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Instructions to Examiners

1

Give due credit for alternative treatments which are correct. Give marks for what is correct in
accordance with the mark scheme; do not deduct marks because the attempt falls short of
some ideal answer. Where marks are to be deducted for particular errors, specific instructions
are given in the marking scheme.

Do not deduct marks for poor written communication. Refer the scripts to the Awards meeting
if poor presentation forbids a proper assessment. In each paper, candidates are assessed on
their quality of written communication (QWC) in designated questions (or part-questions) that
require explanations or descriptions. The criteria for the award of marks on each such
question are set out in the mark scheme in three bands in the following format. The descriptor
for each band sets out the expected level of the quality of written communication of physics for
each band. Such quality covers the scope (eg relevance, correctness), sequence and
presentation of the answer. Amplification of the level of physics expected in a good answer is
set out in the last row of the table. To arrive at the mark for a candidate, their work should first
be assessed holistically (ie in terms of scope, sequence and presentation) to determine which
band is appropriate then in terms of the degree to which the candidate’s work meets the
expected level for the band.

QWC descriptor mark range
Good - Excellent see specific mark scheme 5-6
Modest - Adequate see specific mark scheme 3-4
Poor - Limited see specific mark scheme 1-2

The description and/or explanation expected in a good answer should include a
coherent account of the following points:
see specific mark scheme

Answers given as bullet points should be considered in the above terms. Such answers
without an ‘overview’ paragraph in the answer would be unlikely to score in the top band.

An arithmetical error in an answer will cause the candidate to lose one mark and should be
annotated AE if possible. The candidate’s incorrect value should be carried through all
subsequent calculations for the question and, if there are no subsequent errors, the candidate
can score all remaining marks.

The use of significant figures is tested once on each paper in a designated question or part-
question. The numerical answer on the designated question should be given to the same
number of significant figures as there are in the data given in the question or to one more than
this number. All other numerical answers should not be considered in terms of significant
figures.

Numerical answers presented in non-standard form are undesirable but should not be
penalised. Arithmetical errors by candidates resulting from use of non-standard form in a
candidate’s working should be penalised as in point 3 above. Incorrect numerical prefixes and
the use of a given diameter in a geometrical formula as the radius should be treated as
arithmetical errors.

Knowledge of units is tested on designated questions or parts of questions in each a paper.
On each such question or part-question, unless otherwise stated in the mark scheme, the
mark scheme will show a mark to be awarded for the numerical value of the answer and a
further mark for the correct unit. No penalties are imposed for incorrect or omitted units at
intermediate stages in a calculation or at the final stage of a non-designated ‘unit’ question.

All other procedures including recording of marks and dealing with missing parts of answers
will be clarified in the standardising procedures.
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GCE Physics, Specification A, PHYA5/1, Nuclear and Thermal Physics

a _ be | 85x103
AT = (mc =) 4200 x0.12
17 KV
b A_T_ﬁ _ 100-26 _ 85x10°
At~ me | At T 0.41x4200
t=15s v
206 206 0 -
a (76X = “goPb+ Bx S+ fxv,)
B=6 v
b [ the energy required to split up the nucleus v

into its individual neutrons and protons/nucleons v’
(or the energy released to form/hold the nucleus v
from its individual neutrons and protons/nucleons v')

b i 7.88 x 206 = 1620 MeV v (allow 1600-1640 MeV)
c [ U, a graph starting at 3 x 10* showing exponential fall passing
through

0.75 x 10?? near 9 x 10° years v/

Pb, inverted graph of the above so that the graphs cross
at 1.5 x 10%* near 4.5 x 10° years v/

c i (u represents the number of uranium atoms then)
u
22 =2
3x10°° —u

Uu=6x102-2uv
u =2 x 10?> atoms

c ii (use of N = N,e™)
2x10%=3x10%Zxe™v

t=In15/1

(useof A=1n2/1yy)
A=In2/45x10°=154x10"v
t=2.6 x 10° years v/(or 2.7 x 10° years)

a any 2 from:

the sun, cosmic rays, radon (in atmosphere), nuclear fallout (from
previous weapon testing) , any radioactive leak(may be given by
name of incident) nuclear waste, carbon-14 v/
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b i (ratio of area of detector to surface area of sphere)
0.0015
41(0.18)2

0.0037 v (0.00368)

ratio =

b i activity = 0.62/(0.00368 x 1/400) give first mark if either factor is
used.

