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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question
e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2  Unless specified in the question, non-integer answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the
degree of accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5  Where a candidate has misread a number or sign in the question and used that value consistently throughout, provided that number does not alter the
difficulty or the method required, award all marks earned and deduct just 1 A or B mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For anumerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1 2 M1 ]
Identify correct term and obtain 6(kx)? [Ej Needs numerical coefficient or % not *C,.
X - -
Al
Equate to 150 and obtain k =g Ignore —g
. 3 (2 . . M1 . .. 4!
Identify correct term 4(kx) -| = | with their value of k Needs numerical coefficient or EvTh
X 1!
Obtain coefficient 125 Al | Accept 125x2 as final answer.
4
Question Answer Marks Guidance
2 Differentiate to obtain 2x +ax 2 or equivalent B1
Equate first derivative to zero, substitute x =-3 and attempt value of a M1 | Must be an attempt at differentiation.
Obtain a=54 Al
Obtain b=27 Al
4
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Question Answer Marks Guidance
3 Use correct sector area formula M1
Al
Obtain ~x152 x 21 — xx?x 21 = 221 or equivalent
2 5 2 5 5
Obtain [x]=4 Al | AWRT 4.00.
Use correct arc length formula twice M1
. 38 Al | OE. Must be in terms of x.
Obtain 22+ +-x Like terms must be collected.
Not from a rounded value of x.
5
Question Answer Marks Guidance
4 Substitute for y (or x) in first equation and simplify *ML1 | All terms to one side and brackets expanded.
Obtain 10x* +3kx —40 [= 0] (or 10y* +11Kky +k* —360[=0]) Al
Attempt b? —4ac for 3-term quadratic involving k DM1 | Not in quadratic formula unless b? —4ac is
isolated.
Obtain 9k? +1600 (or 81k? +14400) Al
9k2 +1600 >0 ALFT | FT forak®+b >0 witha, b >0.
5
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Question Answer Marks Guidance
5(@) | Attempt correct process for solving 3-term quadratic equation in/x M1 | Accept 8y* 6y —9 — (2y - 3)(4y + 3), if y = VX

specified.

Obtain at least 2+/x —3=0 or equivalent Al | Ignore 4x +3=0.
SC B1 for \/; = g with no method shown for
solving the 3-term quadratic.

9 . 9 Al | SC Bl if no method shown for solving the 3-term
Conclude x=— ignore T quadratic.

Alternative Method for Q5(a)

M1
30X =4x— % — 16x° — 45x + % 0.e and attempt correct process to solve
.9 9 Al | SC B1 if no method shown for solving the 3-term
Obtain x = 2 or m quadratic.

Al | SC Bl if no method shown for solving the 3-term

9 9
X= 7 gnore o quadratic.

© Cambridge University Press & Assessment 2024 Page 8 of 15



9709/11 Cambridge International AS & A Level — Mark Scheme October/November 2024

PUBLISHED
Question Answer Marks Guidance
5(b) 3 M1
Integrate to obtain form k;x* +k,X2 +kyX where kKk,k; #0
3 Al | Allow unsimplified.
Obtain correct 2x? —2x2 +x or equivalent
Substitute x=4 and y =11 to attempt value of ¢ M1 | Dependent on at least 2 correct terms involving x.
3 Al | Must be simplified.
Obtain y = 2x* —2x2 + x -9 Allow “f(x) =".
Allow y missing if y appears previously.
4
Question Answer Marks Guidance
6(2) | State or imply centre of C, is (-3, 5) B1
State or imply centre of C, is (9, —4) Bl
Attempt correct process for finding distance between centres M1
Obtain 15 Al
4
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Question Answer Marks Guidance
6(b) R=4andR=8 B1
Obtain least or greatest distance BLFT | ‘15 -Ri—Rzor ‘15’ +R; + Ra.
Obtain 3 and 27 B1FT | ‘15 -Ri—Rzand ‘15” + Ry + Ra.
3
Question Answer Marks Guidance
7(a) 4 M1
Differentiate to obtain form k;(2x +1) 3
_4 Al
Obtain correct —8(2x+1) * or unsimplified equivalent
. 7 . . _ M1 | Gradient must come from a differentiated
Attempt equation of tangent at > 6 | with numerical gradient expression.
Al
Obtain y = —%x+%1 or equivalent of requested form
4
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Question Answer Marks Guidance
7(b) 2 M1
Integrate to obtain form k,(2x +1)3
2 Al
Obtain correct 9(2x +1)® or unsimplified equivalent
Use correct limits correctly to find area M1 | Substitute correct limits into an integrated
expression.
36 — 9 minimum working required.
Obtain 27 Al | SCBL1if M1 A1 MO scored.
4
Question Answer Marks Guidance
8(a) in2 B1 in2
Use tan? g = szﬂ E.g. tan’ B = smz,B and then replaces sin?
cos® 8 cos”
with a?or cos® 8 with 1 — a2
cos B =—1-a’ Be
2 Bl
Obtain N a -~ +3ay1-a’
—-a
3
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Question Answer Marks Guidance
8(b) Use correct identity to obtain 3-term quadratic equation in siné *M1
Obtain sin® @ +4sin@+1[=0] Al
Attempt to solve quadratic DM1 4+12

At least as far as __T

-15.5° implies attempt at solving quadratic.

Obtain 195.5 Al
Obtain 344.5 ALFT | Following first answer; and no others for
0° < 6 <360° but must be in 4" quadrant.
SC B1 for 3.41° and 6.01°.
5
Question Answer Marks Guidance
9(a) | Differentiate to obtain 5+12x —9x Bl
Attempt to find two critical values by solving quadratic equation or inequality M1
. Al | SC Bl if no method for solving the quadratic.
Obtain values 1 and > gtheq
3 3
1 5 AL1FT | SC B1 if no method for solving the quadratic.
Conclude x<—=, Xx>—
3 3
4
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Question Answer Marks Guidance
9(b) Equate first derivative to 9 and simplify to 3 term quadratic *M1
Obtain x = 2 Al | sC B1 for solving 5+12x—9x* = 9 without
3 simplifying to a 3-term quadratic.
Use x-value and corresponding y-value to determine value of k DM1
Al
Obtain k =% SC B1 for k =§ from solving 5+12x—9x* =9
without simplifying to a 3-term quadratic.
4
Question Answer Marks Guidance
10(a) State or imply that first 3 terms of GP are 5+d, 5+4d, 5+10d B1
Form equation (5+4d)? =(5+d)(5+10d) or equivalent M1
Obtain d =2.5 Al | Ignore O as a solution.

SC B1 Obtain d =2.5 and 7.5, 15, 30 by trial and
improvement www.

Alternative Method for Question 10(a):

State or imply that first 3 terms of GP are 5+d, 5+4d, 5+10d B1
_ _ 5-5R 2 . M1 | OE

Obtain d =25 Al

3
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Question Answer Marks Guidance
10(b) Use correct formula for sum of AP with their value of d M1
Obtain or imply 7700 Al
State or imply GP is 7.5, 15, 30, ... B1
Use correct formula for sum of GP with their common ratio M1
Obtain S,, —G,, =27.5 Al
5

Question Answer Marks Guidance
1@ Obtain b=2 and c = g .
Obtain 1 —2(x—§j2 ¥

2 2
B1 FT | Following their value of a.

State range is y g% or f(x) <§ with < given or clearly implied (not <)

3
11(b) State that reflection is in x-axis B1 | Accept transformations in any order.
3 B1 FT | Following their values of a and c in part (a).
Py Accept transformations in any order.
State or imply that translation is by or equivalent
2
2
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Question Answer Marks Guidance

11(c) Sketch the correct graph appearing in second and third quadrants only Bl ? /
|-
|

State that each y-value is associated with a single x-value or equivalent B1 | Accept passes the horizontal line test.
Ignore passes the vertical line test.
2
11(d) Sketch the correct graph with suitable labelling to distinguish the two curves B1 | Appearing in third and fourth quadrants only.

Draw the line y=x

Bl

See above; no need to label the line.

Attempt correct process for finding the inverse function

M1

Allowing use of £ andy so far.

Obtain 3_ /E—lx or equivalent
2 4 2

Al

Must involve x at the conclusion.

© Cambridge University Press & Assessment 2024

Page 15 of 15



«5 CAMBRIDGE

International Education

Cambridge International AS & A Level

MATHEMATICS 9709/12
Paper 1 Pure Mathematics 1 October/November 2024
MARK SCHEME

Maximum Mark: 75

Published

This mark scheme is published as an aid to teachers and candidates, to indicate the requirements of the
examination. It shows the basis on which Examiners were instructed to award marks. It does not indicate the
details of the discussions that took place at an Examiners’ meeting before marking began, which would have
considered the acceptability of alternative answers.

Mark schemes should be read in conjunction with the question paper and the Principal Examiner Report for
Teachers.

Cambridge International will not enter into discussions about these mark schemes.
Cambridge International is publishing the mark schemes for the October/November 2024 series for most

Cambridge IGCSE, Cambridge International A and AS Level components, and some Cambridge O Level
components.

This document consists of 24 printed pages.

© Cambridge University Press & Assessment 2024 [Turn over



9709/12 Cambridge International AS & A Level — Mark Scheme October/November 2024
PUBLISHED

Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question
e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2  Unless specified in the question, non-integer answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the
degree of accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5  Where a candidate has misread a number or sign in the question and used that value consistently throughout, provided that number does not alter the
difficulty or the method required, award all marks earned and deduct just 1 A or B mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For anumerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1(a) a=4 B1 | Allow 4sin(2x)+3 if values of a, b and c are not stated.
b=2 Bl
c=3 Bl
3
1(b)(i) 5 B1 | Ignore attempts at finding solutions.
1
1(b)(ii) 1 B1 | Ignore attempts at finding solutions.
1
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Question Answer Marks Guidance
2(a M1 | Correct use of either Sy formula with a = -20 and d = 5.
@) 2—20(2><—20+(20—1)><5) or %(—20+75) ?
550 Al
2
2(b M1* | Correct use of S, formula with a=-20, d =5 and either k or
®) 2—k(—40+(2k—1)><5) or E(—40+(k—1)x5) ok " 2
2 2 :
This mark can be awarded for clear use of 2(a+|) when
correct values of a and d are used.
[—40k +10k2 —5k = —200K + 25k 2 — 25k 3] 15k2 —180k =0 DML | Equating their S to 10 x their Sy and reaching a 2-term
guadratic or 2 term linear equation if k has been cancelled.
Condone errors in simplification.
k=12 Al | Condone extra solution k =0.
3
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Question Answer Marks Guidance
3(a) [f(2+h)=] 2(2+h)* -3 B1 | SOI
2 M1 : 2 :
(2(2+n -3)-5 [ 12 {tneir (2(2+h)’ ~3)} ~theirs o
= can be implied by the
(2+h)-2 h (2+h)-2
simplified expression or the correct answer.
Their 5 must come from 2(2)2 -3.
2h+8 or 2(h+4) Al
3
3(b) h— 0, or chord [AB] — tangent [at A] B1 | Either of these statements or any sight of h = 0.
8 B1FT | Could come from anywhere except wrong working.
Either correct or FT their linear expression from (a).
2
Question Answer Marks Guidance
4(a) 6 3 )2 6x5( 3\ B1 | OE
150r | |xx*| = | or X°x——=| = May be in a list.
2 X 2 (X 6
Allow ( j :
4
135 B1 | Correct term must be identified if in a list.
Allow 135x%°.
2
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Question Answer Marks Guidance
4(b) 6) (3  , 654(3Y Bl | OE
20 or Niddie or X" x—- ] May be in a list.
Bl e
:ﬂ Identifying % term.
This can be implied by sight of 2160 as part of the constant
term.
4%x540—-5%x135 M1 | 4xtheir540—5xtheirl35
1485 Al | Allow 1485%°.
4
Question Answer Marks Guidance
5(a)(i) 1 B1 | Condone 0.333.
[F(-2)=] 3
1
5(a)(ii) ne L B1 | For showing the correct mirror line.
2 B1 | For correct shape: the curves should intersect in the first square
in the third quadrant. To the left of the point of intersection, the
s \: s p reflection is below the original and crosses the x-axis. To the
i N right of the point of intersection, the reflection is to the right the
o7 “ original.
2
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Question Answer Marks Guidance

5(a)(iii) 2X+1 M1* | Equating y to the given function and clearing of fractions.
w1 )7 2x+1=y(2x-1) x and y may be interchanged at this stage.
2xy—-2x=y+1 DM1 | Condone * errors during simplification.

x+1 —x-1 Al | Allow “f™’or ¢y =” but NOT x =, nor fractions within

2(x-1)" 2-2x fractions.

[Domain of ftis] x<1

Bl

Accept - oo < x <1 or (- o, 1), condone [~ o, 1).

Alternative Method for Question 5(a)(iii)

_1 1- M1* | Equating y to the given function after division by 2x—1.
y= +2X_1:y— C2x—1 Isolating the term in x.
x and y may be interchanged at this stage.
oy — 2 11 DM1 | Condone + errors during simplification.
y-1
1 Al | OE
x-1 " 2 Allow “f*°or ‘y = but NOT “x =", nor fractions within

fractions.

[Domain of fis] x<1

Bl

Accept — o0 < x <1 or (- », 1), condone [- o, 1).
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Question Answer Marks Guidance
5(b Bl
(b) of ( lj _ -
4
2x+1 M1
g -7 Equating 2x+1 to their gf 1 :
2x-1 2x-1 4
3 Al | OE
<] 5
8
Alternative solution for Question 5(b)
1 Bl
fl=|=-7
) (4)
—f (= M1
x=f7(-7) x=fl(theirgf (ED
4
3 Al | OE
] 5
8
3
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Question Answer Marks Guidance
6 [Perimeter =] r+r@+r+2rx20+r+ro+r [=4r +6r0] Bl
1 2 1 2 1 2 2 Bl

Area=] —r<d+—(2r) x20+—-r"6 =5r<6
[ ] 2 2( ) 2 [ ]
4r +6r@=14 and 5r?0 =10 MI* | ar +bré =14 and cr?6 =10 where a, b and c are constants = 0.

Terms may be uncollected.

EITHER
- DM1 | Eliminate ¢ to get an equation in r.
5224 =4 10 or 4r+6r(1—02)=14 J a
6r 5r
[: 22 _7r+6= 0:] (r _ 2)(2r _3) -0 DML | Factorise or other accepted method for solving their 3-term
quadratic.
OR
2 DM1 | Eliminate r to get an equation in .
5 14 6=10 or 4 10 +6 19 0=14
4+660 560 56
[=186° —250+8=0=] (99-8)(20-1)=0 DML1 | Factorise or other accepted method for solving their 3-term
quadratic.
Then
r=2and =05 Bl
Condone extra answers r :g and 0= g .
6
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Question Answer Marks Guidance
@ —2((xi p)ziq) or -2(x+p)*+q MI* | p=0.
—2((x—2)2iq) or -2(x—2)° +q DM1
—2(x—2)2 +19 and (2, 19) Al | Accept x=2,y=19 or 2, 19.
3
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7(b) Method 1
[x :] +1 B1* | Both x co-ordinates for the points of intersection.
Subtract and attempt to integrate M1*
B1* | Both terms correct.

[I(—sz + 2)dx} —§x3 +2X

2 2 M1 | Apply their limits, one positive and one negative, obtained
—=t2]- 3 2 from equating the line and the curve to their integrated
expression.
8 5 2 DB1 | AWRT 2.67 WWW.
3 3 Condone _—8—>§ :
3 3
. . . . 11 .
SC B1 for mistaking triangle for trapezium leading to 3 i.e.
a total of 2/5.
Method 2
[x :] +1 B1* | Both x co-ordinates for the points of intersection.
Attempt to integrate and subtract M1* | The second integral can be replaced with what is clearly their
area of a trapezium.
B1* | OE

_9y3
—2X 8 11x [-] 8y +9x}
3 2 2

All terms correct.

The second integral can be replaced by %(1+17)>< 2 OE.
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7(b) ) 2 M1 | Apply their limits, one positive and one negative, obtained
[? +4 +11j _(g +4 _11j -] {(4 +9)—(4- 9)} from equating the line and the curve, to their integrated
expressions.
If the trapezium has been used, the second integral can be
replaced by their 18.
8 5 2 DB1 | AWRT 2.67 WWW.
3 3 Condone _—8—>§ :
3 3
. . . . 11 .
SC B1 for mistaking triangle for trapezium leading to 3 i.e.
a total of 2/5.
Method 3
[x :] +1 B1* | Both x co-ordinates for the points of intersection.
Subtract and attempt to integrate M1*
B1* | All terms correct.
—g(x— 2)3 _8,2 110x
3 2
2 M1 | Apply their limits, one positive and one negative, obtained
3 4+10 |- (18 —4 ‘10) from equating the line and the curve, to their integrated
expression.
8 9 2 DB1 | AWRT 2.67 WWW.
3 %3
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7(b) Method 4
[x :] +1 B1* | Both x co-ordinates for the points of intersection.

Attempt to integrate and subtract

M1*

The second integral can be replaced with what is clearly their
area of a trapezium.

B1* | All terms correct.
{—E(x—z)s +19x} [-] {§x2 +9x} 1
3 2 The second integral can be replaced with §(1+17)X 2 OE.
2 M1 | Apply their limits, one positive and one negative, obtained
(g +19j —(18-19) ¢ [-] {(4+9)-(4-9)} from equating the line and the curve, to their integrated
expression.
If the trapezium has been used the second integral can be
replaced with their 18 OE.
8 5 2 DB1 | AWRT 2.67 WWW.
33 Condone _—8—>§ :
3 3
SC B1 for mistaking triangle for trapezium leading to % , i.e.
a total of 2/5.
5
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8(a) 1 W ) BL* 1 (1
All =—= =-1 t -=p,-1].
[X_(_E pn +(y_(_1)) OE ow a 2pandb ,or centre |s( 5 p j
1 VY 2 DB1
X—|—= +(y—(-1)) =—q+1+|-=P | OE
[ ( zpn (y=(0) =~ ( j
2
8()(i) Bl | OE

[Gradient of tangent =] —%

SOl

[Gradient of normal =] 2

M1 | Use of mim,=— 1with their numeric tangent gradient.

-3
X—

<

=2 [y=2x-5]

N

Al | OE
ISW
Allowy=2x+c, 3=2x4+c = c=-b.
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8(b)(ii) Method 1 for the first two marks:
1 M1* | . +p o .
-1-3=2 - p-4|or-1=—p-5 Using their stated centre or - 1| in their equation of the
normal.
Method 2 for the first two marks:
1 M1* | Using their normal equation and their stated centre or
—1=2X-5=x=2 = —-—p=2
2 (ﬂ +1].
2
Method 3 for the first two marks:
M1*
2x+2yﬂ+ p+2ﬂ=0 =>p :—8—8d—y
dx dx dx
Al

dx 2
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8(b)(ii) Method 1 for the last 3 marks:
M1*

r2=(4-2)" +(3-(-1))" [=20]

the
Using (4, 3) and their centre or (&;rp J_rlj to find r? or r.

1, DM1 | OE
—q+1+ 4 p*=20 Using their expression for r? (from (a)) equated to their 20.
g=-15 Al
Method 2 for the last 3 marks:
o |2—-2-10] {_ 10 } MI* | Using (2,—1) and x+2y —10=0 (distance from a point to a
J5 5 line).
4 5 Using their expression for r? equated to their (Ej :
J5
g=-15 Al
Method 3 for the last 3 marks:
4*+3 +4p+6+0=0 [ 4p+q+31=0] MI* | Substituting (4,3) into their circle equation.
OR
1 )Y 2 1 Y
4—| —= +(3-(-1)) =—q+1+| —=
( (zpD( (1)) = (2'0)
4(—4)+q+31=0 DM1 | Substituting their p=—4.
g=-15 Al
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8(b)(ii) Alternative Method for Question 8(b)(ii)
42 +3 +4p+6+q=0 M1*

X2 +(2x—5) + px+2(2x—5)+q =0 with x=4
2
x2+(10T_Xj + pX+2[102_Xj+q:OWith x=4

2
[yT%j +yi+ p(y%5)+2y+q=OWith y=3

(10-2y)* +y? + p(10—-2y)+2y+q=0with y =3

{Each of these = 4p+q+31=0}

Substituting (4, 3) into their circle equation, or

replacing y with 2x —5 from the normal equation, or
10-x

replacing y with from the tangent equation, or

. . +5 .
replacing x with yT from the normal equation, or

replacing x with 10 — 2y from the tangent equation, and using
either x=4 or y =3to form an equation in p and g.

%x2+(p—6)x+35+q=0 = (p—6)2—4x%><(35+q) =0

OR

5y° —y(38+2p)+100+10p+g=0 = (38+2p)’ —4x5%(100+10p+q)=0

{Each of these = p? —12p—139-5q :0}

M1*

Solving the tangent and circle equations simultaneously to form
a quadratic equation in either x or y.

Then using b® — 4ac = 0 on their quadratic to form an equation
inp and g.

Solving the equations simultaneously to find p or g DM1
p=-4 Al

q=-15 Al
5
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9(a B B M1*
@ lkZ X§_2k><§+2:1 Using (E 1] in the curve equation or equating the line and
2 4 2 2 2 2
OR the curve and then using x = > and p :1 3 .
1., 25 5 5 (1 5 2 2 2
2 k® x 4 2k x 2 +2=kx 2 + 2 Ek Simplify to get a three-term quadratic in k. Condone errors in
- - simplification.
25k* —40k +12 [=0]
2 Al | OE
k== 6
5 Condone inclusion of k = 5
DM1*
1 =(theirgj(§j+ p =p= Using (E lj and their k in an equation in p.
2 5)\ 2 2 2
Either the line (as shown) or 4p® +12p +5=0 are the most
likely and solving for p.
1 Al | OE
Condone inclusion of p= rt
2 , 65 2 DM1 | Equating the line and curve using their k and p and simplify to
X XS [=0] [4)( —60x+125 [= Oﬂ get a three-term quadratic [= 0].
[25 9) Al Al | OE
22 Accetx=§, :2_
P 2 y 2
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9(a) Alternative Method for Question 9(a)
5 M1* | OE

1k2><§—2k><—+2: k><§+ p
2 4 2 2

4p® +12p+5 [=0]

Using (g %J in the curve equation or equating the line and

the curve and then using x = g and k :%_Z p.

5
Simplify to get a three-term quadratic in p [= 0].

Al . . 5
p=-— OE Condone inclusion of pz—E.
1 (5 1 DMI*| . (5 1 . : : :
E: Ek + thelr—E = k= Using >3 and their p in the line equation and solving for
k.

2 Al | OE
k=< 6

5 Condone inclusion of k = '
2 , 65 2 DM1 | Equating the line and curve using their k and p and simplify to
gx _§X+§[=0] [4)( _60X+125[:0H get a three-term quadratic [= 0].
(E %} ALAL | OE

2" 2 Accetx:§ :g.
p 5 y >
7
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9(b) 1,5, 1., , M1* | Equate the original equations of the curve and the line and
Ek X*=2kx+2=kx+p = Ek X" =3kx+2-p collect like terms; k and p must still be present.
Ok? —4x L2 (2-p) DM1 | Use of b? —4ac for their quadratic in x to give an expression in
2 k and p. This expression can come from their equation in (a).
- 5 Al
P 2
3
Question Answer Marks Guidance
10(a) -18 B1 | SOI
1 M1 | Use of mim,=—1from f'(x) with x=1.
18
y[-0] 1 Al | OE
x-1 18 I5)
3
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10(b) B1B1 | B1 for each unsimplified {}.
411 1 Can be implied by equivalent simplified or partly simplified
[F(x)=] 18(2x-3)s >4 -10x%. ¢ [+c] versions.
3 3
4 5
{3(2x -3)s —6x° + c:l
4 5 M1 = =0 iri ' i
0=3(2(1)-3): ~6(1)s +c  [0=3-6+c] Use of_x 1§ndy 0 in their integrated f (>_<),def|ned as z?m
expression with at least one correct power, which must contain
+cC.
4 5 Al | Only condone ¢ = 3 as their final answer if all coefficients have
[f (x)ory =] 3(2x-3)3 —6x° +3 previously been simplified in a correct statement.
4
10(c) b? — 4ac =128 — 4x125x192 and stating “< 0” M1* | p? —4ac =—79616 can be accepted in place of working.
OR use of the quadratic formula and stating “No solutions”
OR completing the square for the given quadratic and stating positive or > 0.
OR sketch of the given quadratic and stating positive.
No turning points [in the original function.] DM1
Decreasing because f’(any positive xvalue) <0 Al | WWW
eg. f (1)=-18.
3
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question
e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2  Unless specified in the question, non-integer answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the
degree of accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5  Where a candidate has misread a number or sign in the question and used that value consistently throughout, provided that number does not alter the
difficulty or the method required, award all marks earned and deduct just 1 A or B mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For anumerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1 a+3d=15 and a+7d =25 M1 | Or forming any valid equations which can be used to find d or
a.
Findi dd g 5 15 DM1 | Or any valid method to find a using their d or d using their a
ihding a an =y asy or finding uy, directly from either u, or ug and d.
Al
Uy = 221 29%2 =80
2 2
3
Question Answer Marks Guidance
2 . J3 M1 | Making tan2x the subject. tan2x=0 is MO.
cos(gj +tan2x+ T 0 = tan2x=—3 Accept decimals and one sign error.
T Vs Al | May come from non-exact working.
= 2X= 3 = X= 6 Ignore answers outside the given range.
2
Question Answer Marks Guidance
3(a) 5 5 M1 | Allow for either term, allow sign error and combination
X3 . 32 (—aX)3 |:—1O>(32 X 3.3] or X4 . 3(—aX)4 [5X3X a4:| notation.
3 4
x3: —90a3 Al | Allow in the full expansion.
x4+ 153% Al | Allow in the full expansion.
3
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3(b) Coefficient of x* is axtheir —90a>® + 7 x their 15a* [: 15a4J M1 | Must select two appropriate terms only.
15a% = 240 DM1 | Reducing to a simple quartic equation in a.
—a*=16 = a=2 Al | AOif a=-2is given as a solution.
3
Question Answer Marks Guidance
4 Let x=sin%@ M1 | Or equivalent method.
(2x+7)(2x=1)=0 or (2sin*6+7)(2sin’ 6-1)
Ssinfo-t o sing- [J_r]i M1 | Finding sin® @ and then sin& (may be implied).
2 2
0 =45°, 135°, 225°, 315° Al Al | Al for any two correct values.
Al for all correct and no others within the range.
For answers in radians, Al only for all 4 angles.
If no (correct) working, then SC B1 for all 4 solutions.
4
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5(a) Reflection [in] y-axis B1 B1 | B1 for reflection B1 mention of y-axis, OE.
SC B2 for stretch, SF -1, parallel to x-axis.
) s B1* | B1 for ‘translation’ and a correct vector/description.

Translation or shift 0 Do not accept ‘left’/’right”.

If two translations then BO and BO for the order.

Stretch, factor 2, parallel to y-axis B2,1,0 | B2 all correct OE.

B1 any 2 parts correct.
This can be at any point in the sequence.

Correct order and three correctly named transformations only DB1 | If a fourth transformation is given this mark is not awarded and
no marks are given for the two transformations of the same
type, except where the reflection is described as a stretch.

If any transformation is incorrectly named this cannot be given.
- R -1 1 .
If translation is not [Oj or (Oj then DBO is given.
Alternative Solution for first 3 marks
) (1 B1* | B1 for ‘translation” and correct vector/description.

Translation or shift 0

Reflection [in] y-axis B1 B1 | B1 for ‘reflection’, B1 for ‘in y-axis’.

