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General Marking Guidance

o All candidates must receive the same
treatment. Examiners must mark the first candidate in
exactly the same way as they mark the last.

e Mark schemes should be applied positively. Candidates
must be rewarded for what they have shown they can do
rather than penalised for omissions.

e Examiners should mark according to the mark scheme
not according to their perception of where the grade
boundaries may lie.

e Thereis no ceiling on achievement. All marks on the mark
scheme should be used appropriately.

e All the marks on the mark scheme are designed to be
awarded. Examiners should always award full marks if
deserved, i.e. if the answer matches the mark
scheme. Examiners should also be prepared to award
zero marks if the candidate’s response is not worthy of
credit according to the mark scheme.

e Where some judgement is required, mark schemes will
provide the principles by which marks will be awarded
and exemplification may be limited.

e When examiners are in doubt regarding the application
of the mark scheme to a candidate’s response, the team
leader must be consulted.

e Crossed out work should be marked UNLESS the
candidate has replaced it with an alternative response.



Mark scheme notes

Underlying principle
The mark scheme will clearly indicate the concept that is being rewarded,
backed up by examples. It is not a set of model answers.

1. Mark scheme format

1.1 You will not see ‘wtte’ (words to that effect). Alternative correct
wording should be credited in every answer unless the MS has
specified specific words that must be present. Such words will be
indicated by underlining e.g. ‘resonance’

1.2 Bold lower case will be used for emphasis e.g. ‘and’ when two pieces
of information are needed for 1 mark.

1.3 Round brackets () indicate words that are not essential e.g. “(hence)
distance is increased”.

1.4 Square brackets [ ] indicate advice to examiners or examples e.g. [Do
not accept gravity] [ecf].

2. Unit error penalties

2.1 A separate mark is not usually given for a unit but a missing or
incorrect unit will normally mean that the final calculation mark
will not be awarded.

2.2 This does not apply in ‘show that’ questions or in any other question
where the units to be used have been given, for example in a
spreadsheet.

2.3 The mark will not be awarded for the same missing or incorrect unit
only once within one clip in epen.

2.4 Occasionally, it may be decided not to insist on a unit e.g the
candidate may be calculating the gradient of a graph, resulting in
a unit that is not one that should be known and is complex.

2.5 The mark scheme will indicate if no unit error is to be applied by
means of [no ue].

3. Significant figures

3.1 Use of too many significant figures in the theory questions will not be
prevent a mark being awarded if the answer given rounds to the
answer in the MS.

3.2 Too few significant figures will mean that the final mark cannot be
awarded in ‘show that’ questions where one more significant
figure than the value in the question is needed for the candidate
to demonstrate the validity of the given answer.

3.3 The use of one significant figure might be inappropriate in the context
of the question e.g. reading a value off a graph. If this is the
case, there will be a clear indication in the MS.

3.4 Theuse of g =10 ms?or 10 N kg instead of 9.81 ms2or 9.81 N
kg will mean that one mark will not be awarded. (but not more
than once per clip). Accept 9.8 m s or 9.8 N kg'!

3.5 In questions assessing practical skills, a specific number of significant
figures will be required e.g. determining a constant from the



gradient of a graph or in uncertainty calculations. The MS will
clearly identify the number of significant figures required.

4. Calculations

4.1 Bald (i.e. no working shown) correct answers score full marks unless in
a ‘show that’ question.

4.2 If a ‘show that’ question is worth 2 marks. then both marks will be
available for a reverse working; if it is worth 3 marks then only 2
will be available.

4.3 use of the formula means that the candidate demonstrates
substitution of physically correct values, although there may be
conversion errors e.g. power of 10 error.

4.4 recall of the correct formula will be awarded when the formula is seen
or implied by substitution.

4.5 The mark scheme will show a correctly worked answer for illustration
only.

5.Quality of Written Communication

5.1 Indicated by QoWC in mark scheme. QWC - Work must be clear
and organised in a logical manner using technical wording where
appropriate.

5.2 Usually it is part of a max mark, the final mark not being awarded
unless the QoWC condition has been satisfied.

6.Graphs

6.1 A mark given for axes requires both axes to be labelled with
qguantities and units, and drawn the correct way round.

6.2 Sometimes a separate mark will be given for units or for each axis if
the units are complex. This will be indicated on the mark
scheme.

6.3 A mark given for choosing a scale requires that the chosen scale
allows all points to be plotted, spreads plotted points over more
than half of each axis and is not an awkward scale e.g. multiples

of 3, 7 etc.

