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Annotations and abbreviations
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Annotation in scoris | Meaning

vand x

BOD Benefit of doubt

FT Follow through

ISW Ignore subsequent working
MO, M1 Method mark awarded 0, 1
A0, A1 Accuracy mark awarded 0, 1
BO, B1 Independent mark awarded 0, 1
SC Special case

A Omission sign

MR Misread

Highlighting

Other abbreviations | Meaning

in mark scheme

E1 Mark for explaining

U1 Mark for correct units

G1 Mark for a correct feature on a graph

M1 dep* Method mark dependent on a previous mark, indicated by *
cao Correct answer only

oe Or equivalent

rot Rounded or truncated

SOi Seen or implied

WWW Without wrong working
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2.  Subject-specific Marking Instructions for GCE Mathematics (MEI) Pure strand
a. Annotations should be used whenever appropriate during your marking.

The A, M and B annotations must be used on your standardisation scripts for responses that are not awarded either 0
or full marks. It is vital that you annotate standardisation scripts fully to show how the marks have been awarded.

For subsequent marking you must make it clear how you have arrived at the mark you have awarded.

b. An element of professional judgement is required in the marking of any written paper. Remember that the mark scheme is
designed to assist in marking incorrect solutions. Correct solutions leading to correct answers are awarded full marks but work
must not be judged on the answer alone, and answers that are given in the question, especially, must be validly obtained; key
steps in the working must always be looked at and anything unfamiliar must be investigated thoroughly.

Correct but unfamiliar or unexpected methods are often signalled by a correct result following an apparently incorrect method.
Such work must be carefully assessed. When a candidate adopts a method which does not correspond to the mark scheme,
award marks according to the spirit of the basic scheme; if you are in any doubt whatsoever (especially if several marks or
candidates are involved) you should contact your Team Leader.

C. The following types of marks are available.

M

A suitable method has been selected and applied in a manner which shows that the method is essentially understood. Method
marks are not usually lost for numerical errors, algebraic slips or errors in units. However, it is not usually sufficient for a
candidate just to indicate an intention of using some method or just to quote a formula; the formula or idea must be applied to
the specific problem in hand, eg by substituting the relevant quantities into the formula. In some cases the nature of the errors
allowed for the award of an M mark may be specified.

A
Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. Accuracy marks cannot be given unless
the associated Method mark is earned (or implied). Therefore MO A1 cannot ever be awarded.

B
Mark for a correct result or statement independent of Method marks.
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E
A given result is to be established or a result has to be explained. This usually requires more working or explanation than the
establishment of an unknown result.

Unless otherwise indicated, marks once gained cannot subsequently be lost, eg wrong working following a correct form of
answer is ignored. Sometimes this is reinforced in the mark scheme by the abbreviation isw. However, this would not apply to a
case where a candidate passes through the correct answer as part of a wrong argument.

When a part of a question has two or more ‘method’ steps, the M marks are in principle independent unless the scheme
specifically says otherwise; and similarly where there are several B marks allocated. (The notation ‘dep *’ is used to indicate
that a particular mark is dependent on an earlier, asterisked, mark in the scheme.) Of course, in practice it may happen that
when a candidate has once gone wrong in a part of a question, the work from there on is worthless so that no more marks can
sensibly be given. On the other hand, when two or more steps are successfully run together by the candidate, the earlier marks
are implied and full credit must be given.

The abbreviation ft implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect
results. Otherwise, A and B marks are given for correct work only — differences in notation are of course permitted. A
(accuracy) marks are not given for answers obtained from incorrect working. When A or B marks are awarded for work at an
intermediate stage of a solution, there may be various alternatives that are equally acceptable. In such cases, exactly what is
acceptable will be detailed in the mark scheme rationale. If this is not the case please consult your Team Leader.

Sometimes the answer to one part of a question is used in a later part of the same question. In this case, A marks will often be
‘follow through’. In such cases you must ensure that you refer back to the answer of the previous part question even if this is
not shown within the image zone. You may find it easier to mark follow through questions candidate-by-candidate rather than
question-by-question.

Wrong or missing units in an answer should not lead to the loss of a mark unless the scheme specifically indicates otherwise.
Candidates are expected to give numerical answers to an appropriate degree of accuracy, with 3 significant figures often being
the norm. Small variations in the degree of accuracy to which an answer is given (e.g. 2 or 4 significant figures where 3 is
expected) should not normally be penalised, while answers which are grossly over- or under-specified should normally result in
the loss of a mark. The situation regarding any particular cases where the accuracy of the answer may be a marking issue
should be detailed in the mark scheme rationale. If in doubt, contact your Team Leader.
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Rules for replaced work

If a candidate attempts a question more than once, and indicates which attempt he/she wishes to be marked, then examiners
should do as the candidate requests.

