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Text Instructions

Annotations and abbreviations

Annotation in scoris Meaning

v’and

BOD Benefit of doubt

FT Follow through

ISW Ignore subsequent working

MO,M1 Method mark awarded 0, 1

A0, Al Accuracy mark awarded 0, 1

B0,B1 Independent mark awarded 0, 1

E Explanation mark 1

SC Special case

A Omission sign

MR Misread

BP Blank page

Highlighting

Other abbreviations in | Meaning

mark scheme

El Mark for explaining a result or establishing a given result
dep* Mark dependent on a previous mark, indicated by *. The * may be omitted if only previous M mark.
cao Correct answer only

oe Or equivalent

rot Rounded or truncated

soi Seen orimplied

WWW Without wrong working

AG Answer given

awrt Anything which rounds to

BC By Calculator

DR This indicates that the instruction In this question you must show detailed reasoning appears in the question.
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Subject-specific Marking Instructions for AS Level Mathematics B (MEI)

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 0 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 amark (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 question to 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.

b An element of professional judgement is required in the marking of any written paper. Remember that the mark scheme is designed to assistin 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
question 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.

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, 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.

d When a part of a question has two or more ‘method’ steps, the M marks are in principle independent unless the scheme specffically 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.

e 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
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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.

f Unless units are specifically requested, there is no penalty for wrong or missing units as long as the answer is numerically correct and expressed either
in Sl or in the units of the question. (e.g. lengths will be assumed to be in metres unless in a particular question all the lengths are in km, when this
would be assumed to be the unspecified unit.)

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.
¢ 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 2 s.f. unless a different level of accuracy has
been asked for in the question, or the mark scheme specifies an acceptable range.
NB for Specification A the rubric specifies 3 s f. as standard, so this statementreads “3 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.

g Rules for replaced work and multiple attempts:
e 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 attempt s left not crossed out, then mark the last attempt unless it only repeats part of the first attempt or is substantially less
complete.
o if acandidate crosses out all of their attempts, the assessor should attempt to mark the crossed out answer(s) as above and award marks
appropriately.

h 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 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. E marks are lost unless, by chance, the given results are
established by equivalent working. Note that a miscopy of the candidate’s own working is not a misread but an accuracy error.

i 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” and “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.

j If in any case the scheme operates with considerable unfairness consult your Team Leader.
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Question | Answer Marks | AOs Guidance
-A 2
1 | det(A-AD)= 3 ) /1:1(1+l)—6
o M1 1.1a | For ch eqn in any form Can be implied by correct e-
vals
Allow one sign error
P+A-6[=0]
So the eigenvalues are 2 and —3 Al 1.1 | For both e-vals correct
0 2)\x 2y 2x
e=2: 3 —1)ly 30— y = 2y M1 1.1 | Either equation correct in any
form FT
1
—X=r= (1] Al 1.1 Or any non-zero multiple
0 2)\(x 2y —3x If each e-vec is not paired
e=-3: 3 1 TVl with its e-val (either
Y Y Y explicitly or in the working)
B -2 Al 1.1 Or any non-zero multiple or if they are wrongly
=3x=-2y= ( 3 J assigned then SC1 if they
are both correct
[5]
a 9 . B1 3.1a | Using the initial condition to
t = = . . .
2 1 (1+b)! obtain an equation in @ and b
¢ a a M1 3.1a | Substituting solution formula into
t = n - = :
T (n+1+b)!  (n+3)(n+b)! recurrence relation
soweneedn+3=n+1+5> M1 1.1 Cancelling g and (n + b)!
=h=2 Al 1.1
3.2a
anda =8x3! =48 | ¢ = 48 Al
(n+2)!
[5]
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2 | Alternative Method:
a _ a _
l = (1+b)! =8 = z+b)1+b)! M1 3.1a | Attempting to find two terms eg #
’ and £ or recognising a general
pattern
Solving to givea =48, b =2 A1A1 | 3.1a
48 . tn .
= TS M1 L1 | Using t,4 = 5 to verify
solution
48
bnvt = 7y
+ 3)! . .
c ) oL S Completion
[5]
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3 | (a) un=hkp" = p?>—4p+5[=0] M1 1.1 Auxiliary equation One sign error
=p=2=i M1 1.1 | BC. Solving their auxiliary
equation
r=A/5, tan@=0.5 soi M1 1.1 | Finding mod/arg of at least one of | Could be seen later
their roots
u,=AQR+1)"+B2-1)" M1 1.1 General solution in any form (can
be implied by correct real form)
FT
un = 7'(acos(n) + fsin(nd)) soi Al 1.1 | General solution in real form with | FT their 4 and B. r could
r and @ either specified or in situ | be seen as eg 2.24 and fas
eg 0.46 or 26.6 here
egn=0[= a=0] M1 1.1 Substituting either initial
condition into their GS
n=1 :>,B: 1so u, = 5% sinn@ oe Al L1 allow €g u, = 5% sin(ntan_l (%))
[7]
Alternative Method
Up = kpn :>p2 — 4p +5=0 M1 1.1 Auxiliary equation One sign error
=>p=2+=*i M1 1.1 | BC. Solving their auxiliary
equation
r=+/5, tan@=0.5 soi M1 1.1 | Finding mod/arg of at least one Could be seen later
root
Un = A2 +1)" + B2 = 1)’ M1 1.1 General solution in any form (can
be implied by correct real form)
0=A+B = A=-B M1 1.1 | Using one initial condition to find
an arbitrary constant
AQ+D)"+B2-i)"=1=A=-%i, B=%i
U, =
1 1 : .
- Eixfgn(cose + isinf)™ + Eiwfgn(cose — isin)™ Al 1.1 | Solution given in mod/arg form | FT their 4 and B. rcould
(Could also see e'?) be seen as eg 2.24 and Oas
o eg 0.46 or 26.6 here
u, =5%sinnf oe Al 1.1
[7]
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3 | (b) If a=0.1 then v, converges to 0 as as n—o. B1 2.5 | No need to mention oscillatory Diagrams only not
but must give the limit sufficient for all three cases
If a = 0.2 then v, [does not converge...] B1 2.2b | Not “diverges”
...and is bounded and oscillatory. B1 2.2b | Allow descriptions (eg “the sign B1 bounded
changes regularly” or “it goes B1 oscillatory
positive and negative” and “it is
bounded or “always between —1
and 17).
Ignore “periodic”
If a=1 then v, diverges... B1 2.2b | Allow eg “the terms get bigger (in
size)”.
...and is oscillatory. B1 2.2b | Allow descriptions (eg “the sign
changes regularly” or “it goes
positive and negative”).
[3]
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4 | @ | () |2n+1+2m+1=2(n+m+1)so notclosed B1 2.1 Must show some working
[0 ¢ G so] no identity. B1 2.2a | Could be seen with next B1
Since no identity the inverse property cannot be B1 2.2a | Cannot gain this B1 without
satisfied. previous Bl