Alternative solutions

There are alternative solutions which can be marked in the same way

4
e.g. the given stretch, translation ( 0 ] , reflect in x=-25
6
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5(b) g(x)=2f(-x-1)or a=2, b=-1 c=-1 B1 | First B1 for a=2 and no additional terms added to the
function.
a=-2is BO.
B1 | Second B1 forb=-1 and c=-1.
2
Question Answer Marks Guidance
6 8 M1*
10(1_ r ) 8 4 OE, i.e. substituting p and g expressions into ratio E
L _E[a(l—r)_gxa(l—r)] 16
10(1-r*) 16 (1-r) 16  (1-r) (1-r%) (1-r%)
16=a—1*, 17=a-—-= gets MO unless recovered later.
1—r (1-r) (1-r)
Simplifying to 16 r® —17r* +1 [=0] (or equivalent form) DM1 (1— r8) 17
Or — (1+ r“) =—.
(1-r") 16
Al
[(16r4 —1)(r4 —1) = O} —rotl orri=t = r=sl (condone extra r =1 solution).
2 16 2

s _ 10 DML1 | Use of correct sum to infinity formula with either of their r
= 1 values providing | r|<1.
1-| [£]5
2
S —20 and 20 Al | Allow 6.67 or better.
- =0 an 3 AQ if there is only one or more than two S_ values.
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7(a M1 | Or combination of large semi-circle and small sector:
@) Area of sector BOF = 1 20° x(2n-2.4) [=776.63.. ] 1 1 9
2 = x20° x4+ = %207 x(n—2.4).
2 2
Length BD = DF = 2x20sin0.6 or J207 £ 202 —2x 20x 20cos1.2 M1* | Length of radius of small circles is acceptable for M1.
[=22.58.. ]
Area of two semicircles = nx(2OSin0.6)2 [=400.64.. ] DM1
. 1 . M1
Area of triangles = 2 x5 20x20sin1.2 [=372.81.. ]
Total area = 1550[cm? ] Al | Expect 1550.09 but accept AWRT to 3sf.
5
7(b Bl
(b) %an:SOn = r=10 May be seen as 205in§,where e:%.
m M1* | OE
= 0= 3 Finding @ using their r. Allow working in degrees.
.21 DM1
Arc length of sector BOF = 20x| 27 —thelr?
. .2 . DM1 | Dependent on the first dM1.
Total perimeter = 20x| 21 —thelr? +2m x their10
140xn 2 Al | Must be a single exact term.
or 46—m
3
5
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8@ | 3(x—2)’+20ra=-2b=2 B1B1
2
8(b) 2ork=2o0rk>2 B1FT | FT on their a.
Do not acceptx=2o0rx > 2.
1
8(c) 3(x—2)2 114122y = (x—2)2 _y ; 2 M1 | Using their completed square form.
_ DM1
x=[+],1=2+2
3
_ Al _
f(x)= /X—2+2 OE,eq. y= =6 .2
3 3
3
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8(d) Finding f—l(zg) [=5] M1 | Or solving f(x) = 29 [using their completed square form, OE].

Finding f*(their 5)

M1

Or solving f(x) = their 5.

Xx=3

Al

If using f(x) method, x = 1 must be discarded.

Alternative solution for Question 8(d)

3(3(x - 2)2 + 2) —2)?+2=29 using their completed square form

M1

2 2 2
or 3(3x —12x+14) —12(3x —12x+14)+14=29.
Allow if the '=29" appears later in the working.

Solving as far as 9(x—2)4 =9 or x*-4x+3=0

DM1

OE
Or [27](x* ~8x° +24x* —32x+15) =0,

x=3only Al | WWW
Only dependent on the first M1.
3
Question Answer Marks Guidance
9(a) y=x"-3x+3 and y=2x —4x% +3=> x° —4x? +3x[=0] M1 | Reducing to 3-term cubic or quadratic if x cancelled.

[x](x=1)(x=3)[=0]

DM1

Factorising the cubic or quadratic.

x=0, 1 and 3 {x =0 may be seen in the working}

Al

SC B1 for x=1, 3 only, with no M marks awarded.
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9(b) Attempt at integration of both functions. Can be before or after subtraction M1 Expect integration of J‘((Xs —3x+3 )_(sz _4x2 +3))dx or
of the functions or integrals
J(—x3 +4x% —3x )dx.
At this stage, subtraction can be done either way.
xtax® 3P x* 3, 2 4, 4, Al | OE .
=t ——+————— | or £¢| — ==X +3X [-| =X ==X +3X + covers Al being awarded to those who subtract the ‘other’
4 3 2 4 2 4 3
way.
_[(_8_1+@_£j_[_1+ﬂ_§ﬂ g [
4 3 2 4 3 2)| Minimum required is (Q_Zj_(zl_gj i.e. four fractions.
or 4 4 2 6
Correctly apply limits their 1 and 3.
(8—1—§+9]—(1—§+3j—{(8—1 —@+9j—(1—ﬂ+3]} Do not allow if x=0 used.
4 2 4 2 2 3 23 Need at least one correct substitution in every bracket.
If two integrals, need to see substitution into both.
Allow one sign error only in each expression, if brackets are not
shown.
_8 Al | Accept if this comes from use of limits f (1)— f (3) or
3 _
J.(x3 —4x? +3x)dx, if |[—| used.
Only dependent on the first method mark.
Accept AWRT 2.67.
4
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10(a —5— M1*
@) Gradient of AB _ o3 [=-2]
8-4
N 8+4 -5+3 M1
Midpoint AB = | ——, 6,-1
poin 46 = (222,52 (6. -1)]
DM1 | Must be used to find equation of perpendicular through their

Gradient of normal = —iz [: ﬂ and an attempt to find the required

equation

(6,-1).

Equation of perpendicular bisector is y+1=%(x—6), o) y=%x—4

Al

Www
AG — working involving the perpendicular bisector must be
seen.

Alternative Method for Question 10(a)

AC2=(a—4)2 +(b—3)2, BC2=(a—8)2 +(b+5)2 both expanded

M1*

Solving AC = BC [=10]

DM1

Only allow a single sign error.

Eliminating a”andb’ DM1 | May be awarded before the previous DM1.
i Al | WWW
a=2b+8, concluding y =§_4
4
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10(b) M1 | May see centre as (2y + 8, y) OE.

Using the centre as [a, %a—4)

May be seen in an incorrect equation.

(4—a)* +(3—-0.5a+4)" =100

M1

Sub in (4, 3) or (8, —5).
Could use circle with (6,~1) and r =+/80.

1250 ~15a-35 [=0] = a’-12a—28 [=0] (or b* +2b-15 [=0])

DM1

Obtain a 3-term quadratic in their x or y.

[(a-14)(a+2)=0] = a=14, a=-2 Al | or[(b-3)(b+5)=[0]] = b=3 b=-5.
= (x-14)* +(y—3)° =100 and (x+2)° +(y+5)° =100 Al
Alternative Method 1 for the first 3 marks:

M1

Make a or b the subject from a circle centre (a,b) using A or B

E.g.b =«f100—(y—3)2 + 4 from circle through A.

These equations may have been found in part (a).

Form an equation in aorb only

M1

Substitute their a or b into their second circle equation.

Simplify to a quadratic in aorb

DM1

Expect a® —12a—28=0 or b*+2b—-15=0, OE.

Alternative Method 2 for the first 3 marks:

Obtaining CM (C, centre; M, mid-point of AB) M1 Expect @ Must be clear this is CM, not AB.
Using the triangle CMT, where CT is parallel to the x-axis, to find the DM1 | Expect MT =4.
vertical distance of C from M, MT
Using the triangle CMT, where MT is parallel to the y-axis, to find the DM1 | Expect CT =8.
horizontal distance of C from M, CT
5
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11(a) 1 Bl
&y = L kx 2 —8x
dx 2
2 _3 Bl
d_g/ = 1 kx 2 -8
dx
2
11(b) 1 3 1 3 M1 | OE
X 2-8x=0=>1-8x2=0 or x ' =64x* | = x*=— or8x2 =1 ) _ 1
64 Award if working leads to x = 2 WWW.
. . dy . A 4 1
Setting their ™ to zero and solving, providing their only error(s) are Squaring X 2 —8x% =010 X —64x2 =0 gets MO.
incorrect coefficients
1 Al | If x=0 included, A0 and max of 3/4.
X = 2 only 1 1
SC Bl only for x = 7 only from squaring x 2 —8x* =0
directly to x* —64x* =0 (SC B1 replacing the M1A1).
11 Al 11 I
y:Z SC B1 for y:Z from squaring x 2 -8x" =0to
X —64x% =0.
d’y 3 B1FT | WWW
— =——X 2 -8 which is negative, so maximum d2y
dx FT their x-value and their e
X
No FT if x=0 is the only solution.
4
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11(c) M1* | OE

When X =1, attempting to find y =k —2 and gradient = %k -8

SC BL1 if both correct gradients only, or both correct
y-coordinates only.

Equation of tangentis y —k + 2 =(%k —8)(x—1)

Al

OE, e.g. y=(g—8j><+g+6 or y=gX—8X+g+6.

When x =% ,attempting to find yzék +1.75 and gradient =k -2

M1*

OE

Equation of tangent is y —%k —-1.75=(k -2 )(x—-0.25)

Al

k 9 k 9
OE,e.0. y=(k—=2)X+—+—=o0or y=kx—2x+—+—.
gy ( ) 4 4 y 4 4

Meet at (%k—8)(0.6—1)+k—2=(k—2)(0.6—0.25)+%k+1.75

Equate two tangent equations and substitute x =0.6

DM1

OE, e.g. [5—8j0.6+g+6=(k —2)0.6+§+%_

MO if constants in both equations are the same.

= [-0.2k +k +3.2-2=0.35k — 0.7 + 0.5k +1.75] Al
= 0.05k =0.15
k=3

6
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, non-integer answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the
degree of accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5  Where a candidate has misread a number or sign in the question and used that value consistently throughout, provided that number does not alter the
difficulty or the method required, award all marks earned and deduct just 1 A or B mark for the misread.

6  Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e  Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)
CwWO Correct Working Only
ISW Ignore Subsequent Working
SOI Seen Or Implied

SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the
light of a particular circumstance)

WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1() 3(y—2)2—27 ora=-2,b=-27 BI Bl
2
1(b) M1 | Must be x? unless substitution is clear.

(x2 - 2)2 =9 leading to x* -2 =43

x*==lor x*=5 M1 | Allow omission of -1 if +£3 seen.
x =5 Al | B1 SC if MIM1 not awarded. Ignore + i, i, —i, V1.
Use of calculator with no working scores 0/3.
Alternative method for Question 1(b)
354 =125 2~ 15 =0 leading to 3(x” =5)(x* +1)[=0] (M1)
2=—lorx*=5 (M1) | Allow omission of —1 if factors seen. Factorising or other
valid method.
x = +-/5 (A1) | B1 SC if MIMI not scored. Ignore + i, i, —i, V-1.
Use of calculator with no working scores 0/3.
3
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2(a) {Stretch} {factor 3} { in y-direction} B2,1,0 | 2 out of 3 scores B1.
{0} B2,1,0 | Accept shift.
{Translation}
-2}
Alternative Method for Question 2(a)
{0} (B2,1,0) | 2 out of 3 scores B1.
: Accept shift.
{Translation} { 2}
3
{Stretch} {factor 3} { in y-direction} (B2,1,0)
4
2(b) [f( x)] ={-3sinx} {2} B1 B1 | No marks awarded if extra terms seen.
2
Question Answer Marks Guidance
3@ | 20x27xd’[=160] ML Allow 6C3 « 3° xa’[=160] .
Accept 540a° with no other working for M1.
[ ] 2 Al | Allow 0.667 AWRT.
al=—=
3 SCBlisa =% with no other working.
2
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3(b) 2V B1 FT | May be in a list. 6C2 and 3* must be evaluated but may be
Coefficient of x? is 15x81x (theirgj [z 540] implied by later work. Condone 540 with no working.
160 x1—2 x their 540 M1
=-920 Al | Condone —920x°.
3
Question Answer Marks Guidance
4(a) [k] = 4.00063 B1 | CAO
1
4(b) [Gradient AE] = 6.3566 B1 | CAO
1
4(c) Suggests that [f (2):' =6.25 B1 | CAO
1
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5(a) sinzx—cosx—l_1—cos2x—cosx—l or —cos’ x —cosx M1 | For use of sin” x +cos*x=1.
1+ cos x a 1+ cos x 1+ cosx Allow use of's, c, t or omission of x throughout.
_ —cosx(1+cosx) M1 | For factorising.
l1+cosx
= —C0SX Al
3
5(b) 1 1 1 M1
——COSX=— = yx = i -
> 4 X=cos ( 5 j
x=120° or x=240° Al
A1 FT | FT for 360 — their answer. A1 AQ if extra solution(s) in
range. SC B1 if answer in radians for both 2—375, 4—375
3
Question Answer Marks Guidance
6(a) B1 | For curve in correct quadrant.
B1 | Fully correct including line Yy =X.
R Horizontal asymptote closer to x axis than vertical
asymptote is to y axis.
2
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6(b) ) ) 5 2 M1 | Allow x and y swapped around.
x=-+4 leading to y (x—4)=2 or y* = 1
y (x—4)
2 5 2 M1
2 . 2
y = leading to = [+ or x=|x| |—
(x_4) g y [ ] x—4 [ ] y_4
2 Al
£ =-
[ ()] ==
3
6(c) [ x] -9 B1
1
6(d) Because ' is always negative and f is always positive or curves do not B1 | Accept other correct answers e.g. “f is only defined for
intersect positive values of x and ' is only defined for negative
values of x* or ‘domains do not overlap’ or ‘the y values
cannot be the same’ or ‘the x values cannot be the same’.
1
Question Answer Marks Guidance
7(a) Angle 6= T eos”! 10 of sin”! EZ 07297 B1 | Condone working in degrees if converted to radians at the
2 15 15 end.
AG
1
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7(b) BC= 15" -107 [=11.18...or 55 Bl
Arc AB = 15x0.7297[=10.9455] Bl
Perimeter = their BC + their arc AB+ 25+ 51 M1
Perimeter = 62.8 Al | AWRT
1, B1
Area sector AOB = 5 x15°%x0.7297 [= 82.09]
M1
Area = %x 10 x their BC + their sector AOB + %x 10?
Area=217 Al | AWRT
7
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8@ | 2(4p-1)=25+13-p *M1
40 Al
P 9
d:(4xﬂ—lj—25[:—ﬁ} DM1 | Using their p to find d.
9 9
10™ term = 25+9d =—49 Al
Alternative Method for first 3 marks of Question 8(a)
d=4p-26,d=14-5p ,p+2d=-12 Any two (*M1) | Allow unsimplified or equivalent.
Solving simultaneously to find p or d (DM1)
40 74 (A1)
p=—/|d="=
R
4
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80) | (49-1)’ =25(13-¢) = 164> +17¢—324[=0] M1
(q—4)(16q+81)[=0] leading to [:>6]=4] M1 | Solve 3 term quadratic with real solutions.
3 Al -17
[r =]— Ignore —.
5 20
e 25 125 Al | Ignore extra solution.
Sum to infinity = : 37 5 SC B1 if no method shown for solving quadratic.
5
Alternative Method for Question 8(b)
25r=4q—1,25r* = 13 — q leading to 1007> +25r—51 =0 M1)
( 5 _3) (20,, + 17) =0 (M1) | Solve 3 term quadratic with real solutions.
3 (A1) -17
r==— Ignore —.
5 20
finity = 25 125 (A1) | Ignore extra solution.
Sum to infinity = | 3 o SC B1 if no method shown for solving quadratic.
5
4
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9 . , 71 7 B1 24
Volume of cylinder = mx1° x 5 = gﬂ May be done using L 1. This would be the only mark
available if candidate integrates y.
1 M1 | No further marks available if [ .
Volume under curve =[] I ——dx
(Sx - 4)3
3 1 B1 B1 | Calculator used for integration scores no further marks.
[ 2 se-4p
5
3( L 3 M1 | Uses limits 1, 2.4 in an integral of y°.
=[n]=| 8° -1 {:—n}
5 5
Vol 7 4 Al | SC B1 if the only error is not showing substitution.
olume= —n—-=-n =-n
5 5 5
6
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10 ( x—3)2 n yz =18 y=mx—9 leading to ( x—3)2 n ( o _9)2 ~18 M1 | F indipg equation of tangent and substituting into circle

equation.
Must be mx—9.

x> —6x+9+m’x* —18mx +81=18 leading to M1 | Brackets expanded and all terms collected on one side of

( m? + 1) 2 ( 6418 m) o+ 72[= 0] the equation. May be implied in the discriminant. m
cannot be numeric.

(6+ 18m)2 _ 4(m2 + 1) x72[=0] *M1 | Use of > — 4ac . Not in quadratic formula. m cannot be
numeric, ¢ must be numeric.

360 +216m—252[=0] [1eading tom® +6m—7T= 0] DM1 | Simplifies to 3 term quadratic.

m=1 or m=-7 A1 | Condone no method for solving quadratic shown.

m =1 leading to 2x? — 24x +72 =0 leadingto x =6 DM1 | Must be correct x for their quadratic.

DM1 | Must b t x for thei dratic.
m=-7 leading to 50x*> +120x + 72 =0 leading to x = —g Yy PgOtrect + fot ihetr quadratic
Al

T
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10 Alternative Method 1 for first 4 marks of Question 10
|3m - 1(()) — 9| (M1) | Use of the formula for the length of a perpendicular from
e a point to a line.
m”+1
|3m - 1(()) - 9| (M1) | Equates length of a perpendicular from a point to a line to
T V18 the radius.
m”+1
GBm —9°=18(m* +1) (M1) | Squares and clears the fraction.
Om*-54m +81=0 leading to m® +6m—-7=0] (M1)
Alternative Method 2 for first 3 marks of Question 10
B—x)9+6x-x2)"=4 (M1) | OE
Differentiates implicitly or otherwise and equates % to
m.
2 (M1) | Brackets expanded and all terms collected on one side of
2) x? — m’)x —m*)[= . S A
(1+m®) 2% =61+ M)XK +9(1 = m)[ = 0] the equation. May be implied in the discriminant.
36(1+m? ) —4(1+m?) *x 9(1 — m*)[ = 0] (M1) | Use of b* - 4ac.
8
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11(a) dy 12 3 B1
dx xt X’
d_ _%+% =0 leading to 3x* —12x2 =0 or-12+3x’=0 ML | Set=0or usesd<, < an m;nphﬁes.
dx x" x Must be from & = 2 2
dx  x*  x?
3x2 (_xz —4) =0 leading to x=12 only Al | SC B1 for x=%2 if MO scored.
—2<x<0 and 0<x<2 or(-2,0)and (0,2)or 2<x<2 andx# 0 BI1FT | Allow and/or.
BI1FT | Allow —2<x<0 and/or 0<x<2 butonly BIBOif0
included in either or both.
Allow [-2, 0) and (0, 2].
Allow B1B0 for —2<x<2 or (-2, 2).
Must be from d—y:i4+£2.
dx x X
5
B marks only available if Y =i4 +£2.
X X
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11(b At x=1] y=3 and mtan =-9 *M1
®) [Atx=1] y and mtan Using their Y .
dx
1 1 DM1
mnorm = —— = —
-9 9
Equation of normal is y —3 = é(x — 1) l:leading toy = éx ¥ 29_6} Al
At x=-1,y=1m=-9 M1
i is y—1=-9(x+1) [leading to y =—9x—8 Al
Equation of tangent is Y X oy X
Meet when L5+ 26— 9, g l:leading t0x=—1.19512.... —49} M1 | Equates their tangent and their normal.
9 9 41
Area= L their1.19512 .. their(é+ 8) M1 | If fyz‘ = is used integration must be correct and
2 9 substitution shown.
6.51 Al | AWRT
Accept fraction wrt 6.51
8
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, non-integer answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the
degree of accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5  Where a candidate has misread a number or sign in the question and used that value consistently throughout, provided that number does not alter the
difficulty or the method required, award all marks earned and deduct just 1 A or B mark for the misread.

6  Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e  Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)
CwWO Correct Working Only
ISW Ignore Subsequent Working
SOI Seen Or Implied

SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the
light of a particular circumstance)

WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1 240[x2} or 804> [] B1 | May be seen in an expansion.

240 =12x80a" M1 | Their 240 equated to 12 x their 80a® which must
contain a’.

0.5 Al | OE
Condone + 0.5

3
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Question Answer Marks Guidance
2 Stretch factor 4 in y-direction/parallel to the y axis/vertically. B1 | Allow use of SF in place of factor.
Allow in/on/along the y axis or ‘the x axis is
invariant.’
Translation B2 | Condone ‘Shift’.
3 3
[Oj or 3 parallel to the x axis or in the x direction, allow horizontally. These translations can be combined as ( 8] , this
) ) . ) ) counts as 2 elements.
g or —8 parallel to the y axis or in the y direction, allow vertically. Give priority to a correct vector over any incorrect
wording.
B2 for all 3
B1 for 2 out of 3
Two translations, one in each direction, and a stretch only. M1 | Condone inaccurate terminology, such as up, down,
left and right, if the intention is clear.
Correct order of operations. The stretch which must be in the in the y direction A1l | Condone inaccurate terminology if the intention is
must come before the translation in the y direction. clear but numerical values must be correct.

© Cambridge University Press & Assessment 2024 Page 7 of 25



9709/12 Cambridge International AS & A Level — Mark Scheme May/June 2024

PUBLISHED
Question Answer Marks Guidance
2 Alternative Method for Question 2

Translation (B2) | Condone ‘Shift’.

3 3

[O] or 3 parallel to the x axis or in the x direction, allow horizontally. These translations can be combined as [ ZJ , this
counts as 2 elements.

2 or _2 parallel tO the y aXiS or IIl the y dlrectlon, aHOW Vertlcally lee prlorlty to a Correct Vector over any lncorrect
wording.
B2 for all 3.
B1 for 2 out of 3.

Stretch factor 4 in y-direction/parallel to the y axis/vertically. (B1) | Allow use of SF in place of factor.

Allow in/on/along the y axis or “the x axis is
invariant.”

Two translations, one in each direction, and a stretch only. (M1) | Condone inaccurate terminology, such as transform,
move, up, down, left and right, if the intention is
clear.

Correct order of operations. The stretch which must be in the in the y direction (A1) | Condone inaccurate terminology if the intention is

must come after the translation in the y direction. clear but numerical values must be correct.

5
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Question Answer Marks Guidance
3(a i i Mi1* | OF
@® 7s1m9 +c0s6 +12[=0] [leadingto7smg+12cos¢9:0} sin
cos® cosd Use of tanf = .
cost
7sin€+12(1—sin26)[=0] DMI | Use of s> +c* =1.
= 12sin’ - 7sinf-12=0 Al | AG, WWW
Condone use of s, ¢ and t and/or omission of
throughout working but the A1 is for cao.
3
3(b) [12sin2«9—7sin6’—12=0 leading to](4sin9+3)(3sin6’—4) Mi
_ 3 4 B1 | OE, WWW
sinfd=—-— |or — 3
4 3 Can be implied by a correct value for sin™ [—Zj
e.g. —48.6°.
[60=]228.6°,311.4° B1 | AWRT, WWW
No others in the range 0°<68<360°.
Ignore any answers outside this range.
Condone 229°, 311°.
3
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Question Answer Marks Guidance
4(a) () = 1(x+1) B1 | ISW
[ ( ) J( ) Condone ‘y =",
1
4(b 1 B1 1
®) 0<g(x)<< or g(x)>0and g(x)<= or(O,E} Do not allow g(x)>0,g(x)<5 .
Do not allow g(x)>0 or g(x)< % :
Condone g or y in place of g(x).
g ' does not exist because itis one to many or B1 | g can be replaced by ‘It’ throughout.
g ! does not exist because it is not one to one.
Or A correct statement followed by any further incorrect
g ! does not exist because g is not one to one or explanation can be awarded B1.
g ' does not exist because g is many to one or
g ! does not exist because g fails the horizontal line test.
2
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Question Answer Marks Guidance
4(c) ; 25) 1 B1 | SOI
16) 4
M1
! 5 = 1 Equating > , or their ‘simplified’
4
(Va-1) +2 (Vx-1) +2
version, to their f 25 .
16
2 . 2 A1l | Simplificati fi =...

{(\/;—1) +2 =4 leading to} Jx —1=42 leading toxz(lir\/z) tmpliiication as lat as x
Or Allow just + in the results because — can be

. . By disregarded at this stage.
[x —2Jx+1+42=4 leading to] x=2/x-1=0 leading to x = (1 ++ 2) Can be implied by the final answer.
Or 5

Note: x =1%+/2 scores AO.
. . 6£+36-4
[x —1=2x leading to] x* —6x+1=0 leading to x = 1
34242 A1 | Must discount the solution 3 —2+/2..
4

© Cambridge University Press & Assessment 2024

Page 11 of 25




9709/12 Cambridge International AS & A Level — Mark Scheme May/June 2024
PUBLISHED
Question Answer Marks Guidance
5(a) [d :]sin O —tan 6 M1 | For subtraction of their first term from their second
term.
Condone incorrect evaluation before subtraction.
\/5 Al | OE
[d :]7 -1 Sight of —0.29 AWRT can be awarded M1A1.
40 ) M1 | Use of a correct formula for S49. Condone use of

[S“O :]?(2 xtan ¢ +39 (sm ¢ —tan '9)) their, clearly identified, incorrect values for @ and d

for this mark.
780 Al | ISW

390v2-740 or N If AO then sight of — 188 AWRT, — 188.5 or —189

should be awarded M1A1M1AO.
4
5(b)(1) siné B1 | Condone omission of 4.
r= [= cos 9]
tan @
tand sin @ ) tan” 0 Bl | ISW - .
0 =TT 3 7 Do not allow fractions within fractions nor omission
1-cos@ cos@ —cos 0 tan@ —sin @ of 0.
2
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5(b)(ii B1 | OE, SOL
O 3(1.73.) and r=% ’
1" M1 | This mark can be awarded for a correct formula with
1- (2) their values for a and r or
S = \/5 . 10

[ 10 ] 1_1 a=tand and r = sin 0 or cosd. Condone — .
b tan 2

=3.46 Al | AWRT

102
Condone 0 3\/3 .
512
3 | Note: So gives the same answer but scores BIMOAO.
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6(a) 1 Bl
Y =2- ! x8x 2
dx
b M1 : .
2_4x 2 =0 Equating their two term % , with at least one term
correct, to 0.
[4is] (4,-8) or x=4,y=-8 Al
[Bis] (16,0) or x=16,y=0 B1
4

. d
Note: Correct answers without use of ay can be

awarded 4/4.
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6(b) 22 8§ 2 B1 | Seen correct in unsimplified form or better.
1] 5= 30 [+c]
2 3
2
¥ _30y ( 2y — 32)2 B1 | Seen correct in unsimplified form or better.
[£] or [+C]
3 12
Attempt to integrate, defined by at least one correct power in each expression, M1 | Multiplying by 3 before integration scores MO.
and then subtract.
M1 | Use of their x values, > 0, from (a) as limits in their

3 3 2 _ 2
162—§.162 3 42_§'42 ] 16" -32x16 | (47 -32x4
3 3 3 3

2 2

integrated expressions. Allow, for correct limits,
sight of

(5 CSIHE5))

If incorrect limits are used, then clear substitution
must be seen.
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Question Answer Marks Guidance

6(b) Alternative Method 1 for first 4 marks of Question 6(b)

1 g 3 (B1) | Seen correct in unsimplified form or better.
[i]f2x—8x2 dx=| x?——x2 [+C]
3
2
[Area of triangle =] 48 (B1)
Attempt to integrate, defined by at least one correct power, and then subtract (M1)

their triangle area.

(M1) | Use of their x values, > 0, from (a) as limits in their
integrated expression. Allow sight of

=)

If incorrect limits are used, then clear substitution
must be seen.
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6(b) Alternative Method 2 for first 4 marks of Question 6(b)
Subtract and then integrate, defined by at least two correct powers. (M1) | If terms in x have not been combined use the first

Condone functions being the wrong way round.

scheme.

(B2,1,0) | B2 for 3 correct terms, B1 for any 2 correct terms.
3
[£] x° —§x2 + 32x
3x2 3 3
2
(M1) | Use of their x values, >0, from (a) as limits in their
3 3
[i] 4 x16° —§><162 + 32x16 | _4 x 4 —§><42 + g2x4 integrated expression. Allow sight of i(O—QJ.
3x2 3 3 3x2 3 3 3
2 2 If incorrect limits are used, then clear substitution
must be seen.
32 , IO% or 10.7 Prr 32 32 32
3 3 Allow 3 or 3 changed to + 3 for this mark.
(5) | Condone the inclusion of & for the first 4 marks but

use of [ y? scores a maximum of B1 for the triangle.
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7(a) (x _ 6)2 4 (2a x4+ a)2 ~18 M1* | Replacing y with 2a — x in the circle equation,
condone incorrect expansion before substitution.
2x% —12x—6ax+9a% +36—1 8[= 0] A1l | All terms collected on one side of the equation. May
be implied by the discriminant.
(12 +6a)° —4x2x (9a2 N 18) [=0] DMI1 | Correct use of “b’— 4ac” from their 3 term
quadratic equation in x, with an x term of the form
(m+na)x with both m and n = 0.
~36a" +144a[+0=0] Al
a=0,a=4 Al
5
7(b) [Centre is] (6, —4) or [Point of intersection is] (9, —1) B1
[Gradient of diameter] =1 B1
y+4=x-6 or y+1=x-9 [leadingtoy=x-10] B1FT | FT on their point of intersection or their centre with
an x co-ordinate of £6 and gradient = 1.
3
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8(a)( .
(@)(1) c YCE_T
6
CEX=Z
3
X E
Ml | A i ion i i :
XE — sin® or XE ~ cos ™ [XE = 02] correct trig expression involving XE .
0.4 6 04 3 Do not condone a mixture of degrees and radians.
Length EF=2+2x0.2 =24 Al | AG
2
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8(a)(ii B1 | OE, SOI
(@) [CXx =]0.4cos% or O.4sin§ or 1/0.4* —0.2* ’ A
Expect 5 or 0.3464.
B1 | SOI
[Sectorz]l><(0.4)2 xZ o 60
2 3 Expect 0.0838 or = . Allow use of —7:(0.4)2 )
75 360

Either  Area of their (rectangle + two triangles + two sectors) M1 | Either implied by a correct answer or areas clearly

labelled.
Or Area of their (trapezium + two sectors) Expect 0.6928 + 0.06928 + 0.1676 or

23 3 4n
—t—+—.
5 25 75
Or 0.7621 + 0.1676 or %Jr“—n .
75

0.930 Al | AWRT

Condone 13 +ﬂ .