If there are two or more attempts at a question which have not been crossed out, examiners should mark what appears to be
the last (complete) attempt and ignore the others.

NB Follow these maths-specific instructions rather than those in the assessor handbook.
For a genuine misreading (of numbers or symbols) which is such that the object and the difficulty of the question remain
unaltered, mark according to the scheme but following through from the candidate’s data. A penalty is then applied; 1 mark is

generally appropriate, though this may differ for some units. This is achieved by withholding one A mark in the question.

Note that a miscopy of the candidate’s own working is not a misread but an accuracy error.
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Question Answer Marks Guidance
1] () Error in x, is approximately k’c El Condone ‘=" here
xo=a+te x =a+tke, xzza—l-kzg MI1Al
Axo=(k—-1)¢ Al
Ax;=k(k—1)e  hence A’x,=(k—1)% Al
Convincing algebra to given result Al
[6]
1] (i) b r Xy b r Xy
1 0 1 2 0 1
1 0.540302 1 -0.41615
2 0.857553 2 0.673181
3 0.65429 3 0.222554
4 0.79348 4 0902564
30 0.739087 30 0.803826 A
31 0.739084 31 —0.03685 MIAL ) setup
32 0.739086 converging 32 0.997286
33 0.739085 slowly 33 —04112 diverging ATAL | results
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1| (ii) b= 1 b= 2
cont r X, Ax, A%, est a r X, Ax, A%, esta
0 1 0 1
1 0.540302 —0.4597 1 -0.41615 -1.41615
2 0.857553 0.317251 0.776949  0.72801 2 0.673181 1.089328 2.505475 0.199564
0 0.72801 0 0.199564
1 0.7465 0.018489 1 0.9214 0.721836
2 0.73407 -0.01243 -0.03092 0.739067 2 —0.26866 —1.19006 -1.9119 0.472093
0 0.739067 0 0.472093
1 0.739097 3.04E-05 1 0.586403 0.11431
2 0.739077 —2E-05 -5.1E-05 0.739085 2 0.387567 -0.19884 —-0.31315 0.51382
0 0.739085 0 0.51382
1 0.739085 &.21E-11 1 0.51684 0.00302
2 0.739085 —-5.5E-11 -1.4E-10 0.739085 2 051166 -0.00518 —0.0082 0.514932
makes divergent iteration convergent E1l
M2A1 | Setup
AlA1 Results
[10]
1| (iii) eg
b o
0 1 Al1A1 | values
0.3 0.958907 2 G2 graph
0.6 0.867554 1
0.9 0.769576 b o
1.2 0.682741 2.1  0.499139
1.5 0.609904 0 2.0 0.514933
1.8 0.549477 2.095 0.499907
2.1 0.499139 2.094  0.500061 M2 | trial
24 0.456823 02 2.0944 0.499999 A2 result
27 0.420881 L , , 2.0943  0.500015
3 0.39004 o 05 15 2 25 3 35 bestis b =2.0944
[8]
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21 (1) fix)=1 2h=2a+b MI1Al
(f(x) = x, x* give 0 = 0, not reqd.)
fx) =x" 203 = 2aa’ MIA1
f(x) = x* 2K°/5 = 2aa* MIl1Al
Convincing algebra to verify given results AlA1
8]
2 | (i)
L R m h X X
0 1.570796 0.785398 0.785398 0.177031 1.393765 MI1Al
function values 1.456475 1.464531 1.156109 Al
weights 0.698132 0.436332 0.436332 Al
integral 1.016812 0.639022 0.504448 2.160281 AlAl
L R m h X X2
0 0.785398 0.392699 0.392699 0.088516 0.696882
function values 1.493467 1.442418 1.474966
weights 0.349066 0.218166 0.218166
integral 0.521318 0.314687 0.321788 1.157793 MIAI1 subdividing
L R m h X1 X2
0.785398 1.570796 1.178097 0.392699 0.873914 1.482281
function values 1.29971 1.431959 1.082998
weights 0.349066 0.218166 0.218166
integral 0.453684 0.312405 0.236274 1.002363 Al
2.160156 Al
h=m/16 gives 2.160149
h=m/32 gives 2.160149 hence, given rate of convergence, correct to 6 sf AlAl
[12]
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2 | (iii) eg
k L R m h X X3
0.381 0 0.785398 0.392699 0.392699 0.088516  0.696882
function values 1.357491 1.321988 1.344658
weights 0.349066 0.218166 0.218166
integral 0.473854 0.288413 0.293359 1.055626
L R m h X X
0.785398 1.570796 1.178097 0.392699 0.873914  1.482281
function values 1.221099 1.314677 1.062641 M2 Modification to
weights 0.349066 0.218166 0.218166 include &
integral 0.426244 0.286818 0.231832 0.944894
2.00052
k 0.380 0.381 (NB: these changes in the integral are greater than those MI1A1
integral 1.999235  2.00052 arising from halving h again.)

