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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their 
correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked, and marks
awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an attempt
to use an appropriate method (e.g. substitution into a formula) and A1 for using the correct values.

• Where there are two or more A marks on the same line, they may be awarded independently; so if
the first value is incorrect, but the next two are correct, award A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
• The response to a “show that” question does not need to restate the AG line, unless a Note makes

this explicit in the markscheme.
• Once a correct answer to a question or part question is seen, ignore further working even if this

working is incorrect and/or suggests a misunderstanding of the question.  This will encourage a uniform
approach to marking, with less examiner discretion. Although some candidates may be advantaged
for that specific question item, it is likely that these candidates will lose marks elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part.  For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this situation,
award FT marks as appropriate but do not award the final A1 in the first part.

Examples:

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 
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3 Implied marks 
 

 Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or 
implied by subsequent working/answer. 

 
 
4 Follow through marks (only applied after an error is made) 
 
 Follow through (FT) marks are awarded where an incorrect answer from one part of a question is 

used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect 
value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, there must be working 
present and not just a final answer based on an incorrect answer to a previous part. However, if all 
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be 
awarded for their correct answer, even when working is not present. 

 
 For example: following an incorrect answer to part (a) that is used in subsequent parts, where the 

markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct 
answer, without working being seen. For longer questions where all but the answer marks are 
implied this rule applies but may be overwritten by a Note in the Markscheme.  

  
• Within a question part, once an error is made, no further A marks can be awarded for work which 

uses the error, but M marks may be awarded if appropriate.   
 

• If the question becomes much simpler because of an error then use discretion to award fewer 
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.  
 

• If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer 
value where integer required), do not award the mark(s) for the final answer(s). 
 

• The markscheme may use the word “their” in a description, to indicate that candidates may be using 
an incorrect value.   
 

• If the candidate’s answer to the initial question clearly contradicts information given in the question, 
it is not appropriate to award any FT marks in the subsequent parts.  This includes when candidates 
fail to complete a “show that” question correctly, and then in subsequent parts use their incorrect 
answer rather than the given value. 
 

• Exceptions to these FT rules will be explicitly noted on the markscheme. 
 

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s), award 
marks as appropriate, unless the command term was “Hence”.   
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5 Mis-read 
 

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR).  A 
candidate should be penalized only once for a particular misread.  Use the MR stamp to indicate that 
this has been a misread and do not award the first mark, even if this is an M mark, but award all 
others as appropriate. 

 

• If the question becomes much simpler because of the MR, then use discretion to award fewer marks. 
 

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer 
value where integer required), do not award the mark(s) for the final answer(s). 
 

• Miscopying of candidates’ own work does not constitute a misread, it is an error. 
 

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy than 
given in the question, this is NOT a misread and full marks may be scored in the subsequent part. 
 

• MR can only be applied when work is seen.  For calculator questions with no working and incorrect 
answers, examiners should not infer that values were read incorrectly. 

 
 
6 Alternative methods 
 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

7 Alternative forms 
 

 Unless the question specifies otherwise, accept equivalent forms. 
 

• As this is an international examination, accept all alternative forms of notation for example 1.9 and 
1,9 or 1000 and 1,000 and 1.000 .  
 

• Do not accept final answers written using calculator notation. However, M marks and intermediate 
A marks can be scored, when presented using calculator notation, provided the evidence clearly 
reflects the demand of the mark.  
 

• In the markscheme, equivalent numerical and algebraic forms will generally be written in brackets 
immediately following the answer. 
 

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all equivalent 
notations/answers/methods will be presented in the markscheme and examiners are asked to apply 
appropriate discretion to judge if the candidate work is equivalent. 

 
 
 
 

 Candidates will sometimes use methods other than those in the markscheme.  Unless the question 
specifies a method, other correct methods should be marked in line with the markscheme. If the 
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted 
unless covered by a note in the mark scheme.   
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8 Format and accuracy of answers 
 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the 
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to final 
answers: unless otherwise stated in the question all numerical answers must be given exactly or 
correct to three significant figures.  

 
 Where values are used in subsequent parts, the markscheme will generally use the exact value, 

however candidates may also use the correct answer to 3 sf in subsequent parts.  The markscheme 
will often explicitly include the subsequent values that come “from the use of 3 sf values”. 

 
 Simplification of final answers: Candidates are advised to give final answers using good 

mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and any 

values that lead to integers should be simplified; for example,
25
4

 should be written as 
5
2

.  An 

exception to this is simplifying fractions, where lowest form is not required (although the numerator 

and the denominator must be integers); for example, 
10
4

may be left in this form or written as 
5
2

. 

However, 
10
5

 should be written as 2, as it simplifies to an integer. 

 Algebraic expressions should be simplified by completing any operations such as addition and 
multiplication, e.g. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be simplified 
to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor do factorized 
expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
 
 
9 Calculators 
 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will result in no 
grade awarded.  If you see work that suggests a candidate has used any calculator, please follow the 
procedures for malpractice.   

 
 
10. Presentation of candidate work 
 
 Crossed out work:  If a candidate has drawn a line through work on their examination script, or in 

some other way crossed out their work, do not award any marks for that work unless an explicit note 
from the candidate indicates that they would like the work to be marked. 

 
 More than one solution: Where a candidate offers two or more different answers to the same 

question, an examiner should only mark the first response unless the candidate indicates otherwise.  
If the layout of the responses makes it difficult to judge, examiners should apply appropriate discretion 
to judge which is “first”. 
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Section A 
 

1. (a) (i) 27 A1 

 (ii) 30 A1
    

  (iii) 35 A1 

    [3 marks] 
 

 (b) 1 31Q =  and 3 46Q =  (A1) 

  attempt to subtract their upper and lower quartiles  (M1)  

Note:  Award M1 only for correct values, or for values clearly indicated as candidate’s 1Q  and 

3Q . 

  46 31−  

  IQR 15=  A1 

    [3 marks] 
    [Total: 6 marks] 
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2. (a) ( )21 6
2

r θ =  OR  ( )21 0.75 6
2

r =  (A1) 

   

  attempt to solve their equation to find r  or 2r  (M1) 

Note: To award the M1, candidate’s equation must include 2r  and 1.5θ = , and they 
must isolate 2r  or r . 

  2 16r =   

  4r =  (cm)  A1 
    [3 marks] 
 (b) evidence of summing the two radii and the arc length (M1) 

  perimeter   

  8 4(0.75)= +  

  11=  (cm)  A1 
    [2 marks] 
    Total [5 marks] 

 
  

2r rθ= +



 – 9 – 8824 – 7104M 

 

3. (a) use of ( ) ( ) ( ) ( )P P P PA B A B A B∪ = + − ∩  (M1) 

  ( )P A B∩ 0.45 0.65 0.8= + −  (or equivalent) (A1) 

  0.3=    A1  

    [3 marks] 
 

 (b) ( )P 0.2A B′ ′∩ =  (may be seen in Venn diagram) (A1) 

  attempt to substitute their values into ( ) ( )
( )

P
P |

P
A B

A B
B
′ ′∩

′ ′ =
′

  (M1) 

  ( ) 0.2P |
0.35

A B′ ′ =   

  
20 4
35 7

 = = 
 

 A1 

    [3 marks] 
    Total [6 marks] 
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4. METHOD 1 

 attempt to expand ( ) ( )2 22 5 2 5n n+ − −   M1  

Note: Award M0 for invalid attempts such as ( )2 22 5 4 25n n+ = + . 

 

 ( )2 24 20 25 4 20 25n n n n= + + − − +  or equivalent A1 

 40n=   OR  20 20n n+  A1 

 ( )10 4n=  OR   
40 4
10

=    OR   
40 10

4
n n=    OR   ( )20 20 10 2 2n n n n+ = +  (or equivalent) R1 

 so is a multiple of 10  AG 

Note:  Do not award the R1 unless both A marks have been awarded.  

 
 
 
 METHOD 2 

 use of ( )( )2 2a b a b a b− = + − where 2 5, 2 5a n b n= + = −  M1 

 ( )( )2 5 2 5 2 5 2 5n n n n= + + − + − +  A1A1 

Note:  Award A1 for each correct bracket. 

 ( )4 10 40n n= × =   R1 

 so is a multiple of 10  AG 

Note:  Do not award the R1 unless both A marks have been awarded. 