75
4

© Cambridge University Press & Assessment 2024 Page 20 of 25




9709/12 Cambridge International AS & A Level — Mark Scheme May/June 2024
PUBLISHED

Question Answer Marks Guidance

8(b) [Length AD =] 24 2r B1 | Must be seen alone or part of a list and not part of a
product.

B1

[Arc length =] r x% May be implied by r x g x2.

Must be seen alone or part of a list.

B1 | Must be seen alone or part of a list and not part of a

[EF =]2+2rsin% or 2+2rcos§ or2+r product.

Bl | AWRT
[4+ 3r+ % = 6 leading to ] 0.393 W

Condone .
2T+ 9

NB: Using EF = 2.4 gives 0.391.
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%) | 6(2x-3)° —6x<0 or=0 BI* | Condone < 0. I 6(2x—3)” only or 6(2x—3)" =6 is
used, do not treat as a MR.
24x% —78x+54 or 4x* —13x+9 or (x—1)(4x-9) M1 | Expanding brackets and collecting terms to arrive at
a three term quadratic, only condone sign errors.
OR
6(2x —3)2 <6x leading to (2x—3)< Jx leading to 2x —~/x -3
B1
[x=)t.5
4
9 9 9 DBIFT | OE
l<x< N or x>1and x< 1 or I’Z Condone consistent use of < and > or [ ].
Do not allow x > lorx<% nor x> l,x<%.
FT on their values coming from a correct initial
statement.
4
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9(b B1 B1 | BI fi h{C t integral } .
(b) [f(x) :] 6 (2x—3)3 —§x2 [+C] or each {Correct integral}
3x2 2

1= (_1)3 “3x12+C M1 | f(x)=-1 equated to their integrated expression,
defined by two terms with at least one correct power
+ C, withx=1.

[f(x) ::|(2x—3)3 —3x+3 Al | CAO ) )
Only condone C = 3 as final answer if coefficients
have been simplified earlier.
Do not ISW if the result is of the form y=mx+c.

Alternative method for Question 9(b)

[f’(x) —24x% —78x + 54 leading to} [f(x) :J 8% —39y2 + 54x[+C] (B2,1,0) | B2 completely correct, Bl any two correct terms.

—1=8-39+54+C (M1) | f(x)=—1 equated to their integrated expression,
defined by three terms with at least one correct
power + C, with x = 1.

[f(x) :] 8x° —39x2 +54x —24 (A1) | Only condone C = —24 as final answer if
coefficients have been simplified earlier.
Do not ISW if the result is of the form y =mx+c.

4
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10(a) [ x=]-2 B1
1 1 M1* | OE
Y r(5-2x)2 {z—Zx—(S—Zx)Z} 1
Differentiating to get k(5—2x)2 only.
DM1 | Correct statement linking their numerical expression
[d_y:d_yxg leading to} —9=i5><2 dy dt s P
dx dr dx dx for = with — and 5.
dx dx
2 or 0.556 = AL} AWRT
9
4
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10(b 1 M1 1
®) k(5-2x)2=-3 Equating their % of the form k(5-2x)2 to 3.
[Bis] (2.,6) Al
. 32— ) . 1 4 M1* | For 4, y must be 32.
Gradient AB = m; = —— ,gradient of perpendicular= ——=— . . [y
) m 26 Clear use of d%fference ¥n y co ord%nates for points
difference in x co-ordinates
A and B, condone inconsistent order, and using
mimyp;= —1 .
If incorrect values or another complete method used,
then working must be clear.
. .. (2-2 6+32 M1* | Finding the midpoint of AB using 4 and B. If

Mid point is 5 =(0,19) incorrect values used then all working must be clear.

For 4, y must be 32.
19— 2 0 DM1 | Finding the equation of the perpendicular bisector

yo7= E(x -0) using their midpoint and their perpendicular
gradient.

2x—13y+247 =0 or * integer multiples of this. Al

6
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.

© Cambridge University Press & Assessment 2024 Page 2 of 17



9709/13 Cambridge International AS & A Level — Mark Scheme May/June 2024
PUBLISHED

Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, non-integer answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the
degree of accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5  Where a candidate has misread a number or sign in the question and used that value consistently throughout, provided that number does not alter the
difficulty or the method required, award all marks earned and deduct just 1 A or B mark for the misread.

6  Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e  Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)
CwWO Correct Working Only
ISW Ignore Subsequent Working
SOI Seen Or Implied

SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the
light of a particular circumstance)

WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1 Correct second term 30x in expansion of (1+3x)" B1 | WWW, may be implied later.
Correct third term + 405x> B1 | Ignore subsequent terms, may be implied later.
Multiply (2 - Sx) by their 30x+405x> to obtain two x> terms only Mi Expect —150x%,810x>.
Coefficient is 660 Al | Must be clearly identified.
Allow final answer 660x” .
4
Question Answer Marks Guidance
2(a) State (3w, 0) for point 4 B1 | Or exact equivalent.
Allow x = %n or exact equivalent.
19 P 1t B B1 | Or exact equivalent.
= ?n or pornt May be implied in coordinate or vector form.
y =—k for point B B1 | May be implied in coordinate or vector form.
3
2(b) Solve at least as far as sin~' 3¢ = kn with correct value for cos™ (%\/5) M1 | Allow use of m=3.14....
Allow sin™' 3t =30.
sin'3t =17 and hence ¢t =1 A1l | Or exact equivalent.
6 6 : .
Can use degrees if consistent.
2
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Question Answer Marks Guidance
3 B1
@ State 2r+rf =65 and %rze =225
Form a 3-term quadratic or cubic in » or € or r@ from correct arc and sector *M1 | Condone sign errors.
formula
Solve their 3 term quadratic or cubic to obtain values of 7 or & DM1 | Expect 2/2 —65r +450 = (2r-45)(r-10) or
189° —976+72=(96-8)(26-9) .
_ e 8 . _ A1l | B1 SC if no quadratic or cubic solution.
r=10 and @=4.5 ignore r=22.5 and 6 = 3 do not ignore =0 If 7 =0 included AO or BO SC.
4
3(b) Use correct formula for area of triangle with clear use of angle being 21 — their 6 M1 | Expect 1.783 or 102.2°, their 8 must be reflex.
48.9 Al | AWRT, WWW or a second answer.
Or greater accuracy; condone absence of units.
2
Question Answer Marks Guidance
4 i M1
@ Use identity tan @ = sin 0
cosd
Use identity cos®@=1-sin”0 Ml
+(5sin’0+7sin0—6=0) Al
3
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Question Answer Marks Guidance
4(b) Attempt solution of their 3 term equation and correct process to find at least 1 M1 | Expect ( 55— 3)( s+ 2) =0,s5=3/5.

value of sin x or sin2x or sin &

x=184 A1 | Or greater accuracy.
B1 SC if no solution to the quadratic.

x=T1.6 or (90 — their 18.4) or greater accuracy; and no other solutions for A1FT | WWW

0°< x<180° B1 SC FT if no solution to the quadratic.
B1 SC both correct in radians, 0.322, 1.25.

3
Question Answer Marks Guidance
5(a) Differentiate to obtain 4x +1x7 Bl | OE
Condone “+c’.
M1 | Not given if “+c’ used.
Equate first derivative to zero and solve 4x + £2 =0 as faras x’ =k, Kand k non- Ot gIvERLIE e use
X

Zero

x=—1and y=3 Al | OE
B1 SC if no visible solution of the cubic.

3
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Question Answer Marks Guidance
5(b) Differentiate their first derivative, substitute their x value. Substitution may be M1 | Must differentiate one term correctly.
implied by a correct inequality or correct value, Expect 4—x~ =12 at x = —?1
Alternative: substitute values of x into %
One value x < —% and one value —% <x<0.
conclude minimum Al | Following correct work only
2
5(c) State increasing ... B1
... with clear reference to first derivative always being positive [for x > 0] B1 | Dependent on first derivative being correct.
It is not sufficient to substitute values of x.
2
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Question Answer Marks Guidance
6(a) Integrate to obtain form k(5x—3)" *MI1 | OE
4(5x-3)" A1l | Or unsimplified equivalent.
Condone absence of ...+ ¢ so far.
Substitute x =% and y =-3 to attempt value of ¢ DM1 DMO for substituting (_3’ % j .
y=4(5x—-3)" =7 allow f(x) or f =4(5x—3)"' =7 Al | OE
Condone ¢ =—7 as the final answer providing
4
=or f(x)=——-—+c OE is seen earlier.
Y f( ) (Sx - 3)
Attempts to write equation in y =mx +c form
scores AO. Do not ISW. Gains max 3/4.
4
6(b) Carry out stretch by replacing x by 2x in their equation M1 | Award if given as the second transformation.
Do not ignore sign errors.
Carry out translation by replacing x by x—2 and y by y—10 M1 | OE
Award if given as the first transformation.
Do not ignore sign errors.
4 A1l | Or similarly simplified equivalent, WWW.
y=—"—+3
10x—-23
3
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Question Answer Marks Guidance
7(a) 5(3+9d)=127.5 B1 | OE
d=25 B1
2
7(b) Attempt to find either the first term or the last term in the set by considering M1 | Using their d.
1.54+2.5(n—-1)>25 or 1.5+2.5(n—1) <100 or equivalent equations May be implied by correct answers.
State or imply that 11th term or 26.5 is the first in the set Al
State or imply that 40th term or 99 is the last in the set Al
Either use S,, =S DM1 | Their 40 and 10 from correct working with their
Or use %n(a +1) with correct regis fpr feir d %orrect values 30, 26.5 and 99 respectively.
Or use 1n[2a + (n—1)d] with correct results for their d Correct values 30, 26.5 and 2.5 respectively.
Obtain 1882.5 Al | OE
5

© Cambridge University Press & Assessment 2024 Page 11 of 17



9709/13 Cambridge International AS & A Level — Mark Scheme May/June 2024
PUBLISHED
Question Answer Marks Guidance
8 Substitute x =0 and attempt solution of 3-term quadratic equation in y M1 | If y =0 used can score a maximum of MO A0 B1

M1 A0 A1FT DM1 A0, i.e. 4/8.

—5and 3 Al | B1 SC if no working to solve the quadratic.

State or imply centre of circle is (3, —1) B1 | Condone errors which don’t affect finding centre.
May be implied by the correct final y coordinate.

Attempt gradient of AC or BC *M1

State or imply gradient of tangent is 3 or —2 A1FT | Following their gradient of radius.
Only FT when previous 2 marks are M1 AO.

Either solve simultaneous equations (of 2 tangent equations) to find x- coordinate DM1

Or Substitute y-value of centre into either tangent equation

X = _1T6a y= -1 Al

Alternative Method 1: for the 4th and 5th marks

Rearrange and differentiate the circle equation or differentiate implicitly (M1) | Replaces the second M1.

dy 3-x dy 3—x (A1) | Replaces the second Al.

dx y+1 dx !

(25-(x-3)")
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8 Alternative Method 2: for the last 5 marks
YT R L n .. . (M1A1) | Cis the circle centre, P is intersection of the two
ACP=MAP =tan 3 or identifying similar triangles PMA and AMC tangents, M is intersection of PC and the y-axis.
. . M1A1
tan MAP = ﬂ,i = ﬂ,PM =— or use of similar triangles ( )
4 '3 4 3
_ Al
Pis (ﬁ,—lj (Al
3
Alternative Method 3: for the last 5 marks
Pythagoras on triangle PAC, PC* = PA> + AC?, (M1) | Identifies the required 3 sides and sets up
formula.
PC? = (PM + 3)2 PA% = PM2 +4%. AC =radius =5 (A1) | Finds each side with two in terms of PM OE.
(PM +3)2 _PME+ 42 +5 leads to 6PM =30, PM — 16 (M1A1) | Sets up and solves equation.
' 3
_ Al
Pis (ﬁ,—lj ab
3
8

© Cambridge University Press & Assessment 2024 Page 13 of 17



9709/13 Cambridge International AS & A Level — Mark Scheme May/June 2024
PUBLISHED
Question Answer Marks Guidance
9(a) Differentiate to obtain form kx*(2x” + 10)7% M1 | OE
3x2(2x° + 10)*% A1 | Or unsimplified equivalent.
Substitute x =3 in first derivative and evaluate to find gradient *M1 Expect % .
-1
Allow if first derivative of forms k(2x> +10)2 ,
-1 -1

kx(2x® +10)2 or kx*(2x’ +10)2 .

Attempt equation of tangent at (3,8) with numerical gradient DM1 | Use of gradient of the normal is DMO.

[£](27x -8y —17)=0 or integer multiples Al

5
9(b) State or imply volume is 7 J' (2x° +10) dx B1 | Implied if & appears only at the end.
Do not allow an unsimplified:
122

nI((2x3 +10) ) :

Integrate to obtain k1x4 + k,x and evaluate using limits 1 and 3 M1 | Where kk, #0.

60 Al | OE
Allow from a correct integral and sight of limits.
Allow numerical answers in the range 188-189.

3
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10(a) Substitute to obtain equation 9r* +14r> —8=0 B1 | OE

Attempt solution of quadratic equation in 7> to obtain at least one value of r or r* Ml Expect (9r2 - 4)(r2 + 2) .
” :% only Al | SC B1 answer without working.

3

10(b) Substitute a =2 and their r in correct formula and attempt to evaluate M1 2\ 2\
21 1-| = 211 =1 -1
5 AG)
Expect > or 7 .
R
3 3

5.998 Al | AWRT and no other value.

2

(c) Identify a, = 4 and common ratio as —- | Following their r provided |r|<1.
3 27 May be implied in the sum to infinity.
3
Allow (EJ .
3

Substitute their new a and r in correct formula for sum to infinity and evaluate M1 |r| <1 otherwise MO.
36 Al | OE
19 Accept 1.89 or better from 1.894736.....

3
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Question Answer Marks Guidance
11(a) Express f(x)as: a—(x—3)* or a—(3—x)2 where a=%19 or £1 M1 | OE

If the form —f'(x)= (x2 —6x —10) is used the
form must be returned to f'(x)=...
Completed square form must give —x” .
Answers must come from completion of the
square (not calculus or graphs).

19-(3-x)> or 19— (x—3)? Al | OE

f ( x) <19 or y <19 with <, not < A1l FT | Using their constant following the award of M1.

or —0 < f(x) <19 or o < f(x) <19 SC Bl. answer only or answer from a method not
involving completion of the square.

or (—oo, 19] or [—o0, 19]

3
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HO) g ()= -k) BI
gflf(x) - %(10 +6x—x" = k) =d4x+k " 1(\)/11;:1y use their completed square form for f(x).
Simplify the quadratic equation obtained from g™'f(x)=g(x) provided & is *Ml Expect x> +10x—10+5k =0.
present and apply b” —4ac =0 to this quadratic equation
Obtain 100 —4(5k —10)=0 and hence k=7 Al
Use their k to form and solve a quadratic in x DM1 | Allow if their quadratic has two solutions.
(—5,—13) only Al | SC B1 if no method seen.
Alternative Method for first 4 marks
State f(x)=gg(x) (B1)
gg(x)=16x+5k (M1)
Apply b* —4ac =0 to quadratic equation obtained from f(x) = gg(x) (*M1) | Provided k is present.
100 —4(5k—10)=0 and hence k=7 (A1)
6
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptions for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:

o the specific content of the mark scheme or the generic level descriptors for the question
e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marksare awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2  Unless specified in the question, non-integer answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the
degree of accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5  Where a candidate has misread a number or sign in the question and used that value consistently throughout, provided that number does not alter the
difficulty or the method required, award all marks earned and deduct just 1 A or B mark for the misread.

6  Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

A

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e Aor B marksare given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)

CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CWO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1 Integrate to obtain —2x* Bl | OE
Substitute limits correctly with clear indication seen that upper limit gives 0 M1 | For integral of form —kx™", where k>0, n>0.
Obtain 2 Al | WWW
Accept 0.667.
3
Question Answer Marks Guidance
2(a) State (3m, —k) B1
1
20) | Optain equation of form [y=]c+ ksin%x ML | Any non-zero c.
Obtain correct equation [y:]2—ksin%x vl a
State (3w, 2+K) B1 FT | Following part (a), i.e. (their x, 2 — their y).
3
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Question Answer Marks Guidance
3 Integrate to obtain form k(4x+5)% *M1
Obtain correct l(4x+5)% Al | Or (unsimplified) equivalent.
2 Condone missing ... +c so far.
Substitute x=1, y=9 to form an equation in ¢ DM1
3 Al . 3
Obtain or imply [y =] %(4x+5)2 —g May be implied by [a =]%(4(1)+5)2 —g.
Substitute x =5 to obtain a=58 Al
5
Question Answer Marks Guidance
4(a) Expand bracket to obtain 3 terms and use correct identity M1 [ @ may be missing or another symbol used.
. .. sing M1 | Does not require any further explanation.
Use identity s 2N 6 may be missing or another symbol used.
Conclude with 2tan@ Al | WWW
AG
3
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Question Answer Marks Guidance
4(b) | Attempt solution of 5tan®6=2tan@ to obtain at least one value of tan @ M1 | SOl _ _ _
Can be awarded if tan @ is cancelled and ignored.
Obtain at least two of 0, £32.3 Al | Or greater accuracy.
SC Bl if no method shown.
Obtain all three values Al | Or greater accuracy; and no others in —90° < @ < 90°
range.
Other units SC B1 only for all 3 angles.
SC Bl if no method shown.
3
Question Answer Marks Guidance
5 Differentiate to obtain form kx(2x? —5)7 M1
Obtain correct —12x(2x* —5)7 Al | OE
. . L
Substitute (2, 1) to obtain gradient % Al OE e, _% Allow —2.67.
Apply negative reciprocal to their numerical gradient to obtain gradient of *M1
nc?r%);l g P g 9 Must have been some attempt at differentiation. Expect g
Attempt equation of normal using their gradient of the normal and (2, 1) DM1 Expect y—lzg(x— 2).
Obtain 3x—-8y+2=0 (allow multiples) Al | Or equivalent of requested form e.g. 8y —3x—2=0.
6
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6 4 4 B1Bl1 | OE
22(ax)2, 2[1](6\X)3 E 202 0433 . .
2 3 Xpect 24a°x“,8a’x”> (may be seen in an expansion).
Multiply terms involving x? and x® by 5—ax to obtain x° term *M1 | Must find two products only (may be seen in an
expansion).

Equate coefficient of x* to 432 and solve for a DMLI | Ignore inclusion of x* at this stage.

Obtain a=3 only Al
5

Question Answer Marks Guidance
7(a) Attempt substitution for y in quadratic equation *M1 | Or substitution for x ...
i 2 2
Obtain 5x° +30x+75—k[=0] or 5y* —20y+50—k[=0] ALl oe e.g. X2 +6x+15—§ (all terms gathered together).
Use b? —4ac =0 with their a, b and c DM1 | © = 0’ may be implied in subsequent working or the
answer.

Obtain 900—20(75—-k) =0 or equivalent and hence k =30 Al | ... obtaining 400—-20(50—-k)=0 and k=30.

4
7(b) Substitute their value of k in equation from part (a) and attempt solution M1 | Expect 5x +30x +45[=0] or 5y? —20y+20[=0].

Obtain coordinates (-3, 2) Al | SCB1lonly (-3, 2)without attempt at quadratic solution.

2
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8(a) | Substitute n=10 and a=6 into u, =a+(n-1)d *M1 | Expect 6+9d =19.5 or equivalent.
[d=]15 Al
Substitute a=6 and their d into correct formula for the sum of 100 terms DM1
Obtain 8025 Al
4
8(b) Obtain S =48 Bl
Identify for Sg first term 12 and common ratio 1 Bl
Attempt sum to infinity, S¢, with at least one of first term and common ratio M1 | Only awarded if |r| < 1.
correct
Obtain S =16 Al
4
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Question Answer Marks Guidance
9(a) | Attempt to form expression for gf (x) *ML | Eypect 5((3x—2)2 N k)—l; fg(x) is MO.
Do not allow algebraic errors.
. 2 Al 2
Obtain 5(3x—2) +5k -1 OE e.g. 45x~ —60x+5k +19 .
Their 5k -1 =39 or 5k -1 > 39 DML | Or use b? —4ac =0 (must be ‘=0, could be implied later)
on 45x* —60x+5k +19-39>0 OE.
Obtain k=8 Al | Do not accept k >8.
4
9(b) Obtaining (3(5)(_1)_2)2 +theirk M1 | May simplify and/or use k at this stage; k may have come
from an inequality in (a).
Conclude [ fg(x)]>8 allow [y]>8 ALFT| OE _
Following their value of k; must be >, not >.
Allow an accurate written description.
2
9(c) | state g (x) =L (x+1) Bl | OE
%(x+1) must be indicated as the inverse.
[h(x)=]7x+4 B1B1 | If 7x+4 only, it must be clear that this is h(x).
3
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10(a) Obtain gradient of relevant radius is —2 Bl
Using mm, =—1 obtain the gradient of the tangent and use it to form a M1 | m, must be from an attempt to find the gradient of the
straight line equation for a line containing (-6, 9) radius using the centre and the given point.
iny=2% Al
Obtain y =X +12 OE e.g. y—9=%(x+6).
3
10(b) | state or imply (x+4)%+(y—5)> =20 Bl | If x?+y?2—2gx—2fy+c=0 isused correctly with
(-9,~f)=(-4,5) and c=g*+ f*>—r? then ML.
Obtain X2+ y? +8x—10y+21=0 B1 | Al if above method used.
2
10(c) Substitute x =0 in equation of circle to find y-values 3 and 7 B1 | May be implied by AB = 4 or use of |x-coordinate of C|.
or state Cto AB =4
Attempt value of @ either using cosine rule or via £6 using right-angled M1 | Using their AB. If /2 used, must be multiplied by 2.
triangle
Obtain €=0.9273 Al | Or greater accuracy. A correct answer implies the M1.
3
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10(d) | Attempt arc length using r@ formula with their @ (not their 9/2) and M1 | Expect 4.15.
r=v20
Obtain perimeter = 8.15 or greater accuracy Al | Condone missing units or incorrect units.
Attempt area using %rz(e—sine) formula or equivalent with their @ and M1 | If sector — triangle used, both formulae must be correct.
If triangle ACM used, area must be multiplied by 2.
r=v20
Obtain area = 1.27 or greater accuracy Al | Condone missing units or incorrect units.
4
Question Answer Marks Guidance
11(@) | Differentiate to obtain —4x % +x* Bl _ A
L L Expect quadratic 2| x 2 | —3x 3 +1 OE
or rewrite as a quadratic equation in x ° or x3
Allow 2x* —3x+1.
1 1 M1 | Substitution SOI if dealt with correctly later
Equate first derivative to zero and reach a solution for x 3 or x® with no
error in use of indices
3V 1 —
or complete square to find minimum point Z(a—zj Sg where a=x 3
Obtain x =% Al | Or exact equivalent.
SC B1 if no working shown.
Ignore extra solution x=0.
y= _% seen B1 | Or exact equivalent.
Allow -0.125.
4
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11(0) | Recogni ti dratic in x ivalent and attempt soluti M1 L
ecognise equation as quadratic in x * or equivalent and attempt solution 27 ~3a+1[0] where a=x °.
! 1 Al | OE
_ _1 .
Obtain x ¢ =1 and x ° =5 SC B1 if no M mark awarded.
Obtain 1 and 8 Al | SC Bl if no M mark awarded.
) 1 2 *M1 1 2
Integrate to obtain form k;x® +k,x3 +x or 2 out of 3 correct terms Expect 6 X3 —— X3 + X.
2
. 1402 Al | No other terms from a second integral.
Obtain correct 6x° -3 x® +x
Apply their limits correctly DM1 | Their limits must be from their working.
[Obtain —0.5 and conclude area is] 0.5 Al
7
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

o the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

o marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, non-integer answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the
degree of accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5  Where a candidate has misread a number or sign in the question and used that value consistently throughout, provided that number does not alter the
difficulty or the method required, award all marks earned and deduct just 1 A or B mark for the misread.

6  Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).
e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).
The total number of marks available for each question is shown at the bottom of the Marks column.
e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.
Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1(a) 1+18x +135x2 B2, 1,0 | Accept 1, 18x, 135x? listed horizontally or vertically
or 1x° +18x +135x°.
2
1(b) Coefficient of x? is 135—7x18+1=10 M1 Al | 3 products, allow 10x2.
If full expansion given, like terms must be collected
for M1.
2
Question Answer Marks Guidance
2 ox? +3x—c = 2cx+3 leading to o2 +(3—20)X—(C+3) [: 0] M1 | Forming a 3-term quadratic, all terms on one side.
b2 _4ac :(3_20)2 —|—4C(C+3) M1 | 2nd M1 for b? —4ac correct for their a, b, c
i.e. no sign errors.
=8c?+9 Al
> O [for all values of c] leading to B [Intersects for all values of c] Al | WWW
4
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Question Answer Marks Guidance
3
dav: 3 Bl | SOI
dx
dv. [:d_vxﬁ} _ 3x202x0.01 M1 | Correct use of chain rule with x = 20 substituted into
dt dx dt av.
dx
12 Al
3
Question Answer Marks Guidance
4(a) {—(x _3)2} (-1} B1 Bl | OE. Must be a quadratic e.g. 3x — 1 BO BO.
SC B1 for correct use of generalised function notation.
2
4(b) {—(x _ 3)2} {+1) B1 B1 | OE. Must be a quadratic.
SC B1 for correct use of generalised function notation.
2
4(c) {0} B2, 1,0 | FT from (a) and (b) if a translation parallel to the y
{Translation} 5 axis.
{ } B2 for fully correct, B1 with two elements correct. {}
indicates different elements.
2
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Question Answer Marks Guidance
5(a) 4sin®X +5C0S X+ 2 [: 0] *M1 | Multiply by siqx (or writing as a single fraction) and
using tanx _sinx .
COS X
4(1—coszx) +5c0sx+2 [=0] DM1 | Correctly obtaining a quadratic in cosx (allow sign
errors).
4c0s’x —5c0sx—6=0 Al | Condone missing x.
Must be = 0 unless 0 appears on RHS earlier.
3
5(b) (4cosx +3)(cosx —2) [: 0] M1 | Or use of formula or completing square.
138.6°, 221.4° A1 B1FT | FT on 360° — 1st solution from quadratic in COSX.
Use of radians (2.42) A0 but allow B1 FT for 2x: 1st
solution if use of radians is clear.
SC If MO scored SC B1 B1 for correct final answer(s).
If extra incorrect solutions in the range 0 — 360° are
given award Al BO.
3
Question Answer Marks Guidance
6(a Bl
(@) k=g AIIowACBzE.
3 3
1
6(b) Perimeter of shaded area = 27r Bl
1
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6() Major sector OAB = 1 r? x An M1 Expect %nrz . Finds area of any relevant sector or
2 3 triangle. Can be embedded in segment formula.
*
One or both segments =[2] (l 2 T_12 sinfj M1
2 3 3
= [2] rZE—rzﬁ Al
6 4
2 DM1
Shaded area = 2 zr? —2| Lar2 [ 3
3 6 4
_ o’ 3 ~y
-3 2
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Question Answer Marks Guidance
6(c) Alternative method for Question 6(c)
*M1
Sector CAOB = [2]><%r2their%n Expect [2] x %nr2 :
Can be embedded in segment formula.
One or both segments :[z]x[l r2 XE_lrzsinEJ *M1
2 3 2 3
Al
=[2] 223
6 4
DM1
Shaded area = zr? — 17tr2 w22 Zop? ﬁ
" 3 6 4
_nr’ A3 Al
3 2
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Question Answer Marks Guidance
6(c) Alternative method for Question 6(c)
Area of thombus AOBC =[2] x% r sing M1 Expect [2] x \{f_’ :
Can be embedded in segment formula.
One or both segments =[2]><[1r2 xf—lrzsinﬁj M1
2 3 2 3
Al
- [2](r2 Zor? ﬁ}
6 4
DM1
Shaded area = nr? — ﬁrz 4| 2T _y2 N3
2 6 4
w3 Al
-3 2
5
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Question Answer Marks Guidance
/ a(l+r)=15 Bl a(1-r?)
Accept 1 =15 for first B1.
-r
_a _1» B1
l-r 7
M1 | Eliminate a.
%(H)(u r)=15
2105 M1
125
. Al
24 leading to r __2 Condone 2 or+ 2.
25 5 5 5
Al |1 2nd :
a1 7T o gnore 2nd answer
7 5
Al | CAO
3rd term =25><% =4
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7 Alternative method for Question 7
a(l+r)=15 Bl
a1 B1
1-r 7
7(15-151) = (125 — 1251)(1 - 1?) M1
125r° — 125r> - 20r +20 =0 M1
- -2 1, 2 | Al | Condone extra ‘answer’ of r = 1.
5 5

a=25 Al | Ignore 2nd answer.
3rd term = 4 Al | CAO
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7 Alternative method for Question 7
a(l+r)=15 Bl
_a _1» B1
1-r 7
a _125 M1 | Eliminate r.
Sl
a
7a%— 250a + 1875 [= 0] M1
a=25, [?} 8 Condone extra ‘answer’ of I = [?] .
. ) Al | Ignore 2nd answer.
5
Al | CA
3rd term :25><i:4 e &
25
7
© UCLES 2023 Page 14 of 21




9709/11

Cambridge International AS & A Level — Mark Scheme

PUBLISHED

October/November 2023

Question

Answer

Marks

Guidance

8(a)

u=2x—3 leading to 2u* —u? +1 leading to 2u* —u? —l[: O]

Bl

(2u2 +1)(u2 —1)[= 0]

M1

Factors or formula or completing square must be
shown.

u==1 leading to 2x—3=+1 leadingtox =1 or 2

Al

(1,2),(22)

Al

Special case: If B1 MO scored then SC B2 can be
awarded for correct coordinates or SC B1 for correct x
values only.

