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Annotation in RM assessor | Meaning

v'and %

BOD Benefit of doubt

FT Follow through

ISW Ignore subsequent working

MO0, M1 Method mark awarded 0, 1

A0, Al Accuracy mark awarded 0, 1
BO,B1 Independent mark awarded 0, 1
SC Special case

N Omission sign

MR Misread

BP Blank Page

Seen

Highlighting

Other abbreviations in | Meaning

mark scheme

dep* Mark dependent on a previous mark, indicated by *. The * may be omitted if only one previous M mark
cao Correct answer only

oe Or equivalent

rot Rounded or truncated

S0i Seen or implied

WWW Without wrong working

AG Answer given

awrt Anything which rounds to

BC By Calculator

DR This question included the instruction: In this question you must show detailed reasoning.
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Subject-specific Marking Instructions for A Level Mathematics A

a

Annotations must be used during your marking. For a response awarded zero (or full) marks a single appropriate annotation (cross, tick, MO or %) is
sufficient, but not required.

For responses that are not awarded either O or full marks, you must make it clear how you have arrived at the mark you have awarded and all responses
must have enough annotation for a reviewer to decide if the mark awarded is correct without having to mark it independently.

It is vital that you annotate standardisation scripts fully to show how the marks have been awarded.

Award NR (No Response)
- if there is nothing written at all in the answer space and no attempt elsewhere in the script
- ORif there is a comment which does notin any way relate to the question (e.g. ‘can’tdo’, ‘don’t know’)
- ORif there is a mark (e.g. a dash, a question mark, a picture) whichisn’t an attempt at the question.
Note: Award 0 marks only for an attempt that earns no credit (including copying out the question).

If a candidate uses the answer space for one questionto answer another, for example using the space for 8(b) to answer 8(a), then give benefit of doubt
unless it is ambiguous for which partit is intended.

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 always 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, escalate the
guestion to your Team Leader who will decide on a course of action with the Principal Examiner.

If you are in any doubt whatsoever you should contact your Team Leader.
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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, e.g. 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 method mark may usually be implied by a correct answer unless the question includes the DR statement, the command words “Determine” or “Show
that”, or some other indication that the method must be given explicitly.

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.

Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. 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 fromthere 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, what is acceptable will be detailed in the mark scheme. If this is not the case please, escalate the question to your Team
Leader who will decide on a course of action with the Principal Examiner.

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 yourefer 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.

We are usually quite flexible about the accuracy to which the final answer is expressed; over-specification is usually only penalised where the scheme
explicitly says so.

e When a value is given in the paper only accept an answer correct to at least as many significant figures as the given value.

¢ When a value is not given in the paper accept any answer that agrees with the correct value to 3 s.f. unless a different level of accuracy has been
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asked for in the question, or the mark scheme specifies an acceptable range.
NB for Specification B (MEI) the rubric is not specific about the level of accuracy required, so this statement reads “2 s.f".
Follow through should be used so that only one mark in any question is lost for each distinct accuracy error.
Candidates using a value of 9.80, 9.81 or 10 for g should usually be penalised for any final accuracy marks which do not agree to the value found with 9.8
which is given in the rubric.
Rules for replaced work and multiple attempts:

If one attemptis clearly indicated as the one to mark, or only one is left uncrossed out, then mark that attempt and ignore the others.
If more than one attemptis left not crossed out, then mark the last attempt unless it only repeats part of the first attempt or is substantially less
complete.

¢ if a candidate crosses out all of their attempts, the assessor should attempt to mark the crossed out answer(s) as above and award marks
appropriately.

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 ap propriate, though this may differ for some units.
This is achieved by withholding one A or B mark in the question. Marks designated as cao may be awarded as long as there are no other errors.

If a candidate corrects the misread in a later part, do not continue to follow through. Note that a miscopy of the candidate’s own working is not a misread
but an accuracy error.

If a calculator is used, some answers may be obtained with little or no working visible. Allow full marks for correct answers, provided that there is nothing in
the wording of the question specifying that analytical methods are required such as the bold “In this question you must show detailed reasoning”, or the
command words “Show” or “Determine”. Where an answer is wrong but there is some evidence of method, allow appropriate method marks. Wrong
answers with no supporting method score zero. If in doubt, consult your Team Leader.

