the
answer is structured and shows lines of reasoning.

The following table shows how the marks should be awarded
for indicative content.

Number of Number of
indicative marks awarded
marking for indicative
points seen in | marking points
answer
6 4
5-4 3
3-2 2
1 1
0 0

applied:

The mark for indicative content should be added to
the mark for lines of reasoning. For example, an
answer with five indicative marking points which is
partially structured with some linkages and lines of
reasoning scores 4 marks (3 marks for indicative
content and 1 mark for partial structure and some
linkages and lines of reasoning).

If there are no linkages between points, the same five
indicative marking points would yield an overall
score of 3 marks (3 marks for indicative content and
no marks for linkages).

11
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G Acceptable answers Additional guidance Mark
number
2 (a)* The following table shows how the marks should
(continued) | be awarded for structure and lines of reasoning.
Number of
marks
awarded for
structure of
answer and
sustained
line of
reasoning
Answer shows a coherent and b
logical structure with linkages
and fully sustained lines of
reasoning demonstrated
throughout
Answer is partially structured 1
with some linkages and lines of
reasoning
Answer has no linkages 0
between points and is
unstructured
12 © Pearson Education Ltd 2014.




Question
number

Acceptable answers

Additional guidance

Mark

2 (a)*
(continued)

Indicative content

e At terminal velocity the forces on the drop are balanced OR
weight = drag

e The p.d. creates an electrostatic force acting upwards on the
drop

e The electrostatic force increases as p.d. increases

e The net upward force causes the drop to have a negative
acceleration

e As speed decreases the drag decreases

e The drop remains stationary when the forces are balanced
OR until the drop remains stationary when weight =
electrostatic force

2 (b)

e Equate the electric force and the gravitational force (1)
e Use of E=V/d to obtain g = mgd/V (1)

qE =mg
q(Vv/d) = mg
q = mgd/V

2(¢)

An explanation that makes reference to:

¢ Electrostatic/upward force (on drop) would be greater than
the weight/downward force (1)
e So drop would accelerate upwards (1)

Indication of which force is greater, unbalanced is

insufficient.

13
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Answers to part a)

Student answer A

*(a) Explain the motion of the oil drop in terms of the forces acting on it as the p.d. is
increased from 0 to V.

(6)
ROV, e is e eonlkant.. Jokon He ol dupp...an.. . st fovee..
reashrt vistans

Mhﬁmnﬁb&o:\r\ﬂf-@aﬁ% ¥ loes. W{—Q‘pfq;r\ﬁ (e iShon..... 9 He...
e\ww As ool iy nutazd, g _.ab.__.qrmm_._{feik._upu\rm_-d.g_ .
chmeLzl' My e p.d. oomhaes it nucaal,. e § u{’v\ﬂU’U{
fortl weacants.. r’:\apsﬁ\ﬂmuj el he. Porte. due o He ;ﬁ;{jﬂk
eqmaln mf). Thg Wwdn P[L’Lj}l..l.} [‘Oj:#rﬁ wShadh i ,\Qyﬂ_g
s, Nl?jnj‘r{ dopled  bs—ath f;«y/{/}m el s e j&mp gwmd%"\
fondad\s e ksp. }o(rx}f and o ;—rv,’)ud{ A jﬂ)‘vmﬂf wjaaf.vc

bottenr pladt . f’qmt’? e lockic’ (oL,
?oc,d»‘«b(ﬁ—ﬁ Amﬁw NG D s’hﬁawuj

Examiner comments

In this example the student identifies that at OV the resultant force is zero, that
as p.d. increases there is an increasing upwards electrostatic force on the drop
and that when the weight is equal to the electrostatic force the drop remains
stationary, hence marking points 1, 2, 3 and 6 are achieved. There is no mention
of negative acceleration or drag increasing with speed, so marking points 4 and 5
are not achieved. This means that 3 marks are awarded for indicative content.
The answer contains some structure and lines of reasoning, so an extra 1 mark is
awarded giving a total of 4 marks.

14 © Pearson Education Ltd 2014.



Student answer B

*(a) Explain the motion of the oil drop in terms of the forces acting on it as the p.d. is
increased from O to V.

(6)

- At oV

ok e
..,_.fiemtixu

Examiner comments

This example does not correctly explain why the oil drop reaches a terminal
velocity, so does not achieve marking point 1. Marking points 2 and 3 are
achieved as the student refers to an increasing upward electrical force, but there
is no mention of negative acceleration or drag increasing with speed so marking
points 4 and 5 are not. The student does explain why the drop becomes
stationary — marking point 6. This means that overall the student gains 2 marks
for indicative content. The answer contains some structure and lines of
reasoning, so an extra 1 mark is awarded giving a total of 3 marks.

15
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Student answer C

*(a) Explain the motion of the oil drop in terms of the forces acting on it as the p.d. is
increased from 0 to ¥,

\,\/t\w\‘@g Fém_us OV ‘{foz

bﬁ@ | fk%wwﬂu &‘e . W
ok dap.. WM and ga e WM fﬁ\@&, (LW,LM
__yefg o L\/Mr\ bﬁb fwz J\w 1‘2 %a

T cawtgg

Examiner comments

The student is unable to explain the motion of the oil drop and achieves marking
point 2 only, for a reference to an upwards force of electrostatic attraction.
However there is a linking of ideas and some reasoning so in total the student is
awarded a total of 2 marks, 1 for indicative content and 1 for linking ideas.

Answers to part b)

Student answer A

(b) The oil drop has a mass m. Show that the charge g on the oil drop is given by

mgd -
v F = M @)

i et = €=Vl - ¥/q.
U/d W\g/ﬂ, .92 W)/U/

q:

1]

Examiner comments
This example shows a clear and logical sequence so is awarded 2 marks.
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Student answer B

(b) The oil drop has a mass m. Show that the charge ¢ on the oil drop is given by

_ mgd Vg

g =—=
4 »E%@M @)

QR
] =¥
s
Bl

Examiner comments

Although this student apparently arrives at the correct answer there is no
evidence of the use of E=V/d or Ee = mg not clear so is not awarded any marks.
Students should include sufficient words in their response that an examiner is

able to follow their working.

Student answer C
(b) The oil drop has a mass m. Show that the charge ¢ on the oil drop is given by

v - ‘T "
md gt W g EE £
o R

BN N Feme hecauwe

O\i ‘ _& W(ﬁ/m §OTCR Lpwards”

.q:

N

Jorer AGAONRTAS .

Examiner comments
This example shows a clear sequence with written clarification, so is awarded

2 marks.

17
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Answers to part c)

Student answer A
(¢) Explain what would happen to the oil drop if the p.d. is increased further.

e ol dhoplel . 1 eceadeXek [0 e x\ve ple
M Me olehogTht e el N cr;\.é
Shﬂr\f&f

2)

Examiner comments

The student is awarded marking point 2, for stating that the drop will accelerate
towards the positive plate, but the response does not compare the forces, so is

not awarded marking point 1.

Student answer B

(c) Explain what would happen to the oil drop if the p.d. is increased further.
2)

Ahpt S voud A é,,?&‘-i(;f‘_’/?cs-?— G e uf?mms - %)fw P Tr =

Examiner comments

The student is awarded marking point 2, for stating that the drop will accelerate
towards the positive plate, but only refers to net force so does not score marking

point 1.

Student answer C

(c) Explain what would happen to the oil drop if the p.d. is increased further.
(2)

L4 s 9d s sacrensed. gurtner, ths ol dro plet il g
o ot wgueds \3ecm\u.___n_Q_m\ﬁ:\rcks_._ .\c;m_?__..(\w. .__‘C_Q___QLEE\_E__G_HM.\L.....
SICIRTIE %ﬁ_m\if oo N devwnnards Jefee..

Examiner comments

This example correctly compares the forces for marking point 1 but refers to
‘move’ rather than ‘accelerate’ so is not awarded marking point 2.
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Exemplar question 3

An electron beam tube can be used to demonstrate the deflection of electrons in a

uniform magnetic field. The tube contains a very low pressure gas so that electron paths
can be seen.

glass tube filled with
low pressure gas  —

electron gun

(Source: http://www.klingereducational.com/images/products/thumbs/555571 jpg)

Electrons are emitted from the electron gun travelling vertically upwards into a region of
uniform horizontal magnetic flux density.

electron gun

electron beam

a) Show that the unit of magnetic flux density (Tesla) in SI base units is kg A~ 572
g ty g

19
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(b) Explain why the electrons follow a circular path.

(¢) The magnetic flux density is varied while the speed of the electrons remains constant.
The following data is obtained.

Radius/em Magnetic flux density/mT
3.0 0.63
9.5 0.52
11.0 0.46

Theory suggests that the radius of the electron path is inversely proportional to the
magnetic flux density.