Special case

22x-3)*=(2x-3)*+1

32x* — 192x° +428x* —420x + 152 =0

x =1, 2 finding both from a correct quartic SC B1
(1,2),(2,2) SCDB1

Special case: Trial and improvement without quartic.
Both x values correct B1, both coordinates correct B2.
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8(b) (2x B 3)3 2(2x B 3)5 B1 Bl | Integrate the 2 functions.
B
3x2 5x2
1 1 1 1 M1 | Apply their limits 1 — 2 (must be shown) to an
—+2 || —Z+l|—9=—|—= integral.
6 6 5 | 5 J
Some evidence of substitution. Minimum
13 5 11 :
— ——) —(=+>) or equivalent.
( 5 6) (2 5) q
Allow 1 sign error for 1st M1.
4 2 M1 | Subtract (at some point) the 2 areas.
3 5 Must subtract areas and not just integrals.
14 Al | Special case: If MO for substitution of limits can
15 award SC B1 for correct answer.

Condone —% if corrected.

If subtraction is the wrong way round award B1 B1
M1 M1 AO.

J y2 dx or [xdy scores 0 /5.
nfy dx used. Award B1 B1 M1 M1 AO.
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8(b) Alternative method for Question 8(b)
u=2x-3 B2,1,0
I(u2 +1—2u4)du
111
Gl -]
2)\ (3 5
1((1 2 -1 2 M1 | Applies limits —1 — 1.
S (_H__j_(__H_)
2\ 3 5 3 5
M1 | Subtract (at some point) the 2 areas.

1(& . Ej Al
2\15 15
14
15

5

Question Answer Marks Guidance
9(a) (2X—3)2+4 B1B1 | Ora=-3, b=4.
2
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9(b) their(2x—3)2 +4<8 OR 42 ~12x+13<]8 *M1 | Linking quadratic with 8.
(2x—3)2 <4 leading to —2<2X—3<2 DM1 | Simplify to 3-term quadratic and solve. Condone no
method shown.
OR 4x2 —12x+5<0 leading to (2X-1)(2x~5)<0
%< X< 2% leading to [LEAST] p = ; [GREATEST] g = 2; Al
3
9(c) | gf(x) =12x* —36x+40 Bl oF gf(x) =3(2X—3)2 +13.
1
9(d) y:(2x—3)2 +4 leading to (2X—3)2 =y —4 leading to "ML
2x—3=[%]\ly—4
2x=3[£]\/y—4 leading to x:g[i] y2_4 s
[x — Al
hi(x)=2-MX=4
2 2
3
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10(a Bl
@ | d_ 3x° [+c]
dx
2 c= M1 . . .
8x27+c=0 Substitute x = 2 and j—yzo into an integral (c must be
X
present).
Al
dy _ 3x? —12
dx
3
10(b) y= % _12x [+k] B1 FT | FT on their non-zero c (dependent on ¢ being found at
some stage).
-10=2°-12x2+k M1 | Substitute x =2,y =-10 (k present).
y=x"-12x+6 Al v = =x3 —12x+k i
ust be y = (unless Y =X X+K stated earlier).
3
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Question Answer Marks Guidance
10 2_12= i =— M1 )
© 3x* ~12=0 [leading to X=-2] Set their two term g—y =0. Expect x=-2.
X
Ignore x = 2 given in addition.
y :(—2)3 —12x(-2)+6 =22 leading to (-2, 22) Al
d?y : Al . dy . .
When x=-2, vl <0 (or—12) hence Maximum Can be from correct conclusion from d_ sign diagram
X X
o dy
if o calculated correctly.
X
Do not allow concave downward for final A1.
Can be awarded if the only error is incorrect or missing
y-coordinate.
3
10(d M1 ) .
@ At x=0, d_y =-12,y=6 Both required. FT on their d_y and y.
dx dx
y—6=-12x Al | OE
2
Question Answer Marks Guidance
11(a) Gradient of AB =1 B1 | SOI
Centre of circle = (4, 1) B1 | SOI
Equation of AB is Y +1= —1(X _ 4) leading to y = —x+3 B1 FT | FT their centre with gradient —1.
3
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11(b) (x—4)2 +(—x+3+1)2 — 40 *ML1 | Substitute their AB into circle equation.
2(x—4)2 —40 OR[2] (Xz —8x—4) leading to DM1 | Forming and solving 3-term quadratic.
8+/64+16 Or16 ++/256 + 64
2 4
X:4[i]@ Al | OE. No fractions.
(4—\/20,—1+\/E) Al | OE
Special case: If M1 MO scored then SCB2 can be
awarded for correct coordinates or SCBL1 for correct x
values only. Ignore other coordinate
4
11(c) y—their(—1+\/ﬁ)zl{x—their(4—\/ﬁ)} M1 | OE
y=x—5+2\/% or y:X—5+\/% or y:x—5+4\/§ Al
2
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the
specific content of the mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these
marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

¢ marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond
the scope of the syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the
guestion as indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level
descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may
be limited according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or
grade descriptors in mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, non-integer answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the
degree of accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5  Where a candidate has misread a number or sign in the question and used that value consistently throughout, provided that number does not alter the
difficulty or the method required, award all marks earned and deduct just 1 A or B mark for the misread.

6  Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).
e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).
The total number of marks available for each question is shown at the bottom of the Marks column.
e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.
Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1 [Coefficient of x? from (3+ 2ax)5 =] 10x9x8a° [: 720&3] B1 | May be seen in an expansion or with x3.
[Coefficient of x2 from (2+ ax)6=] 15x16 % a2 [: 24Oa2] B1 | May be seen in an expansion or with x2.
their(10><9x8a3)=6><their(15><16xa2) M1 |OE _ o _ o
Equating their coefficient of x3and 6 x their coefficient of x2.
[= 720a° <1440 |
a=2 Al | Condone extra solution a = 0.
4
Question Answer Marks Guidance
2 M1 | OE
[tan~* 4x =][their - Z) +Z [tan‘l 4x=27 +1.047 oro} NG
6) 6 3 Evaluating [—cosl7j in rad and adding or subtracting % .
Allow working with both angles in degrees.
Al
[4x=—\/§, x:}—? Note: answer of —0.430r§ implies M1
2
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Question Answer Marks Guidance
3(a) M1 | Tangent gradient must come from x = 2 substituted into the
- - iven expression.
[Gradient of normal =] 111 1—11 __2 g g
Their= | = n
2 L2
- Al | OE
y_8 = —3 or 11y+2x=92 or vy :—2+%
x—=2 11 11 11
2
3(b) 1, 72 x2 24 B1, B1 | One mark for each correct unsimplified { }.
[y=]Sx*+2p+—+-3; [+¢] | =——=+cC
2 X 4 X
1 24 M1 | Substitution of x = 2, y = 8 into their integrated expression,
8= 4 x4 - 8 +C defined by at least one correct power. Two terms and + ¢
needed.
1 , 24 Al | Both coefficients must be simplified but allow x. Condone
y=|—-or 025 |x"——+10 - . . e
4 X3 ¢ =10 as line as long as either y or f(x) = is seen elsewhere.
4
Question Answer Marks Guidance
4(a) . 60 B1 | Finding one correct arc length — may be implied by correct
[Arc length= | 2x§0r%x 2mx2 final answer.
[Perimeter =] 2 or 6.28 Bl | AWRT
2
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4(b 1 B1 | SOI AWRT
(®) [Area of one sector =] “x2?x L 0r6—><1r><22 =—or2.09
2 3 360
. 1 ., . (= . Bl | AWRT
[Area of triangle :]EX 2° xsin r or other valid method Allow use of 60°
[=\Bor1.73]
M1 | OE
[Area of coin =3 segments + triangle =] 3(E - \/§j ++/3 [=2.82] o
3 Or 3 sectors — 2 triangles (Sx?—zx\@jor
21 21
Sector + 2 segments 3 +2 ?—\/5
2n-23 or 2(n-3) Al | Must be one of these simplified versions but equivalent
decimal answers can score B1B1M1
4
Question Answer Marks Guidance
5(a) cosf 2-siné : 2 _ . . *M1 | OE. Forming a correct equation in @ only using the terms of
Gng -~ cosg  cading to cos O[sing]=sin6(2-sin0)[sin6] the GP and an attempt to clear fractions.
DM1 2 in20 =
cos? 0+sin? 0 = 2sin @ leading to sin :F} Correct use of cos? ¢ +sin®@=1 and attempt to solve for
2 sind.
n Al | AWRT
[60=]— or0.524 5
6 A0 for §=30°. Condone inclusion of ry and/or
3
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Question Answer Marks Guidance
5(b) B1 | OE SOI

Trigonometric values need to have been evaluated but allow
decimal equivalents (0.5 and 1.73 AWRT)

. 10 M1 | Use of a correct formula for Sio, with their value of 6.

- 1—(the|r«/§) _

S,, =sin| their= || ——2— Their \/5 needs to come from
10 6 . \/_
1—(the|r 3) cos(their®) or 2 —sin(theirg)
sin(theird) ~  cos(theird)
Al| -

[Sio =]£ &l or 165 AWRT scores BIM1AO.

J3-1 1-3

3
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Question Answer Marks Guidance
6(a M1
@ di( 2 —8x +5) =0 [2x-8=0] Correct differentiation of x? and equating their j—y to 0.
X X
Alternative method 1 for first mark of Question 6(a)
2 M1 2
y=(x-4)"-11 Attempt to complete the square as faras y=(x—4)" £k .
Alternative method 2 for first mark of Question 6(a)
b 48 M1
X=—=—
2a 2
Xx=4,y=-11 Al 64—
Y Answers from X=W leading to x =4++/11
scores MOAO
2
6(b) x = (their xvalue from a)+4  [=8] B1 FT | Can be from finding the equation of the transformed curve,
differentiating and putting :_y =0.
X
y ={(their y value from a)><2} +1[-21] B1 FT | Can be from putting x = 8 in the equation of the transformed
curve.
2

If BOBO scored, SC B1 for sight of (4,-22).
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Question Answer Marks Guidance
6(c) 2(x2 —8x+5) or 2{(x—4)2 _13 B1 | Can be implied if both transformations done together:
2((x—4)" ~8(x—4)+5)+1 OE.
((x —4Y —8(x—4)+ 5) +1 or{(x —4-ay —theirll} +1 M1 | For the x translation, each x becomes (x —4).
M1 | For the y translation of +1.
y =2x*-32x+107 or a=2,b=-32,c =107 Al | Evidence to support their answer may be in (b) but answer
must be seen in (c).
4
Question Answer Marks Guidance
1@ | (2x-1)(4x* +2x—1) =8x° + 4x2 — 2x —4x? —2x+1 =8X° —4x+1 BL | AG _
Six correct terms leading to the correct answer.
1
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7(b in2 *M1 i
(b) w 41 % 0 cos?0 For use of tan@ = % in the numerator and denominator.
Starting with the LHS £ 0 == . cos
sin 9_1 sin“ @ —cos” @
cos® 0
1 DM1

need to see clear evidence of this step

" 1-cos? 0 —cos’ @

For use of sin? @+ cos? @ =1 twice, in a correct expression,
resulting in an expression in cos? 6.

B 1
1-2cos? @

Al

AG

Alternative method 1 for Question 7(b)

Starting with the RHS

sin? @ + cos’ _sin” @+ cos’0
sin2@+cos?@—2cos’ O | sin®@—cos’ O

*M1

For use of sin® &+ cos? @ =1 twice.

.2
sin“ @
5 +1
_cos“ 4
sin’ @
cos? @

need to see clear evidence of this step

DM1

Dividing throughout by cos? 8.

_tan®0+1
tan’ 0 -1

Al

AG
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7(b) Alternative method 2 for Question 7(b)
N 2 *M1 | For use of 1+ tan? @ =sec? & twice.
Starting with the LHS SEZC—H ) an Sec I
sec” -2
DM1 inlvi 2 i
Clear statement = 1 ' AG For multiplying throughout by cos” @ to give the RHS.
1-2cos“ @
Al
3
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7(c) B1 | Replace LHS with RHS from (b) and clear fractions.

—————=4cos@ leading to 1= 4cos0(1—20052 0)
1-2cos° @

[80053 0 —4cosf+1= OJ

(2cos6 _1)(4(:0529 1+ 2c0s6 _1)[: 0] *B1 | Use of the expression from (a) with x =cosé.
2+ DB1 | OE

[XOI’ cosd Z]%and% OR 031, -0.81 AWRT For a“ three Valuesl

[9 =]60°,720, 144° B2,1,0 | B2 for three correct answers only, B1 for two correct answers
and no others (but allow 36 ° instead of 144 °) in the given
range or 3 correct answers plus other values in the given
range. Ignore answers outside of the given range.
Accept AWRT 72.0, 144.0 .
SC BL1 for all 3 correct answers in radians and no others:
T 21 47
—,—and—.
35 5

5
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8(a) y =(x+a)2 —a leading to (x+ a)z —y+a *M1 | x and y may be interchanged initially.
Allow = errors for these method marks.
X:[i]‘/yiaia DM1
Alternative method for first 2 marks of Question 8(a)
X =(y+ a)2 —a leading to y2 +2ay+a’—a— x[=0] *M1 | Allow + errors for this method mark.
—Zai\/4a2—4(a2—a—x) DM1
y= 2
[yorf(x) =]-Jx+a-a Al | OE _
Must choose negative root.
3
8(b)(i) X>-a B1 | Ignore infinity limit if included.
1
8(b)(ii) yor ! [(x)] <-a B1 | Ignore negative infinity limit if included.
1
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Question Answer Marks Guidance
8(c) 2 2 Bl | OE
Zj Tt or 2x2+4(zjx+2[zj —2[Zj—1[=o] _ 1
2) 2 2 2 2 Alternatively, [ gf (x)=0=>]f(x)= >

5 33 M1 | OE
7 14+ ,/14° —4x2x —
——=+2 or 2

or factorising

~14+/64
—

4

Solving their three term quadratic equation as far as two
solutions or correctly selecting the negative root only.

Al | If BIMO scored then award SCB1 for the correct final
answer.
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Question Answer Marks Guidance
9(a) 1 2 1 1 1 *M1 | OE
2X2 +13x 2=3x 2+12 all xx? = x-6x2+5=0 Equating the two expressions in x and then multiplying each
1 1
term by x?2 or by their substitution for x2.
Coefficients need to be retained but condone +/— sign errors.
1
Allow x?2 replaced by x.
1 1 DM1 | OE
= = + f —
{xz —1}(# —SJ [=0] or [x=] 636 g Lo Solving their three-term quadratic.
Alternative method for first 2 marks of Question 9(a)
1 1 1 1 1 *ML1 | Equating the two expressions in x and isolating their term in
2x2 +13x 2 =3x 2 +12 all xx? leading to 2x+10=12x? 1
X2.
(2x+10)? =144x leading to [4](x* —26x +25)[=0] P CER _ . .
Squaring both sides, rearranging and solving a three-term
. + — ]
leading to [4](x — 25)(x~1) [= 0] or [x=] 26+ «/6762 4x1x25 quadratic.
3 Al, Al | Al for both x-values and Al for both y values.
x=1and 25, y =15 and 12g If M1DMO scored then SCB1B1 is available for final
answers.
4 | Answers without working score 0/4
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Question Answer Marks Guidance
9(b) 1 1 1 1 1 M1 | Attempt to integrate, defined by at least one correct fractional
Area = I 3x 2+12 || 2x2 +13x 2 [dx] |=-2x?+12-10x 2 power, and subtract — condone the wrong way round.
3 1 B1 B1 | B1 for either { }.

B1 for completely correct integration of their expression
following through +/— sign errors from the subtraction.

3
[—%(their 25)2 +12(their 25)—20(their 25)2

3

1

1
[—%(theirl)z +12(theirl)— 20(their1)z]

j_

M1

OE

Substitution of their positive limits from part (a) in their
integrated expression, defined by at least one correct
fractional power, and subtraction.
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9(b) Alternative method for first 4 marks of Question 9(b)

1 1 1 M1 | Attempt to integrate, defined by at least one correct fractional
Area = I 3x 2 +12 |[dx] - I 2x2 +13x 2 ([dx] power, and subtract — condone the wrong way round.
N 3 1 B1B1 | OE
3x? 2x?  13x? One mark for each correct expression.
= = +12x -y -+ =
1 3 1
2 2 2
o\t : 2 _ M1 | OE
(6(”\6" 25)2 +12(their 25)}—[6(the|r1)2 +12(the|r1)j [-] Substitution of their positive limits from part (a) in both of
their integrated expressions, defined by at least one correct
3 1 3 1 i 1
((g(their 25)2 + 26(their 25)2} 4 [% (theirl)z +26(their1)z D {[Rcongpower, and subtraction.
128 2 Al | AWRT
[Area =] ?'425’ 42.7 If M1B1B1MO then SC B1 available for correct final answer.
Condone negative answer if corrected.
5 | Condone the presence of z for the first 4 marks but use of

[ y? scores 0/5
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10(a) dy [5 2 20 B2,1,0 | B2 Three correct unsimplified { } and no others.
ax 5(4X —3)3 ¢ {x4} 3 B1 Two correct { }or three correct { } and an additional term
e.g. +c.
BO More than one error.
2 M1
{2—;(4x -3)3 —% = 0} leading to (4x—3)2 =k, k >0 leading to Equating their j—y to 0 and using a valid method to arrive at
X
4X—3=4m 2 answers.
Al
[4x-3=1£1] [x =]% 1
2 1 Bl | OE
9 _ 2045 3y x4
dx 9
2 1 B1 2
[x = ﬂ 3—2 = %)(4x—3)3 <0 or —%or -17.8  somax If Z—Z evaluated the answers for both must be correct OR
X X
2
[x :1] dy = (@j(“ _3)‘% >0 or @or 17.8  somin Clear use of change in sign of dy correctly for both B1’s.
X2 9 9 dx
If BLM1AOBOBO scored then SCB1 can be awarded for:
& _ E(4x —3)§ —{E} leading to (4x —3)” =64 leading
dx |3 3
511
to x=——,—.
4 4
2 1 2
d_¥29(4x_3)‘§ , x:—E , d—Z’<0 somax,
dx 9 4 dx
2
=1—1, d_y>0 SO min.
4" dx?
6
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10(b) x<i, x>1 B1 | Allow < and/or >. FT only from special case x< -2, x>
Condone: 1<x< 3.
1
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11(a _ _ *M1 ) ) . .
@ their -4 x| their 187 =-1 Their gradients must both come from D!fference !n the ys .
p—6 14-p Difference in the xs

OR Scalar product leading to (14— p)(6-p)—-33=0

p? —20p+84=33 leadingto p®>—20p +51[=0]or p?-20p=-51 Al | Clearing of fractions and collecting terms to arrive at the
three-term quadratic. Allow integer multiples.

Alternative method for first 2 marks of Question 11(a)

(p—6)° +(7-4) +(14—p)’ +(18-7)° =(14-6)" +(18-4)’ "M | For correct use of Pythagores with A and C.

OR ) For correct use of Pythagoras with the centre, B and one of

E.g. (10— p) + 4% = 4247 the other two points.

2p? —40p +102[=0] RLI R _ .
Collecting terms to arrive at the three-term quadratic.

20 ++/20% — 4x51 DM1 \JEY ¥ _

[21(p-3)(p-17) or 5 A Solving their three-term quadratic.

p=3 Al | If M1IA1DMO scored then SC B1 is available for final
answer.

4
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11(b) [Midpoint or Centre is] (10, 11) B1 | SOI by final answer.
1 2 2 N2 2 M1 | Finding half of the length of AC or using their centre, which
EVI(M_G) +(18-4)" or(18—theirl1)” +(14 - theirl0)" or cannot be A, B or C, to find r? or r. Note: r =65 is MO.
(their11—4)2 +(their10—6)2 [rz =650rr =\/@]
(x—10)° +(y—11)* =65 or x> +y? —20x—22y +156 =0 AL | (x-6)(x-14)+(y-4)(y-18)=0 scores 3/3.
3
11(c) 18 —theirll theirl1-4 18—4 7 *M1 | Gradient of their centre, which cannot be A, B or C, from
12_theirio Y theirto—6 > 14a-6 | 2 part (b), to A or C or the gradient of AC but working needed
if incorrect centre.
OR by clearly differentiating and substitution of (14,18).
DM1 | OE
y-18=— 1 (x—14)
their — Using (14,18) and — to form the equation of a
their —
4
straight line.
Ax+7y-182=0 Al | All terms on one side in any order. Allow multiples of this
format by an integer only.
3
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

o the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

o marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, non-integer answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the
degree of accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5  Where a candidate has misread a number or sign in the question and used that value consistently throughout, provided that number does not alter the
difficulty or the method required, award all marks earned and deduct just 1 A or B mark for the misread.

6  Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of
a formula without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

B Mark for a correct result or statement independent of method marks.

DM or DB When a part of a question has two or more “method” steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and
full credit is given.

FT Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

« A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT
above).

» For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

» The total number of marks available for each question is shown at the bottom of the Marks column.

* Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

» Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.

© UCLES 2023 Page 4 of 15



9709/13 Cambridge International AS & A Level — Mark Scheme October/November 2023

PUBLISHED
Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no “follow through” from a previous error is allowed)
CwoO Correct Working Only
ISW Ignore Subsequent Working
SOl Seen Or Implied
SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW Without Wrong Working

AWRT Answer Which Rounds To
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Question Answer Marks Guidance
1 B1 B1 | Any unsimplified correct form, ISW for extra terms,
X2 3x? allow lists.
=51 177 (bl
2
1=8-12+¢c M1 | Substitute (into an integrated expression)
X =4,y =1.cmust be present. Expect ¢ = 5.
1, 1 _ Al | Condone ¢ =5 as the final line so long as ‘y =’
y:EX —6x? +5, allow f(x) = present.
4
Question Answer Marks Guidance
2(a) (0-3)° +(y—5)* =40 M1 | OE. Substitute x =0, may use y?> —-10y—6=0.
y=5++/31 Al | OE. Must be surd form.
2
2(b) { 2 _5\lo(31 2 B1FT | B1 FT for their 5 and B1 FT for their 31. Don’t allow
X +(y 5) } {3 } Allow (X O) B1FT | surd form.
2
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3 2 in2 - M1 . i
(@) 5c0s°0—sin“¢+cos [=0] Multiply by cos@ and replace tan@ by %
cos
5c0520—(1—c0526) +cos6 [=0] M1
6c0s20 +cosfd—1=0 Al | Missing ‘= 0’ can be condoned if ‘= 0’ appears
earlier.
3
-1(2 1= .
3(0) (3cosg—1)(2cos6+1) =0 M Must have 3 term quadratic, expect cos@:é,—%.
Factors (OE) must be shown.
. 2n . . 4n Al Al | For A1 FT is for both 27 — st solutions.
0 ={1.23} ; {2.09 or 3 }; {5.05and 4.19 (allow ?)} ALFT
4
Question Answer Marks Guidance
4@)(1) | 1+10x+40%> B1 | Ignore any additional terms (ISW).
Allow x° or 1 x° for the first term, allow lists.
1
4(a)(ii) {l}{—6ax}{+15a2x2} B2, 1, 0 | Ignore any additional terms (ISW).
Allow x° or 1 x° for the first term, allow lists.
2
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4(b) 15a% —60a + 40 = -5 M1 Al | Correct 3 products from their expansions for M1.
Condone inclusion of x* for M1.
[15](a-1)(a—3)[=0] OE DML1 | OE. Rearranging and solving a quadratic.
a=land 3 Al | Special case: If M1 A1 DMO scored then SC B1 can
be awarded for correct answers.
4
Question Answer Marks Guidance
5(a) 5p 8p+2 M1 | OE. Setting up a valid relationship in terms of p.
2p+6  5p
9p%-52p-12 [=0] DML1 | OE. Simplifying to a 3 term quadratic equation, only
condone sign errors.
[(9p+2)(p-6)=0] leadingto p==2 and 6 Al
3
5 b, . . .
(b) a= 2(—%) + 6[: %} MY FT their —é , allow any negative non-integer.
*M1 i . .
= _E_@[z_l} Ft their 2 , allow any negative non-integer.
9 9 5 9
s - 50 1) 125 DM1 Al | Can only get DM1 if |r| < 1.
»~ 9 |7 5) 927 Accept AWRT 4.63 .
4
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6 ox” +2x—3=6x—c leading to cx* —4x+(c—3) [=0] B1 | 3-term quadratic.
16-4c(c-3)=0 *M1 | Apply b? —4ac=0 (‘= 0’ may be implied in
subsequent work). Their coefficients must be
substituted correctly
4c? —120—16[: O] leading to [4](c—4)(c+1) [=0] leading to Al | Dependent on factorisation oe.
c=4and-1
When ¢ = 4, 42 —4x+1[=0] [(2x—1)2 _ OJ DM1 | OE. Substituting their ¢ = 4 into their quadratic
equation.
le, y=-1 Al | Both required.
2
When c=—1 x2 +4x+4[=0] [(x+ 2)2 ! 0} DML | OE. Substituting their ¢ = -1 into their quadratic
equation.
x=-2, y=-11 Al | Both required.
Alternative method for Question 6
d_y =2cX+2 el
dx
2cX+2=6 M1 | Equating their curve gradient and 6.
2 Al | SOI
C —p—
X
DM1

2x* +3x—2[=0]

Substitute ¢ = 2 into cx? + 2x—3=6x~C. Simplify
X

to 3-term quadratic.
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6 (2x—1)(x+2)[= O]—> y :% or—2 Al | Dependent on factorisation. Both required.
c=4and-1 Al | Both required, if DMO given SC B1 for both.
y=-1and-11 Al | Both required, if DMO given SC B1 for both.
SC one correct (X, y). Al only
7
Question Answer Marks Guidance
7(a) Range is [y] > 1 B1 | Allow f, f(x), (1,0), etc.
1
7(b M1 | Clearing the fraction.
(®) y=i+1 leading to y—1=i leading to (x—2)(y-1)=3 J
X—2 X—2
9 3 DM1 | Reaching a stage which only requires one further
X—e= y-1 operation.
Xe—> 42 leading to f‘l(x)=i+2 & OE. Slightly longer routes lead to f*(x) = 2x+1
y—1 x-1 x-1
[Domainis] x>1 B1FT | Must use x FT their (a), must be a range.
4
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7(c M1 | Substitute f(x) into g(x).
(©) gf(x):z( 3 ”)‘2 2(x+1j_2 () into g(x)
X—2 X—2
6 Al
X—2
2
Question Answer Marks Guidance
8
@ |,.2 B1
2
B1
b:E b=£+4nn,n>0.
3 3
2
8(b) x-coordinate = {4p} {-8} B1Bl1 | OE, e.g. 4(p- 2) )
y-coordinate = —3( Bl
3
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9 1
(@) %:x_f - m=£atx:4 Bl
dx 2
Equation of normal is y—3=-2(x—4) M1 Through (4, 3) with gradient — .
theirm

(Dependent on differentiation used).

y=-2x+11 Al | Only acceptable answer.
3
9(b) dy thei 1 3 M1 | Correct use of the chain rule with a numerical
qr ersx gradient.
3 Al
2
2
9(c) . . dy B1FT | SOI. FT from their part (a) if a normal gradient has
Required gradient [: &} =2 been found from m;m, =-1 and differentiation.
dx 1 M1 | Correct use of the chain rule . Allow method mark
dt  their normal gradient * also for +5, must be numerical. Their normal gradient
must come from mm, =-1 and differentiation in
part(a) unless ‘restarted’ here.
5 Al
2
3
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10(a) Angle ACO=0.7 Bl | Don’t allow AWRT 0.7 .
1
10(b) [R :] 1.53r B1 | Allow AWRT 1.53r.
1
10(c) Sector OAB = 1 r’x2.8 [:1.4r2] S
2
. . *M1
Sector CAB = %(thelr R)2 x 2 xtheir 0.7
1.638r2 Al | Allow AWRT 1.64r12.
. . . *M1
[2]><%r2 sin(r—14) OR [2]><%r x theirRsin0.7
2x0.4927r? Al | Allow AWRT 0.98r2 t0 0.99r2.
1.4r° (their 1.638r* — their 0.985r° DM1
0.747r? to 0.748r2 Al
7
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10(c) General guidance for alternative methods
Finding any useful sector area of the circle radius, r B1 | May be ‘nested’ in a segment.
Finding the area of sector CAB *M1A1 | May be ‘nested’ in a segment.
Finding the area of one useful triangle *M1 | May be ‘nested’ in a segment.
Finding the total area of useful triangles Al | May be ‘nested’ in a segment.
A correct plan for the shaded area DM1
0.747r% to 0.748r? Al
7
Question Answer Marks Guidance
11 _ B1B1 -
(@) Q={—2><2><(2x—1) 3><2}+{1} Expect —83+1.
dx (2x-1)
. . - DB1 | AG.

