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Annotation in scoris Meaning

vand %

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
SC Special case

N Omission sign

MR Misread

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 *

cao Correct answer only

oe Or equivalent

rot Rounded or truncated

soi Seen or implied

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 A Level Mathematics B (MEI)

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, 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.

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, 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
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 Al 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.
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d

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, 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 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.

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. This rule should be applied to each case. When a value is not given in the paper accept any answer that agrees with the correct
value to 2 s.f. Follow through should be used so that only one mark is lost for each distinct accuracy error, except for errors due to premature
approximation which should be penalised only once in the examination. There is no penalty for using a wrong value for g. E marks will be lost except when
results agree to the accuracy required in the question.

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. Marks designated as cao may be awarded as long as there are no other errors. E marks are
lost unless, by chance, the given results are established by equivalent working. ‘Fresh starts’ will not affect an earlier decision about a misread. Note that a
miscopy of the candidate’s own working is not a misread but an accuracy error.

If a graphical calculator is used, some answers may be obtained with little or no working visible. Allow full marks for correct answers (provided, of course,
that there is nothing in the wording of the question specifying that analytical methods are required). 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 Mark | AOs Guidance
1 1@ |
= m=3
Bl 1.1b | Shape, position of cusps in correct
quadrants or on axes, points on
axes.
Bl 1.1b
Shape, position of cusps on axes.
Bl 1.1b | Shape, position of cusps in correct

(3]

quadrants or on axes, points on
axes.
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Question Answer Mark | AOs Guidance
(i) | e.g. bounded Bl 1.2 | B1 for one common feature
e.g. closed [1]
e.g. reflective symmetry in the x-axis. FT provided at least 1 graph
e.g. rotational symmetry correct in 1(a)(i)
e.g. cusps
(iii) | Reflective symmetry in the y axis OE Bl 1.2 | B1 for one feature uniquetom =4
[1]
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Question Answer Mark | AOs Guidance
(b) | () % — sin((m+1)t) —sin(t)
% = cos(t) —cos((m+1)t)
dx
E:O M1 11b For evidence of solving %=0
— sin((m-+1)t) —sin(t) = 0 ' dt
=t =2k—7Z ort= (@2 +D)z where k, | are integers.
m m+ 2
Ltog 2 br Amr
m m m
or _F 3r 5r¢ (2m+3)x M1 1.1b | At least one from each group.
m+2' m+2'm+2"" m+2
&,
dt
= cos(t) —cos((m+1)t) =0
=t =2k—7r ort= 217 where k, | are integers.
m m+2
—t :02_”4_”M M1 2.2b | At least one from each group
m m m
or 2r  4r  br 2(m+Y) 7z
m+2 m+2' m+2"" m+2
Values of t for which % =0 and % #0are
Al CAO, must include all values in

T  3r 5« 2m+3)x

m+2' m+2 m+2""" m+2

[4]

correct range.
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(i)

The tangent to the curve is vertical at points corresponding

to such values of t.

B1
[1]

1.2
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Question Answer Mark | AOs Guidance
© | @) X(t)) (cos(t) 1 (cos((m+1)t)
y(t) ) Lsin(t) T ma1l sin((m+2)t) M1 1.1b | Consideration of the magnitude of
cos(t) 1 (cos((m-+1)t) 1 the vector(s) involved or
(sin(t)j B '_m_+1(sin((m +1)t)j Tl equivalent words
Considering vector addition and these magnitudes,
X)) . _ 1 o E1 24 Any reasonable argument
(y(t)] is at most a distance of 1+m_+1 from the origin ' regarding the specific distance
1 bounds.
and at least a distance of 1——— from the origin.
m+1
Alternative version
[r =] Vx(®)* + y(t)?
2 - 2
_ \/(Cos(t)_cos((mﬂ)t)) +(Sin(t)_sm((m+l)t)j
m+1 m+1
or hi 1 2cos(mt)
:Jm2—2mcos(mt)+2m—2cos(mt)+2 M1 | 1.1b (m+1)? m+1
m? +2m+1
Find expression for distance to the
m2 1 orgin and simplify to a suitable
:”(m+1)2 =1- 1 when cos(mt) =1 form. Square roots may be
and omitted.
2 Considering range of cos or use of
= (m+2)2 “1+— when cos(mt) =—1 Al 2.4 Jrang -
(m-+1) m+1 suitable values of t (e.g. 0 and =