Analyse the data and comment on this suggestion, you may use the table to show any
calculated values.

20 © Pearson Education Ltd 2014,



Mark scheme

Question

Acceptable answers Additional guidance Mark
number
3(a) e Use of F = Bll or use of F=Bqv (1) Example
e Converts N to kg m s (1) Pm Fligma]
I[4] i[m]
So units are kg A™! s 2
3(b) An explanation that makes reference to:
e The magnetic force on the electrons acts at right angles to
(the plane containing B and) v (1)
e Hence the force is always towards the centre of the circle (1) 3
So providing a centripetal force on the electron or a centripetal
acceleration that maintains circular motion (1)
3 * Calculates Bxr (1) Example of calculation:
e (Calculate the percentage uncertainty (1) %U = (0.06/5.01) x 100% = 1.2%
e Suitable comment on difference from expectation (1)
e Weak conclusion because only three readings (1) OR no Radius Magnetic flux
repeats (1) OR limited range (1) /em density/mT
8.0 0.63 5.04
9.5 0.52 4.94 4
11.0 0.46 5.06

21
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Answers to part a)

Student answer A

(a) Show that the unit of magnetic flux density (Tesla) in SI base units is kg A~ s,

e B B E T2k
I

B o D - - S
= a"}_'“‘_a

Examiner comments

This example scores 2 marks. The student clearly identifies all units before
substituting them and cancelling, so the work is easy to follow.

Student answer B

(a) Show that the unit of magnetic flux density (Tesla) in SI base units is kg A~ s2.

2)
VRPN, S0 . W S

Examiner comments

This example scores 2 marks. The work is correct, but there is minimal
explanation. It would have been helpful if the student had identified the units for

each term before substituting them.

22 © Pearson Education Ltd 2014,



Student answer C

(a) Show that the unit of magnetic flux density (Tesla) in SI base units is kg A s2.

‘“\QJ Q\m
i NN
\Lﬂams"‘._ gh's™ «&& ) %\%@\
Ar ™ s :

Examiner comments

This example starts correctly, but the unit for charge is incorrect and the student
then ‘fudges’ to arrive at the final answer, so scores 1 mark.

Answers to part b)

Student answer A

(b) Explain why the electrons follow a circular path.

3

;w il b INhen o (s ebens.

/Mo(ﬁg( (4 W&ﬁoh@) %&M Aa..

ahipehed free( ykwﬁed by e regote Ae)
o A:»csz £o et 9< IS /}_@wm o Bl

Examiner comments

This student correctly refers to the magnetic force acting perpendicular to v,
scoring marking point 1 and centripetal force, scoring marking point 3. The
second marking point is not awarded, as there is no reference to the force being
towards the centre of the circle. The total mark is 2.

23
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Student answer B

(b) Explain why the electrons follow a circular path.

Am@m%d@@a n.a. Mpgrw}. f"ﬂﬂ{
LWU ,,,,, AsHe weloglh
.....ol,irfoﬁ_ah..ah\e____.... e, e e Mf also tha
mmwbm e porticdon. mww tho fhid o .

Examiner comments

This student refers to the magnetic force acting perpendicular to v and the
magnetic field, scoring marking point 1. There is also a reference to centripetal
force, scoring marking point 3. Again the second marking point is not awarded,
as there is no reference to the force being towards the centre of the circle. The
total mark is 2.

Student answer C

(b) Explain why the electrons follow a circular path.

3)
f’f’m@r@ .. fém»u(; ..t beam oL...z_a,é’,e. ....... A, féw;@tfaf&oiz .....
talll.. U B . /?fd& ...... ML kB B SYAAPEELL . A .....

Heakr At ,W dm?ém Ao b8/ lre:/o/«rfj S AdeecHon....
? m!fh\d’lﬂ> Ar A /%fx%c /4&/61 AdaelAcn.

Examiner comments

The student gives a full description of the magnetic force on the electrons, to
gain the first marking point. However there is no reference to circular motion so
no further marks are awarded.

24 © Pearson Education Ltd 2014.



Answers to part c)

Student answer A

(c) The magnetic flux density is varied while the speed of the electrons remains constant.
The following data is obtained.

Radius/cm | Magnetic flux density/mT | —e: (

80 | 063 | .oy
 es e | kg
o | ode 506

Theory suggests that the radius of the electron path is inversely proportional to the
magnetic flux density.

Analyse the data and comment on this suggestion, you may use the table to show any
calculated values.

4)
g _v’_Lc\)erD. Q_W Bc |

Mo Valud-

-

- oot/ sor - 12,

Examiner comments

This example is awarded all 4 marks. The student has correctly calculated values
for Br, then used half the range and the mean value to determine the percentage
uncertainty and commented that the low value of this implies that the suggested
relationship is correct. The final mark is awarded for the comment that the
conclusion is based on three readings only.

25
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Student answer B

(¢) The magnetic flux density is varied while the speed of the electrons remains constant. ¥
The following data is obtained.

Radius/cm - Magnetic flux density/mT 1&‘% A
8.0 0.63 q-04
9.5 02 4 94
11.0 0.46 S8 §-06

Theory suggests that the radius of the electron path is inversely proportional to the
magnetic flux density.

Analyse the data and comment on this suggestion, you may use the table to show any
calculated values.

A ANKS @)
- I L1 __é_t_s__\'__ N %ﬁ:ﬁ\ ToSely @G%h@@

Ux\ SEen \f\\ m\a\\.._ AN
CHIALEN0ErS e (Gx\%lf\\a Sm\\\’m R r% WS m\l\hm\ed s.\\rﬁcasl \m%
YN Apgce o\ Nrelationshog

Examiner comments

This student has correctly calculated the values for the table to score marking
point 1. However the following comment is vague and there is no attempt to
quantify the uncertainty so no further marks are awarded.

26 © Pearson Education Ltd 2014,



Student answer C

(c) The magnetic flux density is varied while the speed of the electrons remains constant.
The following data is obtained.

Radius/cm Magnetic flux density/mT o s m;uﬁ&gﬁ _nlus'ut}-_!\x A
8.0 0.63 5.04
9.5 0.52 Ga¢
11.0 0.46 506

Theory suggests that the radius of the electron path is inversely proportional to the

magnetic flux density.

Analyse the data and comment on this suggestion, you may use the table to show any

calculated values.

C))

s dewn o e e B consant  obtained | fow 0 gwple

Jpase equation  daat  descibe Ao proprcdiwalia.

38 e ek, T4 sodeae Ao see Awe velatowsip  when

Examiner comments

This student gains 1 mark for correct calculation of the values in the table but the
following comments are too vague to score further marks.
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Paper 2: Advanced Physics |1

Exemplar question 1

An electric drinks cooler 1s an appliance consisting of a thermally insulated compartment
and a heat pump that transfers heat from the inside of the cooler to the room in which the
cooler is placed.

This maintains the temperature of the inside of the cooler below the temperature of the
room.

(Source: http://www.americanas.com.br/produto/110863245/adega-de-vinhos-easycooler-12 garrafas)

On closing the door of the cooler, warm air at atmospheric pressure and at a temperature
of 22.5°C i1s trapped inside. After a time, the internal temperature stabilises at 3.3°C.

A student notices that the door 1s difficult to open and concludes that this 1s because the
air inside has cooled down and reduced the pressure.

Carry out a calculation to assess the validity of the student’s conclusion.
atmospheric pressure = 102 kPa

area of door = 0.15 m®

28 © Pearson Education Ltd 2014,



Mark scheme

Question Acceptable answers Additional guidance Mark
Number

o Useof pv = NKT (1) Example of calculation:

e Conversion of temperature to Kelvin (1)

o p=954kPa(l) P P

e Calculation of excess pressure (1) LI

= T .

e Useofp=F/AQ) 0, = b, x 2 = 102x10° Pax (273+3.3)K

e AF=995N (1) T, (273+22.5)K

¢ Sensible comment, e.g. this is a large force so could make the — 9537 x10°Pa

door hard to open (1) Ap = (102 —95.37) kPa = 6.63 kPa
AF = AAp =0.15m* x6.63x10° Pa =994.5N
7

29
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Answers

Student answer A

Carry out a calculation to assess the validity of the student’s conclusion.

atmospheric pressure = 102 kPa

area of door = 0.15 m?