Substitute x:E leading to d—y=—8+1=0. P q

2 3dx 8 Or correct solution of d—y =0.
Hence x-coordinate of R is > X

B1 | Answer only is acceptable.

When x=§,y=g+§=2
2 4 2
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11(b) y-coordinate of P =3, y-coordinate of Q =% B1 | Both required.
2(2x _1)—1 1 B1 B1 | Area below curve.
S G 'S
~1x2 {2 }
M1
_1+ 21— _1+1 = 5 (.1 Apply limits 1—2 to an integral. Expect 13 .
3 2)] 3 L 2 6
1 (3 20) 47 M1 | Area of trapezium, only allow errors in y-coordinate
— + —|= —
2" 9 ) 18 of Q.
47 13 _ 4 Al | Shaded region.
18 6 9
6
Alternative method 1: Changes the award of the first M1
7 M1 | Must be some evidence of use of limits.

Alternative method 2: Changes the award of the first M1, a B1 and the second M1

B M1 . .34 . i
Combining line and curve: j[%wr%_ 2 2] For area under the line if their o is seen integrated
(2x-1) correctly and limits used. Correct first and 3rd terms.
-8 , 34 1 B1B1
=—X" +—X+
9 9 (2x-1)
Use of limits on the whole integral M1
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the
specific content of the mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these
marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

¢ the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond
the scope of the syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the
question as indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level
descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may
be limited according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or
grade descriptors in mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).
5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or

the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e  Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)
CwWO Correct Working Only
ISW Ignore Subsequent Working
SOI Seen Or Implied

SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the
light of a particular circumstance)

WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1 i M1 i
4sin0+ tan0@ =0 = 4sind+ 20 [ ] For use of tan8 =" BOD if 6 missing.
cos@ cosd
. . 1 M1 | WWW Factorise, not divide by sinf or tané . May
= sinf(4cosf +1)[=0 = sind =0 0=—
sind(4cos0+ 1)l S or] cos 4 see tan@(4cos@ +1)[=0] or sind(4+secd)[=0].
6=104.5° Al | AWRT 1.82 rads AO. Ignore answers outside
(0, 180°).
If M1 MO, SC B1 for § = 104.5° max 2/3.
3
Question Answer Marks Guidance
2(a) 16+96x +216x2 B2,1,0 | ISW (higher powers of x). Terms may be in any order
or presented as a list.
2
2(b) 1=10x + 40x2 B2,1,0 | ISW (higher powers of x). Terms may be in any order
or presented as a list.
2
2(c) (16x40)—(10x96) +(1x216) M1 | Their 3 products which would give the term in x* (FT
their values). Look for 640—-960+216.
- 104 Al | Condone —104x>.
2
© UCLES 2023 Page 6 of 21




9709/11 Cambridge International AS & A Level — Mark Scheme May/June 2023
PUBLISHED
Question Answer Marks Guidance
3 {Stretch} {factor 2} {in y-direction} B2, 1, 0 | B2 for fully correct, B1 with two elements correct.
{} indicates different elements.
{—6} B2, 1, 0 | B2 for fully correct, B1 with two elements correct.
{Translation} {O} {} indicates different elements.
4 | Transformations may be in either order.
Question Answer Marks Guidance
4 B1
Lig2xg=197 5 g7 SOI OF e.g. 2%, 0.524(3s.f.)
2 3 6 12
Use of degrees acceptable throughout provided
conversion used in formulae for sector area and arc
length.
T M1 , 4
Arc length = 8x thezrg [=4.1887...] OE FT their 6. Look for E
M1 2
[BC=] 28 sin (%X their%) [=4.1411..] Attempt to find BC or BC~ (see alt. methods below)
FT their 6. Look for 16sin% or /6 -442.
Perimeter = 8.33 Al | AWRT Must be combined into one term.
© UCLES 2023 Page 7 of 21
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4 Alternative methods for Question 4: 2nd M1 mark (use normal scheme for the other marks)
ALT1 BC® =8 +8° — 2x8x8 neir " BC—4.14 ALT 1 Substitute into correct cosine rule. FT their 0
=8 +8" —2x8X38C0S telrg [:> =4. ] Look for 128—64\/§
2 (o ST _
ALT2 BC" = (8 4\/5) 4 [jBC =414, ] ALT 2 Find lengths 4 and 4+/3 then use Pythagoras in
( the left hand triangle.
i
1
|
1
1
|/ : “"&.H
|
/6 e
ol W §*P e
Bom .
aLT3 B¢ _ B [= BC=4.14.. ] L :
(7 . (5 ALT 3 Substitute into correct sine rule.
sin| —| sin| —
6 12
4
© UCLES 2023
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5 1 *M1
kx—k =—— = 2k’ —2ke +1[=0] OEe.g. kx’ —1oc+l[=0], x° —x+i[=o]
2x 2 2k
L _y+k B 1 5 B Equate line and curve to form 3-term quadratic (all
OR quadratic in y: x—T:y——zy—Jrk: 2y " +2ky+k=0 terms on one side).
)
B2 — 4ac[: 0] = ([—]2k)2 _ 4(2k)(1)[= O] DM1 | Use discriminant correctly with their a,b,c not in
X quadratic formula. DMO if x still present.
or 4k> -8k [=0 = 4k(k—2)=0] , | |
M k" —4(k)|—|=0or 1-4 — |=0.
OR using equation in y: (21{)2 -4(2)(k)=0 Ay see ( )(2j o (ij
k= 2 only Al | If DMO then k= 2, award A0 XP then BO BO
Allow A1 even if divides by £ to solve.
If k=0 also present but uses k£ =2, award Al.
B1
4x° —4x+1=0[:>(2x—1)2 :0} R x:%
1 B1
=2x—-2=-1
Y=
© UCLES 2023 Page 9 of 21
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5 Alternative method for Q5
*M1
d_y: Lz or lx‘2 Differentiate L MO for 2x7*. No errors.
dx 2x 2x
1 1 1 1 1 DM1 . . : .
[y=]—x-——=-"—o0oa—-=— [:> 2x° —x= OJ Sub their Y into equation of line or set gradient = k
2x 2x 2x x 2x dx
to form equation in x.
Al 1
x=— only If DMO then x = 5 award AOXP then BO BO.
2 ! 2 1 Y
= X — — [
4 2
k=2 B1
5
© UCLES 2023 Page 10 of 21




9709/11 Cambridge International AS & A Level — Mark Scheme May/June 2023
PUBLISHED
Question Answer Marks Guidance
6(a) Pt p? *M1 | Correct method leading to formation of a 3-term
2(217 - 6) =p+ i 3? —3p+ 12[: 0] quadratic in p (all terms on one side) or 2-term
»° P’ quadratic in d.
OR 2p-6)—-—=p—-(2p-6)=>—-3p+12|=0 1
(2p-0) 6 7 (2p-0) 6 T [=0] OEe.g. p2—18p+72[=0],Ep2—9p+36[20].
1
OR gd2 +d[=0]
2 18i\/(—18)2 _4(1)(72) DMI1 | Solve a 3-term qua(.iratlc in p by factorisation,
p’-18p+72[=0] = (p-6)(p—12)[=0] or formula or completing the square or solve a 2-term
2 quadratic in d by factorisation.

OR d(éd +1j[: 0]=d=-6

p =12 only Al | Since p =6 gives d = 0.
If *M1 DMO then p = 12 only, award SC B1, max 2/3
marks.
A0 XP if error in either factor and p =12 only.
p =12 only by trial and improvement 3/3.

3
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6(b) B1 | OE SOL.
ForGpr=| 2220 |- I8 [zi}
P 24| 4
6
e 24 B1 FT | FT their value of p if used correctly to find » (BO if
Sum to infinity = —— =96 i
123 “ p’ used) provided || <1.
4 4
eg p=18 =[S, :]5—5=121.5 .
1-=
9
2
Question Answer Marks Guidance
7(a) [Greatest =] 5 B1 | No inequality required.
[Least =] -1 B1 | No inequality required.
Condone (-1,5) or equivalent.
2
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7(b) B1 | One complete cycle starting and finishing at y = 2.
Maximum and minimum in correct quadrants.
Shape and curvature approximately correct.
B1 FT | Maximum and minimum (indicated on y -axis with
numbers or lines, or labelled on graph).
FT their greatest and least values.
Award B1 for 5 and —1 even if their values were
incorrect in (a).
2
7(c) B1 | WWW
1
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8(a) 2a 5 2a 3 M1 | OE Substitute x =7 then solve for a via legitimate
1+ 74 2 = 4 2 =7a=21|=a=.. mathematical steps. Condone sign errors only.
2
OR 1+-4 =§ :>(7—a)+2a=§(7—a) [=>7a=21|=a=...
T—a 2 2
a=3 Al | If MO, SC B1 for a =3 with no working.
2(their3) M1 | Evaluate f(5), either separately or within gf then solve
£(5)=1+ S—their3 A[=4b-2=4]=b=... for b via legitimate mathematical steps. Condone sign
. errors only. FT their a value.
2(thezr3)
OR gf(5)=b I+ —=|-2 [:>4b—2=4]:>b=...
5 —their3
Al

b:% OEe.g.g,l.S.

4
8(b) x>1 B1 | Accept (1,0) or {* *>1} where * is any variable.
BOforffl(x)>1 or f(x)>1 or y>1.
1
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Question

Answer

Marks

Guidance

8(c)

EITHER x—1=—"_ [= (y-3)(x-1)=6]

OR x=1+

y-3

y=3

= x(y—3)=(y—3)+6

*M1

6
x-3

OF y=1+—" = p(x=3)=(x-3)+6.
-

OE y-1= = (x-3)(y-1)=6.

Allow *M1 for use of their 3 from (a).

or y(x-1)=3x+3

DM1

OE )c—l%zi1 or x(y—1)=3y+3.

Allow DM1 for use of their 3 from (a).

Al

OE Correct answer e.g. 3x+3 ISW.

X —

Must be in terms of x.

*M1 DMI1 possible for “ a > used, but A0 so max 2/3.

© UCLES 2023
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9 B1
@ a_4 x3(25+ h)2 [= 4900 when / = 10] Correct expression for a )
dh 3 dh
M1 | Use chain rule correctly to find a numerical expression
A7 GV heir ma(25+10) % 2 500 = [—500} W A P
dh dtr dt dt dr 4900 for — . Accept e.g. )
dr 2500+ 2000 + 400
Al
dh _ 0.102 cms™ | AWRT OF c.g. — ISW.
dr 49
3
9(b) dar dV dh 500 = their "4(25 N h)2 15 0.075 *M1 | SOI Use chain rule correctly to form equation in 4.
dt dn dt
DM1 | Solve quadratic to find 4.
[(25 h) 5000}:}1 [15.8248...] a =000 50\/—
Exact value of 4 is , /T —-25 or ——-25
h+25=40.82...
V =69900 cm® Al | AWRT ISW Look for 698(88.5) .
3
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10(a) *M1 | Integrate y? incr. by 1 or div by thei
- 16 grate y~ (power incr. by 1 or div by their new
(1]l ——[dx]=[x]16(2x~1) " [&x] =[]} ———— 16 ]
( ) 3x 2><(2x—1) power). MO if more than 1 error or —zx(Zx—l)
Al _
[x] - 16 OE e.g. (—§(2x—1) 3) :
3Ix2x (2x - 1)3 3
DM1
[n]( 16 j [ [n ]112 [n]- } Sub correct limits into their integral: F 3 F(1).
6 x 8 6x1 2
1 8 .
Must see at least [—§+§j Allow 1 sign error.
Decimal: 2.33 1 or 7.33.
1.5 B1
Volume of cylinder | =nx1? <12l or [n” 1{dx] =ln ln or 41| >—1] seen.
2 2 1 2 2 2
) 7 1 11 Al | AO for 5.76 (not exact).
Volume of revolution | = En - En = Z“ If DMO for insufficient substitution, or B0, SC B1 for
.
6
5
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10(b _ B2, 1, 0 | OE B1 for each correct element in {}.
(®) [d_y:}{—S(Zx—l) 3}{XZ} > &
dx
At B gradient = -2 B1
3 M1 | SOI Following differentiation OF e.g. y=-2x+4 or
Eqn of tangent y —1=their "-2"| x — 5 ) ) |
y= Ex +Z . (Must have m, =——— for M1).
m
OR Eqn of normal y —1 = their "%"(x —%j r

Al | SOI For at least one intercept correct or correct

Tangent crosses x-axis at 2 or normal crosses x-axis at 3 integration.
Al
Area = &l From intercepts: l><§><1:é or 1+l:§,
4 2 2 4 4 4
from lengths: %x J5 % % = % or by integration.
6
Question Answer Marks Guidance
11 2_ = —4)= B1
@) 6a” =30a+6a=0 [:661(“ 4)_0] Sub x =a into %zO.Maysee a*-5a+a=0.
a =4 only B1
2
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11(b) 2 M1 | .. d
:iix_J; =12x-30 or correct values of Y either side of x =4 Differentiate Ey (mult. by power or dec. power by 1)
MO if no values of % , only signs.
2y d’y Al | WWW A0 XP if a =4 obtained incorrectly in (a)
At x= 4,?> 0 .. minimum or E =18 .. minimum Must see ‘minimum’.
.. dy If MO, SC B1 for ‘minimum’ from Y sign diagram.
or concludes minimum from ™ values dx
2
3 2
11(c) [y=] §x3 _gxz +6(theira)x[+c] BLFT | Expect 2x° —15x” +24x[+c].
3 2 B1 poss. even if uses ‘@ * —no value in (a) — max 1/3.
—15 =2(their "4")3 —15(their "4")2 +6(their "4")2 e M1 | Sub x = their"4", y =15 into integral (must incl +c¢)
Look for—15=128 -240+96 + ¢ [= ¢ =1].
y=2x" —15x" +24x +1 A1 | Coefficients must be correct and simplified.
Need tosee “y="or* f(x) =" in the working.
3
11(d M1
@ % =6x" —30x + 6(their ”4")[= O] OE Forming a 3-term quadratic using the given %
2 and solving by factorisation, formula or completing the
30+4/(—30)" —4(06)(24 .
If correct, [6](x—1)(x—4)[=0] or \/( 32 (6)(24) square. Check for working in (b).
Coordinates (1,12) Al | Allow x=1,y=12 (ignore x =4 if present).
If M0, award SC B1 for (1,12).
2
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12 | ¥4 (y-2)° =100 Bl | OEeg (x-0)’ +(y-2)"=10% ISW.
1
12(b) ) ) 10=2 14 ) -3 M1 | OE SOI Use coordinates to find gradient of radius or
Gradient of radius = “ o0 = 3 or gradient of tangent = i differentiate to find m,
dy d -3
g 2x+2(y-2)—=0=>—=— at (6, 10
g (r=2)- = 2610
dy 1 S\ 3
=2+4100-x* = —==—(100—-x") 2(-2x)=—=.
’ 3 51005 2 (-2x)=-3
Al 58
Equation of tangent is y —10 = —%(x = 6) [:> y= —%x + 2—29} OE ISW Allow e.g. e
2
12(c) . . 29 M1 | SOI From a linear equation in (b).
Coordinates of centre of circle Q are O,their7
20V (565 VT 125 AIFT | OE e.g. (x—0) +(y—-14.5)" =31.25 ISW.
Equation of circle Q is x* + [ y— their—j =|— |=—
2 2 4
g Bl | OEe.g. x=[£]V19, x* -19=x"-19
X +(11-2)° =100= x*=19 and x* + -2 =12 5 2o g v=[x]J19. . 3
2 4 Correct argument to verify both y -coords are 11
2 ISW.
OR e.g. %—(y—z—;j +(y—2)2 =100 = 25y =275 = y=11
3
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12(d) e 329 29 2 _ 125 _ 25 o 125 2o M1 Substit'ute equation of their tangent i2nt0 equation of
4 2 2 4 16 4 their circle. May see y =+/31.25—x" +14.5 .
or y* =29y +199[=0]
_ Al =+
o123 Ory:29+3\6 OE e.g. x =420 |
2 For 2 x-values or 2 y -values or correct (x,y) pair.
3 29 ¥ Al :
y :(——xi\/ﬁ +== =M OEe.g. §+@, ﬁ—@ Correct (x,y) pairs.
4 2 2 4 4 4
3
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).
5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or

the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e  Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)
CwWO Correct Working Only
ISW Ignore Subsequent Working
SOI Seen Or Implied

SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the
light of a particular circumstance)

WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1 - B1
[y] = i(x -3) ! or %hc] OE Allow and —3+1 for the power.
-2 _2( x— 3) -3+1
4 2 3 4 . B M1 | Correct use of (4,5) to find ¢ in an integrated expression
3= __2(4 =3) +cors= 2(4- 3)2 +¢ leadingto c= (defined by the correct power and no extra x’s or terms).
- -2 Al 4 o .
y= ( 3)2 +7 or y= —2(x - 3) +7 OE -3 must be simplified to —2. Condone ¢ = 7 as their
x —_—
final line as long as either y or f(x) = is seen elsewhere.
Do not ISW if the result is of the form y = mx+c.
3
Question Answer Marks Guidance
2 [Coefficient of x* = p =] 154> B1 | May be seen in an expansion or with x*.

[Coefficient of x*> = g =] 54 a> B1 | May be seen in an expansion or with x.

Equating their p + their q to 276 leading to an equation in a* only M1 | No x terms and no extra terms. If p and ¢ are not identified
then it needs to be clear from the expansion that the
appropriate coefficients are being used.

69 a* =276 implies the first 3 marks.
a=12 Al | CAO
4
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3(a) 4( Y 3)2 seen or a=4andb = -3 B1 | OE Award marks for the correct expression or their values
a, b and c. Condone 4 (x—3)+ p—36 =0 and 4(2—9)
—36+p or p—36seen or c=p-36 B1 4
2
3(b) p—36>0 leading to p >36 or 24> —4x 4p<0 = p>36 or 36< p B1 | Allow (36,) or 36 < p <o . Consider final answer only.
1
Question Answer Marks Guidance
4 [8x° +215x° =27 =0] leading to (8x* —1)(x +27)[=0] M1 | OE .
If a substitution is used then the correct coefficients must
OR be retained. Condone substitution of x = x°.
—215++/215" —4.8.-27 o 215 /47089
2.8 2.8
1 7 Al | Both correct values seen.
8 SC: if MO scored SC B1 is available for sight of % and
-27 OE
1 Al | SC: if MOSCBI scored then SCBI1 is available for the
9 or 0.5,-3 correct answers and no others. Do not ISW if answers
given as a range.
3
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5 B1 B1 | Bl for contents of each { } then ISW.
! 3 3 5 3 s
> 53 10 5 3 20 5 3
222 |l 2l 2 eV R
[I(IOX 2xj] 3x Sx { 3x b
2 2
B 20 M1 | Using limit(s) correctly in an integrated expression
= | their 3 x8-32 |[-0] (defined by one correct power). Minimum acceptable
L .1
working is their ( ? -32).
fsh .. 64 1 A1l | Condone the presence of @ for the first 3 marks.
[Area of shaded region =] 3 21 3 or21.3[333...] Condone using the limits the wrong way around for the M
mark and if —21.3 is corrected to 21.3 allow the A mark.
SC: if MO scored SCBI1 is available for correct final
answer
L 53
If f(lez —Exz J: 21.3 and no integration seen B1 only.
4
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6 *B1
@ lOA =xcosf or — o4 = .x or Correct expression containing lOA, OA or 04 (allow p,

2 sin(n—-26) siné 2

OA% =x° 452 — 252 cos(n 3 29) or q or » for OA) containing only terms with x and & but not
just O4=2xcosé .

x> =r* + x> —2rxcos@ or other valid method. Do not condone sinx— 26 until missing brackets
recovered or cos(180—-26 ) until it becomes —cos20 etc.

04 = 2xcos@ leading to Arc length = 2x6cos & DB1 | AG Complete correct method showing all necessary
working. Condone 2xcos&x6 .

2 | If BO but www then SCB1 for O4 = 2xcos 8 leading to
Arc length = 2x6cos @ .
6(b) 1 2 M1 | OE Using sector formula with a correct OA. Condone

Sector area = —(2xcosd)” x0 5 5 .

2 cos@~ for cos”@ and missing brackets.
. 1 ) 1, . M1 | Using a correct triangle formula for the correct triangle.

Triangle area = bl 2xcosB@xsind OR o sin(m—20) Condone missing brackets and 180 for 1.

[Area APB =] Their sector area — their triangle area M1 | Both expressions must be areas involving terms with x* and
¢ only. Condone missing brackets and 180 for « for the
triangle. Condone calling the sector a segment.

1 2 1, . Al | OE
[Area APB =] E(Zx cos 9) x0- Ex sm(n B 29) A correct expression. Mark the first unsimplified result of
1 subtraction and ISW any incorrect ‘simplifications’.
[=x*(20cos” 6 — Esin 20) or x* cosf(20cosh — sinh)]
4
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7(a)(i) cos’@ + 2sinfcos @ +sin’6 =1 leading to 2sinfcosd =0 or sin26 =0 *B1 | Or arriving at cos¢/ =0 or sind =0 or tan& =0 after first
expanding and www.
n DB | B2 for three correct answers only.
[0 :] 0, D) o 2,1,0 | B1 for two correct answers and one incorrect or 3 correct
answers plus other values in the range.
SC DBI1 for correct 3 answers in degrees and no others.
Ignore extras outside of the range and allow decimal
equivalents.
3 | Verifying 3 answers rather than expanding and solving 0/3.
7(a)(ii B1 | Checking both correct values. Do not allow solving an
(@)(ir) cos0+sin0=[1+0=]1 and cos§+sin§[=0+l]=l equationf.g g
Condone use of 90 degrees.
cosn+sinn[=—1+0]=—1 or #1 B1 | www
2
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7(b) (cos 0— sin@) sin@ + ( cos@ + sin@)( 1-cos 9) M1 | Correct common denominator and correct products in the
(cos@ +sind)(cosd—sind) numerator and no missing terms. Correct factors in the
denominator can be implied by cos*@ —sin’6 . Condone
brackets missing if recovered.
_cos fsin@—sin’6 + cos@ — cos’d + sind —sinBHcosH Al
cos’f —sin’6
B sin@ + cosd — cos* @ —sin’@ _cosf +sinf -1 Al | AG
- cos’0 —sin’@ ~ 1-2sin%0 Clear evidence of using sin’6 + cos*@ =1 in either the
numerator or denominator. Condone ¢, s and/or omission
of 6.
Working from both sides of the identity and correctly
arriving at the same expression can score M1A1. A final
statement is then required for the Al.
3
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7(c) cos@+sinf -1 2 (cosd + sind —1 *M1 | Replacing LHS with the expression from (b) and
1-2sin20 (COS +sing - ) attempting to simplify i.e. condone omission of
leading to 1= 2(1-2sin’6) (cos@+sind—1)=0 at this stage.
MO for 0 = 2(1-2sin’@)
DM1 | Dividing by k and taking the square root of a positive value
ksin®@ =1 or 3 leading to sin§ =[] 1 (;: 3 <1.
. L . 1 5
{ 4sin*0 =1 leading to sinf = i%} This mark can be implied by the solutions En,—n :
. 1 1 5 Al | Allow 0, 0.524, 1.57, 2.62 AWRT.
Solutions 0,—7,—7m ,—7 1
6 2 °6 If MO SCBI for (cosf +5ind ~1)=0 = 0, .
If MO SCBI1 for all four correct answers and no others.
Ignore answers outside of the range.
Answers in degrees AQ.
3
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8(a) *B1 | The line y = x correctly drawn. Can be implied by
reasonably correct graph of £ (x).
DB1 | Fully correct (needs to reach y = 2t and x-axis and cross
the line y = x in the correct squares).
4 ]
2
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8(b) ! . 1y M1 . . . 1
y=3+ 2smzx leading to smzx = S Attempting to arrive at an expression for sz x; condone
* sign errors. Variables may be interchanged initially.
+
M1 not implied by x = y*3 .
2sin—
. afy-3 . - . (x-3 Al - sin”' (x—3
x=4sin™" (yTj leading to [f™ (x)ory =] 4sin : (Tj ISW Must clearly be sin™ [XT? NOT # .
Allow 3o but not —l
-2 4
2
8(c) B1 | Continuing given graph from y intercept to —2.
The correct shape needed between 0 and -27, including
Ju starting to level off (gradient in the final two squares needs
L to be reducing) as -2 is approached.
LA ’ The y co-ordinate at-27 must be in the correct square.
: B
Yes it does have an inverse, because the graph is always increasing B1 FT | If there is no graph to the left of the y axis, no mark is
OR because it is one-one OR because it passes the horizontal line test OR available.
it is not a many to one [function]. FT an incorrect graph and if the answer is now ‘No’
provide an appropriate reason.
2
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8(d) { } indicates different elements throughout.
{Stretch} {factor 4} {in x-direction} B2, 1, | B2 for fully correct, B1 with two elements correct.
0 | Condone use of ‘sf” instead of factor and ‘co-ordinates’

stretched instead of graph stretched.
Allow any mention of x-axis, horizontally or y-axis
invariant.
Wavelength or period increased by a factor of 4 for B2 or
by 4 for B1.

{Stretch} {factor 2} {in y-direction} B2, 1, | B2 for fully correct, B1 with two elements correct.

0 | Condone use of ‘sf” instead of factor and ‘co-ordinates’
stretched instead of graph stretched.

Allow any mention of y-axis, vertically or x-axis invariant.
Allow y ‘co-ordinates’ doubled or amplitude doubled for
B2.

»

{0} B2, 1, | B2 for fully correct, B1 with two elements correct.
{Translation} {3} 0 | Allow shift. Any mention of y axis, y-direction or
vertically implies {0}, so shift by 3 vertically is B2, but
shift by a factor of 3 vertically or a translation of 3 “up’ is
BI.