[3]

4 | (a) | (i) | (@a+bV2)(c+d~2)=ac+2bd +(bc+ad)\2 SO B1 2.1 | Must show some working Elements must be general
closed and distinct
a=1,b=0=1[e G] so identity exists B1 2.2a | 1 must be seen

1 1 . B1 2.2a | Single numerical counter example a bv2
eg ] —1-—+/2 ¢ G so inverse property not is sufficient or 0-1 & G For.az_Zb2 T r:leed t.o
satisfied justify answ.er eg — 7 is
not always in G
[3]
4 | (a) | (iii) | g, hbeR=abeR so closed B1 2.1 | Need justification
l1e Randax1=1Xa=a € Rso identity exists
B1 2.2a | 1 must be seen
0~1 & R so inverse property not satisfied B1 2.2a
[3]
4 [ (b | @ -1 0 B1 3.1a
0 -1
1 (-1 =i B1 1.1
NI
0 —i B1 1.1
-1 0
[31]

4 (b) | (ii) | They are not isomorphic because M contains only one B1 2.4 Or other valid reason (eg M is
element of order 2 while V is known to contain at least cyclic while &V is not since it
3. requires more than 1 element to

generate it)
[1]

10
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5 | (a 1 =2 2\ a a—2b—2c M1 3.1a | Finding vector A.f
% -2 1 2|b :% —2a+b-2c
-2 =2 1)lc —2a-2b+c
ef=0=>a+b+c=0 M1 3.1a | Using perpendicularity condition
to find a relationship between a, b
and ¢
—b—c-2b-2¢ —b—c M1 1.1 Eliminating a, b or c consistently | soi
AAf=Y 2+ e)+b-2c|=| b in all 3 components to derive A.f
3 2b+c)-2b+c ¢ in two unknowns or eliminating b
orcinx,aorcinyanda or b in
Z.
a 3.2a | Completing substitution and
~Af=|b|=f sofisane-vecof A Al correct conclusion
c
[4]
Alternative method:
1 0 M1 3.1a | Expressing a general f in terms of | Showing that a specific
f=A-1]+u 1 two non-parallel vectors which perpendicular vector is an
0 -1 are both perpendicular to e e-vec SC2 or M1SC1
1 =2 -2 1 0 M1 1.1 | Opening brackets
Af=L2 1 2|l -1]+g] 1
2 2 1 0 -1
1 2 2)\1 1 2 2
12 1 2||-1|+tpul2 1 2
-2 2 10 -2 -2 1
3 0 M1 3.1a | Multiplying vectors into matrix
:%ﬂ -3 +% Ul 3
0 -3