- 1 - o f ™Mb
N2 o demary, - PRy A4,
4 ek Twe g 3-3°( 2 1
alll o L SL L Vir EF
|: ll .‘-'. : ;
..“7‘
-1 1 1 L
> 3. 45 f N
\-J - l — = 'ﬁl 182 w
X b W
¢ AC. 4 . Pa
AP - (vor-oe.4) e
, D
‘. . "-’-\ )

9 K

45\
F. e

PR
bld
a4 N

¥ N Ok v o OnkH AN ¥
lﬂ“- \‘.":
N 54 = Cont gt
] |
we ol
N

Examiner comments

The student converts the temperatures given to kelvin and uses them to correctly
calculate the new pressure inside the drinks cooler and hence the pressure
difference between the inside and the outside. The force needed to open the door
is then also calculated correctly. The working is clear and easy to follow and the
student is awarded the first 6 marks. To gain the final marking point the student
needed to make a comment about the validity of the conclusion.
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Student answer B
Carry out a calculation to assess the validity of the student’s conclusion.
atmospheric pressure = 102 kPa

area of door = 0.15 m?

22.5C- 9.8 465 Kk 29S.65. . l.okas

-

2.3¢c = 274 4SS 7T6.ES
2000 % | OH% - ? 5 57 6 P(,L,

lo 000 o AS =

b= DeRpy=

Examiner comments

This student correctly calculates the new pressure in the drinks cooler, and hence
the force needed to open the door when the inside is at atmospheric pressure
and the force needed to open the door at the new pressure. This is an acceptable
alternative method and gains the first 5 marks. The difference between these
forces is determined for a further mark, but the student’s conclusion is unclear so
the final mark is not awarded, giving 6 marks in total.
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Student answer C

Carry out a calculation to assess the validity of the student’s conclusion.
atmospheric pressure = 102 kPa

area of door = 0.15 m?

V‘d/. e F.L)d/i NAuma. cermaus. . conotodd. . jubade. ke Codltc.. ...
T T

Ll [FTAT

Ta joex(0*k(3.3+283) = (22542
o heasyAz e

i) b feducide,...
. é&'ﬁ"’-&'-g ] /L‘.S e ARG

3R,

Examiner comments
In this example the temperatures are successfully converted to kelvin and the

new pressure inside the drinks cooler is correctly calculated. This gains the first 3
marks. However the student does not go on to calculate the pressure difference
or attempt to determine a force, so no further marks are awarded.
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Exemplar question 2

A student observes a parallel beam of light through a polarising filter.

parallel
light beam

polarising
filter

The polarising filter is rotated through 2z rad in its own plane. The intensity of the light

transmitted through the filter varies as shown.

transmitted TS
. . r ’ \‘
mtensity 3

lll'

!

i L3 i L
¢ S N “ angle of

< rotation / rad

*(a) Explain the observed variation in intensity of the transmitted beam.

(b) Some sunglasses have lenses made from polarising filters.
You are given two pairs of identical sunglasses.

Devise a simple test to determine whether the sunglasses use polarising lenses.
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Mark scheme

unstructured

Question o .
Number Acceptable answers Additional guidance Marlk
*
2@ This question assesses a student’s ability to show a coherent and logically structured Guidance on how the mark scheme
answer with linkages and fully-sustained reasoning. should be applied:
Marks are awarded for indicative content and for how the answer is structured and The mark for indicative content
shows lines of reasoning. should be added to the mark for
The following table shows how the marks should be awarded for indicative content. lines of reasoning. For example, an
Number of indicative marking Number of marks awarded for indicative answer with five indicative marking
points seen in answer marking points points which is partially structured
6 4 with some linkages and lines of
reasoning scores 4 marks (3 marks
54 3 o
for indicative content and 1 mark
3-2 2 )
I I fpr partial structure and some
0 0 linkages and lines of reasoning).
If there are no linkages between
The following table shows how the marks should be awarded for structure and lines of points, the same five indicative
reasoning. marking points would yield an
Number of marks awarded for overall score of 3 marks (3 marks
structure of answer and sustained for indicative content and no marks
line of reasoning for linkages).
Answer shows a coherent and logical structure )
with linkages and fully sustained lines of
reasoning demonstrated throughout
Answer is partially structured with some 1
linkages and lines of reasoning
Answer has no linkages between points and is 0 p
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Question
Number

Acceptable answers

Additional guidance

Mark

2 (a)*
(continued)

Indicative content

e apolarising filter restricts the (electric field) vibrations of the
(transverse) light wave to a single plane

¢ including the direction of propagation of the light

¢ the light incident on the filter must be plane polarised

e when the angle of rotation is a multiple of © rad (including zero),
the plane of polarisation of the incident light is perpendicular to
the transmission axis of the polarising filter hence the intensity
of the transmitted light is zero

e when the angle of rotation is an odd multiple of 7/2 rad the plane
of polarisation of the incident light is the same as that of the
transmission axis of the polarising filter hence maximum light is
transmitted

o the intensity of the transmitted light varies from a minimum to a
maximum as the angle of rotation varies as shown by the graph
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Question
Number

Acceptable answers

Additional guidance

Mark

2 (a)*
(continued)

Alternative answer

a polarising filter restricts the (electric field) vibrations of the
(transverse) light wave to a single direction

perpendicular to the direction of propagation of the light

the light incident on the filter is plane polarised

when the angle of rotation is a multiple of © rad (including zero),
the plane of polarisation of the incident light is perpendicular to
the transmission axis of the polarising filter hence the intensity
of the transmitted light is zero

when the angle of rotation is an odd multiple of 7/2 rad the plane
of polarisation of the incident light is the same as that of the
transmission axis of the polarising filter hence maximum light is
transmitted

the intensity of the transmitted light varies from a minimum to a
maximum as the angle of rotation varies as shown by the graph

2 (b)

Pass light through one lens of the glasses and view the light
through the lens of the second pair of glasses. Rotate one pair of
glasses through 90° (1)

If the light intensity varies then the glasses use polarising filters

()

Allow full credit for a suitably annotated diagram.
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Answers to part a)

Student answer A

*(a) Explain the observed variation in intensity of the transmitted beam.

At O the athth e the mver fﬂ‘iﬂaﬂ.aétwiﬂr G
-pRARD, .. J\'- _‘m__ aLL lekw{ /lt.f. ‘D}lu_ J.,Ltw rvi:f.EA'

Examiner comments

identified that the incident light is plane polarised. This means that marking
points 1, 2 &3 are not awarded. However there is a very good explanation as to
what happens when the filter is rotated and so scores marking points 4, 5 & 6.
three indicative content points gains 2 marks. The answer is well written with
good linkage and so scores 2 marks for linkage giving a total mark of 6.

This student has made no reference to how the polarising filter works and has not
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Student answer B
*(a) Explain the observed variation in intensity of the transmitted beam.

(6)

X0 C SRS PN 110V TN - = ¥ R\ oW o 1. 4 L INCRRP PP T S, S, 1, .. 7S

Nerer
iz R, e, i Qe e B 'J‘m&ﬁ'\hbomfbhhhﬁd‘

Cednans.... L Eempun  bociesicpean  of  lyer e

Letams o are Lt abtesis S 0.y LBl A8 Cen L PES

..................... Sretasank Dnevada (WY O T W - U R 3 O SRR 1 's:- SN =¥ o S - SN, oo 7 S

erS\LU—L

Examiner comments

This candidate attempts to explain the effect of the polarising filter but does not
refer to a single plane or to the direction of travel of the light so does not score
any marks for this. The next two bullet points score marking points 4 & 5 so

there are two indicative content points gaining 2 marks. There is some linkage so
scores 1 mark for linkage giving a total mark of 3.
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Student answer C
*(a) Explain the observed variation in intensity of the transmitted beam.

(6)
H&W— 40 (M‘h@% '/Ydr(/‘»év'%w W/ﬁ- 5’500“‘»59%5 ..... e

/5. /94/5?%/( A Areihona.. j /Qﬁ?& ....... an. 7(/»/&“*

INANES... H a2 all.. 15:24,;5/?4

.. P ﬂww%w Blec...

. __g)bc,;&;sagl S
W  Id= . .ib.... Féfﬁr?_ﬂé&-w—{f?«r hﬁi‘iabcmc\ﬁﬁ\a
| tue...ixare... theK...am...conx
/ganﬂxe_iyeSCf%ﬂav@m,ﬁLﬁvtw%% T 3= e /2

Examiner comments

There is sufficient detail in this answer to award marking points 1 and 3. The
response does not relate to the graph and specific angles of rotation so marking
points 4, 5 & 6 cannot be awarded. There are two indicative points scoring 2
marks with 1 mark for some linkage giving a mark total of 3.
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Answers to part b)

Student answer A

(b) Some sunglasses have lenses made from polarising filters.

You are given two pairs of identical sunglasses.

Devise a simple test to determine whether the sunglasses use polarising lenses.

(2)
11 . y 1 r
_nad Tf?!v\nf«blv-w e N }(\(—'a\«% J[,/Qf"df\ afrer e
SO o) 0 7 R I Wb O 7221 ST SO . VO | S

e Mol o ologned bank i O ok qoT, Hen

Examiner comments

A good answer with reference to rotating one whilst keeping the other one still
and scores 2 marks.