6 | After scoring B2, B2 the final transformation can only be
awarded B2 if the order is fully correct i.e. the translation
must not be applied before the y stretch. If all correct
except the order award B2B2B1.
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9(a) a . 16 B1 | Rearranging two algebraic statements to give a =.
[ar =16, 1— 7 - 100} leading to a :7 and a = 100(1 -r ) These can be implied by a correct equation in one variable.
100(1-r)r =16 leading to 10072 —1007 + 16[: 0] *M1 | Using their two expressions and rearranging to get a
3-term quadratic expression with all of the terms on one
side. Condone sign errors only.
(5r—4)(5r-1)=0 DM1 | Condone (5r—4)(5r 1) following 100> —100r +16..
OR leading to r = [i or l}
25++/25 -4.25.4 5 5
2.25
a=20,a=280 Al | SC: if DMO scored SCBI1 is available for sight of 20 and
80.
Alternative Method for Question 9(a)
a . 16 100—a B1 | Rearranging two algebraic statements to give 7 =.
ar =16, -, 100 | leading to 7 = |\ and r= 100 These can be implied by a correct equation in one variable.
1600 =100a —a? leading to a* —100a + 1600[= 0] *M1 | Using their two expressions and rearranging to get a
3-term quadratic expression with all of the terms on one
side. Condone sign errors and 160 instead of 1600 only.
100 +~/100% — 4.1 DMl
(a—20)(a—80)=0 OR 12 0(; 600
a=20,a=80 Al | SC: if DMO scored SCB1 is available for sight of 20 and
80.
4
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9(b) 4 1 B1 | OE SOI
r=—, —
5°5
4\"! 1! B1FT | 2 expressions for the nth term FT their values from part (a)
[u, =]their 20 x their (gj [vn =]their80 x their (gj if |,,| less than 1.
Method 1 for final 2 marks
1y M1 | Correctly separating the numerator and denominator of
20 % (—j x 4" n-1
S their (gj or one correct step towards the solution eg
n—=2
u, =80x—-.
1 1\ 1\ Al | AG Given result clearly shown
u, =—x80x (—j x 4" = 4" x 80 x (—j =4"7xy,
4 5 5
Method 2 for final 2 marks
20<0.8" 1, M1 | Dividing two nth terms of the correct format and
R0x02" 4 X simplifying their terms in r.
:4—1 x 4n—1 — 4n—2 Al | AG
4
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10(a) , (1 2 *M1 | Obtaining an unsimplified equation in x or y only.
(x—a) +(Ex+6—3] =20 orusing x=2y—12
Al 2 _ 2 _
4 Rearranging to get a correct 3-term quadratic on one side.
Condone terms not grouped together.
5y —y(54+4a)+133+a’ +24.
(3 _ 261)2 _ 4><%(a2 _ 1)[= O] DM1 | OE Using b —4acon their3 term quadratic [: O] .
Method 1 for final 2 marks
Using a = 4: (3 _ 8)2 _ 5(5) -0 Al | Clearly substituting a = 4.
a=-16 B1 | Condone no method shown for this value.
Method 2 for final 2 marks
—a’—12a+64=0 = (a-4)(a+16)=0 > a=4 Al | AG Full method clearly shown.
a=-16 B1 | Condone no method shown for this value.
5 | If MO, SCB1 available for substituting a =4, finding
P(2, 7) and verifying that CP? = 20.
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10(b) Centre (4, 3) identified or used or the point P is (2, 7) B1
~ gradient of normal =-2 B1 | SOI
Forming normal equation using their gradient (not 0.5) and their centre or M1 | Condone use of (i4,i3) .
P
y-3 — 2 or y-7=-2(x-2) OE Condone f(x)=.
(x—4)
4
© UCLES 2023

Page 19 of 22




9709/12 Cambridge International AS & A Level — Mark Scheme May/June 2023
PUBLISHED
Question Answer Marks Guidance
10(c) Method 1 for Question 10(c)

: 1 . 1 *M1 . N :
Diameter: y—3= E(x —4) |leading toy = S+ 1 Using gradient 5 with their centre.
Or

dy . 1 T .
2(x - 4) + 2()’ - 3)d_ =0 |leadingtoy= Ex +1 By implicit differentiation.
X

( ) 4)2 X 1 s 2 0 5, A DM1 Obztaining an unsimplified equation in x or y only.

o 2 - Pl seax [y* -6y +5=0].
x=0or8 y=1o0r5[(0,1)and (8,5)] A1l | Correct co-ordinates for both points. Condone no method

shown for solution.
Equations are y —1=-2x and y—5=—2(x—8) Al | 2x+y=1and 2x+y=21.
Method 2 for Question 10(c)
Coordinates of points at which tangents meet curve are *M1 A1l | Vector approach using their centre and gradient = 0.5 .
(4+4,3+2)=(8,5)and (4 -4,3-2)=(0,1) Condone answers only with no working.
Equations are y —5= —2(x - 8) and y—1=-2x DM1 A1l | Forming equations of tangents using their (0, 1) and (8, 5).
Method 3 for Question 10(c)
( ¥ 4)2 i (_2 Y4c— 3)2 ~20 *M1 Obtaiping an.unsimpliﬁed equation in x only using
5 equation of circle with y=-2x+c .
[sz +(4-4c)x+(c-3) —4:0}
(4—4c)’ _20((0_3)2 _4)[: 0] DM1 | Using b” —4ac[=0].
[leading to —4¢* —32¢+120c+16-100=0 ]
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10(c) 4c* —88c +84[=0] [leading to ¢* —22c+21=0 ] Al
c=2land ¢c=1or y=—2x+21 and y=-2x+1 A1l | Condone no method shown for solution.
4
Question Answer Marks Guidance
11(a 1 B 2,1,0 _t
® %:{k—(4x+l) 2}{x4}{—1} OF c.g. 2k(4x+1)3 -1
B2 Three correct unsimplified { } and no others.
B1 Two correct { } or three correct { } and an additional
term e.g. +5.
B0 More than one error.
2
11(b L . 1 2k M1 d 1
®) 2k(4x + 1) 2 —1=0 leading to (4x + 1)2 =2k or — =1 OE Equating their Ey of the form ak(4x + 1) 2 —1 where
(4x - 1) ? a =2 or 0.5, to 0 and dealing with the negative power
1
correctly including & not multiplied by (4x + 1)5 .
4k —1 Al | CAO
X= 4 OE simplified expression ISW.
2
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11(c) 1 M1 . . . dy .
2% 10.5(4x + 1) 2-1=2 Putting k= 10.5 into their = and equating to 2.
1 . ) Al : 33 1
7=(4x+1)2 leadingto 4x+1=49 leading to x =12 If M1 earned SCB1 available for x = “ from a = 5
y= [10.5\/4x Fl-x+5 :] 66.5 [leading to (12, 66.5)] Al
Al | OE
y—66.5= —1(x -12)
2
4
© UCLES 2023

Page 22 of 22




Cambridge International AS & A Level

MATHEMATICS 9709/13
Paper 1 Pure Mathematics 1 May/June 2023
MARK SCHEME

Maximum Mark: 75

Published

This mark scheme is published as an aid to teachers and candidates, to indicate the requirements of the
examination. It shows the basis on which Examiners were instructed to award marks. It does not indicate the
details of the discussions that took place at an Examiners’ meeting before marking began, which would have
considered the acceptability of alternative answers.

Mark schemes should be read in conjunction with the question paper and the Principal Examiner Report for
Teachers.

Cambridge International will not enter into discussions about these mark schemes.
Cambridge International is publishing the mark schemes for the May/June 2023 series for most

Cambridge IGCSE, Cambridge International A and AS Level and Cambridge Pre-U components, and some
Cambridge O Level components.

This document consists of 16 printed pages.

© UCLES 2023 [Turn over



9709/13 Cambridge International AS & A Level — Mark Scheme May/June 2023
PUBLISHED

Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 | Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required then
no marks will be awarded for a scale drawing.

2 | Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 | Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 | Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 | Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 | Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e  Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)
CwWO Correct Working Only
ISW Ignore Subsequent Working
SOI Seen Or Implied

SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the
light of a particular circumstance)

WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1 _ {() B2, 1, 0 | B2 for fully correct, B1 with two elements correct.
{Translation} {_2} {} indicates different elements.
{Stretch} {[scale] factor 2} {parallel to x-axis} B2, 1, 0 | B2 for fully correct, B1 with two elements correct.
4 | Transformations can be in either order.
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Question Answer Marks Guidance
2 ¥ bxtce>? leading to (x _ 3)2 —94e>2 M1 Al | M1 fqr corppletion of the square with an equation or in
equality with the ‘2°.
¢>11-(x-3)" and (x-3)°20 M1 | 501
c>11 Al
Alternative Method 1
% =2x-6=0 2 M1 for differentiating and setting % =0.
x=3 Al
Whenx=3, y=9-18+c¢ M1
[-9+c>2] e>11 Al
Alternative Method 2
x* —6x+c>2 leading to x> —6x+c—2[>0] then use of 'b* —4ac' Mi
36— 4(1)(0 — 2) <0 M1 A1l | OE Must be correct inequality for M1.
c>11 Al
4
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PUBLISHED
Question Answer Marks Guidance
3(a) s 3 80 80 32 s 3 » = s B2, 1, 0 | B2, all terms correct, B1 5 terms correct. Terms must be
x> +10x +40x+?+F+F or x> +10x” +40x+80x~ +80x" +32x simplified. Lists of terms allowed.
2
3(b) their 40x a + (their coefficient of x! ) xb=0 M1 | Coefficients of a and b must be non-zero, allow x’s so
long as they are dealt with correctly.
(their coefficient of x™' ) xa+ (their coefficient of x~° ) xb =80 M1 | Coefficients of a and b must be non-zero, allow x’s as
long as they are dealt with correctly.
a=2 b=-1 Al A1l | Dependent on both M marks, may be seen without
working.
4
Question Answer Marks Guidance
4(a) S P Y 2 2 - M1 . 2
3sin’x = 3sin"xcos x —deos’x [ O] Replace tan’x with St 5 * and multiply by cos’x.
cos” x
3(1 - coszx) - 3(1 —~ coszx)coszx —4cos’x [=0] M1 | Replace sin’x by 1—cos’x twice.
3cos*x —10cos’x+3=0 or —3cos*x+10cos’x —3=0 Al | Or multiple of these equations.
3
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PUBLISHED
Question Answer Marks Guidance
4(b) (300s2x _ 1)(cos2x _ 3) [= O] M1 | OE, using their equation in the given form.
Allow unusual notation if meaning is clear.
1 Al | SOI Answer only SC B1.
cosx =[+]—=
54.7°, Al
125.3° A1l FT | Only other answer and must be from correct
factorisation for Al.
FT for 180° — their first answer .
Answers only SC B1, SC B1 FT.
4
Question Answer Marks Guidance
5(a) (x _ 1)2 i (x 94 4)2 — 40 M1 | Substitute line into circle.
X —6x—7 [: 0] leading to (x + 1)(x - 7) [= 0] M1 | Simplify to 3-term quadratic and factorise OE.
(-1,-10), (7,-2) orx=—1 and 7, y =—10 and -2 Al Al | Answers only SC B1, SC B1 but must see a correct
quadratic equation.
4
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Question Answer Marks Guidance
5(b) [C is mid-point =] (their X, +their x, ’ their y, +their y, ) M1 | Expect (3, —6).
2 2
Radius = \/(their x —their 3)2 + (their y — their (—6))2 OR M1 | Expect v/32 .
theirV((7-(-1))" +(-2~(-10))’) 2
(x=3)" +(y+6) =32 Al | OE
3
Question Answer Marks Guidance
6(a) 120 76.8 1(9.62 M1 | Eliminate &orr using correct formulae SOI.
=——or —| — |0=7638
ré 9.6 A
r=16 Al
6=0.6 Al | Accept 34.4°
AOAB =" x their 16> x sin their 0.6 M1 | Allow Segment = 76.8 —: x their 16 x sin their 0.6.
Expect 72.27 .
[Area =76.8 — 72.27 =] 4.53 Al | AWRT
5
6(b) AB =2x16xsin0.3 OR AB*> =16 +16> —2x16°c0s0.6 M1 | Any valid method with their 1, 6. Expect AB = 9.46.
Perimeter = 9.6 + 9.46 = 19.1 Al | AWRT
2
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Question Answer Marks Guidance
7(a) [v]<2 OR[fix)] <2 Bl | OEe.g. f<2,(-»,2),—0< f[x]<2.
Do not accept x <2 or f(x) < 2.
1
7(b) 5 : . M1 :
y=2- 5 leading to y(x+2)=2(x+2)—5 leading to xy+2y=2x-1 or =2—y (allow sign errors).
X+
—Dx— i = - DM1
2y+1=2x—xy leading to 2y +1 x(2 y) or . — x+2 (allow sign errors).
-y
2y +1 2x+1 Al
=2 £ (x)= s OEor y= -2.
2-y 2—x —x
Domain is x <2 B1 FT | FT on the numerical part of their range from part (a),
including x # 2 not penalized.
No FT for xe R, x=k,x#k .
4
7(c) 5 B1
fg(x)=2-
g( ) x+3+2
2(x+5)-5  2(x+5) 5 M1 | Use of their common denominator.
= or
x+5 x+5 x+5
2x+5 Al
x+5
3
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Question Answer Marks Guidance
8(a) a B1 | OE SOI
V=
a+?2
a4 s M1 | Use of Soo formula.
- ¢
a+?2
a(a + 2) a(a + 2) M1* | Process to a 3 term quadratic or a 3 term cubic.
(a - 22)(a + 24) [: ()] DM1 | Attempt to solve.
a =22 (only) A1 | 22 without working SC DB1 (dep on 2™ M1).
5
8(b) S 3 Bl
T6+2 2
n -3 M1* | Forming an inequation with their numerical d. May use
5 12+ (n - 1)(7j [<]—480 an equality.
[3](112 —9p— 640) [>0] Al | OE May contain terms on LHS and RHS.
0+/81+ 2560 DM1 | OE. Expect 30.19 . Working for solution must be
[n=] ———— shown
> .
31 only Al | Must come from a correct first inequality (or an
equality).
31 no working SC DB1 (dep on correct quadratic and
correct inequality/equality).
5
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Question Answer Marks Guidance
9(a) [y :] {x} {+(x _ 1)*2 ) [+c] B1 B1 | May be unsimplified.
Subx=0,y=3leadingto3=0+1+c M1 | Substitution into an integral, expect ¢ = 2.
_ -2 _ -2 Al -2
=x+(x-1) +2 =x+(x-1) " +2 — —2(x-1
= (x ) o f(x) * (x ) 2 > or (x ) must be simplified.
(=2)(x-1) -2
4
9(b) [Gradient of tangent =] f'(0) = 3 B1
Equation of tangent is y —3 = their gradient atx=0(x—0) M1* | Expect y =3x+3, normal gets MO.
Intersection given by 3x+3=x+(x— 1)_2 +2 DM1 | FT their equation from part (a).
Al | WWW AG
2x+1= ( )2 - (2x+1)(x- 1)2 —~1=0 or solve equation before given
x—1
form reached and show solution (x =3/ 2) satisfies given result
4
9(c) . 3 : 2 _ 1 B1 Y
Substitute x = 3 leading to (2x+1)(x—1)" ~1 leading to 4x%~1=0. Evaluation of each bracket must be shown. Allow (Ej
3 .
Hence x= 3 for second bracket. Solution of (2x+1)(x— 1)2 -1=0
If shown in (b) must be referenced here (in part (c)) is acceptable.
3 B1
When x = 5 y="T7%
2
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10(a B1, B1 | Including ‘“+c’ makes the second term BO.
@ Y_ {9} + —§(2x+1)l/2><2 ’ s
dx 2
9_ 3(2x 4 1)1/2 =0 leading to 2x+1=9 M1 | Set differential to zero and solve by squaring SOI.
Beware 9° —3%(2x+1)=0 MOAO.
2x+1=3or2x+1=19 get MO.
Max point = (4, 9) Al | WWW y =9 must come from original equation.
4
10(b) o dy M1 o _ _dy
When x = 1%, shows substitution or . =3 Substituting x = 1% into their o
1,31 — M1 | Substituting into a correct expression for mag.
Gradient of AB is 3%=3% = -1 8 P -
1%.-7% 3
1 . Al
-3 x3 =-1. [Hence 4B is the normal]
Alternative method for Question 10(b)
dy . ), & M1
Whenx=1"% . =3[ perpendicular gradient is -1/3]
. . —-x . . M1
Perpendicular through A has equation y = 3 + 6 which contains B(7.5,3.5) Al
leading to AB is a normal to the curve at A
3
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10(c) B1 B1 | Integrating y with respect to x.
{9#} —(2x+1)2
175
2 “x2
9. |1 25| [9, . 1 25 M1 | OE
{57'5 _§(2X7'5+1) }_{51'5 _§(2X1'5+1) } or Apply limits 1% to 7% to an integral. Working must be
9 225 1024) (81 32) 1933 149 seen. Expect 44.6.
—X——— |—| ——— | or ————— o0r48.325-3.725
2 4 5 8 5 40 40
15 B1 | SOI
2 . . .
1 51 N 31 <6 or J‘ ( -1 x4 6)dy = Area of trapezmm. May be seen combined with the area
2072 T2 13 under the curve integral.
2
2 2
- - 285 69
—lx ] +6><E - —lx 3 +6xé or ——— [=27]
6 2 2 6 \2 2 8 8
[Shaded area =44.6 — 27 =] 17.6 Al | SC B1 if no substitution of the limits seen.
5
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10(c)

Alternative method for Question 10(c)

—_
w

—_

W

A= ((9x—(2x+1)§)—(%1x+6j)dx=

19 | o —y |
0| oy |

((?x —(2x+ 1)% —6)dx

M1

Finding the equation of AB and subtracting from the
equation of the curve.

5 Al Al
2 —(2x+1)2
_{ 8 x2—6x}+ (5x )
3x2 Zx2
127 49 M1 | Apply limits 1% to 7% to an integral. Working must be
0 10 seen.
17.6 A1l | SC B1 if no substitution of limits seen.
5
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

o the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

o marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).
e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).
The total number of marks available for each question is shown at the bottom of the Marks column.
e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.
Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1 X2 —kx+2=3x—2k leading to xz—x(k +3)+(2+2k) [: O] M1 | 3-term quadratic, may be implied in the
discriminant.
b? _ 4ac — (k +3)2 —8(1+ k) (ignore ‘= 0° at this stage) DM1 | Cannot just be seen in the quadratic formula.
:(k—1)2 accept (k—l)(k—l) Al | Or use of calculus to show minimum of zero at
k=1 or sketch of f(k)=k*—-2k+1.
> 0 Hence will meet for all values of k Al | Clear conclusion.
4
Question Answer Marks Guidance
2 Stretch: (2x)2 —2(2x)+5 or (x—l)2 +4 leading to (2x—1)2 +4 M1 | Replacing x by 2x.
Reflection: (—2x)2 —2(—2x)+5 or (—2x—1)2 14 M1 | Replacing x by —x. FT on their stretch.
. 2 2 M1 | Multiplying the whole function by 3. FT on their
Stretch: 3{(_2)() -2(-2x) +5} or 3{(_2)(_1) +4} (stretfh);)lu% reflection). g
12x* +12x+15 Al
4
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Question Answer Marks Guidance
3 dy 1 B1B1 1
— =<—(3x+1)x2¢ x13 May see —(18x+6).
1 M1
—(3x+1)=1 Equate their dy to 1.
10 dx
X=3 Al
4
Question Answer Marks Guidance
4(a) 5.00+20x0.02 or 5.02+19x%x0.02 M1 | Allow for a=5, n=20 with d =0.02 only.
a=5,n=21(0E) with d = 0.2 gets M1 only.
5.40 Al
2
4(b Bl
(®) r :—5'02 =1.004 or 2°1
) 250
5.00x (theirl.004)” or 5.02x(their1.004)" M1 | Allowa=5,n=20.
5.42 Al | Any correct rounding of 5.41557108 .
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PUBLISHED
Question Answer Marks Guidance
5 r2 = (7 n 2)2 " (12 _5)2 B1 | Expect 130, may use AC rather than r.
Equation of circle is (x+ 2)2 +(y—5)2 ~130 B1FT SiE:IFeT their 130, may use distance BC rather than
(x+2)" +(—2x+21)" =130 M1 | Substitute y =-2x+26 into a circle equation.
5x% —80x +315 [: 0] leading to [5]()(_9)()(_7) M1 | Factorisation OE must be seen.
Xx=9 Al | With or without x = 7.
y=8 OR (9, 8) Al y= 8or(9,8) only. Both A1’s dependent on the
first M1.
6
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Question Answer Marks Guidance
6 % \° x\°( a ) x\V( a ) B1B1 | coefficients x* & X . Can be seen in an
7CLl| — — | or 7C6| — — | 7C2| — — | or7C5| — — i
a) |\ ¥ a 2 al | x2 al | x2 expansion.
7 M1 | OE. Allow extraneous X* and x at this stage;
a° 3 numerator and denominator must be functions of
= a.
(231) Allow errors in evaluation of the combinations.
a
Al | Completely correct.
1 Al o 1
a’== SOl (implied by a=>).
9 3
- 1 Al | Allow +0.333.
3
6
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7(a o . 29 _ M1 sing T
@ tangsin & =1 leading to sin"¢ = cos& Use of tand = and multiplication by
cosé
cosé.
1—c0s20 =cosd or cos6+cosb—1 [: 0] M1 | Use of trig identity to form a 3-term quadratic.
_1J_r\/§ M1 | Use of formula or completion of the square must
[cosé =] > be seen on a 3-term quadratic. Expect 0.6180 .
51.8°, Al | Both A marks dependent on the 2nd M1.
308.2° ALl FT | FT for (360° — 1st soln), AQ if extra solutions in
range.
Radians 0.905 and 5.38, A1 only for both.
5
7(b tang sin@ sin@ sin@cosé 1 M1 sing . .
(b) - — = — — - = —cosé Use tan @ = —— twice with correct use of
sing tan@d sin@dcosé sing cosé cosé
fractions.
_1-cos’@  sin’d M1 | use 1-cos’d =sin@ with correct use of
=tan@siné Al | WWW
3
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8(a) 4 . 4 3 _ M1 : 14
tan BDC = 3 or sinBDC = T or cosBDC = 5 used to find ADC May use cosine rule or CAD = tan %
BDC =0.927[3] — ADC =n—0.927[3] [=2214t02.215] Al | Allow degrees, 126.87, and 0.7048 1 or 0.705 = .
Arc AC=5xtheir2.214 M1 2]
Use of r@ or —.2nr Expect 11.07.
360
AC=+8+4 or 2x5xsin1.107 M1 | Expect8.94.
[Perimeter=11.07+8.94=]20.0 Al | Accept AWRT [20.01, 20.02].
5
8(b = 2 i M1
(b) Sector ACD =% x5 xtheir 2.214 See use of £1%0 or —2— ar?. Expect 27.7
2 360
. . M1 | Subtracting th f AADC, t —10.
Subtracting the area of AADC =%x5x4 or %52 sintheir 2.214 or Ubtracting the area of A expee
l><8><4—l><3><4
2 2
Shaded area=27.7 -10=17.7 Al | Accept AWRT [17.67, 17.68]. Correct answer

cannot come from an angle of 2.215 .
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9(a) [y]<-1 Bl | Acceptfor f(x)<-1, o<y<-1, (-oo,—1].
Do not accept X < —1.
1
9(b — — M1
(®) y =—3x" +2 rearranged to 3x’ =2 -y, leading to X* = 2_3y or y? :%
_ — Al Al _ _
x=[%] /u = [fFH(x)]={-} 25 A1 for minus, Al for 2= , allow — x=2 .
3 3 3 -3
3
9(c) fg(x) =—3(~x’ _1)2 42 M1 | sol expect —3x* —6x* —1.
gf(x):_(_3x2+2)2_1 M1 | sol expect —9x* +12x* -5.
fg(x)— of (x)+8=0 leading to 6x* —18x*+12 [=0] Al | OE
[6](x2 —1)(x2 — 2) [=0] or formula or completion of the square M1 | solving a 3-term quadratic equation in X* must be
seen.
Xx=-1 ,—J/2 only these two solutions Al | Allow =V 1, — 1.41[4] Answers only SC B1.
5
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10(a) 3 1 . Bl 1 1
55T k leading to k =2 AG Need to see 4 2 evaluated as — or better.
42
1
10(b) % M1 Al 1
=2X?-2X |+C X?
[y] [ ] Allow — —2X.
»
-1=4-8+cC M1 | Substitute x =4,y = —1 (c present) Expect ¢ = 3.
1 Al | Allow if f(x) = or y = anywhere in the solution.
y=2x2-2x+3 or y:2\/§—2x+3
4
10(c V2 _o_ M1 )
© X 2=0 Set their dy to zero.
dx
1 Al 2
XZZ If lj =J_r1 max of M1A1 if l,sl seen.
2 4 4 2
(Ya, 3%) Al
3
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10(d) Bl
<0 (or —4) hence Maximum DB1 ) 1
WWW Ignore extra solutions from X = _Z :
2
Question Answer Marks Guidance
11(a) 2 M1 | Expect 1, must be from Ay /AXx.
Gradient of AB =
Equation of ABis y—2=1(x—5) or y+1=1(x-2) Al | OE. Expect y =x—3.
2
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11(b) [n]] x2dy = [n]f(yz +1)2 dy = [n]f(y“ +2y? +1)dy M1 | For curve: Attempt to square y? +1 and attempt
integration.
Subtracting curve equation from line equation
before squaring is MO.
Integration before squaring MO.
A2,1,0
y5 2y3 ) )
|| —+—+
[ L2y
[n]f(y+3)2 dy = [n]f(yz +6y+9)dy M1 | For line: Attempt to square their y +3 and attempt
integration.
3 A2, 1,0 | Not available for incorrect line equations.
y’ 2 (y + 3) q
[n]| =+3y*+9y |or [n]| ~—+
3 3
DM1 | Apply limits —1— 2 to either integral providing
[n]{§+12+18—(—5+3—9j} or [n]{ngEu—(—l—g—lj} 3
3 3 5 3 5 3 they have been awarded M1. Expect 155 [n]
and/or 39[ ] . Some evidence of substitution of
both —1 and 2 must be seen. Dependent on at least
one of the first 2 M1 marks.
3 DM1 | Appropriate subtraction. Dependent on at least one
Volume = [x] (39 - 15 g) of the first 2 M1 marks.
2 117 Al
= ZSgn or ?n or awrt 73.5[1327]
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

o the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

o marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 | Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required then
no marks will be awarded for a scale drawing.

2 | Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 | Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 | Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 | Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 | Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

o A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For anumerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1 (3x+2)(x-1)=2 = 32 —x—4 [=0] M1 | OE Multiply by denominator and obtain a quadratic.
(3x — 4)(x +1)[: o] M1 | Solve by factorising, formula or completing the square.
11 4 Al | Allow 1.33
D=1 -1, 3 If M1 MO, SC B1 possible for two correct answers.
3
Question Answer Marks Guidance
2(a ~4 M1
@ 12[_X6_1j [:12(2)4‘ :g} Substitute x=6 into dy SOI by gradient 3 used.
4 dx 4
3 Al 3 1 . 3
—4=—(x-6 OEe.g. y=—x—= orevaluatescin y=—x+cC
y 4( ) Y 4 2 y 4
OR evaluates c=—= using (6, 4) and gradient % . ISW
2
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2(b) 1 -3 B2,1,0
12(2x—1j 1 1 3
= +=|=-8/=x-1
[v=] -3 2 { (2 ) }
1 -3 M1 | Must have +c.
12 (ZX 6 —1j ; Substitute y =4, x=6 and solve for ¢ in an integrated
4= 1 +C [j 4=-8x2"+ C] = c=5] expression. May be unsimplified.
“x-3
2
-3 Al | OE Must see ‘ y="or ‘f(x)=" in the working.
[y=]—8(1x—1j +5 y (x) g
2
4
Question Answer Marks Guidance
3 1 B2,1,0
ay_ lax 22
dx 2
1 M1 . . . I
0= %a(9)_2 -2 = %— 2=0 = a=[12] Substitute x = 9 and % =0 into their derivative and
X
solve a linear equation for a.
[a=]12 Al
. 1 ALl FT | FT on their a.
y =theirax(9)z -18= (18
5
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4 > 2 2 B1 | Accept with x* present. Must evaluate °C

Coefficient of x? in (1+Ex] is 10(% _10 ><22 {z 4—2} P P ?
p p p p
Coefficient of x? in (1+ px)° is 15(p)° [:15 p2] B1 | Accept with x? present. Must evaluate °C,
40 2 *M1 | Forming an equation in p with their coefficients, the
—2+15p =70 .
p given 70, no x terms and no extra terms.
15p* —70p? +40 [=0] or 3p* —14p? +8 [=0] DM1 | Forming a 3-term equation in p (or another variable)
with all terms on one side and their coefficients.
DM1 | Attempt to solve 3-term quartic (or quadratic in another
+.[70% — p q q
[5]( p® — 4)(3 p® — 2) [=0] or - \/70 4(15)(40) or variable) by factorisation, formula or completing the
30 square.
14+ 147 —4(3)(8)
6
Al
p==%2, J_r\/% OEe.g. i? or AWRT +0.816
If *M1 DM1 DMO, allow SC B1 for 4 correct values.
6
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5@) | [2r+8=20=]r=6 B1
*M1
Angle AOB = 8 Expect 4 oE (76.4°).
their 6 3
MO Assume triangle is equilateral.
) 2 , 5 4 DM1 | For 6 read their6.
AB=2><6smthe|r§ or ,[6°+6°—2x6 costhe|r§
or AB= 6 xsintheirﬂ
(T .2 3
sin| = —their =
[3-0ar)
Perimeter =[7.42+8 =] 15.4 Al | AWRT
4
5(b M1 | Sector area — whole triangle area.
(b) Area = L x 62 x their 2 — £ x 62 x sintheir 2 g
2 3 2 3 .
For 6 read their6.
1 ., ., .4 1, . .2 2 .
or Area ZEX 6 xthe|r§ - ZXE 6sin the|r§ 6costhe|r§ Sector area — 2(half triangle area).
=[24-17.49=] 6.51 Al | AWRT
2
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6(a) sin@— cos @+ sin &+ cosé {_sin 60— cosO+ sinf+ cose} 1 *M1 | Use common denominator and equate to 1.
(sin@+ cosO)(sin&— cos o) sin*9—cos’0
2sin @ [=sin0—cos2d] =sin2¢9—(1—sin2¢9) DM1 | Multiply by common denominator and replace cos® 8 by
1 —sin® 6.
2sin%60 —2sin@—-1=0 Al | OE In the given form.
3
6(b) 4 [ _ B — M1 | Use formula or complete the square to solve a quadratic
[sin0=]2_\/( 2) 4(2)( ) =2i 4+8 zli\ﬁ equation of the correct form.
4 4 2
201.5° or 338.5° Al A1 FT | AWRT; Al for either solution correct.
Al FT for 540 — (first value).
If MO, allow SC B1 B1FT similarly.
3
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7(a) r=0.8 B1 | SOI
50><(their0.8)7 ~105 M1 | Evaluate 8" or 9" term in GP.
50><(their0.8)8 ~8.39. Hence 9th impact required Al | AG Two terms correct + conclusion (mention of 9"
impact or ug somewhere in the solution).
Statement that one is <10 (and the other >10) is
insufficient unless it mentions 9" impact or us.
Alternative method for final two marks: Logarithm method
50 (their 0.8)" <10= (their0.8)" <0.5 RU
nlog(their 0.8) <log0.5
> |Og¢ =[n>]7.2
log (their 0.8)
n=8 hence 9" impact required Al | AG Need conclusion that mentions 9" impact or us.
3
7(b) 50(1—(their0 8)20) M1 | OE Use of formula with their r SOI.
1—their0.8
=247 Al | Must be to the nearest mm (not 247.1).
2
7(c) 50 M1 | Use of sum to infinity formula with their r SOI.
1—their0.8 Substituting a value of n into the sum formula MO.
=250 Al
2
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8(a) S 12 B2,1,0
f'(x)==3(-1)(4)(4x-p) " | =——
(4x—p)
> 0 Hence increasing function B1FT | Correct conclusion from their '(x).
3
8(b) 3 M1 | OE Form horizontal equation. Sign errors only, no
y=2—4x_ » = (y-2)(4x—p)=-3 or 4xy-py=8x-2p-3 missing terms.
May go directly to 4y = p—i2 OE M1M1
X_
M1 i
dxy—8x = py - 2p—3= 4x(y-2)= p(y—2)-3 or 4X:_iz+ b OE Factorise out [4]x or [4]y .
X j—
3 ip M1 | OE Make x (or y) the subject.
= M = X= E — 3 or X—2
4(y-2) 4 4y-8 4
[f‘l(x) _J p 3 Al | OE in correct form (must be in terms of x).
J4 4x-8
4
8(c) [p=]8 B1
1
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9@ | (x=2)*+5 B1
1
9(b) 2({(X+1)2}+ {5}) B2, 1, 0
2
9(c) [g(x) =] 2f (x+3) or k=2, h=3 B1 | In correct form. BO if contradiction.
1
9(d) -3 B2,1,0FT | FT on their x+3 or h=3.
{Translation} ( 0 j
{Stretch} {y direction, factor 2} B2,1,0FT | FTontheir2 or k=2.
4
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10(a *M1
@ iI(2x1’2+1)—(%x2—x+1j dx [ = iIZXUZ—%XZ—FXdX]
ax32 B %2 432 yE 2 B2, 1, 0 | OE Coefficients may be unsimplified.
+ +X—| ———+Xx||Or £ -t
3 6 2 3 6 2
DML1 | *(F(4) — F(0)) using their integral(s).
i(g—gw]ori[ﬂ-o—@wj (F(4) - F(0)) using gral(s)
3 3 3 3
=8 Al | Depends on all previous marks.
If *M1 B2 DMO and limits stated, SC B1 for +8
5
10(b) dy 1 dy M1 Al | Attempt at differentiating one function.
Upper curve: a X 2. Lower curve: ™ x—1 Al if both correct.
X
. 1 . M1 | Evaluate two gradients using x=4.
At x = 4: gradient of upper curve :E , gradient of lower curve =3
1 M1 | Use inverse tan to find angles then subtract.
_tan-L = Sl I
o =tan~3-tan 5 [= 71.57-26.57] OR find equations of both tangents then Pythagoras using
a point on each e.g. on axes.
OR cosine rule using intercepts or proportion.
[a :]450 Al | AWRT
5
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11(a) ) y—10 2 *M1 | Substitute equation of line into equation of circle.
x* +(mx+10)" =20 or y2+( j =20 or mx+10=+/20—x?
m
N (1+ m2)+ 20mx+80 [=0] or Al | Collect terms into a 3 term quadratic.
y?(m? +1)—20y +(100—20m* )[= 0]
(20m)” —4(1+m?)x80[=0 = 80m’ —320=0=>[80](m* —4)=0] DM1 | Use b? —4ac[=0].
or (-20)* —4(m” +1)(100—20m*)[=0=>[80](m" —4m?) =0]
m=+2 Al | Two values for m .
4
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11(b) Method 1: Use of quadratic
(1+ 22)x2 +20(2)x +80 [z 0=>5x2 +40x +80 = O:I M1 | Sub their m into their quadratic in x or y or restart with
their tangent equation and equation of circle.

or y?(2? +1)—20y+(100—20(22))[=o:>[5](y2 —4y+4)=o]
[5](xi4)2 -0 = x=44 or y=2 Al | Correct solutions or one correct pair (X, ).
(-4,2), (4,2) Al | Two correct points with x and y paired correctly.
Method 2: Using equation of normal

1 1 M1 | Equate tangent and normal and solve for x.
2Xx+10=—=x or —-2x+10=—x

2 2
X==44 Al | Two correct x-values or one correct pair (X, y).
(-4,2), (4,2) Al | Two correct points with x and y paired correctly.