11
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1 0 Al 3.2a | Completing and correct
S Af=A|—1|+u| 1 |=f so fisane-vecof A conclusion
0 -1
[4]
Alternative Method 2:
To find e-vals put
1_ -2 -2
3 ;o 3 ; 3 o M1 3.1a | For attempt at ch eqn eg
-5 374 3 |=0=24"-4"-1+1=0 det|A — 2| seen
2 2 1.
3 303
(A=-1 gives e) so consider A= 1:
o E -2 -3y (o
Iff=|b|thenweneed | -3 § —3|lb|=|b
¢ _2 _2 1fle) le M1 1.1
3 3 3
1 -2 2\(a) (a) (37! -3 -3)(a
ordl-2 1 2| b|=|blor| -3 -1 —3|b|=0
=2 =2 1)\c c ~2 _2 1_3)e
3 3 3
=a+hb+c=0
a 1
But f = <b> and e = <1>soa+ b+c=0=ef=0| Ml 3.1a
c 1
= f must be perpendicular to e Al 3.2a
[4]
S [ () Ar=1 B1 2.2a

12
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5 (c) Since the e-val of any vector fis 1 then f must be B1 2.4 SC1 using the word line
parallel to (or lie in) the mirror plane. instead of plane
Since the e-val of e is—1 then e must be perpendicular B1 2.4 Needs more than invariant
to the mirror plane. line/line of invariant points
[2]
5 (d) Since e is the normal to the mirror plane and O must be B1 3.1a

in the plane the equation is

1 0)(1
r.1{={0|1|=0=>x+y+2z=0
1 0)\1

[1]

13
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6 @1 O @ =16x" —34xy’

Ox
of _ 163" 342’y B1 1.1 for both
y
16x3 —34xy?=0and 16)° —34x?y=0 M1 1.1 | both
Sox =0 or 16x* —34y? = 0 (or equivalent for Z_)f/ =0) mi 11 17106rx1\24(11262§]§€=10f0;nd subs x2 or
y? into the other equation
But both x =0 and 16x? — 34y%? = 0 = y=0 when
substituted into the other equation so M1 1.1 | For MO here SC1 forx=» =0
only
x =0and y = 0 [is the only solution]. Al 1.1
[S]
6 | (@ | G| (=0 B1 1.1
[1]

6 | (a) | (iii) | 4x* + 44— 17x27% = (4% — )P (2 —H?) M1 1.1
(2x—)(2x+ y)(x— 2)(x +2y) or
y =(+/-)2xandy = (+/-) 2x Al 1.1

Al 1.1 Sketch of the four complete (ie
| each line going across two
quadrants) lines y = £2x and
| y ==1%x. No scale necessary.
[3]

6 | (a) | (iv) | Thez =0 plane is divided into positive and negative B1 2.4 | or equivalent explanation eg SC1 No appeal to diagram
‘wedges’ so it is not the case that z> 0 at all points moving eg along x-axis, through | but correctly finding two z
near P (the stationary point) so it is not a minimum and P, zis +ve, 0, +ve while along eg | coordinates, one positive
similarly it is not the case that z < 0 at all points near P y =x, through P, zis—ve, 0, —ve and one negative and
SO it is not a maximum. or zis positive on the negative x- | stating that there are no
So P must be a saddle point. axis and negative on the positive | other SPs

branch of y=x etc No FT for 0/3 in 6 (a) (iii)

14
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6 | (b)| (1) 16a° —34ax a> ~184° M1 1.1 or any non-zero multiple FT from (a)(i)
n=|16a’ —34a’*xa |=| —-18a’
-1 -1
a ~184° M1 1.1 their n
p= a .| —184°
4a* +4a* -17a* xa’ -1
18a Al 1.1 i
r.| 184’ |=27a" oe ) ca0 18w
1
6 | (b) | (i) 274 . M1 | 3.1a | FT their (i)
d=—— soi
|
2 NP M1 3.1a | FT their (i) No limits discussion SC1
n = \ 2(1 8a ) +1~18v2a” forlargea Or equivalent argument using
limits
d 1 274 32 Al 3.2a | AG
Sm X —=—=—
a a 1824 4
[3]
6 | (b) | (iii) | Below. El 2.4 Or in the equation

If x=y =0 in equation for [T then z=27a* >0 so the
z-intercept is positive so the origin is below the
plane.

[1]

184°
r.| 184’ |=27a" the zcomponent

1

of mn is positive and so n is
pointing upward but p > 0 s0 O is
on the other side of the plane ie
below (or equivalent argument
with —ve signs).

Needs more than z> 0

15
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