67000 v Bq accept s or decay/photons/disintegrations s™ but not
counts s*v' (67400 Bq)

c (use of the inverse square law)

b (r_Z)Z or calculating k = 0.020 from | = k/x* v/

Iz 1

L =062 x (222 fv 0.26 counts s™ v(allow 0.24-0.26)
0.28

a [ n=PV/RT=3.2 x 10° x 1.9 x 107/8.31 x 285
n =0.26 mol v (0.257 mol)

a i P,=2x p =22 %320 x 105 v
285

3.31 x 10° Pa v(allow 3.30-3.35 x 10° Pa)
3 sig figs v'sig fig mark stands alone even with incorrect answer

b similar  -( rapid) random motion
- range of speeds
different - mean kinetic energy

- root mean square speed
- frequency of collisions

a graph starting (steeply) near/at the origin and decreasing in
gradient v’
b i (use of density = mass/volume)

197 x1.67 X 10727
S (6.87 x10715)3
use of 1.66 x 10%)

Lose mass line mark if reference is made to mass of electrons

=2.4(2) x 10" kg m™

v'v'mark for top line and mark for bottom line (allow
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b i A\ 27\3
Ra1 = Ray (A—:l)3 =6.87 x 10715 (E)W

=354x10"®mv

or

R 6.87 x10™15

=7 118 x 1075 m Vv

ro =
1973 2

1
A3

1
R=118 x 10715 x 273 =354 x 1075 mVv
or

. —-27
volume = mass/density = 20— = 27 x R3 Y

2.42 x 1017
=354%x10"°m v

c The candidate’s writing should be legible and the spelling,
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. max

The candidate makes 5 to 6 points concerning the principles of the 6
method, the limitations to the accuracy and the advantages and
disadvantages of a particular method

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 incorrectly. The
form and style of writing is less appropriate.

The candidate makes 3 to 4 points concerning the principles of the
method, the limitations to the accuracy and the advantages and
disadvantages of a particular method

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 makes 1 to 2 points concerning the principles of the
method, the limitations to the accuracy and the advantages and
disadvantages of a particular method
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The explanation expected in a competent answer should
include a coherent selection of the following points
concerning the physical principles involved and their
consequences.
principles

e (o scattering involves coulomb or electrostatic repulsion

¢ electron diffraction treats the electron as a wave having a
de Broglie wavelength

e some reference to an equation, for example 1 =h/mv ; eV =
mv?/2 ; Qgldne.r = E,; sin6 = 0.61A/R
e reference to first minimum for electron diffraction
accuracy

e o’s only measure the least distance of approach, not the
radius

e 0o’s have a finite size which must be taken into account

e electrons need to have high speed/kinetic energy

e to have a small wavelength or wavelength comparable to
nuclear diameter, the wavelength determines the
resolution

e the wavelength needs to be of the same order as the
nuclear diameter for significant diffraction

e requirement to have a small collision region in order to
measure the scattering angle accurately

e importance in obtaining monoenergetic beams
e cannot detect alpha particles with exactly 180° scattering

e need for a thin sample to prevent multiple scattering
advantages and disadvantages
e a-particle measurements are disturbed by the nuclear recoil

e Mark for a-particle measurements are disturbed by the SNF
when coming close to the nucleus or electrons are not
subject to the strong nuclear force.

¢ A second mark can be given for reference to SNF if they
add electrons are leptons or alpha particles are hadrons.

e o's are scattered only by the protons and not all the
nucleons that make up the nucleus

o visibility — the first minimum of the electron diffraction is
often difficult to determine as it superposes on other
scattering events
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GCE Physics, Specification A, PHYAS5/2C, Applied Physics

a i P2 =p1 (Vo/V)H =1.0x10° (2.1/1.2) v
OR 1.0 x 10° x (2.1 x 10°)** = p, x (1.2 x 10°)** v/
p,=22x10°Pa Vv

a i To=pVoT; = 22x10°x(1.2x10°) x290 v

A 1.0 x 10° x 2.1 x 10°®
OR use of p;V: =nRT; to find n or nR and substitute in
p.V> =nRT, tofind T, v