If in any case the scheme operates with considerable unfairness consult your Team Leader.
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Question Answer Marks | AOs Guidance
a b c d
a b d a C Column 1 B1 3.1a
1| (a) bl c] a| dfb Column 3 B1 11
Cc a b c d Any 3dR orC B1 2.2a
d d c b a All correct B1 1.1
[4]
(b) No - Sél)nrctehgrlj itshr?o Iizgr:;jig]gzunalrjmt there is no “right identity B1 24 Any valid reason (vague or unsupported claims
Or (ad)b=cb =D but a(db)=ac=a soop. notassociative are notacceptable)
[1]
2| (a) fo= 4xy’ +15x‘y* —40x’y and f,= 14x?y® +12x°y® —5x° M1 . ﬁ . Clear attempt at partial differentiation
Al1Al 11
Then xfy+yfy= 4x?y” +15x°y* —40x°y + 14x°y’ +12x°y* —5x°y M1 2.1
= 18x%y’ +27x°y* —45x°%y =9Of Al 1.1 | n=9 mustbe clearly stated
[5]
(b) fo= 4y’ +60x°y* —280x°y and f, = 28xy® +60x*y® —40x’ B1Bl | 1.11.1
Then xfu+yfy= 4xy’ +60x*y* —280x"y + 28xy’ +60x*y* —40x’y | M1 2.1
= 32xy’ +120x*y* —320x"y =8fy Al 11
Alternative method
Differentiate. (a)’sresultw.r.t. x: xfu+fx+yf=nf, M1 Al
fyx = fy (by the Mixed Derivative Theorem) B1
= Xfu+yfy=(-1)f Al
[4]
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Question Answer Marks | AOs Guidance
o anz(1+ XZ) Lo |:an}1 1 M1 1111 Combi_n_ing asasingle i_ntegral (added numerators)
3| (a) Ih+1lh-2= J- ;—d _[X dx = M1 Factorising and cancelling
o 1+x 0 n-1j, n-1 Al 1.1 | AG legitimately obtained
[3]
by | () [lo=1n B1 11 | BC
b=1-in, IL=1-lh=1in-2, le=Li-L=L8-1x M1 1.1 | Use of the Reduction Formula repeatedly (> x3)
lg = % —lg= %TC— 170%, IlO:%_IB: M1 11 AIIthewayto l10
or lo=1-3+5—7+5- =3~ In Al 1.1 | Correctfinal answer
[4]
(i) |10>0 = 1n< 28 M1 3.1a | Clear statementand consequence noted
= < Bx4 = L2 = 3100 Al 2.2a | AG from clear demonstration
[2]
4|1 @/| () |cxb=-a B1 1.1
[1]
(i) |ax(bxc)=axa M1 11
=0 Al 12 Must be a vector zero
[2]
(i) [a.(bxc)=a.a ML | 11
=lal2=9 Al 2.2a
[2]
(b) | (i) |[Usingbxc=a OAis parallel to BC B1 222
OR OA is normal to the plane OBC [1] '
(i) | Using (a) (iii):
tetrahedron OABC has volume 1.5 (cubic units) B1 523
OR notingthat O, A, B, C are not co-planar [1]
OR (FT from (b) (1)) Prism with base OBC and height OA has volume 9
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Question Answer Marks | AOs Guidance
51 ()| (i) | z=coshx (catenary curve) through (0, 1), symmetrical about z-axis Bl 3.4 | Penalise line extending outside x [-In 20, In 20]
Axes must be x- and z-axes and labelled thus
[1]
2
@ |L= J. 1+(%j dx used with g_z =sinh x M1 3.1b | Condone use of y instead of z
X X
= I\/1+ sinh? xdx or J'cosh xdx with correct limits Al 1.1 | May have a factor of 2 if limits (0, In20) used
=19.95 orvia 2sinh(In20) Al 1.1 | BC orviacorrect integration
<20 so YES (design requirement met) Al 3.5a | From cao with stated conclusion
[4]
. 1 Allow ft for reciprocal of previous function
= B1 4 . "
®) | |y cosh x sketched 3 (provided all positive)
(must be through (0, 1) and symmetrical about y-axis) Condone line extending outside x €[-In 20, In 20]
Axes must be x- and y-axes and labelled thus only if already penalised in (a) (i)
[1]
.. | dy _ —sinhx N . .
i | —= ——— Bl 1.1 | Correctderivative (with correctsign
(i dx  cosh®x ( an)
dy )’ d