Student answer B

(b) Some sunglasses have lenses made from polarising filters.

You are given two pairs of identical sunglasses.

Devise a simple test to determine whether the sunglasses use polarising lenses.
(2)

Hdd o QG}PLP)mw ___3.(:.014)3&?_ Ii?;)zype»\obw las o ansther,

Examiner comments

The diagram helps explain what the student means and marking point 1 can be
awarded for either the diagram or the first sentence. However there is no rotation
and variation of intensity so does not score the 2" mark.
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Student answer C

(b) Some sunglasses have lenses made from polarising filters.
You are given two pairs of identical sunglasses.

Devise a simple test to determine whether the sunglasses use polarising lenses,

2)
oewe Potete. e lews  fow O vd b U wd  fhew  obtain

et detsed Hlter goph Whith sver Aot aves Hhe shape
= owe o he pbised Qe gph il be o polactsed lews.

o dmswitted ooty agisk sl & otetion doph  awd  compore,

Examiner comments

This response does not answer the question, it is referring back to the graph and
scores zero.
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Exemplar question 3

About 100 years ago the first measurements of spectra from galaxies beyond the Milky
Way were made. Wavelengths of spectral lines were observed to be shifted and Hubble
discovered a rough correlation between the shift in the spectral line and the distance to

the galaxy.

The graphs below show plots for data collected in 1929 (Figure 1) and 1931 (Figure 2).

Jive

distance
Figure 1

distance

Figure 2

(a) The data used by Hubble for his 1929 plot (Figure 1) is contained within the
rectangle close to the origin of the 1931 plot (Figure 2).

Explain how Hubble’s observations support the conclusion that the universe is
expanding. and assess the reliability of this conclusion on the basis of Hubble’s
original data.

(b) The light emitted from a star is due to the energy released by fusion reactions taking
place in the core of the star. Our Sun is a main sequence star with a luminosity of
3.85 < 10% W.

An analysis of the Sun’s spectrum gives 4___ = 502 nm

Use the data provided to calculate the radius of the Sun.
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(c) The Sun is believed to be about 4.5 billion years old. To determine this, scientists
measure the ratios of the lead isotopes found in meteorites. Since uranium undergoes
radioactive decay in a chain to eventually become an isotope of lead. the ratios of
lead isotopes can be used to find the age of a meteorite.

(1) %3U decays to 2Pb via the emission of ¢ and £~ radiation.
In the transition of U-238 to Pb-206 eight alpha decays must occur.

State the number of beta decays that must occur. Justify your answer.

Number of - decays =
(i) One isotope produced in the chain is thorium-230, which decays to an isotope of
radium with a half-life of 75.000 years.

Calculate the time in years it would take for 90% of an initial sample of thorium
to have decayed.
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Question
Number

Acceptable answers

Additional guidance

Mark

3(a)

The wavelength change is bigger the further away the galaxies
are (1)

The further away galaxies are the faster they are moving, so all
distant galaxies are moving away from each other (and the
universe is expanding) (1)

There is a large amount of scatter in Hubble’s original data set.
1

The original data set covers a very small range of distances [only
the closest galaxies considered] (1)

Hence, on the basis of the original data, the conclusion drawn by
Hubble was quite speculative (1)

3 (b)

Useof A_ T =29x10" (1)

T =5800 K [accept 5780 K and 6000 K] (1)
Use of L =4ar’oT* (1)

r=6.9x10° m (1)

Example of calculation:

T 2.9%107 mK

- T2 = 5780K
5.02x107m

3.85<10°W
r= g )14 4
41x5.67x10° Wm 2K ™ x(5800K)

=6.91x10°m
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Question

Number Acceptable answers Additional guidance Mark
3 (e)() e 8§ alpha decays reduce the proton number by 16 (1) Example of calculation:
e proton number decreases by only 10, so there must be 6  decays | 206 A .
a) U, Pb+8a+Nx_, ~
OR 92=82+(8x2)-N
e balanced equation written for overall decay (1) 92=82+16-N
e explicit solution to give 6 B~ decays (1) N=98-92=6
Proof must be given to obtain these marks.
2
3 (o)(ii) e useof At,, =In2 (1) Example of calculation:
e useof
0.693
N=N,e™" A=—"=924x10"y"
oo 75000 y
e N/No=0.1(1) N
e t=2.5x10°years (1) At= —ln[N—]
0
: =¢‘_i)_1=2.49x105y
9.24x10"y 4
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Answers to part a)

Student answer A

(a) The data used by Hubble for his 1929 plot (Figure 1) is contained within the
rectangle close to the origin of the 1931 plot (Figure 2).

Explain how Hubble’s observations support the conclusion that the universe is
expanding, and assess the reliability of this conclusion on the basis of Hubble’s
original data.

Examiner comments

In this example the student identifies that as the distance increases the shift in
wavelength increases and also that the further galaxies are moving faster, so the
universe is expanding. This scores marking points 1 and 2. The student also
recognises that there is a large spread in the original data so scores marking
point 3. There is no attempt to assess the reliability of the conclusions based on
the two graphs so marking points 4 and 5 are not awarded. The total mark is 3.
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Student answer B

(a) The data used by Hubble for his 1929 plot (Figure 1) is contained within the
rectangle close to the origin of the 1931 plot (Figure 2).

Explain how Hubble’s observations support the conclusion that the universe is

expanding, and assess the reliability of this conclusion on the basis of Hubble’s

original data.
)

DALMY ;

A A Tho# the .

7‘@5 . SL%?@&{S et e jmécu\’r.d&- = M—au\/

[

/;am cacte ok, A
L

Examiner comments

This example scores marking point 1 for recognising that as the distance to a
galaxy increases the red-shift increases. The student states the galaxies are
moving away from each other but fails to link this with the idea that the further
galaxies are moving faster so does not score marking point 2. There is no further
relevant comment on the data or graphs so the total mark is 1.
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Student answer C

(a} The data used by Hubble for his 1929 plot (Figure 1) is contained within the
rectangle close to the origin of the 1931 plot (Figure 2).

Explain how Hubble’s observations support the conclusion that the universe is
expanding, and assess the reliability ol this conclusion on the basis of Hubble's

original data,
(3)

Poblboles dele Stgpests  thok the furliys cuveny o geloity
lke Greals  the ﬁ‘-'w.«maf An wwe{-‘-‘-ﬂguﬁ S LY dﬂ“ﬁkﬁ...f Moy onet
+"'kﬂw1‘r\j cThes eupperts B concluation  that dre  Loanene s
Oxponclaly . Tz Wraldales oquinl dote i qudd, Speeod
[P0 R o u\.l,j oy oLl s e rche %Mﬂmj ool ot
Choer b -5 ars§ - By Qinatig Gf M -.ﬁmw-d fF[[ the Aol

) N

Uis ookt 5 e bhe aght e of aesk gk, -

Examiner comments

This response scored all 5 marks. The response clearly links the furthest galaxies
with the greatest change in wavelength and the greatest speeds, gaining marking
points 1 and 2. The student recognises the large spread in the original data and
that it only dealt with the closest galaxies gaining marking points 3 and 4. The
comment regarding the line of best fit is an alternative wording that is sufficient
to score the final mark.
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Answers to part b)

Student answer A

(b) The light emitted from a star is due to the energy released by fusion reactions taking
place in the core of the star. Our Sun is a main sequence star with a luminosity of
3.85 x 10% W,

An analysis of the Sun’s spectrum gives 4 _ = 502 nm

Use the data provided to calculate the radius of the Sun.
4)

Examiner comments

This student scores all 4 marks for a correct answer with the corresponding unit.

Student answer B

(b) The light emitted from a star is due to the energy released by fusion reactions taking

place in the core of the star. Our Sun is a main sequence star with a luminosity of
3.85 x 107 W.

An analysis of the Sun’s spectrum gives A__ =502 nm

Use the data provided to calculate the radius of the Sun.

2 @
Ll T € AT oW~ X s SO, S

_— {

= — L

Examiner comments

The example shows the calculation of a correct value for T and this scores the
first 2 marks. The student then correctly rearranges an appropriate equation to
make r the subject, but the final answer is incorrect and as the student does not
show the substitution of any values no compensation marks could be awarded, so
the total mark is 2.
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Student answer C

(b) The light emitted from a star is due to the energy released by fusion reactions taking
place in the core of the star. Our Sun is a main sequence star with a luminosity of
3.85 x 10% W. o -

An analysis of the Sun’s spectrum gives A =502 nm

Use the data provided to calculate the radius of the Sun.
) Q)

L A T e

_ -9 ] -
e LT T
/‘\mﬂ' =2 % 12 % 16"’{ i
. i L AT XS G X078 A (SEREY
: X SR
. T = '? Eﬂ&:« to 1.3%8?\\05

T k R S

\z
Radius of the Sun = 4 OB X0, N

Examiner comments
This example shows the calculation of a correct value for T and this scores the

first 2 marks. The student then correctly rearranges the equation for r but
substitutes for T2 rather than T*. As this is an error of physics no further marks

are awarded, so the total mark is 2.