T,=360K v 2sigfig v

b (Q=W + AU)
Q=0 (and W negative) v
SoAU (=-W) =143 Vv

c (slow) compression is (nearly) isothermal / at constant temperature
v

greater change in volume needed to rise to same final pressure v/
(OR correct p-V sketches showing adiabatic and isothermal
processes v’ )

hence less / piston pushed in further v/

a i T=Fr =32x0.15
=48 Nm v

a i w = 2600 x 27/60 (= 270 rad s™*) v accept272rads™

total torque =4.8+1.2 =6.0Nm v

P=Tw

=6.0 x270 =1620W Vv
b a =270—-0 = 32rads® Vv
8.5
I=T/a = 1.2 = 0.038 v kgm? v
32

OR use of 8 = %2( w, + wy)t (=1150rad) v
and %l w?= T6 leadingto1=0.038 v kg m® v

c E = 1l w®
= 0.5x0.038 x 270> =1400J) v
P= E/t =1400/0.005 =280kW v

a Either W = area under (engine torque) graph from 0 to 2x rad v/
OR W = area under graph because W=T6 Vv
OR W = dynamo torque x 2n v’

OR W = area under dotted line / dynamo torque because W = T8
v
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b The candidate’s writing should be legible and the spelling,
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 is aware that at two points in the cycle the engine
torque is zero and can give a reason, perhaps mentioning
moments or variation in steam pressure

The candidate identifies the flywheel as a store of rotational kinetic
energy and can relate the energy changes in one cycle to the
varying torque and clearly relates the fluctuation in speed to the
value of the M of | of the flywheel.

Alternatively, the candidate states that the flywheel tends to
maintain angular momentum and so takes the crank over the dead
centres. The changing torque has the effect of changing the
angular momentum (IAw) but if I is large, Aw is small.

The candidate may go on to discuss effect of | being very large
(e.g long acceleration time from start).

Max
Intermediate Level (Modest to adequate): 3 or 4 marks 6
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 incorrectly. The
form and style of writing is less appropriate.

The candidate correctly identifies that a flywheel will make for
smoother motion and may show an understanding that a flywheel
acts as an energy reservoir, but may not be able to link the motion
of the flywheel to the engine torque graph. Candidates answering
in terms of angular momentum appreciate that the flywheel’s
angular momentum will take it over the dead centres. The
candidate identifies that an increase in moment of inertia gives
smoother running/less variation in speed per cycle. Reasons for
the variation in torque may not refer to moments but candidate
may state that torque is zero when crank and con rod are in line.

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 may be able to give a reason why the motion is not
smooth and can identify that a flywheel will make for smoother
running. There may be some reference to the flywheel storing
energy. They may confuse power or angular momentum with
energy.
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The explanation expected in a competent answer should
include a coherent selection of the following points
concerning the physical principles involved and their
consequences in this case.

e without flywheel motion will be jerky/unsmooth/cause

vibrations

OR flywheel makes motion smoother/less fluctuation in

speed

flywheel needed to take crank over dead centres (wtte)

because torque is zero at dead centres

torque varies because pressure on piston varies

because force is in line with c’shaft/ no moment of force

about c’shaft

o flywheel stores rotational kinetic energy when engine
torque > dynamo torque

o flywheel gives up energy when engine torque < dynamo
torque

o flywheel's ang. momentum takes it over dead centres

e the greater |, the less the fluctuation in speed over one
cycle

e over one cycle, work done by engine = work needed by
dynamo

e SO average engine torque = average dynamo (load) torque

e torque = rate of change of ang. momentum — high | gives
less change in w.

a i Indicated work per cylinder = area of loop v [either stated explicitly
or shown on Fig 5 e.g. by shading or ticking squares or
subsequent correct working.]

appropriate method for finding area e.g. counting squares v’ 4
correct scaling factor used [to give answer of 470J + 50J] v
indicated power =4 x 0.5 x (4100/60) x 470

=64 kW v

a ii (Fuel flow rate = 0.376/100 = 0.00376 litre s™)
Input power (= c.v. x fuel flow rate)

=38.6 x 10° x 0.00376 v/

(= 145 kW) 3

N overan = brake power/input power v seen or implied from correct
subsequent working

=55.0/145=0.38 or38% Vv

b Power expended in overcoming friction
in (all) the bearings / between piston & cylinder v/ Max
and / or in circulating oil / cooling water v/ 1

and / or driving auxiliaries (e.g. fuel injection pump) v/

10
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c Represents the induction and exhaust (strokes) (which take place
at nearly atmospheric pressure). v/

UMS conversion calculator www.aga.org.uk/umsconversion

11



http://www.aqa.org.uk/umsconversion