6.4 Points should be plotted to within 1 mm.

o Check the two points furthest from the best line. If both OK
award mark.

. If either is 2 mm out do not award mark.

o If both are 1 mm out do not award mark.

) If either is 1 mm out then check another two and award mark if

both of these OK, otherwise no mark.

For a line mark there must be a thin continuous line which is the best fit
line for the candidate’s resuts



Question

Number Acceptable Answer Additional Guidance Mark
1 An explanation that makes reference to the following points:
e High precision means a small spread of values Q) Credit MPL/MP2 if the explanation of high
« High accuracy means close to the true value ) accuracy/preuson is made by reference to arelevant
part of the diagram.
Any TWO from:
e A isprecise but not accurate (asthereisasmall
spread but displaced from the centre of the target) (1)
e B isboth accurate and precise (asthereisasmall 1
spread centred on the target) (1)
e Cisnether accurate nor precise (asthereisalarge
spread displaced from the centre of the target) D
e D isaccurate but not precise (as there is amoderate 1
spread centred on the target) @) 4

(Total for Question 1 =4 marks)




Question
Number

Acceptable Answer

Additional Guidance

Mark

2(a)(i)

An explanation that makes reference to the following points:

e Identify when the distance fallen between frames has
become constant

e Measure the distance fallen over anumber of frames
Or measure the distance falen between frames a number
of times and calculate an average distance

e Cdculatetermina velocity by dividing the distance
fallen by the time taken

. UseGio s as time between frames.

D)

(1)

(D)
1)

MP3: Allow referenceto v = %to caculate terminal
velocity

2(3)(ii)

An explanation that makes reference to the following points:
e Theremay be paralax error in reading the ball position
Or the metre rule may not be vertical

e Recorded distance may be greater than actual distance,
so calculated terminal velocity would be greater than
true value.

OR
e Theframerate may benot be 60 s

e Time between frames may be less than 1/60 s, so calculated
terminal velocity may be greater than true value

1)

(D)

(D)

(D)

Recorded distance may be less than actual distance,
so terminal velocity would be less than true value

Time between frames may be more than 1/60 s, so
calculated terminal velocity may be less than true
value




2(b)

An explanation that makes reference to the following points:
e With aphone camerathere won't be reaction time errors
(when starting and stopping the stopwatch)
Or with a phone camera the recording can be replayed (a

number of times) Q)
e S0 the uncertainty in the measured times will be reduced
Or this may lead to a more accurate value/time/vel ocity 1)

(Total for Question 2 =8 marks)




Question

Number Acceptable Answer Additional Guidance Mark
3(a) Any TWO from:
e Should have used (afiducia mark as) areference
point 1
¢ ?P?#édbggvetimed from the equilibrium position Accept centre/vertical/undisplaced position for equilibrium
Or Shouldn’t time from the maximum displaced position
position of the bob )
e Only timed one oscillation
Or should have times more than one oscillation )
e Should have allowed the pendulum to swing to
and fro afew times before starting to time (as the >
first swing may be different from the others) (1)
2
3(b) e Determination of gradient (1) T2 = 4L l
_ l (1) 4i2
e Re-arrangement of T = 2m p T2 = T(h —d)
2 2
. AIgebratoshowT2=—ﬂd+ﬂh 1) T2=—4Ld+ 4Lh
g g g g
o Gradient= (—) ¥~
g (1) Example of calculation
_ _ _ 2 5
e g=96ms2[accept9.5 —9.7ms? 1 oo (A21-92)s" o,
1) gradient (0.00=0.70) m 4.1s°m
42 S
“g=gT o =96ms

(Total for Question 3 =7 marks)