[4]
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Question

Answer

Marks

Guidance

3

(1)

Use central difference formulae for 2nd and st derivatives to obtain first given result
Hence obtain y, (1 —h)=h*+2— (1 + h) y,

State or show that y; — y_; = —=2A or equivalent

Eliminate y_;; convincing algebra to given result for y,

MIA1Al
MIA1

Bl
MIALl
[8]

(i)

h X y
0.1 1 1

1.1 0.895 %
1.2 0.782647
1.3 0.666837 30
1.4 0.552585
1.5 0.445715
1.6 0.352423
1.7 0.27885
1.8 0.230785 20
1.9 0.213615

2 0.232584
2.1 0.293408
2.2 0.403342
2.3 0.572952 °
2.4 0.819293
2.5 1.172342 5
2.6 1.689964
2.7 2.499465

25

2.8 3.945671 1 15 2 25 3

2.9 7.406389

3 30.95641

M3

A3

G2

8]

setup

values

11
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3| (iii) h ¥(2) diffs ratios ¥(3) diffs ratios
0.1 0.232584 30.95641
0.05 0.234604  0.00202 37.62817 6.671755
0.025 0.235106 0.000502 0.248632 39.83126 2.203093 0.330212 MIA1AL | ¥(2)
0.0125 0.235232 0.000125 0.249662 40.42700 0.595738  0.27041
0.00625 0.235 to 3 sf 40.57898 0.151988 0.255125
0.003125 40.61718 0.038192 0.251283 MI1AI1AL | ¥(3)
40.6 to 3 sf
ratios about 0.25 (in each case), so second order method MIE1

8]

12
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41 () A sufficient, but not necessary, condition for G-J and G-S to converge El
is strict diagonal dominance: the diagonal elements in each row are, in magnitude,
greater than or equal to the sum of the magnitudes of the other elements, El
and at least one inequality is strict. El
3]
4 | (i) k=1 k=3
X1 X2 X3 X4 X1 X2 X3 X4
0 0 0 0 0 0 0 0
1 0 0 0 0.333333 0 0 0
1 —0.33333 —0.66667 0 0.333333 —0.11111 —0.22222 0
2.666667 —0.33333 —-0.66667 0.444444 0.518519 -0.11111 —0.22222 0.148148
2.666667 —-1.18519 —-1.92593 0.444444 0.518519 -0.2716 —-0.39506 0.148148 M3 Setup
6.037037 —-1.18519 —-1.92593 1.432099 0.687243 -0.2716 —-0.39506 0.312757
6.037037  —2.96708  —4.50206 1432099  0.687243  —0.43759  -056241 0312757 | AIEL | A=l
12.97119 -2.96708 —4.50206 3.478738 0.854138 —0.43759 —0.56241 0.479195
12.97119 —6.64289 —9.80704 3.478738 0.854138 —0.60418 —0.72916 0.479195 AIEL k=3
differences increasing so diverging differences just increasing so diverging
k=5
X X3 X3 X4 k=1 no diagonal dominance
0 0 0 0 and no convergence El
0.2 0 0 0 k=3 no strict diagonal dominance
0.2 —-0.06667 —-0.13333 0 and no convergence El
0.266667 —-0.06667 —0.13333 0.088889 k=5 strict diagonal dominance
0.266667 —0.14815 —0.20741 0.088889 and convergence El
0.312593 —0.14815 —0.20741 0.167901
0312593  —0.21613  -0.26436  0.167901 Al k=5
0.348971 -0.21613 —0.26436 0.232209
converges eventually:
0.5 —-0.5 —-0.5 0.499999
0.5 -0.5 -0.5 0.499999
0.5 -0.5 —0.5 0.5
0.5 -0.5 —0.5 0.5 Al
[12]
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4 | (iii) First column of inverse matrix is (0.5, -0.5, -0.5, 0.5)" B1
Modify routine to solve for the other three unit vectors M1,1,1
Obtain solutions Al,l1,1
Write inverse matrix:
0.5 -0.5 -0.5 0.5
-0.5 1.166667 0.666667 -1
-0.5 0.666667 0.916667 -0.75
0.5 -1 -0.75 1.25 MI1Al

[0l
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