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Question Answers Additional Comments/Guidance Mark deltzils

1@)(3) _ Q 08.2—-73.9 1 mark only if correct value of C is found from 2
capacitance (: _j = on ” a single point.

\Y, 12.0-9.0
—81(uF) v (£02 uF 2 marks if.correct value of C is found from at
1 (uF) v (£0.2uF) least 2 points and a mean value, or from
gradient. (Check graph.)
Accept 8 (uF) if from correct working.

1(a)(ii) | additional energy = area between line and Q or V axis v’ First scheme: alternative for 2™ mark 3
={% x (98.2 - 73.9) x 3.0} + {(98.2 - 73.9) x 9.0} v ={% x (98.2 - 73.9) x 3.0} + {73.9 x 3.0} v
=(36.5+218.7)=255uJor2.6 x 10* (J) v All schemes:

[or, using ¥ QV: second mark subsumes the first mark.
additional energy = %2 Q;V2 - % Q1V1 v/ In all methods, allow tolerance of + 10 uJ in
=% {(98.2x 12) - (73.9x 9)} v final answer to allow for variation in graph
=257 WJor2.6x10"(J) v ] measurements.
[or, using ¥2 CV*:
additional energy = ¥ CV,* — % CV{* v/ Allow ECF for incorrect C value from (a)(i).
=% x8.1x(12°-9%) v
=255uJor2.6 x 10* (J) v ]
[or, using ¥ Q%C:
additional energy = % Q,*/C —% Q.’/C v
=(98.2°-73.99)+(2x8.1) v
=258 uJor2.6 x 10 (J) v ]
1(b)(i) Vv :Voe’”RC gives) 0.2V, :Voe’“RC Condone use of 0.8 for 0.2 in first mark only. 3

and 0.2 =e ' v
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‘ Total

|

no2=_"% -5
RC RC
time constant RC = — 45 or kil = 28(.0)(s) v
In0.2 In5

1(b)(ii) _ time constant 28.0 Allow ECF for incorrect RC value from (b)(i). 2

resistance of R = | = = ~ v

C 470x10
=5.96 x 10* (Q) or 60 kQ v/
1(b)(iii) | tick in 4™ box only 1
11
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Question Answers Additional Comments/Guidance Mark deltzils
2(a)(i) 4 Do not allow r instead of R in final answer but 2
M = R3 v ) \
3 TRp condone in early stages of working.
GM 4 Evidence of combination, eg cancelling R
combined with g o (gives g = 5nc;Rp) v required for second mark.
2(a)(ii) 30s 3% 8.87 SF mark is independent but may only be 3
R= 47Gp = " 3 v awarded after some working is presented.
4t x6.67x107 " x5.24 %10
gives R = 6.06 x 10° (m) v/
answer to 3SF v
2(b) line starts at 9.81 and ends at 8.87 v/ 9.814 ; 3
correct shape curve which falls and rises v/ DBIIUL o o o o 0 s
falls to zero value near centre of ' i
and to right of centre of distance scale v/ |
[Minimum of graph in 3" point to be >0.5 and <0.75 of SE-SV |
distance] [
|
[
|
0 .'
SE . 8V
For 3" mark accept flatter curve than the
above in central region.
Total 8
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Question Answers Additional Comments/Guidance Mark deltzils
3(a) no external forces (act on the system of particles) Allow “in a closed system”. 1
[or forces between patrticles are internal forces] v
3(b)(i) NV=mv [orNV+mv=0] Vv For 2" mark, V must be the subject of the eqgn. 2

(gives) V = (—)% v

3(b)(ii) |%NVZ+mv=E v The 4 marks are for 4

1 (mv e conservation of energy
substitution for V gives =N (—j +E, v e substitution for V

2 e separation of E and E,, with v
from which ~[ ™ |mv? +E, =E and [ " +1]E, =€ v __ eliminated

2| N e rearrangement to give final result
Allow ECF for incorrect V expression from
rearrangement gives E, = = E v (b)(i): for 15 and 2™ marks only (ie max 2).
m+ N N +m
N
| 3(c)(i) | nucleon number = 216 | | 1 |

3(c)(ii)

Allow ECF for wrong value of A from (c)(i). 4
E = @;gj x1.02x107? or=1.00x 10 () v J ©0)

Alternative solution for first three marks:

2E - -12
momentum of o. = m " or= J2mE, energy of nucleus = 0.0185 x 10 (J) v
m momentum of nucleus = \/2NE, v

[or Y2 x 4 x 1.66 x 107'x v = 1.00 x 1072

J(2x216x1.66x10 7" x0.0185x10 *2)

2x1.00x10
x100x107 5 115y x 1070 v

4x1.66x107%'
~.momentum of o =+/(2x 4x1.66x10? x1.00x107?)

gives momentum of o = 4x1.66x10°% x\/
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=12(115)x 10" v
Nsorkgms™ v

Unit mark is independent.