Question

Number Acceptable Answer Additional Guidance Mark
*4 T his question assesses p sfudent’s abality to show & coherent and hegical by
IC p0| nts 1C mark Max ||nkage mark Max final mark strnciured answer with hnkages amd Dully susboned ressemmg
6 4 2 6 Magtcs are awanded for indicaiive comest amd for hoe the apswer is
5 3 > 5 stractured ord shows lines of reascaing
4 3 1 4 The= wabde shiovs. bow “-n.'-.rl'ﬁ.l'i‘ shonbd b gwarded For indicative consent
ETT B P T LT e T |I|'Il.'l-\. a0 [easnang
3 2 1 3 e
2 2 0 2 irsucriill Fusmhol 0 e
imarking [ T T ::‘:"I
1 1 0 1 paimiE seon in | markemg peines — L
0 0 0 0 =l g ;
£ ]
Indicative content: = i | i e T
IC1 The rate of decay depends upon the number of unstable - 1 Z : ity
nuclei in the sample (A = —AN)
IC2 Radium has alarge half-life, so unstable nuclei are (I‘CZ: accept |de§1 that it takes along time to.decay for .,
present in the sample for along time unstable nuclel are present...or along period of time
IC3 When a nucleus decays thereisa (small) decreasein
mass Am |C3 accept areference to binding energy increasing
IC4 Energy isreleased according to AE = c?Am
IC5 Am issmall but cislarge, so asignificant amount of
energy isreleased
IC6 Energy released by the decay becomes kinetic energy of
the atoms in the sample (hence sample is above the
temperature of the surroundings
6

(Total for Question 4 =6 marks)




Question

Number Acceptable Answer Additional Guidance Mark
S(@) e useofQ=1It gg Allow calculations based on power i.e. VI = —
w
e useof V= 58 (1) 3
e W=51x10°J
Example of calculation:
Q = It=25 x103A x7.5 x103s=188 C
W = QV=188C x 2.7 X 10°V = 5.08 x108 ]
5(b) 2
o Useof A ="%0ruseof nr? @
4
' 1)
e UseofR=2
A
e Cadlculaesl — 1.5 Q)
e Height=27.1 msoitisnot taller than 30 m 1) 4
OR
e Useof A = "TdZOr use of 7712 Examplczeof calculation: .
md* mX(1.2%X10“m) )
e Caculatewirelength wirefor 30 m statue [l = 31.5 m] A=—p= 2 = 1.13x10"*m?
-3 —4_..2
. UseofRzp—l l:E:4.3x10 Ox1.13x107*m
4 p 1.7x 1078 Qm
e R=47x103Q(>4.3x107Q) 0 statueis not taller =28.6m
than 30 m Height =28.6m—-1.5m=27.1 m
5(c) e Sothat the lightning makes contact with the conductor
rather than the statue (D] 1

(Total for Question 5 =8 marks)




Question

Number Acceptable Answer Additional Guidance Mark
6(2) Series circuit with power supply, heater and ammeter. (1)
Voltmeter connected in parallel with heater (1) 2
6(b) Useof P = VI Q)
Calculation of gradient Q) For MP2 and MP3 credit Am read from graph and
. _am 1) used with corresponding At value
Gradient = A i
t = For MP3 and MP4, credit L = —=—
UseofAE=mLandP=E (1)
L =2.30 x 10° (Jkg™%) «y Answersin the range (2.26 — 2.34) x 10° Jkg™*
Comparison of calculated value for L with valuesin
table and appropriate conclusion. 1) Example of calculation:
But not all of the energy supplied to the liquid will be grad= (211-155)x107° kg ~9.33 x10~5 kg s°!
used to boil the liquid (0-600) s '
Or thermal energy will be transferred to surroundings Am
@D .2 933x105kgs? 7
At
P=20.5V x10.5 A=215W
215W

L= =2.30x10° ] kg'!
9.33x105kg 5L Jke




6(c)

Use lagging to insulate the container from the
surroundings

So that a greater proportion of the energy supplied is
used to bail the liquid

Use a heater with a higher electrical power
So that a shorter time is needed to boil the liquid

1)
(D)

D
(D)

Accept “to minimise heat loss to the surroundings”

2

(Total for Question 6 = 11 marks)




Question
Number

Acceptable Answer

Additional Guidance

Mark

7(a)

An explanation that makes reference to the following points:

The potential difference creates an electric field

An (electric) field/force does work on the electrons
(increasing their kinetic energy)

Or an (electric) field/force accel erates the electrons
(increasing their velocity)

@

@

7(b)(i)

(Perpendicularly) out of the page

The forceis perpendicular to the magnetic field and the
direction of (conventional) current

Or an application of Fleming’s Left-Hand Rule

D

@)

Accept movement of electrons for current

7(0)(ii)

An explanation that makes reference to the following points:

There would be aforce (of constant magnitude) on the
electron perpendicular to its direction of motion
Causing an accel eration towards the centre of acircle

)
D

Accept reference to centripetal force for MP1

7(©)(i)

Useof F = BQuand F = EQ
Algebrato show v =§

D
D

70)(i)

Useof W = QV and E;, = %mvz
U%dvz%
~=1.7x10""Ckg™

@
D
D

Example of calculation:

_E__ 14x10* Vml e _ v?
V=37 T1isx1037 m_ 2v
e (933x10°ms?’