3
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11(c) Method 1: Using angle at circumference
*M1 | Use atrig function in triangle AOB.
cos BOA = @ or sinBOA= @ or tanBOA= @[: 2]
10 10 J20
BOA=63.4° = BOC =126.8°0r126.9° DML1 | Strategy involving doubling
[BDC =]63.4° Al | AWRT
Metho 2: Using cosine rule
2 2 *ML1 | Calculate two lengths in triangle BCD.

BC=8, BD=,[(v20+4) +2° , CD=,[(\20-4) +2° J J
64 =80 —16+/5cosBDC DM1 | Use cosine rule with their lengths

Al | AWRT
cosBDC = g: [BDC =]63.4°
Method 3: Subtract angles from 90 °
Calculate one angle at D [=13.28] *M1 | ODB or angle between CD and the vertical from D
Calculate a second angle at D [=13.28] and subtract both from 90° DM1
[BDC =]63.4° Al | AWRT

3
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

o the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1(a _ B1 | Accept unsimplified.
@) Mid-point AB is 10+5,—2 o EE
2 2 2 2
1-2 = M1 i
Gradient of AB = —1-2 =—3 Gradient perpendicular = > For use of ChLe!ny , condone inconsistent order of x and v,
10— 5 3 Change in x
and mim, = —1.
y 1 Al | OE ISW
2 5 1 5 15
x—125 =3 {y—§=§( —?H Any correct version e.g. yzgx—lz or 5x-3y=36.
2
3
1(b) [Radius =] /34 or 5.8 AWRT or [(radius)® =] 34 B1 | sight of /34 or 34. Condone confusion of r and r2.

(x—5)2+(y—2)2 B1| sight of (x—5)2+(y—2)2

(x—5)2+(y—2)2=34 B1 | CAO ISW

Alternative method for Question 1(b)

x? +y? —10x -4y Bl

[c=]50r[c=]-5 B1 | substitution of (10, —1) into x* + y? —10x —4y +c =0.

x?+y?-10x—4y-5=0 Bl
3
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Question Answer Marks Guidance
2 2a—a=a’-2a Bl | OE
An unsimplified correct equation in a or d only, e.g. a®> +a=4a.
Can be implied by correct values for a or d.
a=3o0rd=3 B1 | Condone ‘extra’ solution of a =0 ord =0.
a=3andd=3 B1 | SOI
50 . . M1 | May be done using 50th term (=150). Their a and d must be
850:?(thhelra+49><the|rd) numerical.
3825 Al | ISW
SC B2 for 1275a or 1275d
5
Question Answer Marks Guidance
3(a) k? —4x8x2 [<0] M1 | Use of b?—4a c but not just in the quadratic formula.
—8<k<8or-8<k,k<8or|k|<8 or (-8,8) Al | condone ‘- 8<kork<8’, ‘= 8 <kandk <8 but not /64 .
2
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Question Answer Marks Guidance

3(b) 2(4cos0-1)(cos@-1) or (4cos@—1)(cosd-1) M1 | OE
Or use of formula or completing the square. Allow use of
replacement variable.

Al | OE For both answers.

cosezg,cosezl 5
8 SC: If MO, SC B1 available for sight of Cosﬁzg and 1

[6=]0° 75.5° Al | AWRT ISW rejection of 0°.
For both answers and no others in the range 0°<<8<180°,

must be in degrees.
SC: If MO B1 scored, SC B1 available for correct answers.

SC: If M1 A0 scored, SC B1 available for cos@ =§ and 6 =
75.5° only, WWW.

3
Question Answer Marks Guidance
4 ar’=1764and ar+ ar?=3444or ar = 1680 or B1 | Two correct algebraic statements.
a(l— r3)
———~—a=3444
1-r
Attempt to solve asfarasr=or a = M1 | Any valid method, e.g. 17641680 or from
20 r? —41r + 21 OE (condone solving using a calculator).
Al
r= 1764 =£ or 1.05 [a =1600] Note: r =ﬂ www implies B1 and M1.
1680 20 3444 -1764
17 500 Al | AWRT e.g. 17474.1.....
4
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Question Answer Marks Guidance
5(a) Three points at the bottom of their transformed graph plotted at y B1 | All 5 points of the graph must be connected.
=2
Bottom three pointsof M\at x =0, x =1 & x =2 B1 | Must be this shape.
All correct B1 | Condone extra cycles outside 0 <<x < 2.

3 | SC: If BO BO scored, B1 available for /\ in one of correct positions
or all 5 points correctly plotted and not connected or correctly
sized shape in the wrong position.

5(b) [o(x)=]f(2x) +1 B1 B1 | Award marks for their final answer as follows:
f(2x) B1, + 1 B1. Condone y =or f (x)=.
2
Question Answer Marks Guidance
6(a) 5\ There is no requirement for the candidate to list a, b and c.
y= 4(X +§j -19 Look at values in their final expression, condone omission of 2,
and award marks as follows:
Bl| a=4
B1
b=2 OF
2
Bl|c=-19
3
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Question Answer Marks Guidance
6(b) 52 52 *M1 | Equate their quadratic completed square form from 6(a) to 45 or
Their 4(x + Ej -19|=45 |=> (x + Ej =16 re-start and use completing the square.
Solve as faras x= DML1 | Any valid method leading to two answers.
3 13 Al | SC: If MO or M1 DMO awarded, B1 available for correct final
[ Z]E'_? answers.
<}
6(c) Quadratic curve that is the right way up (must be seen either side B1 | No axes required, ignore any axes even if incorrect.
of stationary point)
Stationary point stated using any valid method or correctly B1 FT | FT their values from 6(a) as long as their expression is of the
labelled on their diagram. 2 5
B1 FT | form p(ax+r)” +s. Expect —E,—19 :
Condone if stated correctly but plotted incorrectly.
3
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Question Answer Marks Guidance
@) sin@(sin@ —cos@) +cosd(sin@+cosd)[ sin?@+cos? & *M1 | Sight of a correct common denominator, either in one or two
ino 2\(sino ) =— 79 79 fractions, condone missing brackets if recovered. In the numerator
(S' +C0S )(S' oS ) Sin-&—cos condone = sign errors only.
sin@ . cos® @ DML | Divide throughout by cos?@ .
cos’6  cos’ @
sin?0  cos® @
cos’@ cos? 6
tan? 6 +1 Al
tan’ 0 -1
Alternative method for Question 7(a)
.2 *M1 .2
sin“ g 5 .. SIN“@ .
poveys +1 os2p _ sin% 6+ cos? 6 Replace tan & with 020 and multiply top and bottom by
) x——— or the equivalent step | =————
sin“0 _, cos” @ sin® ¢ —cos” ¢ cos? 0. Condone = sign errors.
cos? 0
Sight of convincing use of partial fractions DM1
sin@ N cos6 AG Al
Sing + cos®  sinf — cosO
3 | Note: M1 DM1 A1 for working on both sides at the same time
and finishing at the same correct expression. M1 DM1 for starting
separately and finishing at the same correct expression and Al if
there is a final conclusion e.g. QED. Do not allow cross
multiplication.
Condone use of s, ¢ and t and omission of &.
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Question Answer Marks Guidance
7(b) 2 *M1 | Equate expression from (a) to 2 and clear fraction.
a0 2= tan?0+1-2(tan?0-1)
tan“6-1
tamgz[i]\/é DML | Simplify as far as tan@= . May be implied by a correct final
answer in degrees or radians.
Alternative method for first two marks of Question 7(b)
sin2 0+ cos? O 2 1= 25in? 0 2(1sin? 0 *M1 | Equate expression to 2, clear fraction and use trig identities to
————=2= 1=2sin“0-2(1-sin
sin2 0 —cos 0 ( ) form an equation in sin@ or cos@ only.
DML1 | Simplify as far as sind=, or cos@=.
sing = [J_r]\/§ or cosé = [J_r]\/I
4 4
1 2 Al | Al for either correct answer then ALFT For their second value
0 —37"3" being 7 — (their first) and no others in range 0< @< , both
ALFT | values must be exact and in radians.
SC: B1 for 8=60°,120° or 0.3337,0.6677 AWRT.
or 1.05, 2.09 AWRT.
4
© UCLES 2022 Page 12 of 18




9709/12 Cambridge International AS & A Level — Mark Scheme October/November 2022
PUBLISHED
Question Answer Marks Guidance
8(a) 3 1 B1 B1 | Marks can be awarded for correct unsimplified expressions, 1
2 2 21 mark each for contents of { } ISW.
3 1
2 2
3 1 M1 | Correct use of (3,5) in an integrated expression (defined by at least
5=2x32-6x32 +cC one correct power) including + c.
3 1 Al | Condone ¢ =5 as their final line if either y = or f(x) = seen
y=2Xx?-6x?+5 elsewhere in the solution, but coefficients must not contain
unresolved double fractions.
4
8(b) 1 1 M1 | Setting given differential to O.
3x2-3x 2=0
[x=]1 Al | CAO WWW Condone extra solution of —1 only if it is rejected.
2
8(c) x>1 or x> “their 8(b)” B1FT | Allow >
1
Question Answer Marks Guidance
9(a) ( 1) B1 | ISW
al x+—|[+1
X
1
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Question Answer Marks Guidance
9(b) 5 1 1=11 M1 | Substitute x = 2 into their expression from (a) and equate to 11.
a +§ = This may be done in 2 stages: f(2)=2.5,9(2.5)=11.
[a =]4 Al
2
9(c) No,[because it is] not one-one B1 | Or other suitable explanation that may include one to many or
many to one.
1
9(d) _ x—1 B1 | Condone use of a instead of 5.
lo 1(x)]=T WWW
wrtl g M1 | Correct combination of their g™ (x) with given f(x)
[g7'f (x) =] X OE Condone use of a instead of 5.
2_ 1 1 Al . : o
XT=x+1 or —(x + ——1) or l(x +x7 —1) OE ISW Must not contain unresolved fractions e.g. xrx -1
5x 5 X 5 5
3
9(e) The domain of f does not include the whole of the range of g. B1 | Accept an answer that includes an example outside the domain of
Or f,e.0.9(—1)=—4butforf, x>0.
The range of g does not lie in the domain of f.
1
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Question Answer Marks Guidance
10(a B1 | For either arc correct. Arc ARB could be AR+RB.
@ 2.5x% 4?ﬂ+224 —[ 10.47[2] + 5.86[4] or 10Tﬂ+28—”]
M1 | For adding two (or three) arc lengths using different radii and
angles and nothing else. SOI
267: Al | AWRT
16.34 0 Condone 16.33 only.
3
10(b) 1 2 . 2 M1 | For either AAOBor AAPB (AB = 4.33, h=1.25, 0.58) or any other
Area APB = %x 2.242 sin%r [=1.254]
[Difference =] 1.45 Al | AWRT Condone 1.46 only.
2
10(c B1 | For either sector area correct
© Area AOB = %x 2.5% x 4?” [=13.09]
Area APB = 1 x 2.24% x o7 [=6.57]
2 6
[Area of cross section =] M1 | Adding two sector areas from different sectors and ‘ their10(b) ’
; w252 ML o ary 56 “their10(b)” and nothing else. SOI
[=13.09+6.57+ “their10(b)” |
21.1 Al | CAO Condone slight inaccuracies in intermediate working if the
correct answer is arrived at.
3
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11(a 2 2 Bl
(a) {d_y :}gx_lz [=0]or [y =] 2 (X_§j .8 Org(x_§) +2 OE Either % or a correct expression in completed square form.
ax |2 A\"73) 7o 3 Cdx
Allow unsimplified.
= 24 B1 | OE Condone 2.67 AWRT.
9
y=2 B1 | CAO
Note: x = _—:§Bl; substitute © for x in y =B1; y=2B1.
2a 3 3
3
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Question Answer Marks Guidance
For 11(b) look for working to be marked on page 19 or annotate it as BP or SEEN
11(b) 35 (9 M1 | Intention to integrate and subtract areas (either way around). Can
[Area=] | 18—§x2 _(Z x2 —12x+18j dx be two separate functions or combined.
Using y? scores 0/5 but condone inclusion of = except for the
final mark.
Note: Subtraction not required for these marks. B1,B1 | One mark for correct integration of each curve, allow
7 unsimplified.
: 3x2 ox®  12x° 3 7) (3
Either separately | [18x]- — | (4—)(3 re [+18x]J [18X]- = x? (_ N [+18x]]
8x— 28 4
2 7
7 3 - 3 3 2 .
2 3 2 or [18x]-—x2 —=x’+6x*[-18x] BUT condone sign errors
Or combined [18x] - oy + 12x [-18x] 28 4
SXZ 4x3 2 that are only due to missing brackets.
3 1 3 M1 | Clear substitution of 4 into at least one integrated expression
= ~28 x 42 2 x 4% +6x 42 [—(O)] (defined by at least one correct power) which can be unsimplified.
_ 240 Al | SC: If all marks awarded except the final M1, SCB1 is available
-7 o 34.3 AWRT for the correct final answer.
5
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Question Answer Marks Guidance
11(c) dy 1-5x3 2] 15 Xg B1 | Allow unsimplified.
dx 2x8 16
M1

dy :ﬂxd—x = QZ—EXBX 2 Substitute x=4 into their dy and multiply by 2.

dt  dx dt d 16 dx

-15 Al | Accept decreasing [at/by] 15

3 | Note: If incorrect curve used, this is not a MR and only M1 mark
9(4
is available. Expect (% -12)x 2[=12]
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

o the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For anumerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1 8(1—00520)+6COS¢9+1 [=0] M1 | Expect 8cos?0—6c0s8—9=0.
(4cosé +3)(2cosH —3) [: o] Al | Factors or formula or completing square must be
shown.
[ cosé =-0.75— 6 =] 138.6° only, Al | AWRT, ignore solutions outside the given range,
answer in radians AO.
3
Question Answer Marks Guidance
X F]={-2(x+ 2 - {5} A5
2
2(b) [f(x)]<-7 BL | Allowy <~7 ,<~7, (—o0,~7) or less than —7
—oo( £ (X)(-7,~7) f(x))—o0, f <7
1
2(c) ) , —(y+5 M1 | Operations correct. Allow sign errors. FT their
y= -2(x+2)' -5 — (x+2) = ( 5 ) quadratic from (a).
—(y+5) M1 | Operations correct. Allow sign errors. FT their
x=[%] 5 -2 quadratic from (a).
—(x+5 X+5 Al - X+9
[F(x)]=—2— —(x+5) or -2 _(x+5) Allow [f(x)]=-2- /_—2
2 2
3
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Question Answer Marks Guidance
3(a) 1+10X + 40%? May be part of a complete expansion B2,1,0 1° must be simplified to 1, allow if the ‘1’ is seen
in a more complete expansion but not the final
answer.
Mis-reads not condoned in this question.
2
3(b) 1—12X + 54x2 May be part of a Comp|ete expansion B2,1,0 1* must be simplified to 1, allow if the ‘1’ is seen
in a more complete expansion but not the final
answer.
Mis-reads not condoned in this question.
2
3(c) 54-120+40 M1 | Forming exactly 3 products correctly using their
terms.
—26 Al | Allow —26x? If in a list with other terms it must be
clear this is the required term otherwise AO.
2
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Question Answer Marks Guidance
4 dv 9 B1 | Allow unsimplified forms.
ax |- (9 - X) Allow any or no notation
Substitute x = 4 into their differentiated V, *M1 | Expect 25.
dx 1 dt _ theirderivative M1 | Correct use of the chain rule, ignore incorrect
— =~  x3.6 (accept — = —————— ) i his poi
dt ~ their derivative dx i conversions at this point. Expect 0.144
1 100 DM1 | Correct use of the conversion factors.
= X39.0X——
their numerical derivative 60
Al
=ix3.6x@ = 0.24
25 60
5
Question Answer Marks Guidance
5(a) 3 B1 | Ignore any description.
1
5(b) 2 B1 | Ignore any description.
1
5(c) (8, 2) B1 B1 | Ignore any description. Allow vector notation and
absence of brackets.
2
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5(d) (1,5) B1 FT | FT each coordinate, (their8 — 7, their2 + 3) Allow
vector notation and absence of brackets.
B1FT
2
Question Answer Marks Guidance
6 2 *ML1 | Or Pythagoras seen (may quote 8, 15, 17 triple).
- 2 2 - 8
Use of sin“a +cos“a =1eg sina =[] 1—(ﬁj
. 15 Al
sino=—
17
15 Al
tana =—
8
1 1 17 N 8 DM1 | Dealing with reciprocals and addition of fractions
sing tana 15 15 correctly.
5 oe Al | Correct answer with no working shown scores 0.
3 Extra answers from sina = —% are allowed.
5
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7(a — M1
@ 3 Z __16 — eg.16(a+ 2)4 =81 Equate first derivative and _16 and move term in
(a+2) 27 27
a (or x) into the numerator.
M1
—>(a+2)2=2—>a+2: i]E Solve for (a+2) or(x+2)
4 2
1 7 Al Al | Allow ‘x =’
a=—-= or ——
2 2
4
7(b) 1 Bl | Allow unsimplified form and ‘y =’
[F()]=——= [+]
(x+2)
5=1+c M1 | Sub x=-1, y=5 into an integral.
Al | Allow ‘y =’
[F(x)]=——— +4 oy
(x+2)
3
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8(a) 5 *M1 | May use cosine rule to find APB. Stating APQ or
46 r 45 APB as an incorrect multiple of 7z is MO.
APQ=cos™ — |= cos  —
r 6
= 0.5857 Al | Accept 0.586 or 33.6° or APB (1.171 or 67.1°).
Perimeter =4 xr xtheir0.5857 =2.34r or 0.745x r or (293/125)r DM1 Al | Must use a numerical value of their angle.
4
8(b) Use of sector formula: Sector APB =%4r? x(2xtheir 0.5857) or Sector APC M1 | Any sector with their appropriate angle. It must be
] 5 ] clear the appropriate numerical angle is being used.
(Cison PQ so PC =r) =Yar? x(their 0.5857)
Use of appropriate formula for area of triangle and correct combination with M1 | e.g. Area APB = Yr? xsin(2xtheir 0.5857).
the sector to find the area of a half segment, one segment or both segments
Shaded area [ =2x0.1250r?] = 0.250r? ALl 0079612 allow Lr2 or 0.25 2
. , 2 : :
3
Question Answer Marks Guidance
9(a) 216r: =64 —r= 2/3 B1 | Allow decimal to 3sf (AWRT).
M1 Al | M1 depends on their |r| < 1.
s —— 2% _ 648 cao P 4
1—their?s
3
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9(b) 2 B1 FT | SOI, may be implied in the use of 96=144+3d
216 3 =144 — l44=a+d and finding a. Mis-reads not condoned in 9(b).
22 B1 FT | SOI, may be implied in the use of 96=144+3d
216(§j =9 — 9%6=a+4d and finding a.
Solve simultaneously *ML1 | No working may be seen.
d=-16, a=160 Al | Both required.
DM1 Al
Sy = 2—21{320+ 20(-16)} =0 Or use of %(a+u21).
6
Question Answer Marks Guidance
10@) | x4 (2x—1) ~2[=0]—> 5x* —4x~1[=0] "MLALTor 5y +2y-7[=0].
(5x +1)(x—1)[= 0] or (5y+7)(y_1)[: 0] DML1 | May see factors or formula or completing square.
x=1, y=1or(1,1)only Al | May be implied on the diagram.
4
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10(b) (n)j(Z—xz)dx ~ (ﬂ')(ZX—X—3] *MLAL | Attempt integration of y?, allow j(Z—yz)dy.
3 DM1 | Apply limits 1 — V2.
2
() 2\/5_@ _(2_1j)
3 3
P Al T L
§(4\/§—5) CAQO, allow 5(2%—5) , must be in given form.
4
10(c B1 | Must be exact.
© Arc length = %(272'\/5 or ﬂff oe
Perimeter = /2 +their arc length B1 FT | Must be exact, do not allow inverse trig functions.
2
Question Answer Marks Guidance
11(a) (5—2p)2 +( p+ 2)2 :(10_ 2p)2 +(3_ p)Z M1 Al | Allow one sign error for M mark only.
25-20p+4p?+ p? +4p+4=100—40p+4p? +9—6p+ p° Al | Allow 2.67 AWRT.
30p=80 — ng oe
3
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11(b)(i) p+2 p-3 M1 | Allow a sign error.

Mac = Mpe = ——

2p-5 2p-10

p+2 P -3 M1 | Use of mym; = -1 with their macand mec.

2p-5 2p-10

pz—p—6=—(4p2—30p+50) — 5p°-31p+44 (=0) Al

Al — _
p=4 (Ignore p:1_1) Factors (p—4)(5p—11), or formula or
5 completing square must be seen.
4
11(b)(ii) | Mid-point of AB = (7%, %) B1 | SOI
*M1 1 50
=t o | =20 | or V(@2 2%7) | = 52 Or r” =2(5°+5%) {:_} etc.
4 2 4 4
. - . DM1 2 2
Equation of circle is (x—the|r71/z)2 +(y—thell’1/2)2 =the|r57? Must use r*not r or d or d
x> +y?—15x—y+44=0 Al | CAO
4
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e  marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.

© UCLES 2022 Page 2 of 19



9709/11 Cambridge International AS & A Level — Mark Scheme May/June 2022
PUBLISHED

Mathematics Specific Marking Principles

1 | Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required then
no marks will be awarded for a scale drawing.

2 | Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 | Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 | Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 | Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 | Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e  Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.