    [4 marks] 
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5. attempt to substitute into cosine rule (M1) 

 ( )
2 2 23 10 8cos 2
2 3 10

θ + −
=

× ×
 OR 2 2 28 3 10 2 3 10 cos 2θ= + − × × ×  

 

 ( ) 45 3cos 2
60 4

θ  = = 
 

  (A1) 

 

 attempt to use 2cos2 2cos 1θ θ= −  (M1)  

 2

45 31 1
60 4cos

2 2
θ

 + + 
= = 

 
 

  

  

 2 105 7cos
120 8

θ  = = 
 

 A1 

 ( ) 105 7cos
120 8

θ
 

= ± =  
 

 (A1) 

 
7

2 2
=  

 

 
14
4

=  ( )14, 4p q= =  A1 

Note: The final answer must be positive. 

 
    [6 marks] 
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6. attempt to use ( )1 1nu u n d= + −  or ( )12 1
2n
nS u n d=  + −   or [ ]12n n

nS u u= + to set up at least 

one equation in 1u  and d  (M1) 

 114 9u d= +  and [ ]1
25200 2 24
2

u d= +  A1 

 attempt to solve their two linear equations in 1u  and d simultaneously (must eliminate one 
variable)  (M1) 

 ( )12 32d u= − ⇒ =  (A1) 

 attempt to solve 0ku =  with their d  (or with their d  and 1u ) (M1) 

 17k⇒ =   A1 
  [6 marks] 
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Section B 
 

7. (a) ( ) 2 12f x x= − +   (accept 2 12y x= − + , accept 2m = −   and 12c = )    A1A1 

Note:  Award A1 for correct gradient, A1 for correct y-intercept 

     [2 marks] 
 (b) METHOD 1 Axis of Symmetry 

  axis of symmetry is ( )2 6 2
2

− +
=  (A1) 

  equating 
2

b
a
−  to their axis of symmetry (M1) 

  2
2
b−
=

−
 

  4b =   A1 

   
  METHOD 2 substitution 

  attempt to substitute (-2,0) or (6,0) into g (M1) 

  2( 2) 2 12 0b− − − + = or 2(6) 6 12 0b− + + =  (A1) 

  4b =   A1 

   
  METHOD 3 factored form 
  attempt to write g  in factored form (M1) 

  ( ) ( 2)(6 )g x x x= + −   

  2 4 12x x− + +  (A1) 

  4b =    A1 

    
  METHOD 4  quadratic formula 
  attempt to substitute into quadratic formula and set equal to -2 or 6 (M1) 

  
( )( )

( )

2 4 1 12
6

2 1
b b− ± − −

=
−

  OR  
( )( )

( )

2 4 1 12
2

2 1
b b− ± − −

− =
−

 

  2 224 144 48b b b− + = +   OR  2 28 16 48b b b+ + = +  (or equivalent, must not contain 
radical) (A1) 

  4b =   A1 

    [3 marks] 
    continued… 
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Question 7 continued 

 

 (c) recognizing to subtract g f−  (in correct order) (M1)  

  ( ) ( )
6 2

0
4 12 2 12 dx x x x− + + − − +∫  A1 

  ( )6 2

0
6 dx x x− +∫  AG 

    [2 marks] 
 
 (d)  attempt to integrate (M1) 

  ( )3 21 3
3

x x C− + +  A1 

  attempt to substitute limits into their integrated function and find difference  (M1) 

  3 2 3 21 16 3 6 0 3 0
3 3

   − ⋅ + ⋅ − − ⋅ + ⋅   
   

  

  36  A1 
    [4 marks] 
 
 (e)  ( ) 2 4g x x′ = − +  A1 

  attempt to equate their derivative of g to their gradient of f (M1) 

  2 4 2x− + = −  A1 

  3x =   A1 

  15y =  A1 

    [5 marks] 
    Total [16 marks] 
  



 – 15 – 8824 – 7104M 

 

8. (a) (i) substitution of 2x =  in part (i) or 
1
8

x =  in part (ii) (M1) 

   ( )2log 8 2× OR ( )2log 16  

   ( )2log 16 4=  A1 

 

  (ii) 
1 0
8

f   = 
 

 A1 

    [3 marks] 
 

 (b) swap x and y (M1) 

  2log (8 )x y= OR 23 logx y= +  

  attempt to write as exponential (M1) 

  2 8x y=  (A1) 

  ( )( ) ( )1 3 32 22 accept or 2
8 8

x x
x xf x y y− − − 

= = = = 
 

 A1 

    [4 marks] 
 

 (c) 
1
8

  A1 

    [1 mark] 
     
    continued… 
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Question 8 continued 

 
 (d) METHOD 1 

  2 2
2(4 ) log (8 4 )f x x= ×  

  attempt to use addition rule for logs (M1) 

  2
2 2 2log 8 log 4 log x+ + OR 2

2 2log 32 log x+  (or equivalent) (A1) 

  attempt to use exponent property for logarithms (M1) 

  2
2(4 ) 5 2logf x x= +  (or equivalent) A1 

  the graph of g must be vertically stretched (dilated) by a scale factor of 2 and then 
vertically translated (shifted) 5 units upwards. A2 

  
  METHOD 2 

  2 2
2(4 ) log (8 4 )f x x= ×  

  attempt to write argument as a power (M1) 

  ( ) ( )( )2
2

2 2log 32 log 32x x=  (or equivalent) (A1) 

  attempt to use exponent property for logarithms (M1) 

  ( )2
2(4 ) 2 log 32f x x=  (or equivalent) A1 

  EITHER 
  the graph of g must be vertically stretched (dilated) by a scale factor of 2 and stretched 

(dilated) horizontally by a scale factor of 1
32

. A1 

  OR 

  the graph of g must be stretched (dilated) horizontally by a scale factor of 1
32

 and 

vertically stretched (dilated) by a scale factor of 2. A1  

Note:  In this method, the final mark is A1, as the question specifically asks for a translation 
and a stretch. 

     [6 marks] 
    [Total: 14 marks] 
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9. (a) outer curved surface area is ( )2 4r hπ   AND inner curved surface area is 2 rhπ  (A1)  

  area of each base (top and bottom) is ( )2 24r rπ π−   (A1)  

  ( ) ( )2 22 4 2 4 2S r r r h rhπ π π π = − + +    A1 

  230 10r rhπ π= +   AG 

    [3 marks] 
 

 (b) 230 10 240r rhπ + π = π  

  attempt to solve their equation for  h  or rh  in terms of r  (must isolate h  or rh ) (M1) 

  
2 2240 30 24 3

10
r rh

r r
 − −

= = 
 

OR ( )
2

2240 30 24 3
10

rrh r−
= = −   (or equivalent) A1 

 
  uses volume = large cylinder – small cylinder (M1) 

  ( )2 24V r h r hπ π= −   ( )2 2 216 15r h r h r hπ π π= − =  A1 

 

  attempt to substitute in for h  or rh  (M1) 

  
2

2 24 315 rV r
r

π
 −

=  
 

  OR  ( )( )
2

2240 3015 15 24 3
10

rV r r rπ π
 −

= = − 
 

 OR  

3 3384 48 24 3r r r rπ π π π− − +  A1 

 

  3360 45r rπ π= −  AG 

 

    [6 marks] 
 
 

 (c) 2d 360 135
d
V r
r
= π− π  A1A1 

    [2 marks] 
 
    continued… 
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Question 9 continued 

 

 (d) METHOD 1 (working with r) 

  recognition that (for a maximum) 
d 0
d
V
r
=  M1 

  2360 135 0rπ π− =  

  2 360 8
135 3

r  = = 
 

   

  
360 8
135 3

r
 

= =  
 

 A1 

  2p =  OR 
22
3

r =  A1 

  

  METHOD 2 (working with 
2
3

p ) 

  recognition that (for a maximum) d 0
d
V
r
=  M1 

  

2
2360 135 0
3

pπ π
 

− =  
 

 

  2360 90 0p− =  

  2 4p =  A1 

  2p =  OR 
22
3

r =  A1 

    [3 marks] 
 
    continued… 
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Question 9 continued 
 

 (e) attempt to substitute their value of r  into 3360 45V r r= π − π  M1 

  
3

2 2360π 2 45π 2
3 3

V
 

= × − ×  
 

 

  
2 2 2360π 2 45π 8
3 3 3

× − × × ×   
2 2720π 240π
3 3

 
= −  
 

 (A1) 

  
2480π
3

=   A1 

  ( )480q =   

    [3 marks] 
    Total [17 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M 
marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous 
parts, for their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be
checked, and marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on
the preceding M mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means
M1 for an attempt to use an appropriate method (e.g. substitution into a formula)
and A1 for using the correct values.

• Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award
A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there
is a note.

• The response to a “show that” question does not need to restate the AG line,
unless a Note makes this explicit in the markscheme.

• Once a correct answer to a question or part question is seen, ignore further
working even if this working is incorrect and/or suggests a misunderstanding of the
question.  This will encourage a uniform approach to marking, with less examiner
discretion. Although some candidates may be advantaged for that specific question
item, it is likely that these candidates will lose marks elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working
is used in a subsequent part.  For example, when a correct exact value is followed
by an incorrect decimal approximation in the first part and this approximation is then
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used in the second part. In this situation, award FT marks as appropriate but do not 
award the final A1 in the first part.  
 
Examples: 

 
 Correct 

answer 
seen 

Further 
working seen 

Any FT issues? 
Action 

1. 
8 2  

5.65685...  
(incorrect 

decimal value) 

No.  
Last part in 
question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

 
 
3 Implied marks 

 
 Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work 

is seen or implied by subsequent working/answer. 
 
 
4 Follow through marks (only applied after an error is made) 
 
 Follow through (FT) marks are awarded where an incorrect answer from one part of 

a question is used correctly in subsequent part(s) (e.g. incorrect value from part (a) 
used in part (d) or incorrect value from part (c)(i) used in part (c)(ii)).  Usually, to 
award FT marks, there must be working present and not just a final answer based 
on an incorrect answer to a previous part. However, if all the marks awarded in a 
subsequent part are for the answer or are implied, then FT marks should be awarded 
for their correct answer, even when working is not present. 

 
 For example: following an incorrect answer to part (a) that is used in subsequent 

parts, where the markscheme for the subsequent part is (M1)A1, it is possible to 
award full marks for their correct answer, without working being seen. For longer 
questions where all but the answer marks are implied this rule applies but may be 
overwritten by a Note in the Markscheme.  

  
• Within a question part, once an error is made, no further A marks can be awarded 

for work which uses the error, but M marks may be awarded if appropriate.   
 

• If the question becomes much simpler because of an error then use discretion to 
award fewer FT marks, by reflecting on what each mark is for and how that maps 
to the simplified version.  
 

• If the error leads to an inappropriate value (e.g. probability greater than 1, 
sin 1.5θ = , non-integer value where integer required), do not award the mark(s) for 
the final answer(s). 
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• The markscheme may use the word “their” in a description, to indicate that 
candidates may be using an incorrect value.   
 

• If the candidate’s answer to the initial question clearly contradicts information 
given in the question, it is not appropriate to award any FT marks in the 
subsequent parts.  This includes when candidates fail to complete a “show that” 
question correctly, and then in subsequent parts use their incorrect answer rather 
than the given value. 
 

• Exceptions to these FT rules will be explicitly noted on the markscheme. 
 

• If a candidate makes an error in one part but gets the correct answer(s) to 
subsequent part(s), award marks as appropriate, unless the command term was 
“Hence”.   

 
 
5 Mis-read 
 

If a candidate incorrectly copies values or information from the question, this is a mis-
read (MR).  A candidate should be penalized only once for a particular misread.  Use 
the MR stamp to indicate that this has been a misread and do not award the first 
mark, even if this is an M mark, but award all others as appropriate. 

 

• If the question becomes much simpler because of the MR, then use discretion to 
award fewer marks. 
 

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ =
, non-integer value where integer required), do not award the mark(s) for the 
final answer(s). 
 

• Miscopying of candidates’ own work does not constitute a misread, it is an error. 
 

• If a candidate uses a correct answer, to a “show that” question, to a higher degree 
of accuracy than given in the question, this is NOT a misread and full marks may 
be scored in the subsequent part. 
 

• MR can only be applied when work is seen.  For calculator questions with no 
working and incorrect answers, examiners should not infer that values were read 
incorrectly. 
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6 Alternative methods 
 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

7 Alternative forms 
 

 Unless the question specifies otherwise, accept equivalent forms. 
 

• As this is an international examination, accept all alternative forms of notation for 
example 1.9 and 1,9 or 1000 and 1,000 and 1.000 .  
 

• Do not accept final answers written using calculator notation. However, M marks 
and intermediate A marks can be scored, when presented using calculator 
notation, provided the evidence clearly reflects the demand of the mark.  
 

• In the markscheme, equivalent numerical and algebraic forms will generally be 
written in brackets immediately following the answer. 
 

• In the markscheme, some equivalent answers will generally appear in brackets.  
Not all equivalent notations/answers/methods will be presented in the 
markscheme and examiners are asked to apply appropriate discretion to judge if 
the candidate work is equivalent. 

 
 
8 Format and accuracy of answers 
 

If the level of accuracy is specified in the question, a mark will be linked to giving the 
answer to the required accuracy. If the level of accuracy is not stated in the question, 
the general rule applies to final answers: unless otherwise stated in the question all 
numerical answers must be given exactly or correct to three significant figures.  

 
 Where values are used in subsequent parts, the markscheme will generally use the 

exact value, however candidates may also use the correct answer to 3 sf in 
subsequent parts.  The markscheme will often explicitly include the subsequent 
values that come “from the use of 3 sf values”. 

 
 Simplification of final answers: Candidates are advised to give final answers using good 

mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, 

and any values that lead to integers should be simplified; for example,
25
4

 should be 

 Candidates will sometimes use methods other than those in the markscheme.  
Unless the question specifies a method, other correct methods should be marked in 
line with the markscheme. If the command term is ‘Hence’ and not ‘Hence or 
otherwise’ then alternative methods are not permitted unless covered by a note in the 
mark scheme.   
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written as 
5
2

.  An exception to this is simplifying fractions, where lowest form is not required 

(although the numerator and the denominator must be integers); for example, 
10
4

may be left 

in this form or written as 
5
2

. However, 
10
5

 should be written as 2, as it simplifies to an 

integer. 

 Algebraic expressions should be simplified by completing any operations such as addition 
and multiplication, e.g. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should 
be simplified to 53e x .  Unless specified in the question, expressions do not need to be 
factorized, nor do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are 
both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
 
 
9 Calculators 
 

No calculator is allowed.  The use of any calculator on this paper is malpractice and 
will result in no grade awarded.  If you see work that suggests a candidate has used 
any calculator, please follow the procedures for malpractice.   

 
 
10. Presentation of candidate work 
 
 Crossed out work:  If a candidate has drawn a line through work on their 

examination script, or in some other way crossed out their work, do not award any 
marks for that work unless an explicit note from the candidate indicates that they 
would like the work to be marked. 

 
 More than one solution: Where a candidate offers two or more different answers to 

the same question, an examiner should only mark the first response unless the 
candidate indicates otherwise.  If the layout of the responses makes it difficult to 
judge, examiners should apply appropriate discretion to judge which is “first”. 
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SECTION A 
 

1. (a) (i) 22            A1 

  (ii) 20            A1 

  (iii) 30            A1 

              [3 marks]
   
 

 (b) 1 26Q =  and 3 38Q =         (A1) 

  attempt to subtract their upper and lower quartiles    (M1)  

Note:  Award M1 only for correct values, or for values clearly indicated as candidate’s 
Q1 and Q3. 

  38 26−  

  IQR 12=             A1 

      [3 marks] 
              [Total: 6 marks] 
 

 

2. (a)   OR  ( )21 1.5 48
2

r =        (A1)  

  attempt to solve their equation to find r  or 2r  (M1) 

Note: To award the M1, candidate’s equation must include 2r  and 1.5θ = , and they 
must attempt to isolate r2 or r. 

  2 64r =   

  8r =  (cm)              A1 

               [3 marks] 
 
 (b) evidence of summing the two radii and the arc length (M1) 

  perimeter   

    

  (cm) A1 

              [2 marks] 
                    Total [5 marks] 

 
  

21 48
2

r θ =

2r rθ= +

( )16 8 1.5= +

28=
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3. (a) use of ( ) ( ) ( ) ( )P P P PA B A B A B∪ = + − ∩      (M1) 

  ( )P A B∩ 0.65 0.45 0.85= + −   (or equivalent) (A1) 

  0.25=              A1
               [3 marks] 
 

 (b) ( )P 0.15A B′ ′∩ =  (may be seen in Venn diagram) (A1) 

  attempt to substitute their values into ( ) ( )
( )

P
P |

P
A B

A B
B
′ ′∩

′ ′ =
′

      (M1)    

  
15 3
55 11

 = = 
 

 A1 

               [3 marks] 
                Total [6 marks] 
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4. METHOD 1 

 attempt to expand ( ) ( )2 23 2 3 2n n+ − −         M1
   

Note: Award M0 for invalid attempts such as ( )2 23 2 9 4n n+ = + . 