). SC1 for max or min correctly
found.
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Question Answer Mark | AOs Guidance
(i) Area of circles with radius r1 where r, =1—L = Bl 1.1b
m+1 m+1 [1]
and radius r> where r, =1+i= m+2'
m+1 m+1
iii 2 2 Bl 1.1b No need for a formal argument
(i) Both —*_ and M tend to z as m tends to g
(m+1) (m+1) [1]
infinity. Hence the result by a sandwich of limits.
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Question Answer Mark | AOs Guidance
(d) 2 2
(%) +(3—¥) Evidence of correct application of
formula involving expressions for
= Jsin((m+1)t) —sin(t))? + (cos(t) — cos((m+1)t)? M1 lla | dx . dy
dt dt
= /2~ 2cos(mt) M1 1.1b | Suitable intermediate step
. (mt
=2jsin| — M1 3.1a | For obtaining an expression
. suitable for integration (previous
l're length of the curve is therefore M1 implied), condone lack of
J‘ 2lsin (ﬂ]‘dt modulus symbol
5 2
2r mt
=2 J. sin (—j dt
5 2
2r,
m o (mt .
=2m J. sm(;j dt (by looking at the Al 3.1a | Setting out and splitting the
0 integral into m equal parts
graph of the function on previous line)
el
=2m| —cCcos| —
m 2 )],
=8 Al 1.1b | Correct value for integral.
This is independent of m. Conclusion about this being
Bl 3.2a | Independent of m.

[6]
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Question

‘ Answer

Mark

AOs

Guidance

2 (3

Suppose x% — 2y? = 1 where x and y are
integers.

Then x? = 2y? + 1 and so x? is odd and
therefore x is odd.

So x = 2t + 1 for some integer t and
2y? = (2t + 1)°— 1 = 4t° + 4t.

Thefore y? = 2t? + 2t is even and so y is even.

Alternative version

Suppose x? — 2y? = 1 where x and y are
integers.

Then x? = 2y? + 1 and so x? is odd and
therefore x is odd.

So
x=1(mod 4) or x=3 (mod 4)

= x? =1 (mod 4)

= x?—1=0 (mod 4)
= 2y? =0 (mod 4)
= y? is even

= yiseven

Bl

M1

El
[3]

Bl

M1

El
[3]

2.1

2.1

2.1

2.1

2.1

2.1

For x2is odd, conclusion (allow
suitable mod 2 argument)

For 2y? is a multiple of 4

For y? is even and conclusion.

For x?is odd, conclusion (allow
suitable mod 2 argument)

For 2y? = 0 (mod 4).

For y? is even and conclusion.
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Question \ Answer Mark | AOs Guidance
(b) Pseudo code accepted, condone

lack of syntax, give reasonable
BOD on possible transcription
errors and consider a correct
answer to 2(c) as evidence of a
correct prog.

Example code for Python

for x in range(1,s+1): M1 3.3 At least one correct loop

for y in range(1,s+1):
Appropriate conditional statement
M1 2.1
if X*x-2*y*y==1:
Complete prog
Al 2.5
print(x,y)
[3]
(© x=3y=2 Bl 1.1b | Set s to 600 in the above. Ignore

x=17y=12 [1] x=1,y=0if seen.

Xx=99y =70

X =577y =408

cao
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Question \ Answer Mark | AOs Guidance
(d) For the smallest solution
3 -2x2% [=]]
M1 2.1a | Substituting x =3,y =2 (or
= (3+2\/§)(3_2\/§) [=1] square and simplify the given
algebraic expression)
) ) Squaring and
= (3+ 2\/5) (3—2\/5) =1 M1 2.1a | expanding/simplifying
(or substitute x =3,y = 2 if
= (17 +12\/§)(17 _12‘/5) =1 previous step done algebraically)
So the next solution isx =17,y =12 Al 2.1a Stating that this means x =17,y =
12 is a solution or rearranging to
172-2x12°=1
By cubing and taking the fourth power of the second line
above the other solutions are found. El 2.4
[4] _ _
®) (3+2v2)' (3-242)" =1 simplified gives a solution for any '[':’ﬁ 2.2a | Infinitely many solutions.
positive integer n. So the equations has infinitely many
positive integer solutions x,y
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Question \ Answer Mark | AOs Guidance
()] Pseudo code accepted, condone

lack of syntax, give reasonable
BOD on possible transcription
errors and consider a correct
answer to 2(g) as evidence of a
correct prog.