© UCLES 2022
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)
CWO Correct Working Only
ISW Ignore Subsequent Working
SOI Seen Or Implied

SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the
light of a particular circumstance)

WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1(a) ¥-8x+11=(x-4)...orp=—4 B1 | If p and g-values given after their completed square
expression, mark the expression and ISW.
e S0rg=->5 B1
2
1(b) (x—4) =5 =150 (x4 = 6 50 X— 4:[ i] \/6 M1 | Using their p and g values or by quadratic formula
8++/24 Al | Or exact equivalent.
x=4xf6 OF 5 No FT; must have = for this mark.
ISW decimals 1.55, 6.45 if exact answers seen.
If MO, SC B1 possible for correct answers.
2
Question Answer Marks Guidance
2 a+12d =12 B1 | For correct equation.
30 B1
?(Za + (30—1)d) =-15 For correct equation in @ and d. If using g(a +1), must
replace / with an expression involving a and d.
a=72,d= -5 B1 | Both values correct SOL.
50 ) ) M1 | Using sum formula with their a and d values obtained
S50 27(2 (their a)+49(their d)) via a valid method.
Sso = -2525 Al
5
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3(a) s Y M1 | For selecting the term in x*.
x* term is [10x](2x2) (—]
X
80k*x* = a =80k* A1l | For correct value of a. Allow gox*x*.
[ x> termis [6 x](2kx)* x 1 =24i°x* =] b = 24k B1 | For correct value of b. Allow 24%2x2.
3
3(b) 80K 4241 —21 6[= O] [ 10k 312 27 = OJ M1 F(?rming a 3-term equation in k (all terms on one side)
with their a and b and no x’s.
) 5 B 2 3 9 M1 | Attempt to solve 3-term quartic (or quadratic in another
(2k -3 )(5 k™ + 9) [_ O] [= k"= 5 or _g] variable) by factorisation, formula or completing the
square — see guidance.
Al
[k]=+ % OE e.g. i@, + 5, AWRT £1.22
Omission of 1 AQ.
Additional answers AQ.
If M1 MO, SC B1 can be awarded for correct final
answer, max 2/3.
3
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4(a) sin’@ sin@ sin36’(1 +sin 9) sin2 H(Sin 0— 1) *M1 | Using a common denominator.
sin@—1 1+sin@ (sinH —1)(1 +sin 49) (sinH —1)(1+sin 49)
_sin’0(1+sin0)— sin’(sin 6 —1)
- (sin@ —1)(1 +sin o)
_sin’0 + szin46’ QM1 Reaching i(l — Sin2l9) in denominator.
1-sin"@ SOIby +cos?0 .
sin29(1 + sinze) DM1 | Using sin?6 + cos’6 = 1 in denominator and isolating
- 2 sin 29 1in numerator.
cos @
o2 ) Al ind
tan 0(1 +sm 9) AG - Using/stating tan@ = smg is sufficient for Al.
cos
May be working from both sides provided the argument
is complete.
AQ if 4 or brackets missing throughout, or sign errors.
Allow recovery if AG follows from their working.
Alternative method for Q4(a)
in2 in2 *M1 , sind
—tan0(1 + sin20) = sin 9(1 + szm 49) Using tan@ = o0 and sin’0 + cos?0 = 1.
1—-sin"@
—sin%@ —sin’*@ DM1 | Factorising denominator.
(1 —sin@)(1+sin 0)
sin20 + sin’0 — sin’0 + sin*0 _ sin3¢9(1 +sin g) _ sin2¢9(sin 60— 1) DM1 | Factorising numerator.
(sin@—1)(1+sin) (sin@—1)(1+sin6)
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4(a) sin’@ sin’@ Al | AG
sinf—1 1+sind A0 if 8 or brackets missing throughout, or sign errors.
Allow recovery if AG follows from their working.
4
4(b) —tan? 9(1 +sin? 0) — tan> 0(1 _sin? 0) leading to [2]tan2 0=0 M1 | Obtaining a (trig function)* =0 WWW.
tand =0 leading to [6’ =]n A1 | Ignore extra solutions outside the interval (O, 27:) .
Alternative method for Q4(b)
in2 in2 . M1 | Obtaining a (trig function)> =0 WWW.
S0 1 sin20) = 309 (1 _gin2g) leading to ga(trig )
cos @ cos @
—sin’0 —sin*0 =sin’0 —sin*0 leadingto [2]sin’ =0
sinf=0 leadingto [6=|n Al | Ignore extra solutions outside the interval (0, 27).
2
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5(a 1 B1 1
@ Sector area = —? (Ej[z 1},2} Using —7°6 with 6 in radians SO.
2 6 12 2
BO if using a value for r.
o 1 T NE) B1 | SOI Finding triangle area.
BD = Slng’” [Z EV } and 4D = coszr :7” Decimals B0 unless exact values seen in working.
. 1. = T 1 1 3
so triangle area = —| sin—r || cos—r || = —x—rx—7r
2 6 6 2 2 2
1 T . T 1 31
or —r|cos—r || sin—||= —rx—rx—
2 6 6 2 2 2
B1 2
Area of BCD = g2 —ﬁr2 OBeg | X —ﬁ with cos— and sin— evaluated.
12 8 4(3 2 6 6
Must be exact, in terms of 2.
ISW
3
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5(b) \/5 B1 | SOI by length of AD, CD or arc, or by perimeter.
Angle BAC — sin”| 2— || =Z
£ r 3
1 M1 | SOI Finding length by Pythagoras, or by trigonomet,
Length AD = cosir[: lr} [so length CD = —r] g Tengti by fyfag }T][ g Y
3 2 2 with their angle BAC, provided BAC ;tg .
n M1 : . L T
Length of arc BC = r x g SOI Using 76 with @ in radians. Condone 8 = g .
Al
Perimeter of BCD = ﬁr + lr + I OEeg. r V31 + 2| with e.g. cos =~ evaluated.
2 2 3 2 3 3
Must be exact, in terms of 7.
ISW
4
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6(a) Xt 5 5 ) 2 5 *M1 | For clearing denominator and expanding brackets.
= i = — lead t +4y= -4
Y x*+ leading to (x * 4)y (x 4) cadingfo ¥ yway=x If swap variables first, look for y*x+4x=y? —4.
x*y—x*=-4y—4 leadingto x’ (1 - y) =4y+4 leadingto x*=... DM1 | For making x> the subject.
If swap variables first, look for
yz(l—x) —dx+4=y"=. ..
Al —4x-4 . .
X2 _Ay+4 leadingto x= dy+4 leading to [f'(x)]= ’4x+4 OEe.g. ol . without + in final answer.
-y -y l1-x X
Alternative method for Q6(a)
2 *Ml . .. . _ _ _ _
-4 ) 8 ) -8 For division and reaching x—1=... (ory—1=...
x=y2 leadingto x=1-— leadingto x—1=— s (ory )
y +4 vy +4 v +4
Y yd= -8 leading to y* = = 4 DM1 | por making y? (or xz) the subject.
x—1 x—1
—8 A1l | OE without + in final answer.
=1 £! —
=] ()] ==
3
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6(b) 8 214 ] { 2 ad— 8} 2 —4 M1 A1 | Using common denominator or division to reach 1.
1- = - = = Remainder -8
2 2 2 2 2 .
x+4 x"+4 x +4 x"+4 x"+4 WWW
0< f( x) <1 B1 B1 | B1 for each correct inequality. BO if contradictory
statement seen.
Accept f(x) >0, f(x) <L 1> f(x) > 0; (O, 1)
SC B1 for 0 < f(x) < 1.
4
6(c) Because the range of f does not include the whole of the domain of f (or any B1 | Accept an answer that includes an example outside the
of it 12
) domain of f, e.g. f(4) = E) . Must refer to the domain or >
2. Need not explicitly use the term ‘domain’ but must not
refer just to the range.
1
Question Answer Marks Guidance
7(a) g | 2 1 M1 . . 1,
(3x—2)2 =~ x+1=3x=2 :(_,H_lj =—x24+x+1 Equating curve and line, attempt to square; Zx +1 MO
2 2 4
1, ) M1 | Forming and solving a 3TQ by factorisation, formula or
= VR 2x+3[= O][: X =8x+12= O}S(X —6)(x=2)[=0] completing the square — see guidance.
(2,2) and (6, 4) Al Al | Al for each point, or A1 A0 for two correct x-values.
If MO for solving, SC B2 possible: B1 for each point or
B1 BO for two correct x-values.
4
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7(b) *M1 | For intention to integrate and subtract (MO if squared).

Arca= ?((y 2)2—(;x+1D[dx]

5 6 B1 B1 | B1 for each bracket integrated correctly (in any form).

— 3x 2 2 - x + xj

9 2

3646 o) A 3N A DM1 | +(F(their 6) — F(their 2)) with their integral.
- _X + 9( )2 - ZX p Allow 1 sign error.
4 Al | AWRT 0.444.
9 4
? SC1 B1 for ~ if *M1 B1 BI DMO.
9
4
SC2 B1 for 5 if *M1 B0 B0 DMO, provided limits
stated.
Alternative method for question 7(b)
[6] *M1 | For intention to integrate and subtract (MO if squared).
Area = J. (3x 2)2 —area of trapezium (or triangle + rectangle)
(2]

D) 37° 244 2 31 (244 B1 | Bl for bracket integrated correctly (in any form).

i[§(3x -2)2 } - 4( 2 j or i{§(3x -2)2 } - (T+ (2x 4)) B1 FT | B1 FT for using correct formula with their values.
2 2
DM1 | X(F(their 6) — F(their 2)) using their integral.

i(é(%)z _3(4)3}12]

Allow 1 sign error.

© UCLES 2022
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7(b) 4 Al | AWRT 0.444.
9 SC1 B1 for - i *M1 BI BI DMO.
9
SC2 B1 for g if *M1 B0 BO DMO, provided limits
stated.
5
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8(a) . {300} . {600} B2,1,0 | B2 for fully correct, Bl with two elements correct.
EITHER (1){Translation} {0} OR (2){Translation} {0} { } indicates different elements.
Accept angle in radians.
(3){Stretch} {factor 2} {in x-direction} B2,1,0 | B2 for fully correct, Bl with two elements correct.
{ } indicates different elements.
(4) Stretch factor 4 in y-direction and correct order B1 | Stretch, y-direction and factor and correct order.
Correct order is either (1) then (3) or (3) then (2).
(4) can be anywhere in the sequence.
5
8(b) M1 | SOI
4sin Gx - 30°j =242 = sin™' (%j[z 45]
1 M1 | SOL The M marks are independent.
Ex—30 =45 or 135 =x= 2(45+30) or x= 2(135 +30)
x=150°, x =330° Al St 1l=n
Both exact values, condone ?,?
AQ if extra solutions in the interval.
Ignore other solutions outside [03,36)0 ] .
3
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5 5 . .
9(a) Express as (x +3) + (y—l) —92649 +1[=36] M1 | Completing the square on x and y or using the form

X +)/2 +20x4+2fy+c=0, centre (—g,—f ) and radius
Vg +f*-c.
SOI by correct answer.

Centre (=3, 1) B1

Radius 6 B1

So lowest point is (=3, —5) Al FT | FT on their centre and their radius.

4
9(b) Intersects when x> + (kx _ 5)2 L 6x— 2(kx A 5) —26=0 *M1 | Substituting y =kx—5 into their circle equation or

rearranging and equating y.

or (x+3)" +(kv—5-1)" =36 o eey

kA2 10kc+25+6x -2k +10-26=0 DM1 | Rearranging to 3-term quadratic (terms grouped, all on

or x% +6x+9+ kx> —12kx +36 =36 gF° Sfgv)- Allow 1 error.

. sy ) . Al | Correct quadratic (need to see 9 as constant term).
leading to k”x +x* +6x —12kx +9[=0] or (k” +1)x” +(6-12k)x +9[= 0]
(6—12k)2 _4(k2 n 1) x9 [>0] DMI | Using discriminant 5> —4ac[> 0] with their values.
) ) ) Allow if in square root.
[leadmg to 144k> —144k +36-36k> —36 > 0]
) 4 Al | Need not see method for solving.
[1084* — 144k =0 leadingto] k=0ork= 3
4 Al 4
k<0,k>§ Donotaccept§<k<0.
6
© UCLES 2022 Page 17 of 19



9709/11 Cambridge International AS & A Level — Mark Scheme May/June 2022
PUBLISHED
Question Answer Marks Guidance
10 2 2 B1 2
@) dy = 6(—1)2 __4 > 0.. minimum or &y =10 .. minimum Sub x =-1 into d—J; , correct conclusion. WWW
dx2 (_1)3 de dx
1
10(b 2 *M1 ) 2
® | d_ 2% + = [+¢] Integrating 4y (at least one term correct).
dx X dx?
0=-2+2+c¢ leadingto c¢=[0] DM1 o dy
Substituting x = —1,5 =0 (need to see) to evaluate c.
DMO if simply state ¢ =0 or omit +c.
1 4 2 ) Al FT | Integrated. FT their non-zero value of € if DM1
y=5x —;+(thezrc)x+k awarded.
9 1 , DM1 N N 9
> :E +2+k leading to k=[2] Substituting x =-1, y = 5 to evaluate k (dep on *M1).
1 4 2 Al 4
=—x ——+2 OEe.g. 2x~" or —.
y=oxt == &2 0y
A0 (wrong process) if ¢ not evaluated but correct answer
obtained.
5
10(c d 2 M1 d
© _y=2x3+_2:0 Their =0,
dx X dx
Leading to x° = —1 M1 | Reaching equation of the form x° =a .
So only stationary point is when x = —1 Al | x=-1 and stating e.g. ‘only’ or ‘no other solutions.
3
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10(d d *M1
A DY 1, ay =[4] Substituting x =1 into their &
dx _dx dy 1 5 DM1 | OE Using chain rule correctly SOL
de dy dr 4
5 Al | OEe.g. 1.25.
4
3
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e  marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 | Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required then
no marks will be awarded for a scale drawing.

2 | Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 | Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 | Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 | Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 | Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not 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. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

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).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For a numerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e  Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)
CwWO Correct Working Only
ISW Ignore Subsequent Working
SOI Seen Or Implied

SC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the
light of a particular circumstance)

WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1 Coefficient of x* =15 B1 | Condone inclusion of x*. Can be seen as part of an expansion.
Coefficient of x* = 240a° B1 | Condone inclusion of x?. Can be seen as part of an expansion.
‘Their 240’a* — “their 15° M1 | Forming an equation of the form pa® = g, where p and ¢ are
constants. Condone inclusion of powers of x as long as they then
disappear.
1 Al | OE
a= 1 or 0.25 1 1
Do not condone extra ‘answer’ of —Z ,or allow '/E or similar.
4
Question Answer Marks Guidance
2 r=0.8 B1 | OE
a=12.5 B1 | OE
= +(1-0. Mi ~ ;
8, =125 (1 0 8) Using li with ‘their a’ and ‘their r’ but |r| must be <1.
—-r
12 1 Al 1
S, =—5,62—0r62.5 12—
2 2 Tz or similar does not get Al.
5
4
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3 3 B1 B1 | Marks can be awarded for correct unsimplified expressions ISW.
3(4x—7)2 4 3 1 301
[y=\=5——+——x2 | =>=(4x-7)% =8x? |[+¢]
3 1 2
2 2

= _(9)5 —8x42 +¢ [3c=5] Using (4,5) in an integrated expression (defined by at least one

2 2
correct power) including + c.

3 3 1 Al | Condone ¢ =5 as their final line if either y = or f(x) = seen

y= g(4x - 7)2 —8x% +5. elsewhere in the solution. Coefficients must not contain

unresolved double fractions.
4
Question Answer Marks Guidance
4(a) 2x6k=k+k+6 or 6k—-k=k+6-06k B1 | OE

or2d=06 leadingto d=3, ..6k—3=k A correct equation in & only. Can be implied by correct final

answer.
B1 | OE
k= Ll or 0.6
10
2
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4(b) d=3 B1 | Correct value of d can be implied by a correct final answer.
Working may be seen in part (a) but must be used in (b).
30,0 ., o M1 | It needs to be clear that the candidate is using a correct sum
3 :7(2 x‘their k’ + 29 % their d ) formula. There is no requirement to check the candidates working
for d but it must be clearly identified.
S30=1323 Al | ISW if corrected to 1320.
3
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5(a) ) 1., M1 | Equating the equations of curve and line and substituting x =0 .
4x0°-0+=k" =0-a C . .
B ondone slight errors e.g. + sign errors.
3 3, 1., 3 M1 . . . L3
4x| = | —Zk+=k*==-q Equating the equations of curve and line and substituting x = 1
4) 427 T4
Condone slight errors e.g. + sign errors.
k=2, a=-2 Al Al | WWW
Alternative method for question 5(a)
3 P *M1 3 . .
(x=0)[ x )= 0 or x(4x-3)=0[= 4x° -3x=0] Use 0, " to form a quadratic equation. Do not allow
(x+o)[x+§j=o .
4
) 1., ) p | 3 DM1 | Equating the equations of curve and line and rearranging so that
4x” —kx +5k =x—a leadingto 4x° —(k+1)x +5k +a[=0] terms are all on same side. Condone slight errors e.g. + sign errors.
k=2, a=-2 Al Al | WWW
Alternative method for question 5(a)
b 3 c 3 *M1 | Using sum and product of roots. Condone =+ sign errors.
——=—+0and —=0x—
a 4 a 4
1., DM1 . . . . 3
k+l 3 Ek +a Equating the equations of curve and line and equating to 2 and 0.
——=— and =0
4 4 4
k=2, a=-2 Al Al | WWW
4
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5(b *M1
®) 4x* —kx +%k2 =X +% =4x’ —kx—x -‘r%kz —%[:0] OE Substitute a = —% and rearrange so that terms are all on same
side, condone =+ sign errors. Watch for multiples.
) 1., 7 *DM1 | Use of b* — 4ac with the coefficients from their 3-term quadratic.
(k + 1) —4x4 Ek ) Both coefficients ‘b’ and ‘¢’ must consist of two components.
= 7k* -2k - 57 Al | OE
(k—=3)(7k +19) or other valid method DM1 | Factorising or use of the formula or completing the square. Must
be evidence of an attempt to solve for this mark.
Dependent upon both previous method marks.
.. 19 Al | OE e.g. AWRT —2.71. No ISW if inequalities used.
k=3, k= 7 SC: If second DM1 not scored, SC B1 available for correct final
answers.
Alternative method for question 5(b)
1 *M1 | Equating gradients and equating line and curve.
8x—k=1 and 4¥ —kr ik =x+ Ky A auatng !
2 2
1 *PDM1 | Forming an equation in x or k only.
4x2—(8x—1)x+5(8x—1)2=x+% or Y 4 g Y
4(k+1)2 _ k+1 +lk2 _ k+1 +Z
8 8 2 g8 2
28x% —8x—3 or 7Tk? =2k —57 Al | OE A correct 3 term quadratic in x or & only.
(14x + 3)( Ix— 1) or ( k— 3)(7 k+ 19) or other valid method DMI1 | OE Factorising or use of the formula or completing the square.
Must be evidence of an attempt to solve for this mark. Dependent
upon both previous method marks.
© UCLES 2022 Page 10 of 21
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5(b) B 19 Al | OE e.g. AWRT —2.71. No ISW if inequalities used.
k=3, k= _7 SC: If second DM1 not scored, SC B1 available for correct final
answers.
5
Question Answer Marks Guidance
6 Line meets curve when: M1 | Equating line and curve and rearranging so that terms are all on
1 1 same side, condone sign errors, and making a valid attempt to
2x+2=5x? leadingto 2x— 5x2 +2[= 0] solve by factorising, using the formula or completing the square.
2 _ . 2 _ 1 1
or 4x” +8x+4=25x leadingto 4x* ~17x +4[=0] Factors are:(2 x2 -1)(x2-2), (4x-1)(x-4) and (2y-5)(y-10).
2
or x=% leading to 2y* —25y+50[=0]
1 4 Al | SC: If M1 not scored, SC B1 available for correct answers, could
r= 4 = just be seen as limits.
1 1 *M1 | Intention to integrate and subtract areas. Condone missing brackets
Area= [5x2 —(2x+2)dx= [5x2 —2x-2 dx and/or subtraction wrong way around.
10 2 DM1 3
= 2x2—x2—2x| = ((2 x8—16— 8) _(E 1_1To lD Integrating( kx? seen) and substituting ‘their points of
3 1 3 8 16 2 intersection’ (but limits need to be found, not assumed to be 0 and
4 something else).
Al | OE t .
» or 2E or 2.8125 exac anZ\;ver 45
16 16 Condone Te if corrected to T A0 for inclusion of 7.
SC: If *M1 DMO scored, SC B1 available for correct answer.
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6 Alternative method for question 6
! 1 M1 | Equating line and curve and rearranging so that terms are all on
Line meets curve when: 2x+2 =5x% = 2x —5x2 42 [: 0] same side, condone sign errors, and making a valid attempt to
or 4x2 +8x+4=25x = 45> —17x+ 4[=0] solve by factorising, using the formula or completing the square.
1 1
or x :)2/_; = 2y~ 257+ 50[= 0] Factors are:(2 x2 -1)(x?2-2), (4x-1)(x-4) and (2y-5)(y-10).
1 Al | SC: If M1 not scored, SC B1 available for correct answers, could
YR 4 just be seen as limits.
! *M1 | Intention to integrate and subtract areas. Or integrate curve and
Area= [5x2dx — { I(Zx +2)dx or area of trapezium} subtract area of trapezium.
10 2 a1 15 DA >
2| - {[ 2+ 2)@1 or—(sum of “their yvalues’)‘their—’} Integrating (kx? seen) and substituting ‘their points of
3 1 7 2 4 intersection’ (but limits need to be found, not assumed to be 0 and
4 . . . 15,
10 10 1 1 1 1(5 15 something) or a trapezium using the correct formula (‘their —
=||—x8 || —x—=||—- (16+8)— —+—=||or=| =+10 |—
3 3 8 16 2 2\2 4 1
must be ‘their 4’ — ‘their 1 > but not 0).
45 13 A1l | OE exact answer.
— or 2— or 2.8125 45 45
16 16 Condone e if corrected to 16 A0 for inclusion of 7.
SC: If *M1 DMO scored, SC B1 available for correct answer.
5
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7(a) - 2 B1 | OE
[AOB:J E Sight of 0.2 from s =76 but 100 =2 is not enough.
swir 2=2.
10 5
A St+6 1 B1 | OE e.g. 0.724° AWRT or 41.5 degrees AWRT.
BOC =12222 or 21402 & &
30 6 PEL
But not 3 fraction within a fraction.
ISW incorrect simplifications.
Alternative method for question 7(a)
1 1 B1 1
OR [Arc AC =] %or[AchC =]%+ 20r7.2 AWRT. Sight of % or52or7.2.
A 1 B1 | OE e.g. 0.724° AWRT or 41.5 degrees AWRT.
BOC 1220 or Lnto2 g g
30 6 PRl
But not 3 _ fraction within a fraction.
ISW incorrect simplifications.
2
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7(b) . [Sm+6 St+6 M1 | OE
[BP]= IOSIH( 30 and [OP ] = 10cos Any correct method for both lengths, for their angle BOC (which
[= 6.6208...] and [= 7.494.. ] may have been incorrectly ‘simplified’ but not 0.2) or length BP
and O BP. May be seen as part of labsinC .
OR 2
5146 . 503 Sight of correct method enough. Can be implied by the next Al.

BP] = 10sin| —— | and [OBP] =
591 105 T2 anago iy = 2]
[=6.6208...] and [= 0.84719...]

1 (5t +6 ST+6 Al | OE Can be implied by any answer in range (24.7, 24.9) or a final

Area ofAOBP=E>< 10811’1( 0 ] xlOcos( 30 ] or answer in the range (11.3, 11.5) WWW.,

lxlelOsin(ijsin [5“_3J

2 30 15
[=24.809]

1 2 . [Sm+6 M1 1 ,, . , .
[Sector BOC] = 5 x 107 x their Use of Er 0 with their angle BOC (may have been incorrectly
‘simplified’ but not 0.2).
. 50(5’t - 6} =36.1799...
30
Area of region BPC=11.4 Al | CAO
4
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8(a) l+l+a+b-12= 0[:> a+b= 1()] B1 B1 | B1 for each equation. Allow unsimplified. Can be implied by
4436420 —6b—12 = 0[:> 2d—6h = —28] correct values for a and b.
a=4,b=6 B1
] i B1FT | Or x=-2,y=-3
Centre is (_ their a - theirb [_2,_3] y
2 2
4
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8(b — thei —— *M1 | Using thei t tly.
(b) GradientofACisl their y = 1--3_ 1+3:i] sing their centre correctly
1—their x 1--2 1+2 3
] ) -1 3 A1 FT | Use of mym, =-1 to obtain the gradient of the tangent.
Gradient of tangent is = =——
. 4
their —
3
DMl . . . .
Equation: y 1 = their —é’(x 1) ory = —gx +Z Using (1,1) with their gradient of the tangent at 4.
4 4 4
3x+4y="7 or 4y +3x="7. or integer multiples of these Al
Alternative method for question 8(b)
ryt? dy 4 dy *M1 | Implicit differentiation with at least one y term differentiated
Xt ya-" +6_x_0 correctly.
Al
SQ -—6 a __5
dx dx 8
DMl . . . .
Equation: y 1 = their —é’(x ~1) ory = —gx +Z Using (1,1) with their gradient of the tangent at 4.
4 4 4
3x+4y="7 or 4y+3x="7. or integer multiples of these Al
Alternative method for question 8(b)
dy 1 1 *M1 | Rearranging to form y = and differentiating using the chain rule.
= =—{25-(x+2)’} 2(-2x-4)
dx 2
dy 1 ] 6 Al
—=—(25-9) 2(-6)=—
dx 2 ( ) ( ) 8
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8(b DM1 i i i i
(b) Equation: y—1=their —é’(x 1) ory = —gx 7 Using (1,1) with their gradient of the tangent at 4.
4 4 4
3x+4y =7 or 4y +3x="7. or integer multiples of these Al
4
Question Answer Marks Guidance
9(a) dy 1 1 1 B1 B1 | Correct differentiation of 3x +1 and no other terms and correct
—:{3}+ —4x—Bx+1) 2x3;=3-6(3x+1) ? 1
dx 2 differentiation of —4(3x + 1)2 . Accept unsimplified.
d’y 1 3 3 Bl N Ly
—==|-=x —6(3x+ 1) 2x3[=9(3x+ 1) 2] WWW. Accept unsimplified. Do not award if — 1is incorrect.
dx 2 dx
3
9(b) dy L M1 ) dy
—=0 leadingto 3-6(3x+1) 2=0 Setting their — = 0.
o g (3x+1) g their
1 ) Al | CAO —do not ISW for a second answer.
(3x+1)2 =2=3x+1=4 leadingto x=1
y =—4 [coordinates (1, —4)] Al | Condone inclusion of second value from a second answer.
&’y 2 Al d’y
? = 9(3 x1+ 1) 2 = gor > () so minimum Some evidence of substitution needed but ? . Do not award if
d? V. .
—5- 1s Incorrect or wrongly evaluated. Accept correct
dx
consideration of gradients either side of x=1.
4
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10(a) x#lorx<l, x>1 or (—o0,1),(1,0) [xe R] BI1 | Must be x not ™' (x)or y. Do not accept 1 <x<1.
1
10(b *M1 | Setti =, ing fracti d ding brackets.
(b) e zx +1 leading to (2x~1)y=2x-+1 leading to 2xy—y = 2x-+1 etting y =, removing fraction and expanding brackets
x—
2xy—2x=y+1 leadingto 2 x( y— 1) =y+1 DMI1 | Reorganising to get x =. Condone = sign errors only.
. 1
leading to x = L
2 ( y— 1)
1 1 Al 1
[f! (x)] = x—+1’ x_+1xl or +— OE. Must be in terms of x. Do not allow X+ +2.
2(x-1) x-1 2 x—-1 2 x—1
3
5 . o _
10(c) ( their £~ (3)) leading to ( their [~ (3)) N, [ £ (3) “1L1+4 :] M1 | Correct order of operations and substitution of x = 3 needed.
5 Al
2
10(d) Sight of ‘not one to one’ or ‘many to one’ or ‘one to many’ B1 | Any reason mentioning 2 values, or + and — , such as: square root
gives 2 values or horizontal line test crosses curve twice or
2 values because of turning point or 2 values because it is a
quadratic.
1
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10(e) 2 2x—1 2 2x+1 B1 | AG
f (x) =1+ = + = D . . . .
2%—1  2x—1 2y—1 2x-1 o not condone equating expressions and verification.
, 2 *M1 -2
f (x) = —4(2x - 1) For k(2x - 1) and no other terms or correct use of the product or
- - 2x-1)2-2(2x+1 uotient rule then [ISW.
or 2(2x—1) 1Jr{—(2x+l)2(2x—l) 2} or ( * ) (2x+ ) a
2x-1)
Gradient m = —4 Al | Differentiation must have clearly taken place.
Equation of tangent is y—3 = _4( X — 1) [:> y=—4x+ 7] DM1 | Using (1, 3) in the equation of a line with their gradient.
7 A1l FT | SOI from their straight line or by integration from 0 to ‘their 7/4°.
Crosses axes at Z,O and(0,7)
Y Al | OE e.g. 6.13 AWRT.
[Area =] ) If MO A0 DMO, SC B2 available for correct answer.
6
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11(a) 4cos® x4 cos®x—3 = 0:>(4cos2 X— 3)(0052 X4 1) -0 M1 | Attempt to solve 3 term quartic (or quadratic in another variable).
) 3 5 Al . . . 3
= [cos X :]Z [ cos” x = —1] If MO scored then SC B1 is available for sight of 2 [and —1].
f M1 | Square rooting ‘their cos® x’. Allow without +. May be implied
=cosx = [i] theiré OE | = iﬁ . & e ! Y P
4 2 by correct final answer(s). Ignore v/—1 .
w5t Tn lln A1l | Dependent on preceding M1 only. Exact answers needed.
[x=] 666 6 Al for any 2 correct answers Al Al for 4 correct answers and no
A1 FT | others inside the range 0 < x < 21 A0 Al FT can be awarded for
two exact answers that are 2w — ‘their%and%[’ within the range
0<x2m.
SC: If all 4 answers given in degrees (30, 150, 210, 330) or non-
exact (AWRT 0.524, 2.62, 3.67, 5.76 or 0.167=, 0.833n, 1.17x,
1.83) and no others then SC B1.
5
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11(b) ,  —1=+1+16k <o~ luti B1 | State that this root is less than 0, needs to be linked to cos® x.
cos X = 8 [ no solutions]. Can be achieved by substituting a value for & > 0.
, 1+J1+16k *M1 | Must use quadratic formula. Allow any value of k£ but not +3.
[cos™x] = - 3 Condone + rather than =+,
Substituting £ =5 and obtain 1 from the formula DM1 | Or argue logically if k> 5 =1+16k >81=>1.
cos’x=1orcos’x>or > 1 A1l | Needs to be linked to cos® x.
Concluding statement having considered both + cases. .. no A1l | Dependent upon all previous marks having been scored.
solutions
Alternative method for question 11(b)
,  —1=+1+16k 0T uti B1 | State that this root is less than 0, needs to be linked to cos® x .
cosx= 8 [ no sglutigns Can be achieved by substituting a value for & > 0.
, 1+J1+16k *M1 | Must use quadratic formula. Allow any value of k£ but not +3.
[cos™x] = -3 Condone + rather than +.
1+J1+1 DM1 | * represents any inequality or =.
+T+6k*1 = —141+16k * 8 =1+ 16k *81
k*5 Al | * represents any inequality or =.
Concluding statement having considered both + cases. .. no A1l | Dependent upon all previous marks having been scored.
solutions
5
© UCLES 2022 Page 21 of 21




Cambridge International AS & A Level

MATHEMATICS 9709/13
Paper 1 Pure Mathematics 1 May/June 2022
MARK SCHEME

Maximum Mark: 75

Published

This mark scheme is published as an aid to teachers and candidates, to indicate the requirements of the
examination. It shows the basis on which Examiners were instructed to award marks. It does not indicate the
details of the discussions that took place at an Examiners’ meeting before marking began, which would have
considered the acceptability of alternative answers.

Mark schemes should be read in conjunction with the question paper and the Principal Examiner Report for
Teachers.

Cambridge International will not enter into discussions about these mark schemes.
Cambridge International is publishing the mark schemes for the May/June 2022 series for most

Cambridge IGCSE, Cambridge International A and AS Level a