 

 ( )2 29 12 4 9 12 4n n n n= + + − − +  or equivalent A1 

 24n=   OR  12 12n n+  A1 

( )12 2n=    OR   24 2
12

=   OR   24 12
2
n n=   OR  ( )12 12 12n n n n+ = +  (or equivalent)

               R1       
 so is a multiple of 12            AG  
 

Note:  Do not award the R1 unless both A marks have been awarded. 

 
 METHOD 2 

 use of ( )( )2 2a b a b a b− = + − where 3 2, 3 2a n b n= + = −     M1 

 ( )( )3 2 3 2 3 2 3 2n n n n= + + − + − +  

 6 4n= ×            A1 

 24n=             A1 

 ( )12 2n=    OR   24 2
12

n n=    OR   24 12
2

n n= OR  ( )12 12 12n n n n+ = +  (or equivalent) 

             R1 

 so is a multiple of 12          AG 
 

Note:  Do not award the R1 unless both A marks have been awarded. 

              [4 marks]  
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5. attempt to substitute into cosine rule       (M1) 

 ( )
2 2 24 6 5cos 2
2 4 6

θ + −
=

× ×
 OR 2 2 25 4 6 2 4 6 cos 2θ= + − × × ×  

 ( ) 27 9cos 2
48 16

θ  = = 
 

          (A1) 

 attempt to use 2cos 2 2cos 1θ θ= −        (M1)  

 2

27 91 1
48 16cos

2 2
θ

 + + 
= = 

 
 

  

 2 75 25cos
96 32

θ  = = 
 

         A1 

 ( ) 75cos
96

θ = ±   
25 5
32 32

 
= =  
 

       (A1) 

 
5

4 2
=  

 
5 2

8
=  ( )5, 8p q= =            A1 

Note: The final answer must be positive.  

              [6 marks] 
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6. attempt to use ( )1 1nu u n d= + −  or ( )12 1
2n
nS u n d=  + −    or [ ]12n n

nS u u= + to set up at least one 

equation in 1u  and d                                                                                                 (M1) 
  

 116 9u d= +  and [ ]1
25100 2 24
2

u d= +        (A1) 

 attempt to solve their two linear equations in 1u  and d simultaneously (must eliminate one 
variable)                                                                                                                   (M1) 

 ( )14 52d u= − ⇒ =            A1 

 attempt to solve 0ku =  with their d  (or with their d  and 1u )       (M1) 

 14k⇒ =              A1
                                                                                                          [6 marks]
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SECTION B 

 

7. (a) ( ) 2 8f x x= − +   (accept 2 8y x= − + , accept 2m = −   and 8c = )   A1A1 

Note:  Award A1 for correct gradient, A1 for correct y-intercept 

                [2 marks]  
 (b) METHOD 1 Axis of Symmetry 

  axis of symmetry is ( )2 4 1
2

− +
=                   (A1) 

  equating 
2

b
a
−  to their axis of symmetry      (M1) 

  1
2
b−
=

−
 

  2b =             A1 

     
  METHOD 2 substitution 

  attempt to substitute (-2,0) or (4,0) into g     (M1) 

  2( 2) 2 8 0b− − − + = or 2(4) 4 8 0b− + + =       (A1) 

  2b =                        A1 

    
  METHOD 3 factored form 

  attempt to write g in factored form      (M1) 

  ( ) ( 2)(4 )g x x x= + −  

  2 2 8x x− + +                     (A1) 

  2b =              A1 

    
  METHOD 4  quadratic formula 
  attempt to substitute into quadratic formula and set equal to -2 or 4  (M1) 

  
( )( )

( )

2 4 1 8
4

2 1
b b− ± − −

=
−

  OR  
( )( )

( )

2 4 1 8
2

2 1
b b− ± − −

− =
−

 

  2 216 64 32b b b− + = +   OR  2 28 16 32b b b+ + = +  (or equivalent, must not 
contain radical)          (A1) 

  2b =              A1 

                [3 marks] 
     

     continued… 
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Question 7 continued.  

 

 (c) recognizing to subtract g f−  (in correct order)               (M1)  

  ( ) ( )
4 2

0
2 8 2 8 dx x x x− + + − − +∫          A1 

  ( )4 2

0
4 dx x x− +∫           AG

                        [2 marks] 
 
 (d)  attempt to integrate        (M1) 

  ( )3 21 2
3

x x C− + +           A1 

attempt to substitute limits into their integrated function and find difference  (M1) 

  3 2 3 21 14 2 4 0 2 0
3 3

   − ⋅ + ⋅ − − ⋅ + ⋅   
   

  

  32
3

              A1 

               [4 marks] 
 

 (e)  ( ) 2 2g x x′ = − +             A1 

  attempt to equate their derivative of g to their gradient of f   (M1) 

  2 2 2x− + = −             A1 

  2x =               A1 

  8y =               A1 

               [5 marks] 
    Total [16 marks] 
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8. (a) (i) substitution of 8x =  in part (i) or 1
4

x = in part (ii)    (M1) 

   ( )2log 4 8× OR ( )2log 32  

   ( )2log 32 5=                      A1 

 

  (ii) 
1 0
4

f   = 
 

            A1 

               [3 marks] 
 

 (b) swap x and y          (M1) 

  2log (4 )x y= OR 22 logx y= +  

  attempt to write as exponential       (M1) 

  2 4x y=            (A1) 

  ( )( ) ( )1 22 2
4

x
xf x− −= =            A1 

    [4 marks] 
 

 (c) 1
4

             A1 

                [1 mark] 
          

            continued… 
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Question 8 continued.  

 

 (d) METHOD 1 

  3 3
2(16 ) log (4 16 )f x x= ×  

  attempt to use addition rule for logs      (M1) 

  3
2 2 2log 4 log 16 log x+ + OR 3

2 2log 64 log x+  (or equivalent)   (A1) 

  attempt to use exponent property for logarithms     (M1) 

  3
2(16 ) 6 3logf x x= +  (or equivalent)        A1 

  the graph of g must be vertically stretched (dilated) by a scale factor of 3 and then 
vertically translated (shifted) 6 units upwards.       A2 

 
     
  METHOD 2  (5 marks maximum) 

  3 3
2(16 ) log (4 16 )f x x= ×  

  attempt to write argument as a power      (M1) 

  ( ) ( )( )33
2 2log 64 log 4x x=  (or equivalent)     (A1) 

  attempt to use exponent property for logarithms     (M1) 

  ( )3
2(16 ) 3log 4f x x=  (or equivalent)        A1 

  EITHER 
  the graph of g must be vertically stretched (dilated) by a scale factor of 3 and 

stretched (dilated) horizontally by a scale factor of 1
4

.      A1 

  OR 

  the graph of g must be stretched (dilated) horizontally by a scale factor of 1
4

 and 

vertically stretched (dilated) by a scale factor of 3.      A1  

Note:  In this method, the final mark is A1, as the question specifically asks for a 
translation and a stretch. 

    [6 marks] 
    [Total: 14 marks] 
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9. (a) outer curved surface area is ( )2 4r hπ   AND inner curved surface area is 2 rhπ  
             (A1)  

  area of each base (top and bottom) is ( )2 24r rπ π−                           (A1)  

  ( ) ( )2 22 4 2 4 2S r r r h rhπ π π π = − + +          A1 

  230 10r rhπ π= +      AG 

    [3 marks] 
 

 (b) 230 10 240r rhπ + π = π  

  attempt to solve their equation for  h  or rh  in terms of r  (must isolate h  or rh ) 

            (M1)  

  
2 2240 30 24 3

10
r rh

r r
 − −

= = 
 

OR ( )
2

2240 30 24 3
10

rrh r−
= = −   (or equivalent)  

              A1 

 

  uses volume = large cylinder – small cylinder             (M1) 

  ( )2 24V r h r h= π − π   ( )2 2 216 15r h r h r hπ π π= − =       A1 

 

 attempt to substitute in for h  or rh                (M1) 

 
2

2 24 315 rV r
r

 −
= π  

 
  OR  ( )( )

2
2240 3015 15 24 3

10
rV r r rπ π

 −
= = − 

 
 OR  

3 3384 48 24 3r r r rπ π π π− − +          A1 

 

  3360 45r r= π − π                   AG  

    [6 marks] 

 (c) 2d 360 135
d
V r
r
= π− π  A1A1 

    [2 marks] 
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Question 9 continued. 
   