Answers to partc) i)

Student answer A

(c) The Sun is believed to be about 4.5 billion years old. To determine this, scientists
measure the ratios of the lead isotopes found in meteorites. Since uranium undergoes
radioactive decay in a chain to eventually become an isotope of lead, the ratios of
lead isotopes can be used to find the age of a meteorite.

(i) 2;§U decays to 2£:;Pl:r via the emission of a and 8~ radiation.

In the transition of U-238 to Pb-206 eight alpha decays must occur.

State the number of beta decays that must occur, Justify your answer.

1389706 = AR
le~to =4 |

Number of f#~ decays = .. ... ... ... 6

(2)
% [pbw\ J«_cwbs C@S

P

Wjoéﬂ/ Wg{ aﬁ:ﬁ - S;cfuﬁfﬁ-
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Examiner comments
This student provides a complete, clear answer that scores both marks.

Student answer B

(c¢) The Sun is believed to be about 4.5 billion years old. To determine this, scientists
measure the ratios of the lead isotopes found in meteorites. Since uranium undergoes
radioactive decay in a chain to eventually become an isotope of lead, the ratios of
lead isotopes can be used to find the age of a meteorite.

(i) 2;:U decays to 2‘;2Pb via the emission of « and f radiation.

In the transition of U-238 to Pb-206 eight alpha decays must occur.

State the number of beta decays that must occur. Justify your answer.

D P et 0D Do DSl b8 B

Number of f~ decays = wuBumsmmmi s et i

Examiner comments

This response is just sufficient for both marks.

Student answer C

(¢) The Sun is believed to be about 4.5 billion years old. To determine this, scientists
measure the ratios of the lead isotopes found in meteorites. Since uranium undergoes
radioactive decay in a chain to eventually become an isotope of lead, the ratios of
lead isotopes can be used to find the age of a meteorite.

(i) 2;EU decays to zzsz via the emission of & and - radiation.

In the transition of U-238 to Pb-206 eight alpha decays must occur.

State the number of beta decays that must occur. Justify your answer.
(2)

Number of #~ decays = .. 6

Examiner comments

This student states the number of beta decays correctly, so gains the first mark,
but there is insufficient justification given to gain the second mark.
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Student answer A

(i) One isotope produced in the chain is thorium-230, which decays to an isotope of
radium with a half-life of 75,000 years.

Calculate the time in years it would take for 90% of an initial sample of thorium
to have decayed.

CAE [ 9
O{ A - e Az ———

5 )

N [V\[otﬂB S WER 4 _Sef }grfht ES =.l% C(, IC(Cg I‘Oﬂ S

1 93cce®

4l
Time taken = . "Lt 0]( (4 é . YeEATS

Examiner comments

This is a complete calculation, with working shown, that produces the correct
final answer. The student is not penalised for the excessive number of significant
figures and in this particular calculation the unit is given. The total mark is 4.

Student answer B

(ii) One isotope produced in the chain is thorium-230, which decays to an isotope of
radium with a half-life of 75,000 years.

Calculate the time in years it would take for 90% of an initial sample of thorium
to have decayed.

gy 215000

4

Time taken = ssmiasimmmmimmi i YCars
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Examiner comments
In this example the student correctly calculates A, but then uses
N/No = 0.9, rather than 0.1, so the final answer is incorrect. Scores 2 marks.

Student answer C

(i1) One isotope produced in the chain is thorium-230, which decays to an isotope of
radium with a half-life of 75,000 years.

Calculate the time in years it would take for 90% of an initial sample of thorium
to have decayed.

L S

1=11400.

Time taken = J ( AFOO lwa . . years

Examiner comments

The student calculates the decay constant for 1 mark. This student then uses the
activity equation and substitutes a number of atoms as an activity. This is an
incorrect use of an equation and so the candidate does not score any more
marks.
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Paper 3: General and Practical
Principles in Physics

Exemplar question 1

Small electrical devices are often powered by electric cells; different devices use different
types of cell.

(a) The cells normally used in a television remote control have an e.m.f. of 1.5 V.

(i) Describe a procedure to determine the internal resistance and e.m.f. of an
electrical cell. You should include a circuit diagram.

(i1) Describe how you would use your results to find a value for the e.m.f. and
internal resistance of the cell.
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(b) The cells used in a camera to charge the flash unit are 3.6 V lithium ion rechargeable
cells. The data sheet supplied with such a cell includes a graph which shows how the
internal resistance of the cell varies with the number of times it has been charged and
discharged.

350

345 A

340 9

335

330 v

325

320

internal resistance / m<

315 e

310 =¢

305

300
0 100 200 300 400 500 600 700 800 900 1000

number of times charged

The cell is recommended for use in a camera flash charger which typically draws a
supply current of 800 mA. The manufacturer claims that even after 500 charging
cycles the cell terminal potential difference (p.d.) will be more than 99% of the
terminal p.d. when new and supplying the same current.

Analyse the data from this graph to explain whether it supports the claim, supporting
your answer with a calculation.

“)
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Question Acceptable answers Additional guidance Mark
number
1 (a)(i) A description that makes reference to the following points:
Circuit diagram showing:
e Cell, variable resistor and ammeter in series and voltmeter in
parallel with cell (1)
e Recording pairs of readings of terminal p.d. and current (1)
e Use the variable resistor to obtain 5 other pairs of readings(1) Should be between 5 and 10 other pairs 3
1 (a)(ii) A description that makes reference to the following points:
e Plot a graph of terminal potential difference on the y-axis and
current on the x-axis (1)
e Intercept on the y-axis equals e.m.f. (1)
e And gradient = -r (1) 3
1 (b) e From graph: after 500 charging cycles internal resistance of cell is | Example of calculation:
327 mQ (1) V, =3.6V—0.800 Ax0.310Q
* UseofV=¢-Ir(l) =3.6V-0248V=3352V
e Use of%xlOO% Vi =3.6V —0.800 A x0.327 Q
0 =3.6V-0.262V =3338V
VSOO 0 0,
—= =99. V 3.338V
v, <100%=99.6% Y0 1 100% = «100% = 99.6%
0 1) ) 3.352V
e So manufacturer’s claim is correct (1) This last mark is awarded only if the conclusion is
correctly supported by the calculation. 4
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Answers to part a)

Student answer A
(a) The cells normally used in a television remote control have an e.m.f. of 1.5 V.

(i) Describe a procedure to determine the internal resistance and e.m.f. of an
electrical cell. You should include a circuit diagram.

(3)

(ii) Describe how you would use your results to find a value for the e.m.f. and
internal resistance of the cell.

Examiner comments

(i)This scores the diagram mark. The position of the voltmeter can be in parallel
across the cell or the resistor and could be across the ammeter as well. 2nd
marking point is there for pairs of readings, accepting voltage instead of terminal
potential difference but the student does not specify how many readings are to
be taken and so does not score marking point 3. Total marks 2.

(ii) A sketch graph on its own is acceptable for MP1. This scores all 3 marks.
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Student answer B

(a) The cells normally used in a television remote control have an e.m.f. of 1.5 V.

(i) Describe a procedure to determine the internal resistance and e.m.f. of an

electrical cell. You should include a circuit diagram.

[
A

3)

BT SP Y SNS WX UG ¢ 2. o3 - O - S S STy LT

V=& (eSO UL O N foh-h - Lo e SRR

(ii) Describe how you would use your results to find a value for the e.m.f. and

internal resistance of the cell.

3)

: . N
e .0 = TE - ‘ér- — AN remi e wnes,

Vv

1268 Shec . LN M e ima e

N Tr = B TR —ané

Examiner comments

(i) 2 marks are scored. There is no mention of how many pairs of reading will be
taken.

(ii) There is an expectation that unless otherwise stated, descriptions of practical

experiments will involve a graphical method. Some marks might be awarded for a
non-graphical method but in this case the initial equation is incorrect so this

scores 0.
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Student answer C
(a) The cells normally used in a television remote control have an e.m.f. of 1.5 V.

(i) Describe a procedure to determine the internal resistance and e.m.f. of an

electrical cell. You should include a circuit diagram. m
3

@_____._.