S — 11 -1
- ST 1.74 x10*! C kg




7(d) . : .
The hydrogen ion must be (about 2000 times) more p P P

massive than the el ectron Accept “proton” for “hydrogen ion
Or the electron must be (about 2000 times) less

massive than the hydrogen ion Q)

1

(Total for Question 7 =12 marks)



Question

Acceptable Answer

Additional Guidance

Number
8(a) An explanation that makes reference to the following points:
e Shows expansion In A = In Af, - bt (@H)]
e Compareswithy = mx + ¢ and states that the gradient is
b (which is constant) (1)
8(b)(i) : Il_rla\tl)zlll;?nzol::ﬁft (at least 2 dec.places) 8 A0/ °C In(A6/°C)
e Scaes (1) 72 4.277
e Plots «y 64 4.159
e Lineof best fit (1) 58 4.060
53 3.970
48 3.871
8(b)(ii) e Determines gradient using large triangle (1) | Example of calculation:
e b=8x10*—-9x10*(20r3sf) (1)
. Unitss? (1) 4.27 — 3.85

m =84 x107*s71

~(0-500)s




8(c)

MAX 3from

Dataloggers are useful when data changes over avery
short (or very long) time scale

Dataloggers are useful when a number of quantities
are being measured simultaneously

A comment on the time between temperature readings
in this experiment.

It takes longer for the liquid in glass thermometer to
respond to temperature changes than the temperature
sensor

There may be parallax error in reading from the liquid
in glass thermometer

Conclusion consistent with discussion of suitability of
using a data logger

(D)
(D)
(D)

1)
1)

(1)

4

(Total for Question 8 = 14 marks




4.4

43

4.2

4.1
In (6/°C)

4.0

3.9

3.8

3.7

50

100

150

200

250
tls

300

350

400

450

500



Question

Number Acceptable Answer Additional Guidance Mark
g(a) [ his U 3A5EERCE i BT lemt"s alsil 1TV 10 s B podherent and !l::til.
ICpoints [ 1C mark Max linkage mark Max final mark structured answer with linkages and fully sustained ressoning
6 4 2 6 Marks are awarded for indscalive comlest and for how the amswer i
5 3 > 5 stractured omxd shows lines of reascaing
4 3 1 4 The= bl shoas boew the marks shonbd ke swarded for indicative con
and simichare fd lines of reason g
3 2 1 3 -
2 2 0 2 il h. 39
1 1 0 1 e e e
0 0 0 0 : ! :
] 3
13 3
| ]
Indicative content: " E e
IC1  Alternating p.d. causes an alternating current in the coil Alternativeto first 3indicative content points:
IC2 Current carrying conductor in amagnetic field IC1 Currentin coil causes amagnetic field
experiences aforce o _ IC2 Current is alternating so field changes
current (same frequency) IC3 Field interacts with permanent magnet's
frequency of the p.d.
IC4 The loudspeaker forces the box into oscillation
IC5 (At certain frequencies) the frequency of oscillation
equals the natural frequency of oscillation of theair in
the box
vibration of the box increases vibration of the box increases 6




9(b)(i)

A standing wave is set up in the tube
Or interference (of sound waves) takes place in the

1

tube @)

Where constructive interference occurs the amplitude

isamaximum

Or at antinodes the amplitude is a maximum €y

Where destructive interference occurs the amplitude is

aminimum

Or at nodes the amplitude is zero/minimum (1)

Sand is displaced from points of max amplitude to

points of min amplitude 1)

Or sand is displaced from antinodes to nodes 4
Ab)(i) Measure over at least 3 heaps (1)

Divide by the number of gaps between the heaps 1) i.eat least 2 gaps

Repeat measurement and calcul ate average «y 3
9(b)(iii 1 3

O | e @
Useof v = fA (1) Example of calculation:

v = 330 (m s}) and a comment on consistency with
340mst

1=2d=2x%x51x102m=0.102m
v =3.25 %103 Hz X 0.102m =332 m s’

(Total for Question 9 = 16 marks)