 (d) METHOD 1 (working with r ) 

  recognition that (for a maximum) d 0
d
V
r
=   M1 

  2360 135 0rπ π− =    

  2 360 8
135 3

r  = = 
 

  

  
360 8
135 3

r
 

= =  
 

 A1 

  2p =  OR 
22
3

r =  A1 

 
 

  METHOD 2 (working with 
2
3

p ) 

  recognition that (for a maximum) d 0
d
V
r
=  M1 

  
2

2360 135 0
3

pπ π
 

− =  
 

 

  2360 90 0p− =  

  2 4p =  A1 

  2p =  OR 22
3

r =  A1 

    [3 marks] 
     

    continued… 
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Question 9 continued. 
 

 (e) attempt to substitute their value of r  into 3360 45V r rπ π= −  M1 

  
3

2 2360π 2 45π 2
3 3

V
 

= × − ×  
 

  

  
2 2 2360π 2 45π 8
3 3 3

= × − × × ×   
2 2720π 240π
3 3

 
= −  
 

 (A1) 

  
2480π
3

=    ( )480q =  A1 

   
    [3 marks] 
    Total [17 marks] 
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a título enunciativo, editoriales, profesores particulares, servicios de apoyo académico o 
ayuda para el estudio, colegios preparatorios, desarrolladores de aplicaciones y 
entidades que presten servicios de planificación curricular u ofrezcan recursos para 
docentes mediante plataformas digitales—, ya sea incluido en tasas o no, está prohibido 
y constituye un delito.

En este enlace encontrará más información sobre cómo solicitar una autorización por 
escrito en forma de licencia: https://ibo.org/become-an-ib-school/ib-publishing/licensing/
applying-for-a-license/.
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for 
their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the
correct values.

• Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
• The response to a “show that” question does not need to restate the AG line, unless a Note

makes this explicit in the markscheme.
• Once a correct answer to a question or part question is seen, ignore further working even if this

working is incorrect and/or suggests a misunderstanding of the question.  This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks elsewhere
too.

• An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part.  For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A1 in the first part.
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Examples: 
 
 Correct 

answer seen 
Further 
working seen 

Any FT issues? Action 
1. 

8 2  
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

 
 
3 Implied marks 

 
 Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or 

implied by subsequent working/answer. 
 
 
4 Follow through marks (only applied after an error is made) 
 
 Follow through (FT) marks are awarded where an incorrect answer from one part of a question is 

used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect 
value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, there must be working 
present and not just a final answer based on an incorrect answer to a previous part. However, if all 
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should 
be awarded for their correct answer, even when working is not present. 

 
 For example: following an incorrect answer to part (a) that is used in subsequent parts, where the 

markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct 
answer, without working being seen. For longer questions where all but the answer marks are 
implied this rule applies but may be overwritten by a Note in the Markscheme.  

  
• Within a question part, once an error is made, no further A marks can be awarded for work which 

uses the error, but M marks may be awarded if appropriate.   
 

• If the question becomes much simpler because of an error then use discretion to award fewer 
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.  
 

• If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer 
value where integer required), do not award the mark(s) for the final answer(s). 
 

• The markscheme may use the word “their” in a description, to indicate that candidates may be 
using an incorrect value.   
 

• If the candidate’s answer to the initial question clearly contradicts information given in the 
question, it is not appropriate to award any FT marks in the subsequent parts.  This includes when 
candidates fail to complete a “show that” question correctly, and then in subsequent parts use 
their incorrect answer rather than the given value. 
 

• Exceptions to these FT rules will be explicitly noted on the markscheme. 
 

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s), 
award marks as appropriate, unless the command term was “Hence”.   
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5 Mis-read 
 

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR).  A 
candidate should be penalized only once for a particular misread.  Use the MR stamp to indicate 
that this has been a misread and do not award the first mark, even if this is an M mark, but award 
all others as appropriate. 

 

• If the question becomes much simpler because of the MR, then use discretion to award 
fewer marks. 
 

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer 
value where integer required), do not award the mark(s) for the final answer(s). 
 

• Miscopying of candidates’ own work does not constitute a misread, it is an error. 
 

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy 
than given in the question, this is NOT a misread and full marks may be scored in the subsequent 
part. 
 

• MR can only be applied when work is seen.  For calculator questions with no working and incorrect 
answers, examiners should not infer that values were read incorrectly. 

 
 
6 Alternative methods 
 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

7 Alternative forms 
 

 Unless the question specifies otherwise, accept equivalent forms. 
 

• As this is an international examination, accept all alternative forms of notation for example 1.9 
and 1,9 or 1000 and 1,000 and 1.000 .  
 

• Do not accept final answers written using calculator notation. However, M marks and intermediate 
A marks can be scored, when presented using calculator notation, provided the evidence clearly 
reflects the demand of the mark.  
 

• In the markscheme, equivalent numerical and algebraic forms will generally be written in 
brackets immediately following the answer. 
 

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all 
equivalent notations/answers/methods will be presented in the markscheme and examiners are 
asked to apply appropriate discretion to judge if the candidate work is equivalent. 

 
 

 Candidates will sometimes use methods other than those in the markscheme.  Unless the question 
specifies a method, other correct methods should be marked in line with the markscheme. If the 
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted 
unless covered by a note in the mark scheme.   
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8 Format and accuracy of answers 
 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the 
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to 
final answers: unless otherwise stated in the question all numerical answers must be given exactly 
or correct to three significant figures.  

 
 Where values are used in subsequent parts, the markscheme will generally use the exact value, 

however candidates may also use the correct answer to 3 sf in subsequent parts.  The 
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf 
values”. 

 
 Simplification of final answers: Candidates are advised to give final answers using good 

mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and 

any values that lead to integers should be simplified; for example,
25
4

 should be written as 
5
2

.  

An exception to this is simplifying fractions, where lowest form is not required (although the 

numerator and the denominator must be integers); for example, 
10
4

may be left in this form or 

written as 
5
2

. However, 
10
5

 should be written as 2, as it simplifies to an integer. 

 Algebraic expressions should be simplified by completing any operations such as addition and 
multiplication, e.g. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
 
 
9 Calculators 
 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will result in no 
grade awarded.  If you see work that suggests a candidate has used any calculator, please follow 
the procedures for malpractice.   

 
 
10. Presentation of candidate work 
 
 Crossed out work:  If a candidate has drawn a line through work on their examination script, or in 

some other way crossed out their work, do not award any marks for that work unless an explicit 
note from the candidate indicates that they would like the work to be marked. 

 
 More than one solution: Where a candidate offers two or more different answers to the same 

question, an examiner should only mark the first response unless the candidate indicates 
otherwise.  If the layout of the responses makes it difficult to judge, examiners should apply 
appropriate discretion to judge which is “first”. 
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Section A 
 

1. (a)  valid method to find the common difference (M1) 

  22 10
2

d −
=   OR  10 2 22d+ =   OR  1 110, 3 22u d u d+ = + =   OR  3 16u =  

  6d =  A1 

    [2 marks] 

 

 (b) ( )1 10 6 4u = − =     (A1) 

  ( )4 6 1nu n= + −  OR 6 2nu n= −  A1 

    [2 marks] 

    Total [4 marks] 

 

 

2. (a) attempt to form equation for the sum of frequencies=16 or mean=3 (M1)
  

  ( )4 2 3 16 7p q p q+ + + + = ⇒ + =   A1 

  ( )2 12 8 18 3 2 10
16

p q p q+ + + +
= ⇒ + =   OR  ( )2 12 8 18 3 2 1

9
1p q p q

p q
+ + + +

+
= + =

+
⇒  A1 

  attempt to eliminate one variable from their equations (M1) 

  ( )2 7 38 48p p+ − + =   OR ( )2 7 11q q− + =  

  4p =  and 3q =  A1 

Note:  Award M1A0A0M0A1 for 4, 3p q= =   with no working. 