...\?.).h&%..\l\m.{...X,.l.‘-s.......QK\L\Q..QX\(&..\.D.B.\\\Q..&E\\.. And.an. dmmeter in qarealie)...
_______._r__u.._r,m___.u;\}..,.._.’.t._.9...mimms.s,,_.._g.\\xs.e.n\r._.,‘._{.o.mmu.\m..gmh.,,Q\m...1\.._.............,......._...._.....

e Taneler 0 QATRNR. X e seh Aoca\enibe vkt
Yesxx\w\m\\st\\g\seo\x\\\\qm‘\%‘iﬁYLN_
\

(i) Describe how you would use your results to find a value for the e.m.f. and
internal resistance of the cell.

@)
) 'Yb .ﬁ.x.r\c_l e vl fc " 2P UTUVE € XU VRV
_ )_\‘wn.‘i\m MO G 1o ACUNTEE . AATRE T fesn\sTAnge.

. _‘_\mbh ALARGAALOL-ANS = e R Rt 0. AN “ALaNe e QY A O
\

AoV AN Vel ok

Examiner comments

This is a very weak response, there is an attempt at a diagram but no means of
varying current to obtain pairs of readings. This scores 0 for both parts.
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Answers to part b)

Student answer A

Analyse the data from this graph to explain whether it supports the claim, supporting
your answer with a calculation.

C))

Examiner comments

This candidate correctly reads from the graph, does two calculations to find two
values of terminal potential difference and a % calculation to score all 4 marks.
The student has worked to 3 significant figures rather than the 4 in the MS so
gets a slightly different answer to that in the markscheme but this is acceptable.

Student answer B

Analyse the data from this graph to explain whether it supports the claim, supporting
your answer with a calculation.

)
TR R e
— Ty
O L~ PSP 2 e < S =58 (IS S
= a o X AP A NN

us\«-bm‘nuspu‘f;'i@\ s N K R v pquned iAo

FLe —

= @AW

(BT vy kel (25, GFV fOO cvey S THze T @-ALY
‘“} A X0 oF Hrevnd edl e SO Clew Rk Sepee~ e\

G

Examiner comments

There is evidence that the candidate has used the graph to find the internal
resistance after 500 flashes because of the ratio 310/328 so this scores 1 mark
only. Although the markscheme says 327 Q there is a tolerance when readings
are taken from a graph and 328 Q is acceptable.
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Student answer C

Analyse the data from this graph to explain whether it supports the claim, supporting
your answer with a calculation.

T .%&_S.W T wf;iu 500 /L"‘yj

C)

LV A 7Y ) ?((o X . 80O m Mu - 0-26720. _ﬁ Vv

4__-——-—"'_'__- "

O ?’6 7 L" = '7 . ‘2'(! o/o

Examiner comments

A similar example where the student has failed to use the terminal potential
difference formula and so scores 1 mark only.
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Exemplar question 2

A metre rule has a small hole drilled at the 5 cm mark. The rule is hung on a horizontal
pin passing through the hole.

e

(a) The rule is rotated through a small angle and released. It then oscillates about the pin
as a pendulum with a time period T.

(i) Describe how to use a stopwatch to determine a value for 7.

(i1) State two reasons why repeating the readings will improve the results for T.

(b) There are six more holes drilled at intervals down the rule. The rule is hung from
each hole and the distance / from the pin to the 50 cm mark is recorded.

T is determined for each value of /i and a graph of 7T against / is plotted.

him T/s
0.450 1.601
0.400 1.558
0.350 1.538
0.300 1.528
0.250 1.529
0.215 1.550
0.200 1.580
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T/s
1.610

1.600 X

1.590

1.580 X

1.570

1.560 7%

1.550 Bl

1.540 ¥

1.530 %

1.520 h/m
0.150 0.200 0.250 0.300 0.350 0.400 0.450 0.500

(i) Draw a line of best fit on the graph.

1
(ii) Use your line to determine the value of / that would produce the smallest value
of T.
Record these values.
2)
(c) The graph of T against & does not produce a straight line.
The variables T and # are related by
T*h=4n*htlg+ C
where C is a constant.
Describe a graphical method to determine a value for C and state the unit for C.
)
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Mark scheme

LG Acceptable answers Additional guidance Mark
number
2 (a)(i) A description that makes reference to the following points:
e Record nT (where n is at least 5) (1)
e Divide measurement by n (1) 2
2 (a)(ii) e Anomalies can be spotted (1)
e Reduce the effect of random error (1) 2
2 (b)(i) e BFL is smooth and thin with a definite minimum
and minimum is in range 0.26 m — 0.28 m (1) 1
2 (b)(ii) e Values read correctly from candidate’s line (1) Values from their curve to within 1 small square with
e hto3sigfigand T to 4 sf (1) no unit penalty. 2
2 (¢) A description that makes reference to the following points:
e Plot T? h against h? (1)
e Cisintercept on T?h axis (1)
OR C is the value of T>h when h? is zero (1)
e Unitisms? (1) 3
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Answers to part a)

Student answer A

(a) The rule is rotated through a small angle and released. It then oscillates about the pin
as a pendulum with a time period T,

(i) Deseribe how to use a stopwatch to determine a value for T,

Sﬁ]’ ha nwhe :wﬂl\?}u.:) Jrrmm WM Aﬁ]
omh. %ﬁwm Lanhl . eaehtmd= oo whm%&

nahes ot il shhory posibarin. B 10S. To.jird N
w1 r;é ..... WSere N s e Duake sy by ik nler.

poyh
(i) State two rms{:&H}f rapcatmtnﬂﬁn,ﬂ mg5 will improve the results for 7'

(2)

@

Examiner comments

(i) This a description of how to determine the frequency, not the time period, so
scores 0.

(ii) Both reasons are correct so scores 2 marks.

Student answer B

(a) The rule is rotated through a small angle and released. It then oscillates about the pin
as a pendulum with a time period T

(i) Describe how to use a stopwatch to determine a value for T
(2)

Soss ek eeeedelely oW ey e wdler el

i 1 A i I L
poss  Stgs  pBr edler  kede A erigual  pade 1 e

Chde e wee o dtea e do T el v deraady

.;'!‘l.'.]]nll'_a

{(i1) State two reasons why repeating the readings will improve the results for T,

(2)

s ve gl | e Lo

ey vending

- g A . Yinlg wdla £ ke

AT |’-]:

: Veorcking S -
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Examiner comments

(i) This is not a very clear description of the method, but just enough to score
both marks.

(ii) There is no credit for the first part of the response, but the second part scores
1 mark for ‘outliers’, meaning anomalies.

Student answer C

(a) The rule is rotated through a small angle and released, It then oscillates about the pin
as a pendulum with & time period T.

{i) Describe how to use a stopwatch to determine a value for T,

(2)
e o lwer D drgered  stouateh o eliwivete  Wwwen geror,
YN W v} 5_,};11'5 4o oslocte iz 'F\-+'-:'f|'l.k'm{.l'll-“- W‘H L}e T d bl 0+)
s shord covmtl *"‘j At e #

(ii) State two reasons why repeating the readings will improve the results for T,

ar MDRE (2)
) 1
Eq -T.ul.ti.'ﬂj e 1E.|:l.&|-u€lb THE. T ow i comlol 1:;[ .r{'J:'M:grat
g o s € t'cJI_ i auﬁmfj!.ﬂ{ gt )

Bty | o rodivgs | I ook alew gt ek od

ot r e cawse colm i;m;:,m C ll-_;n! -.M-:M{ L.

Examiner comments
(i) This is not a correct method so scores 0.

(ii) The student refers to both reducing random errors and finding anomalies, so
scores 2 marks.
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Answers to part b)

Student answer A

Tls
O T T T T T T T T
i - - - _tll H ___.:57!_
| il I ]
1.600 tH AN IRRA (A RN (A
THHE ] L D e
1.590 \ M| ! + T I__
WEA § 1‘ [
1.580 ‘ I i
1.570 e
1560 T
1.550 1l -~ ll . II
1.540 | il
1.530 - ! i |
TR 0 N )t [ g b
1.520 — - - - ' — —  h/m
0.150 0.500
(i) Draw a line of best fit on the graph.
(1
(ii) Use your line to determine the value of / that would produce the smallest value
of T.
Record these values.
2

Examiner comments
(i) A good line of best fit scores 1 mark.

(ii) The values given are taken from the table and has not read the minimum as
drawn on the graph, so this answer scores 0.
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Student answer B

T/s
T T T T
| || | | I 1] 11 L
1.590 —H-—H-L 0 I 0 T A . I

1.570 - —

i
i { i i I = 1
A At A=t — e - 8
1580 T ’\_ T T
T \ B0 .
At i 1 I 1 T4
| |
| I
]
.

A }_ _____ A i
1.560-1I = _._\..‘_ S W S EEEiE SRiRS
| \ | | 1mi XI |
T B B T -
1.550 - %\ L
i \-HHHHA—HAH- | | LHH
- 3 L\ N 1 S N P SusnmEm N O
. B il - Il ',/l T E
0 O 0 T o W O
1.520 . — - - . — h/m
0.150 0.500
(i) Draw a line of best fit on the graph.
(1)
Record these values.
o= i S s 5 . s G . = o 0N

Examiner comments
(i) The line of best fit is poor as it misses a number of points, so scores 0.