3(d) an (antiyneutrino is emitted 1
OR

two particles are emitted by unstable nucleus in 3~ decay

[or calculation must account for momentum of (anti)neutrino]
[or momentum is shared between three particles] v

Total | ‘ 13
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Question Answers Additional Comments/Guidance Mark deltzils
4(a) amplitude (of bob) is small or string is inextensible (or of negligible mass) 1
[or (angular) amplitude is less than or = 10° ] or bob is a point mass
[or sin @~ @ with & explained ] v
Ignore references to “air resistance”.
4(b) The candidate’s writing should be legible and the spelling, max 6

punctuation and grammar should be sufficiently accurate
for the meaning to be clear.

The candidate’s answer will be assessed holistically. The
answer will be assigned to one of three levels according to the
following criteria.

High Level (Good to excellent): 5 or 6 marks

The information conveyed by the answer is clearly organised,
logical and coherent, using appropriate specialist vocabulary
correctly. The form and style of writing is appropriate to
answer the question.

The candidate describes the arrangement of the apparatus
clearly. They identify correctly the measurements to be made,
and indicate how these measurements would be made. They
describe a valid method by which a straight line graph may be
obtained and show how g would be calculated from their
graph. They are also aware of precautions that should be
taken during the experiment to ensure that the result is
accurate.

Intermediate Level (Modest to adequate): 3 or 4 marks
The information conveyed by the answer may be less well
organised and not fully coherent. There is less use of
specialist vocabulary, or specialist vocabulary may be used

A high level answer must include

1. a description of the apparatus,

2. a correct statement of the measurements to
be made,

3. a correct graph plot,

4. a correct indication of how g would be found
from the graph,

5. at least two precautions.

An intermediate level answer must include (at
least)

1and 2, or 1 and 3, or 2 and 3, above and
at least one precaution.

A low level answer must include (at least)
any one of 1,2,3,4 above.
An inappropriate, irrelevant or physically

incorrect answer should be awarded a mark of
Zero.

If the experiment described relates to a
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incorrectly. The form and style of writing is less appropriate. compound pendulum, mark to max 2.

The candidate is less clear about the experimental
arrangement, gives a reasonable account of the
measurements to be made and indicates a valid method by
which a straight line graph may be obtained. They are less
clear about how the result would be calculated from the graph,
and they know the precautions less well.

If a log graph is plotted and explained, it may
gain credit.

If a correct graph is not used, then maximum
mark awarded is 3.

Low Level (Poor to limited): 1 or 2 marks

The information conveyed by the answer is poorly organised
and may not be relevant or coherent. There is little correct
use of specialist vocabulary. The form and style of writing
may be only partly appropriate.

The candidate gives a superficial account of the experimental
arrangement, has some knowledge of the measurements to
be made, but has only limited ability to show how a graphical
method could be used to calculate the result. Some
precautions may be known.

The description expected in a competent answer should
include a coherent selection of the following points.
e Diagram or description showing a bob suspended from
a fixed point, on which the length | may be labelled
correctly.
e Length | of pendulum measured by ruler from fixed
point of support to centre of mass of bob.
e Period T measured by stopwatch, by timing a number
of oscillations.
e Measurement of T repeated for the same | and a mean
value of T calculated.
¢ Measurements repeated for at least five different
values of |.
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Graph of T? against | (or any other suitable linear
graph) would be plotted.

Graph is a straight line through origin, gradient is 47°/g
(or correct expression for g from their graph).

Experimental measures such as the following are likely to
be given:

Small amplitude oscillations.

Measure | to centre of mass of bob.

Measure T from a large number of oscillations.
Repeat timing for each length.

Begin counting oscillations at nought when t = 0.
Measure complete oscillations.

Use of fiducial mark at centre of oscillations.
Pendulum should swing in a vertical plane.
Avoid very small values of | when repeating the
experiment.

Credit may be given for any of these points which are
described by reference to an appropriate labelled

diagram.
4(c) measured value of g will be 4x true value of g v/ 2" and 3" marks may be covered by an 3
gradient of T? against | graph will be ¥ of expected value analysis of the period equation.
[or reference to g « 1/T or equivalent] v/
(T is halved so) T? is ¥ of true value v/
Total ‘ 10
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Question Answers Additional Comments/Guidance Mark deltzils
5(a) (Faraday’s law) In either order. 3
(induced) emf o« rate of change of flux (linkage) v/ Allow “(induced) emf = rate of change of flux
(Lenz’s law) linkage”.
direction of induced emf (or current) v/ Ignore incorrect reference to names of laws.
is such as to oppose the change (in flux) producing it v/
5(b)(i) current in coil produces magnetic field or flux Alternative for last two points: max 3
(that passes through disc) v (eddy) currents in disc cause
rotating disc cuts flux inducing/producing emf or current (in heating of disc v
disc) v energy for heating comes from
induced (eddy) currents (in disc) interact with magnetic field v/ ke of disc or vehicle (which is slowed) v
force on (eddy) currents slows (or opposes)
rotation (of disc) v
5(b)(i) | Advantage: any one v Answers must refer to advantages and 2
e no material (eg pads or discs or drums) to wear out disadvantages of the electromagnetic brake.
e no pads needing replacement
e no additional (or fewer) moving parts Only accept points from these lists.
Disadvantage: any one v/
o ineffective at low speed or when stationary
e dependent on vehicle’s electrical system remaining in
working order
e requires an electrical circuit (or source of electrical
energy) to operate whereas pads do not
Total 8
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