    [5 marks] 

 

 (b) mean final score 30=  A1 

    [1 mark] 

    Total [6 marks] 
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3. (a) 10 10log 1 log a−   OR  1
10 10log loga a− = −   OR  

1
3

10 1g 0lo
−

  OR 
1
3

110
10

x =  (A1) 

  
1
3

= −  A1 

    [2 marks] 

 

 (b) 10

10

log
log 1000

a
  OR  1000 101 log

3   OR  
1

3
3

1000log 1000  OR  ( )( )
1

3310 1000 10
xx= =  (A1) 

  10log
3

a
  OR   

1
3

1000
1 log 1000
3

  OR  
1
9

1000log 1000   OR  13
3

x =  (A1) 

  
1
9

=   A1 

    [3 marks] 

    Total [5 marks] 
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4. (a) 2 10r rθ+ =    A1 

  
21 6.25

2
r θ =    A1 

  attempt to eliminate θ   to obtain an equation in r    M1 

  correct intermediate equation in r  A1 

  
2510 2
2

r
r

− =   OR  2
10 252

2r r
− =   OR  21 10 2 6.25

2
r

r
 − = 
 

  OR  212.5 2 10r r+ =  

  24 20 25 0r r− + =  AG 

    [4 marks] 

 

 

 (b) attempt to solve quadratic by factorizing or use of formula or completing the square (M1) 

  ( )22 5 0r − =   OR  
( ) ( )( )

( )

220 20 4 4 25 20 400 400
2 4 8

r
± − −  ± −

= =  
 

 

  
5
2

r =  A1 

  attempt to substitute their value of r  into their perimeter or area equation (M1) 

  

510 2
2

5
2

θ

 −  
 =

 
 
 

 or 2
25
52
2

θ =
 
 
 

 

  2θ =  A1 

    [4 marks] 

    Total [8 marks] 
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5. (a) recognising cos 2sin cosx x x=  (M1) 

  ( )cos 0x ≠  so 
1sin
2

x =   OR  one correct value (accept degrees) (A1) 

  x - coordinates 
π
6  and 

5π
6  A1 

Note: Award (M1)(A1)A0 for solutions of 30  and 150 .  

    [3 marks] 

 

 

 (b) METHOD 1 

  attempt to integrate ( )cos sin 2x x± −   (M1) 

  ( )π
2

5π
6 cos sin 2 dx x x−∫   OR  ( )6

5π

π
2

cos 2sin cos dx x x x−∫  

  
π

6

2

5π
1  sin cos2
2

x x = +  
  OR  6

5π
2

π
2

  sin sinx x = −   A1 

Note:  Award A1 for ±correct integration. Condone incorrect or absent limits up to this point. 

 

  attempt to substitute their limits into their integral and subtract M1 

 ( )5π 1 5π π 1sin cos sin cos π
6 2 3 22

        = + − +        
        

 OR 2 25π 5π π πsin sin sin sin
6 6 2 2

          − − −          
          

 

  
1 1 11
2 24

   = + − −   
   

  OR  ( )1 1 1 1
2 4

 = − − − 
 

 

  area 
1
4

=  A1 

 Note:  Award all corresponding marks as appropriate for finding the area between A and B.  

  Accept work done in degrees.  

 

    continued… 
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Question 5 continued 

  

  METHOD 2  

  [ ] 6
5π 5π

π π
6

2 2

cos d sinx x x=∫     and    
6

5π
5π

π
6

2
π
2

1sin 2 d cos 2
2

x x x = −  ∫  A1 

  Note:  Award A1 for correct integration. Condone incorrect or absent limits up to this point.  

 

  attempt to substitute their limits into their integral and subtract (for both integrals) M1 

  
5π πsin sin
6 2

   −   
   

    and    ( )1 5π 1cos cos π
2 3 2

 − + 
 

 

  attempt to subtract the two integrals in either order (seen anywhere) (M1) 

  ( )5π π 1 5π 1sin sin cos cos π
6 2 3 22

        − − − +        
        

 OR  
5π 5π

π π
6 6

2 2

cos d sin 2 dx x x x−∫ ∫  

  
1 1 1 11
2 2 44

     = − − − = −     
     

 

  area 
1
4

=  A1 

Note:  Award all corresponding marks as appropriate for finding the area between A and B.  

  Accept work done in degrees.  

    [4 marks] 

    Total [7 marks] 
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6. (a) 
10 1

9

n

nS −
=       A1 

  ( )10 , 9a b= =  

    [1 mark] 

 

 (b) METHOD 1 

  1 2 3 nS S S S+ + +…+  

  
210 1 10 1 10 1...

9 9 9

n− − −
= + + +  (A1) 

  
2 310 1 10 1 10 1 10 1

9

n− + − + − +…+ −
=   OR  

( )2 3

1
9 10 1 10 1 10

8
1 10 1n− + − + − +…+ −

 

  attempt to use geometric series formula on powers of 10, and collect -1’s together M1 

  
( )2 3

10 10 1
10 10 10 10

10 1

n
n

−
+ + …+ =+

−
 and 1 1 1... n− − − = −  A1 

  

( )10 10 1
10 1

9

n

n
−

−
−=  OR 

( )

1

10 10 1
9 9

10

8

1

n

n
 −
  −
 −   A1 

Note: Award A1 for any correct intermediate expression. 

  
( )10 10 1 9

81

n n− −
=  AG 

   

    
  continued… 
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Question 6 continued 

 

  METHOD 2 

  attempt to create sum using sigma notation with nS   M1 

   
1

10 1
9

in

i=

−∑      
1 1

1 10 1
9

n n
i

i i= =

  
= −  

  
∑ ∑   

  ( )
1

10 10 1
10

9

nn
i

i=

−
=∑  A1 

  
1
1

n

i
n

=

=∑  A1 

  
( )10 10 11

9 9

n

n
 −
 = −
 
 

 OR  
( )10 10 1 91

9 9

n n − −
 
 
 

 A1 

  
( )10 10 1 9

81

n n− −
=  AG 

    [4 marks] 

    Total [5 marks] 
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Section B 

 

7. (a) (i) 2d 3 2 1
d
y x x
x
= − −  A1A1 

Note:  Award A1 for 23 2x x−  and A1 for 1− . 

 

  (ii) 
2

2
d 6 2
d

y x
x

= −  A1 

    [3 marks] 

  

 (b) setting their (quadratic) d
d
y
x

 to 0 and solve using valid method  (M1) 

  ( )( )3 1 1 0x x+ − =   OR  
( ) ( )( )

( )

22 2 4 3 1 2 4 12
2 3 6

x
± − − −  ± +

= =  
 

 

  1
3

x = −  ( OR  1x = ) A1 

  substituting one of their x  values into 
2

2
d
d

y
x

 M1 

  EITHER 

  at ( )
2

2
1 d 1,  6 2 4 0
3 d 3

yx
x

 = − = − − = − < 
 

 so local max R1 

  OR 

  at ( ) ( )
2

2
d1,   6 1 2 4 0
d

yx
x

= = − = >  so local min hence local max at 1
3

x = −  R1 

 

Note:  Award R1 only if the previous M1 has been awarded and there is reference to 0<  or 0> , 
as appropriate. 

 

    continued… 
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Question 7 continued 

 

  THEN 

  substituting their x-coordinate of A into y  (M1) 

  
3 21 1 1 1

3 3 3
y      = − − − − − +     

     
  

  32
27

y =  A1 

  so coordinates of A are 
1 32,
3 27

 − 
 

 

Note:  This (M1)A1 may be awarded independently of the previous M1R1. 

    [6 marks] 

     

 (c) setting their 
2

2
d
d

y
x

 to 0 (M1) 

  6 2 0x − =  

  1
3

x =  A1 

    [2 marks] 

 

 

 (d) gradient of tangent = –1  (A1) 

  negative reciprocal of their gradient (M1) 

  gradient of normal = 1  

  equation is 1y x= +     (accept point/slope form 1 ( 0)y x− = − ) A1 

   

 Note: Do not accept 1L x= + . 

    [3 marks] 

    Total [14 marks] 
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8. (a) 

    
   

  vertical asymptote 2x =  sketched and labelled with correct equation A1 

 

  horizontal asymptote 4y =  sketched and labelled with correct equation A1 

 

  For an approximate rational function shape: 

  labelled intercepts 
1
2

−  on x-axis, 1−  on y-axis A1A1 

  two branches in correct opposite quadrants with correct asymptotic behaviour A1 

Note:  These marks may be awarded independently.  