(ii) The candidate has misread both values of their minimum. Their readings
should be 1.526 s and 0.285 m. This student would have benefited from adding
numbers to the x axis. Students should always read graphs to the maximum
number of significant figures, in this case 4 on the y-axis and 3 on the x-axis.
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Student answer C

T/s )
1.610 -
LLIN UL LH] RERRIN | [L1] /! 111
600 H—N A | A
0T W] AN AR AR AR I R A
| \\ ] N ! ;" I
1.590 | B VA N A O O 4
: \ -t [_fr ._E— oy - l . - = . I_ - T /. - -
i =) I_ ..... =1 | _il_ I = i = I_ — = S 58 ¥ r_ _____
1.58011 A A N /N N AN
|\ W B a A S o ! _ H—H
1 i \ A AT H
1.560 |r T ] 1o j/ et _.;.:. I
| ) HE- AN [ |
\ i i B 1 _/l =
1.550 i NI T | T T |
; A H i /’ A1 B B L1
1.540 | % Hh
1.530 > s | » ~ ! ﬁ | o
1.520 N - N N 1 T T A A | h/m
0.150 1-8 1 0.500
(i) Draw a line of best fit on the graph.
(€Y}

T-1.52¢
- U

(i) Use your line to determine the value of / that would produce the smallest value

of T

Record these values.

2

Examiner comments
(i) The line is not smooth and the minimum point is unclear so scores 0.

(ii) The readings are correct and given to an appropriate number of significant
figures so scores 2 marks. Because the units are show on the graph there is un
unit error applied here.
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Answers to part c)

Student answer A

(¢) The graph of I"against i does not produce a straight line.
The variables T and A are related by
TFh=drhilg+ C
where C is a constant.

Describe a graphical method to determine a value for C and state the unit for C.
(3

Al e A EMWG?FL oA pt=0.

T

...... M o (U e s

Examiner comments

This example scores all 3 marks. The intercept at h? = 0 is an acceptable
alternative for the second marking point.

Student answer B
{c) The graph ol T'against & does not produce a straight line.
The variables 7" and A are related by
THh =4z + C
whiere C'is a constant.

Describe a graphical method to determine a value for € and state the unit for C.
(3)
Uuit  tor {: [}3 g

B Pk o goph of T < bt *"j P dee 0 o
___a~-m Vo dhiatwed. fww h_ P T W«/j e
he gagh o T ff] FC e dfferenc r‘!;ﬁ:“

:
M- ‘”".T-*. “ﬂ e walue ot G

Examiner comments

This response scores the final marking point, for the correct unit, only.
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Student answer C
(¢) The graph of T against & does not produce a straight line.
The variables T and & are related by
T"h=4nhg+ C
where C is a constant.

Describe a graphical method to determine a value for C and state the unit for C.

(3)
PVt Geph e Tk egedet L

Wheoy g Shold bt pedved i

-f)]f{\_.CL‘L;?-f‘;i'._

e

-

Examiner comments

The student correctly identifies the graph to plot and the “Y intercept” is taken to
mean the intercept on the T?h axis so the first two marks are awarded. There is
no reference to the unit so the third mark is not given.
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Exemplar question 3

A physicist investigates how light intensity varies with distance from a light bulb. She
sets up the apparatus as shown.

bulb light dependent
.—""‘-/
J resistor (LDR)
[ ] e ohmmeter
to power <— ¢ ®
supply <% 090

(a) Explain why the resistance R of the LDR will increase as it gets further away from
the bulb.

(b) The relationship between R and d is given by
R=kd’
where k and p are constants.

Explain why a graph of In R against In d should give a straight line.

(c) She measures R for different values of 4 and records the following results.

d/m R/RKQ
1.00 1.79
1.20 2.24
1.60 3.32
2.00 4.04
2.60 5.50

(i) Plot a graph of In R against In 4. Use the columns provided to show any
processed data.

(i) Determine the mathematical relationship between R and d.
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Mark scheme

?lzfs:)i:: Acceptable answers Additional guidance Mark
3(a) An explanation that makes reference to the following points:
e Resistance increases with decreasing intensity (1)
e As distance increases light intensity decreases so resistance increases (1)
2
3(b) An explanation that makes reference to the following points:
e Shows expansion In R =p In(d) + In(k ) (1)
e Compares with y = mx+ c and states that the gradient is p which is constant (1) 2
3 (e)() e Ln values correct and to 3 or 4 SF (1) See marking guidance for graph
d/m RKQ| In(d/m)| In (R/KQ) plotting
1.00 1.79 0.000 0.582
1.20 2.24 0.182 0.806
1.60 3.32 0.470 1.200
2.00 4.04 0.693 1.396
2.20 4.70 0.788 1.548
2.60 5.50 0.956 1.705
e Labels and unit (1)
e Scales (1)
e Plots (1)
e Line of best fit (1) 5
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S Acceptable answers Additional guidance Mark
number
3 (e)(i)
(continued) 1 80-
1.601
1.404
o 1.20
e
= 1.004
»= 1.1778x + 0.6031
0.80- 2 -
R* =0.,9957
0.604
:Jr4ﬂ T T T T 1
0.000 0.200 0.400 0.600 0.800 1.000
In (/')
3 (c¢) (ii) Finds gradient with large triangle — at least half the plotted length
1)
1.13 <p <1.23 to 2/3 SF and no units (1)
Obtains k= 1.8 (1) 4
States relationship between R and d (1)
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Answers to part a)

Student answer A

{a) Explain why the resistance R of the LDR will increase as it gets further away from
the bulb.
(2)

‘M':} et
the ajwf m ok A e

Examiner comments

The first sentence is the converse of the mark scheme which is acceptable. This
answer scores both marks.

Student answer B

(a) Explain why the resistance R of the LDR will increase as it gets further away from

the bulb.

i (2)

Mﬂrﬂ—t“_
Hhe. ;pcm;tr uu‘ﬁnlmf I}f #he Bl .Hfﬂ;fmtr . 1Y g - W rufi-tj achrvsaelo
et it sty |
Ot e g 2. e o, of . teg . .En,a.{.b_;, . -fr: i'?lﬁ""‘j{fj. e

£ ot

A Hr A B it K Y BB
Grid®.
Ll leeceanes ., .‘.’i&.._fw aﬁwwﬁ/,;ﬁp;.eﬂfﬂﬁfldﬁﬁh?tﬂlﬁ

ﬁﬁﬁffﬂih?} Lz

d&":--_‘.l-"'{_mg( i b B .-Ia.f[?w-‘.ﬂj AL e {Aj ?zab ,.v_:,;‘n{:tu"h;_lﬁ et

A
(?I Laad L el {.,JVE'fm*S $o) L X _'_;}:_:

Examiner comments

This is a very good explanation of the inverse square law but it does not answer
the question since there is no mention of resistance and so scores 0.
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Student answer C

(a) Explain why the resistance R of the LDR will increase as it gets further away from
the bulb.

.1 ""-\. 1 N . ks Iy Wl Py
wIhin .lll'l baueie| W EPrETre e b I-.'.l'||: {* QIalAg I.J.I,-.-l--_ i b
WOR e e stdee  ase Tese ok itk

llll'”l o Caoshn] g oe L e

Examiner comments

This student refers to light energy rather than light intensity and so does not
score any marks.

Answers to part b)

Student answer A
{b) The relationship between R and 4 is given by

R=kd'
where k and p are constants.

Explain why a graph of In R against In d should give a straight linc.
(2)

P
H D
- 2 = K 1 fgmd )
. t"'_-rh\":_\"_j @« 3 H__w_‘} X
,__';'! - EEIE L Pl o e - .:L}r:_E,-"‘_, )

i

—— el

Examiner comments

A clear answer that scores both marks. The equation for a straight line has been
written in the correct order for the In equation and the terms have all been

clearly identified.
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Student answer B

(b) The relationship between R and d is given by

R=kd

where k and p are constants.

Explain why a graph of In R against In & should give a straight line.

(2)
B 'I__ J ::?
F. — A
4 B .l. L s T" b ‘_! 4 an ':..1.- Tt q.;:lll._ l|'-," [i I‘,--_--Ji.-
o I !

Examiner comments

This scores the first mark for the correct equation but the links toy = mx + ¢
have not been clearly made, nor is there a reference to the gradient being p.

Student answer C
(b) The relationship between R and d is given by

P

R=kd

where k and p are constants.

Explain why a graph of In R against In d should give a straight line.