Additional Guidance

Question
Number Acceptable Answer Whole question to be clipped together Mark
to allow full ECF
10(a)(i) Calculation of mean value (1) Example of calculation:
Useof | = mw EB . (15.3+15.2:15.4+15.3) 153 mm ,
(=481 mm (3) I=1x15.3 mm=48.1 mm
10(a)(ii) Calculation of half range Exampleof caleulation: =
Or greatest deviation from mean (1) Half range value = —1 =0.1mm )
~ % uncertainty= —- x100 % = 0.65 %
. 15.3 mm
% uncertainty = 0.7 % (1)
Allow ECF from (a)(i)
10(2)(iii) Useof L = Nl withN=16or 18 (1) Example of calculation: 2
L = 866 mm [0.866 m] (]_) L =18 X 48.1 mm = 866 mm
Allow ECF from (a)(i)
10(b)(i) Micrometer (screw gauge) Or digital calipers (1)
Because the measured value indicates aresolution
of 0.01 mm (1) 2
10(b)(ii) % uncertainty = 0.2 % (@H)] Example of calculation: 1
% uncertainty= o> ™™ 100 % = 0.20 %
0 uncertainty= 5t mm o=0. (i
10(b)(iii) % uncertainty = 1.6 % (@H)] Example of calculation: 1
05g
0 : — 0fy — 0
Y% uncertainty 32.0gX100 % =1.56 %
10(b)(iv) % uncertainty = 2.7 % [1 or 2 sf] Q) Example of calculation: 1

Allow ECF from (a)(ii), (bii) and (b)(iii)

% uncertainty = 0.7 % + 1.6 % + (2 X 0.2 %) =2.7 %




10(b)(v)

Useof V=1L x "sz
m
Useof p = v
Uncertainty in density = 200 kg m™>

So maximum density is 7600 kg m~ which is lower
than the standard value

Or comment consistent with their calculated value
Allow ECF from (a)(iii) and (b)(iv)

(D)
1)

1)

(1)

Example of caculation:

—352
V = 0.866 m x ZE2Z10) - 4 30% 1076 m3
3.20 X102 k; .
- 4.32:10'6m§ =7400 kg m*®
Uncertainty in p = +(7400 kg m™3 x %) =200

kg m3

(Total for Question 10 = 16 marks)




Question

Number Acceptable Answer Additional Guidance Mark
11(a) _ 2,.m4
* Useof L =dnr“oT D Example of calculation:
« Useof I =- Ldz (D | L=41(6.96x108m)2x5.67x108W m?K*(5790 K)*
s
1
o 1=137(KkWm?) @ L=3.88 x 10%° W
26
e Thisislessthan 2 (kW m2) and so the claim is false. 1 __ 3.88x107°W 2
D = A0 xtottmyz 372 Wm 4
11(b)() An explanation that makes reference to the following points:
e Radiation is absorbed/scattered passing through the
atmosphere. «y
e Radiation is reflected from the top of the atmosphere (1)
e Only half of the Earth’s surface has radiation from the
Sun incident on it at any one instant. 1)
e Theintensity of radiation (normal to the surface) is 4
greater at the equator than at the poles. (1)
1Ub) (i) e Useof A=4nr? (1) | Exampleof calculation:
. . __ useful power output
e Useof efflc;ency— rotal power input (1) . P _ 100 x10° W =2.44x10°m?
e Useof ] =- (1) I 025X164Wm
A
e % of surface needed is 0.0005%, so claim is not valid 1) |A=4mx (64 x10°m)* = 5.15 x 10"'m? 4

[Accept reverse calculation to show power generated by cells
over 0.5% of the Earth would generate 1.06 x 10° GW]

. 2.44%10%m? . .
Y% needed = S e 0T 2 x100% = 0.00047 %




110 e Satellite would aways be above the same point on the
Earth’s surface «y
e S0 that contact/communication with the space station
would be maintained at all times ) 2
11(c)(ii)
Useof F = Gl\/lzm with F = mw®r &
r Example of calculation:
= GMm
Useof w =2a/T D) | me?r = =
r=423x10"m (1) o2 CM
h=36x10"m @D |- (7) =73
OR 3|GMT?
5 LT = 5
Useof F = GI\/Izm with F = m: «y \ 4r
' 1 _ 3]6.67x10'N m? kg?x6.00x10%*kgx (8.64x 10*s)?
Useof v=2xr/T () r= 42
r=423% 10 m (D | r=4.23 x 10'm 7 6 7
h=36x10"m ) h=r-R. =4.23x10'm-6.4x10°m = 3.59x10" m A

(Total for Question 11 = 18 marks)
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