    [5 marks] 

 

 (b) 4y ≠   (or equivalent) A1 

    [1 mark] 

 

    continued… 
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Question 8 continued 

 (c) 
52
2

+   OR  
1 52
2 2

 − + × 
 

  OR  

1
2 2
2

p− +
=   OR  14

2
p− = − +  A1 

  
9
2

p =  AG 

    [1 mark] 

 

 (d) METHOD 1 

  attempt to substitute both roots to form a quadratic (M1) 

  EITHER 

  
1 9
2 2

x x  + −  
  

 OR  2 1 9 1 9
2 2 2 2

x x   − − + + − ×   
   

   

  
2 94

4
x x= − −  A1A1 

  
94,
4

b c = − = − 
 

 

Note:  Award A1 for each correct value.  They may be embedded or stated explicitly. 

  OR 

  ( )( )2 1 2 9x x+ − 2 94 4
4

x x = − − 
 

 

  94,
4

b c= − = −  A1A1 

Note:  Award A1 for each correct value. They must be stated explicitly. 

 

  METHOD 2 

  2
2
b

− =  OR 44 0b b+ = ⇒ = −  A1 

  attempt to form a valid equation to find c  using their b  (M1) 

  
21 14 0

2 2
c   − + − − + =   

   
 OR  

2

09 94
2 2

c   + − + =   
   

 

  
9
4

c = −  A1 

continued… 
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Question 8 continued 

 

  METHOD 3 

  attempt to form two valid equations in b  and c  (M1) 

  
21 1 0

2 2
b c   − + − + =   

   
, 

2

09 9
2 2

b c   + + =   
   

 

  94,
4

b c= − = −  A1A1 

 

  METHOD 4 

  attempt to write ( )g x  in the form ( )2x h k− +  and substitute for ,x h  and ( )g x  (M1) 

  
21 252 0

2 4
k k − − + = ⇒ = − 

 
 

  ( )2 252
4

x − −  

  2 94
4

x x= − −  A1A1 

  
94,
4

b c = − = − 
 

 

Note:  Award A1 for each correct value.  They may be embedded or stated explicitly. 

[3 marks] 

  

 (e) attempt to substitute 2x =  into their ( )g x  OR  

  complete the square on their ( )g x  (may be seen in part (d)) (M1) 

  25
4

y = −  A1 

    [2 marks] 
     

    continued… 
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Question 8 continued 

 (f) 

 
  both graphs sketched on same axes and identifying points of intersection (M1) 

  3 solutions A1 

Note: Exception to FT: If the candidate’s graph in part (a) is incorrect, the M1 may be awarded for a 
sketch of their graph from part (a) and ( )g x . Do not award the final A1 in this case. 

    [2 marks] 

    Total [14 marks] 
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9. (a) evidence of understanding that there are now 3R and 2B (M1) 

  3
5

p = , 2
5

q =  A1 

    [2 marks] 

 

 

 (b) attempt to add two products (M1) 

  P(same) = P(RR or BB) = 3 4 2
4 5 4 5

1
× + ×  A1 

  14
20

=  

  7
10

=  AG 

    [2 marks] 

 

 

 (c) attempt to use conditional probability formula in context (M1) 

  P(RR)P(RR|same)
P(same)

=   

Note:  Award M0 if candidate only writes P( )A B  formula and nothing else.  

 

  

12
20
14
20

 
 
 =
 
 
 

 (A1) 

  
12 6
14 7

 = = 
 

 A1 

    [3 marks] 

     

    continued… 
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Question 9 continued 

 (d) ,6 3
20 10

a  = = 
 

12 6
20 10

b  = = 
 

 A1A1 

    [2 marks] 

 

 (e) attempt to use the formula for ( )E X    (M1) 

  ( ) 6 12E
10 20 20
10 1 2X = × + × + ×  

  
30 3
20 2

 = = 
 

 A1 

    [2 marks] 

 

 (f) 1
6

  A1 

    [1 mark] 

     

 

 (g) METHOD 1 

  .3 4 1 3P .( 1 reds )
5 2 2

.
4

nn
n n
+  − = = +

×


×
+ 

×  (A1) 

  1P(next one blue) =
3n +

 (A1) 

  P( 1 reds then 1 blue) = P( 1 reds) P(next one blue)n n ×− −  (M1) 

  3 1 3
2 3 56n n
× =

+ +
 (A1) 

  ( 2)( 3) 56n n+ + =  

  5n =   A1 

Note: If no working shown, award M1A0A0A0A1 for 5n = . 

   

    continued… 
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Question 9 continued 

   

  METHOD 2  

  Let X  be the number of selections in total made when first blue picked 

  attempt to establish pattern for 1,2,3,...X =  with at least 3 cases (M1) 

  ( ) 1P 1
4

X = =  and ( ) 3 1P second pick
4 5

= ×  (A1) 

  ( ) 3 4 1 3 1P 3
4 5 6 5 6

X  = = × × = × 
 

 (A1) 

  ( ) 3 1 3P 5
7 8 56

X  = = × = 
 

  (A1) 

  so 5n =    A1 

   

  METHOD 3 

  1P(next one blue) =
3n +

 (A1) 

  recognising P( 1 R then 1B) = P( 1 R) P(next one B)n n ×− −  OR 
3

..3 .4 1
4 5 n
× ×

+
×  (M1) 

  
3 4 5 6 1 3
4 5 6 7 8 56

 × × × × = 
 

 (A1)(A1) 

Note:  Award A1 for 3 4 5 6
4 5 6 7
× × ×  (seen anywhere) and A1 for 1

8
× .  

   

  so 5n =   A1 

    [5 marks] 

    Total [17 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for 
their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the preceding
M mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the
correct values.

• Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
• The response to a “show that” question does not need to restate the AG line, unless a Note

makes this explicit in the markscheme.
• Once a correct answer to a question or part question is seen, ignore further working even if this

working is incorrect and/or suggests a misunderstanding of the question.  This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part.  For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A1 in the first part.
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Examples: 

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

3 Implied marks 

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or 
implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is 
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect 
value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, there must be working 
present and not just a final answer based on an incorrect answer to a previous part. However, if all 
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should 
be awarded for their correct answer, even when working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the 
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct 
answer, without working being seen. For longer questions where all but the answer marks are 
implied this rule applies but may be overwritten by a Note in the Markscheme. 

• Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

• If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

• If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-
integer value where integer required), do not award the mark(s) for the final answer(s).

• The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

• If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts.  This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

• Exceptions to these FT rules will be explicitly noted on the markscheme.

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR).  A 
candidate should be penalized only once for a particular misread.  Use the MR stamp to indicate 
that this has been a misread and do not award the first mark, even if this is an M mark, but award 
all others as appropriate. 

• If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer
value where integer required), do not award the mark(s) for the final answer(s).

• Miscopying of candidates’ own work does not constitute a misread, it is an error.

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the
subsequent part.

• MR can only be applied when work is seen.  For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

• Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

7 Alternative forms 
Unless the question specifies otherwise, accept equivalent forms. 

• As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000 .

• Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

• In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Candidates will sometimes use methods other than those in the markscheme.  Unless the question 
specifies a method, other correct methods should be marked in line with the markscheme. If the 
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted 
unless covered by a note in the mark scheme.   
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8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the 
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to 
final answers: unless otherwise stated in the question all numerical answers must be given exactly 
or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact value, 
however candidates may also use the correct answer to 3 sf in subsequent parts.  The 
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf 
values”. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and 

any values that lead to integers should be simplified; for example, 25
4

 should be written as 5
2

.  

An exception to this is simplifying fractions, where lowest form is not required (although the 

numerator and the denominator must be integers); for example, 10
4

may be left in this form or 

written as 5
2

. However, 10
5

 should be written as 2, as it simplifies to an integer. 

Algebraic expressions should be simplified by completing any operations such as addition and 
multiplication, e.g. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

Please note: intermediate A marks do NOT need to be simplified. 

9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will result in no 
grade awarded.  If you see work that suggests a candidate has used any calculator, please follow 
the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise.  If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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SECTION A 

1. (a) (i) ( )4 1f = A1 

(ii) ( )4 3f f = A1 

(iii) ( )1 3 1f − = A1 
[3 marks] 

(b) 

concave up curve with y  intercept at ( )0,10  and x  intercept at ( )5,0 A1 

curve passes through ( )  2,2  OR through (1, 4) and (3, 1) A1 

Note: Do not award the second mark unless the first mark has been 
awarded.(Do not award A0A1). 

[2 marks] 

Total [5 marks] 
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2. 1tan 1 45− =   or equivalent (A1) 

attempt to equate 2 5x −   to their reference angle (M1) 

Note: Do not accept 2 5 1x − ° = . 