Example code for Python

M1 2.1 | At least one correct loop and
for min range(1,s+1): conditional statement
for n in range(1,s+1):
if m*(m+1)==2*n*n.  (oe)
print(m,n) Al 2.5 | Complete program
[2]
(9) m=1n=1 Bl 1.1b | Set's =300 in the above. Ignore

m=8n=6 [1] m =0, n=0if seen.

m=49n=35

m =288 n = 204

cao
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Question \ Answer Mark | AOs Guidance
(h) Comparing answers to (c) and (g) suggests that, if x, y is a

solution of x2—2y? =1 in which x, y are positive integers, M1* | 3.1a | Relationship between pairs in (c)

x—1 y and pairs in (g).
then m:T,nzzsatisfmi:nz, Allow x =2m+1,y=2n
S!nce x15 odd, m s an |_nteger. M1 2.1 | Seenin part (a).
Since y is even, n is an integer.

(x—l)( x+1j
h |l A 2
T = 2 2 )_x-1 M1 2.4 Substitutions into Tm and n?.
2 8 Allow substitution of x = 2m + 1,
2
=3 y=2ninto x*-2y* =1.
4
Verification that x? —2y® =1
; 2 92 _ — an2 M1 2.1

Since x 2y__l,we have 8Tm = 8n“ and so leads to Tr, = n2.
Tm=n? as required.
Since there are infinitely many positive integer solutions to Bl(de | 3.2a Reference to part (€). Do not
NG —2y2 =1 (part (v)) there are infinitely many triangular 0%) allow if only converse argument

numbers which are square.

[5]

seen (i.e. a solution of Ty = n?
gives a solution of
X2 —2y? =1).
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3 |(a) i If a = -1 the isoclines satisfy
Yy _ o M1 1.1b | Substituting a = -1 and
! ;_m:>y_(l mx. rearranging into a suitable form.
These are straight lines through the origin. Bl 1.2
[2]
ii | If a =0 the isoclines satisfy
M1 1.1b | Substituting a = 0 and rearranging
l1-y=m=y=1-m. into a suitable form.
These are horizontal lines. Bl 1.2
[2]
iii | If a =1 the isoclines satisfy
M1 1.1b | Substituting a = 1 and rearranging
— into a suitable form.
l-xy=m=y= "
.. 1
This is an stretch/enlargement of y = B1 1.2 | Any reasonable geometrical
except when m = 1 when it is the line y = 0) [2] description allowed. Condone
lack of consideration of m = 1.
OR
Hyperbolae with the x and y axes as
asymptotes (except when m = 1 when it is the
liney =0).
(b) |1 | Solutionis y=1+(b—1)e™ . BL | lla
[1]
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ii | Asymptoteisy = 1. Bl 1.2
[1]
€ |i Solution i x% +2cd —c? B1 1.1a
i | dy x*+c?—2cd M1 1.1b | [x # 0] Alternatively, using the
X 2% differential equation.
%=0:>1—X:0:> y=X
dx X
so ¥ —g < x*=c(2d -c) o.e Lo :
dx - ' M1 | 1.1b | Then substituting into y equation | Need not be factorised.
gives x> =c(2d —c)
% =0 has a solution x if and only if
c(2d —c) >0. ML | 31a Condone use of >.
This is if and only if either (c>0and 2d >c) | a1 | 305 | OF Cduivalent description of
or (c<0and 2d <c). cao region in (c, d) plane. Must be
(4] strict inequalities since x # 0.

SC 1 for correct answer
unsupported.