A=2r |y, 1+ _y) dx usedwithyand 2 = ... M1 1.1
dx dx
In20 H 2
1 sinh“x
=2 d . .
nflm cosh x \/1+ coshix X Al 11| condone (incorrect sign)-squared
Use of sinh2x=cosh2x -1 M1 3.1a
In20 .. .
= An J‘ 1 . \/cosh4x+cosh2x—1dx Al 23 AG Must shqw clearly_how the limits give k= 4
o Cosh”Xx and how the integrand is as shown
[5]
(iii) | [ above (given)is 4mx 1.56471033...=19.7 B1 11 | BC correctto >3 s.f. (19.662 73to 5d.p.)
so YES (design requirement met) Bl 3.5a | Cao Correct conclusion must be stated
[2]
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uestion Answer Marks | AOs Guidance
6| (a) 2,3,4and 6 B1 11 Ignore 1 or 12 if they appear
because these are the factors of 12 (by Lagrange’s Theorem) Bl 2.4 g yapp
[2]
(b) {3,9,27} B1 1.1
[1]
(©) 27 B1 1.1
[1]
(d) 18,182=324 =12 mod (39), (183=21) ... M1 1.1 | For method of searching by finding powers
184=122=27 (mod 39) so order 4 Al 2.1
[2]
(e) 3=3,42,81, ... M1 3.1a | Method for searching for squares =3 (mod 39)
First square-root of 3is 9 Al 2.2a
Second square-root of 3 is -9 = 30 Al 3.2a | Cannot just state -9
[3]
(f Identity 27 in G does not map to identity 1 in H B1 24 | Orany clear equivalent statement
[1]
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Question | Answer Marks | AOs Guidance
71 () By “Fermat’s Little Theorem”, since 5 is prime. Bl 1.2 |i.e. FLT
[1]
(b) If nis even, then n3is also even M1 2.1
If nis odd, then n>is also odd so that n®=n (mod 2) Al 11
Since hcf(2,5) =1 it follows that n>=n (mod 2x5=10) Al 2.4 | Conclusion with supporting reason
[3]
() | (i) | Needtoshowthat n5=n (mod 3) Bl 3.1a
M1 2.1 | Runningthrough all possibilities
5=0= 5=1= 5= =
mod3, 0°=0=0, 1°=1=1, 2°=32=2 Al 1.1 | All noted correctly
Because n® = n (mod 10), thenn® — n is divisible by 10
Since hcf(3, 10) =1 it follows that n>=n (mod 3x10=30) I\A/I\]]_' 32'];? Conclusion with supporting reason
i.e.n5—n isdivisibleby 30 V n ¢ IV '
Alternative method B1
n3=n (mod 3) by FLT
Then n5=n3.n2=n.n2=n3=n M1A1l
Because n® = n (mod 10), thenn® — n is divisible by 10
Since hcf(3, 10) =1 it follows that n>=n (mod 3x10=30) I\A/I\i- Conclusion with supporting reason
i.e.n5—n isdivisible by 30 V n € [
[5]
(c) | (i) | No—-since,whenn=2, n5-—n=30 B1 2.3 | Producinga counter-example
[1]
| Question | Answer | Marks | AOs | Guidance
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8| (a u,?—3=-2<0 soresultis trueforn=1 B1 1.1
Assume that u ’—~3<0 forsomek>1 M1 11
2u, +3Y)
u, + I
Then u,,* -3 =[ k j -3 M1 2.1 | Consideringthe (k + 1)t case
u, +2
_ (2u, +3)* -3(u, +2)? _
= 5 M1 1.1 | Common denominator
(U +2)
4u,’ +12u, +9-3u,” -12u, -12 _ u,* -3 i .
= K . < : =+ —<0 Al 2.2a | Must be noted that it is negative
(U, +2) (U, +2)
Explanation that 15t case true and kth case true = (k + 1)t case true gives E1 24
the result for all positive integers n '
[6]
(b) Ly 24,3 U, +2) 3-u,’ ML | 31a
n+1 n un+2 Un+2 un+2 Al 1.1
Explainingthat u_  , >u, from(a)’sresult Bl 2.2a
[3]
c Y
(©) 3-8 . ._4f3 ML | 3la
a+2
from (b) u, , >u,_soa= NG AL 11 Sp_ec_lal Case B_l for correct limit with invalid or
missing reasoning
[2]
(d) Monotonic (or strictly) increasing, convergent B1 2.5
[1]
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