(2)
P

Ae(e) =anlkal)

P
BN e a0V
P \J

100 S LY S SR VY2 N U
\n®) = p \net) & Tnlky
\j =0 X + .

. Y,

Examiner comments

First mark again. The links to the equation are made by the way the In equation
is written but the specific statement that the gradient is p is not made.
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Answers to part c)

Student answer A
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{c) She measures R for different values of o and records the following results.

(i) Plol a graph ol In R against In . Use the columns provided to show any

I

dim

RIKQ |, B

ln #

1.00

1.79

[4.$a

©

2.24

at. t |

o.1%

332

.01

0.3

4.04
5.50

.30
B.6l

.69
WK

processed data.
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(ii) Determine the mathematical relationship between R and d.
)

Examiner comments
(i) The number of significant figures in the table is only 2 instead of 3 for In d

The units on the axes are wrong, they should be In (R/Q) and In (d/m)
The scales, plots and line of best fit score the marks, giving 3 for this section.

(ii)Values used to finds the gradient show that a large triangle has been used but
no antilog from intercept was worked out so this scores the 2 gradient marks.
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Student answer B
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(c) She measures R for different values of d and records the following results.

d/m RIKQ | . Wi |
1.00 1.79 {5 o S
1.20 224 S¥7 G- hod
1.60 332 | g5y, | 1w
zrm 4|ﬂ4 & mj) "{‘r{)u
2.60 5.50 6668 | [ od
(i) Plot a graph of In R against In 4. Use the columns provided to show any
processed data.
(%)
TR i i n ) to
Ml. FRUENEERNE FREEEE. 4 HHHH L frils. ”k’
T JEEESENE IRRNR N AR AR 11
¥ HHHEHE HH ’I' sEFREHEEEEE
i SHERdECRiCERcdiun HH
¢ BT ESEciESsSiIiniSIREED HE
!* - i i e ' 1 1
| 1 _: I | 1 I -
B o HEEF - nN HEER ]
HA A I T T
L p HHE A BASNRE NN
f’ﬁ - J ] - r,"ﬂ ' = T
BEEE 1 I I u Y B ' i
v [ TR ! Tt
I T : o
1L i : T
EEEEN ! il ¥ = £ .
I m et T
IHNF | il _ L NS oy pary | u
68 ¥ HHHH HEEH
T I i
SEEE :
o § Frre Py : Shefis
O_S‘f S 1' , i . i i
Q ) :

(n

82 © Pearson Education Ltd 2014.



(ii) Determine the mathematical relationship between R and d.
“)

[N R o YO ChL L
o7

Examiner comments
(i) There are no units on the graph but this scores the other 4 marks.

(ii) The student misreads values for gradient calculation so does not get the first
2 marks. Antilogs are taken so k is found but the last mark is for the correct
relationship only. This scores 1 mark.
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Student answer C
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{c) She measures R for different values of d and records the following results.

dim

Rk}

‘.n&

[ &

1.00

1.79

o

0.5y

1.20

2.24

0 e

G ¥

1.60

3.32

Coa?

y, T

2.00

4.04

- L=

JrE

2.60

5.50

i L

1“'?0

(i) Plota graph of In R against In d. Use the columns provided to show any

processed data.

(5)

e T
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1
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i !
1 t T ' .
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-G : 4 ]
. I N ! 0 P2 ] Y
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] - J 1
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O b |
o A 1 I
i i
I 1

[a R} o LRV (T
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(ii) Determine the mathematical relationship between R and d.

“4)

Examiner comments

This scores no marks. (i)The number of significant figures is wrong, there are no
units on the graph, the plotted points cover less than half of the graph paper,
only 5 points have been plotted and it is not the line of best fit.(ii) no
mathematical work so zero marks.
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Exemplar question 4

The photograph shows a tea cup on a saucer.

.

—

© Inter Tkea Systems B.V.

A student notices that walking with this sort of tea cup when it is filled with tea is
particularly difficult to do without spilling it.

While walking, the tea starts to oscillate from side to side in the cup, rapidly increasing
in amplitude and spilling over the edge.

The student develops the hypothesis that spillage occurs most when the frequency of the
steps taken by a person matches the natural frequency of oscillation of tea in the cup.

(a) Explain whether the student’s hypothesis is supported by relevant physics.

*(b) (1) Devise an experiment to investigate the hypothesis.

(i1) Describe how the measurements taken will be used to come to a conclusion.

87



v, 4

learning

Mark scheme

LG Acceptable answers Additional guidance Mark
number
4 (a) An explanation that makes reference to the following points:
e Resonance is occurring... (1)
e ...when the driving frequency/forced vibration (at walking
frequency) matches the natural frequency ... (1)
e ...energy transfer is maximum (1)
e Supporting the observation that the amplitude rapidly increases
1)
4
4 (b)(i)* This question assesses a student’s ability to show a coherent and Guidance on how the mark scheme should be
logically structured answer with linkages and fully-sustained applied:
reasoning. e
The mark for indicative content should be added to
Marks are awarded for indicative content and for how the answer the mark for lines of reasoning. For example an
is structured and shows lines of reasoning. answer with five indicative marking points which is
partially structured with some linkages and lines of
The following table shows how the marks should be awarded for reasoning scores 4 marks (3 marks for indicative
indicative content. content and 1 mark for partial structure and some
linkages and lines of reasoning).
Number of indicative Number of marks awarded for . .
marking points seen in indicative marking points It th§re are no 11nkages betyv cenp 01nts,‘ the same
ANSWer five indicative marking points would YICI.d an
overall score of 3 marks (3 marks for indicative
6 4 content and no marks for linkages).
54 3
3-2 2
1 1
0 0 6
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Question

Acceptable answers Additional guidance Mark
number
4 (b)(i)* The following table shows how the marks should
(continued) | be awarded for structure and lines of reasoning.

Number of
marks
awarded for
structure of
answer and
sustained
line of
reasoning

Answer shows a coherent and b

logical structure with linkages

and fully sustained lines of

reasoning demonstrated

throughout

Answer is partially structured 1

with some linkages and lines of

reasoning

Answer has no linkages 0

between points and is

unstructured
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Question
number

Acceptable answers

Additional guidance

Mark

4 (b)()*

(continued)

Indicative content

Determine the natural frequency by displacing the tea in the cup
and measuring the time for oscillations

Time (5 to 10 or ‘suitable number’ if test run mentioned) full
oscillations and divide by the number

Carry the tea for a known volume of tea for fixed number of
steps at a steady pace

Determine the frequency of the gait

Measure the quantity of tea remaining

Repeat for other walking paces

4 (b)(ii)

A description that makes reference to the following points:

Plot volume of remaining tea against walking frequency (1)
Determine whether there is a relationship between step
frequency and spillage (1)

If there is, determine whether maximum spillage occurs at or
near the natural frequency (1)
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Answers to part a)

Student answer A

(2) Explain whether the student’s hypothesis is supported by relevant physics.
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Examiner comments

This scores the first three marking points but there is no link between the
maximum energy and amplitude.

Student answer B
{a) Explain whether the student’s hypothesis is supported by relevant physics.
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Examiner comments

No reference to maximum energy transfer (marking point 3) but scores the other
3 marks.
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Student answer C
{a) Explain whether the student’s hypothesis is supported by relevant physics.

Lo bt et Mk i, gt o

Examiner comments

The first sentence scores marking points 1 & 2. There is no reference to
maximum energy transfer or the student’s hypothesis.
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Answers to part b)

Student answer A

*(b) (i) Devise an experiment to investigate the hypothesis.

Examiner comments

(i)This scores marking points 1 and 6 for the idea of measuring the natural
frequency and repeating over a range of other frequencies. This answer lacks
any practical details such as how to measure the frequency and how to
measure the amount of tea spilt. Although much detail is missed, what is
written is clear and logical so scores 1 mark for linkage. This means 2 marks for
content + 1 mark for linkage = 3marks.

(ii)There is nothing of merit in the answer.
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Student answer B

*(b) (1) Devise an experiment to investigate the hypothesis.
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Examiner comments

(i) This is awarded marking points 5 and 6, Although the markscheme refers to
measuring the quantity of tea remaining, this student has attempted to
measure amplitude which is an acceptable alternative. There is again some
linkage so two content points means 2 marks and 1makr for linkage gives
this answer 3 marks.

(ii) Nothing of merit.
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Student answer C

*(b) (i) Devise an experiment to investigate the hypothesis.

(ii) Describe how the measurements taken will be used to come to a conclusion.

3

Examiner comments

This is an example of a good answer which has been written in terms of specific
measurements to be taken.

(i) All of the physics points are covered so this gets the maximum 4 marks
for content. The method is clear and logical so 2 linkage marks are also
awarded giving a mark of 6

(ii) This gains marking points 1 and 3 but does not allow for the fact that
there might not be any relationship between the frequency and volume of
tea.
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