Solution possible involving
identifying yzg as common

asymptote to solutions in (c) (i).
Conclusion then needs to be fully
explained. Identifying the
common asymptote with correct
conclusion only awarded SC 2.
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(d)

A2=0,B2=1.5, H1 = 0.05
C2 = $H$1*(1-A2*B2)

D2 =$H$1*(1-(A2+$H$1/2)*(B2+C2/2))
E2 =$H$1*(1-(A2+$H$1/2)*(B2+D2/2))
F2=$H$1*(1-(A2+$H$1)*(B2+E2))

A3 =A2+$H$1

B3 = B2 + (1/6)(C2 + 2*D2+2*E2+F2)

M1
M1

M1
M1

[4]

11

3.1a

3.1a
25

Give reasonable BOD on possible
transcription errors and consider a
correct answer to 3(d)(ii) as
evidence of correct formulae in
the spreadsheet.

Columns for x and y or equivalent

Columns for ki and k2 or
equivalent

Columns for kz and ks or
equivalent
Formulae for xn+1and yn+1
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) =) K %) ) [T
0 Ls 005 004809375 0.04809453  0.046129763
005 154808452 004612979 004410819 008811198 0.042039017
01 155213605 004203907 003951747 00359291  0.037759174
0.15 163209961 0.00775925 001555393 0.03556358 0.033)23348
02 166765255 0.03332347 0.03105146 0.03106424 0.02876604
0.25 165870604 Q02876617 002644502 002646058 0024122455
03 172515615 002412266 002177022 002178933  0.0194284%4
0.35 174693452 0.01942865 001706253 Q01708501  0.034739609
04 176500851 0.01471983 001235542 001238351  0.010031179
045 177633099 0.01003143 000769183 000771961  0.005397435
03 1,73808962 00053977 0.0030%8 0003127  0.000851%43
0.55 178720577 000085184 .0.0013944 -0.0013621  -0.00357531
06 178583302 -0.003575 -0.0057514 -0.0057174  -0.007ES37S7
0.65 173010523 .0.0078534 -0.009%46 -0.0099107  -0.01195681
07 L77018466 -0.0119565 -0.0139525 -0.0139163  -0.015860063
0.75 175625858 -0.0158597 -0.0177478 -0.0177112  -0.019541912
08 173853907 -0.0195416 -0.0213117 -0.0212752  -0.022983715
0.85 171725589 .0.0229834 .0.0246272 -0.0245912  0.02616951
09 169265751 -0.00616% -0.0276802 -0.0276453 0029088081
0.95 166500608 .0.0230878 003046 -0.0303266  -0.031728975
1 163457442 -0.0017287 -0.0329589 -0.0329274 003408647

Spreadsheet gives 1.63457442 (to 8 d.p.)

Bl

[1]

11

Correct answer to at least 3 s.f.
Must for correct for the number of
significant figures given.
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Setting h = 0.005 in the spreadsheet gives
these estimates, x coordinates on the left,
corresponding y coordinates on the right

(extract from spreadsheet):

0.35 1.78720579
0.5535 1.78726854
0.36 1.78723649
0.565 1.78725977
0.37 1.78718852
0.575 L1.78707284

This gives an estimate of 0.56 (to 2 d.p.).

M1

Al
[2]

3.1a

3.2a

Must see at least three suitable
(%, y) pairs. Or argument based
sign change in gradient
sufficiently close to 0.56.

SC 1 for 0.56 unsupported.




OCR (Oxford Cambridge and RSA Examinations)
The Triangle Building

Shaftesbury Road

Cambridge

CB2 8EA

OCR Customer Contact Centre

Education and Learning

Telephone: 01223 553998

Facsimile: 01223 552627

Email: general.qualifications@ocr.org.uk

WWW.OCr.org.uk

For staff training purposes and as part of our quality assurance
programme your call may be recorded or monitored

Oxford Cambridge and RSA Examinations

is a Company Limited by Guarantee

Registered in England

Registered Office; The Triangle Building, Shaftesbury Road, Cambridge, CB2 8EA
Registered Company Number: 3484466

OCR is an exempt Charity

Cambridge
Assessment

OCR (Oxford Cambridge and RSA Examinations)
Head office

Telephone: 01223 552552

Facsimile: 01223 552553

o

v

UKAS

MANAGEMENT
SYSTEMS

© OCR 2019 001



mailto:general.qualifications@ocr.org.uk
http://www.ocr.org.uk/