( )2 5 45 ,  225x − =  

25 ,1  15x =    A1A1 

Note:  Do not award the final A1 if any additional solutions are seen. 

[4 marks] 
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3. (a) valid attempt to solve a quadratic equation (factorising, use of formula,
completing square, or otherwise) (M1) 

( )( )3 1 2 0m m− + =  OR 
5 25 24

6
m − ± +
=  (or equivalent) (A1) 

1 
3

m =  ,     2m =− A1 

[3 marks] 

(b) setting their m -value(s) 3x=   OR  recognising a quadratic in 3x (M1) 

13  
3

x =   ( or  3   2x =− )   OR  ( )2
3 3 5 3 2 0x x× + × − =

1x = − A1 

Note:  Award the final A1 if candidate’s answer includes 1x = −  and 
( )3log 2x = − .  Award A0 if other incorrect answers are given. 

[2 marks] 

Total [5 marks] 
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4. (a) (i) 9 3 3,
2 2

 
  
 

   (accept 9
2

x =  and 3 3
2

y = ) A1 

(ii) using 
changein 
changein

ym
x

=  with their midpoint OR gradient perpendicular to AC 

OR tan30m =  (M1) 

3  
3

m= (A1) 

3
3

y x=  OR 3 3 3 9
2 3 2

y x − = − 
 

  (must be written as an equation) A1 

[4 marks] 

(b) substituting 6 x = into their equation (M1) 

so at B      2 3y= (A1) 

area of triangle 1OAB       6   2 3 6 3
2

= × × =

area of quadrilateral OABC  12 3= A1 

[3 marks] 

Total [7 marks] 
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5. (a)

1 k−  for Spring A1 

1
2
k

−  for both Summers A1 

[2 marks] 

continued… 
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Question 5 continued. 

(b) (i) multiplying the two correct branches (A1) 

( )1 1
2
kk  − − 

 
 

attempt to expand and equate to 5
9

(M1) 

2 51
2 2 9
k kk− − + =

218 18 9 9 10k k k− − + =   OR 
2 3 4 0

2 2 9
k k

− + =   OR
29 27 4 0

2 2
k k

− + = A1 

29 27 8 0k k− + = AG 

(ii) ( 1
3

k =  is the only valid solution as) 8 1
3
> R1 

Note: Accept any valid reasoning indicating that any probability cannot be greater than 1 
and/or probability cannot be less than 0.  

[4 marks] 

Total [6 marks] 
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6. (a) 2
3

y =  (must be written as equation with y = ,) A1 

[1 mark] 

(b) (i) 2 A1 

(ii) EITHER

( )
( )

2 3
1

3 2
x

mx
x
+

= +
+

 

attempt to expand to obtain a quadratic equation (M1) 

22 6 3 6 3 6x mx mx x+ = + + +  

( )23 6 1 0mx m x+ + =   OR 23 6 0mx mx x+ + = A1 

recognition that discriminant 0∆ =  for one solution (M1) 

( )26 1 0m + =  

continued… 
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Question 6 continued. 

OR 

( )
( )

2 3
1

3 2
x

mx
x
+

= +
+

 

attempt to expand to obtain a quadratic equation   (M1) 

22 6 3 6 3 6x mx mx x+ = + + +  

( )23 6 1 0mx m x+ + =   OR 23 6 0mx mx x+ + = A1 

attempt to solve their quadratic for  and equating their solutions (M1) 

( )3 6 1 0x mx m+ + =

0x =  OR ( )6 1 0
3
mx

m
+

= − =

6 1 0
3
m

m
+

− =  

OR 

attempt to find '( )f x using the quotient rule (M1) 

2 2
2 ( 2) ( 3) 2'( )
3 ( 2) 3( 2)

x xf x
x x

   + − + −
= =   + +   

 OR  
( ) ( )

( )2

2 3 6 3 2 6

3 6

x x

x

+ − +

+
 or 

equivalent A1 

recognition that
 
m is the derivative of ( )f x at 0x = (M1) 

THEN 

1
6

m⇒ = − A1 

continued… 

x
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Question 6 continued. 

(iii) 

Note:  In this part, FT may be awarded only for values of m between 1−  and 0. 

1 0
6

m− < <  A2 

Note: Award A1 for only 1
6

m > −  . Award A1 for only 0m <  . 

[7 marks] 

Total [8 marks] 



– 16 – 2224 –7109M 

SECTION B 

7. (a) 12   2πb=   OR  ( ) 2π
12

b = OR  2π12
b

= A1 

π
6

b = AG 

[1 mark] 

(b) (i) 5a = A1 

(ii) 15c = A1 

[2 marks] 

continued… 
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Question 7 continued. 

(c) (i) attempt to substitute 5x =  into ( )g x (M1) 

( ) 5π3.5sin 115
6

g = +

5π 1sin
6 2
= (A1) 

( ) 13.5 11
2

5g = × +

( ) 55 112.75
4

g  = = 
 

 A1 

(ii) METHOD 1 (finding maximum temperature)

considering the maximum value of ( )πsin 1
6

x =  OR ( ) 0g x′ =  at maximum

OR  maximum = vertical shift + amplitude (may be seen on a graph) (M1) 

max 3.5 11g = +   OR   π π3.5cos 0
6 6

x ⋅ = 
 

  OR 3x =

max 14.5g = A1 

14.5 15<  (hence the midday water temperature is never warm enough for 
Alex to swim) R1 

Note: Do not award the R mark unless the previous marks been awarded 
(Do not award M1A0R1 or M0A0R1 ) . 

Worded conclusions are acceptable for the R1, as long as the reasoning 
is clear that the water does not reach 15° , so not warm enough for Alex. 

continued… 
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Question 7 continued. 

METHOD 2 (working with inequality) 

π3.5sin 11 15
6

x  + ≥ 
 

 (M1) 

π 8sin
6 7

x  ≥ 
 

A1 

sine values can never be greater than 1 (hence the midday water 
temperature is never warm enough for Alex to swim) R1 

Note: Do not award the R mark unless the previous marks been awarded 
(Do not award M1A0R1 or M0A0R1 ) . 

If candidate works with an equation throughout, the M1 and A1 may be 
awarded, if appropriate.  A correct inequality is required for the R1 to be 
awarded. 

[6 marks] 

continued… 
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Question 7 continued. 

(d) EITHER

attempt to find ( )0.7 f x   OR ( )0.7 f x q+ (M1) 

( ) π0.7  3.5 sin 10.5
6

f x x= +   OR  ( ) π0.7  3.5 sin 10.5
6

f x q x q+ = + +   OR 

10.5 11q+ =   (A1) 

OR 

attempt to find ( )0.7 f x for a particular value of x (M1) 

eg maximum 20   0.7  1  4× =  (A1) 

THEN 

0.5q = A1 

[3 marks] 

Total [12 marks] 
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8. (a) (i) METHOD 1
2 22 2 ( 1) 1x x x+ + = + +   A1 

2( 1) 0x + ≥  R1 

2( 1) 1 0x + + >  AG 

METHOD 2 

discriminant ( )4 8 4∆ = − = −  A1 

0∆ <  and concave up OR 0∆ <   and coefficient of 2 0x >  (may be seen in 
diagram) R1 

hence 2 2 2 0x x+ + >     AG 

(ii) 1x > −   (accept 1x ≥ − ) A1 

[3 marks] 

continued… 
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Question 8 continued. 

(b) (i)     1x=− A1 

(ii) attempt to use the quotient rule (M1) 

( ) ( ) ( )( )2

2 2

2 2 2 2 2 2 2
( 2 2)

x x x x
f x

x x
+ + − + +

′′ =
+ +

A1A1 

Note: Award A1 for first term in numerator, A1 for second term in numerator 
(including the minus sign).  If the numerator is correct, but the 
denominator is incorrect or missing, award M1A1A0. 

( )
2 2

2 2
44 4 8

( )
42

2 2
x xf

x x
xx x −′′

+
− −

+
+ +

=   OR  ( ) ( )2 2

2 2

2 4
( 2 2)

4 4 8 4x x
f x

x x
x x+ + +

+

+−
′′ =

+
A1 

( )
2

2 2
2 4

( 2 2)
x xf x

x x
− −′′ =
+ +

AG 

continued… 



– 22 – 2224 –7109M 

Question 8 continued. 

(iii) substituting 1x = − into ( )f x′′ , clearly leading to positive numerator A1 

( ) ( )2 4 2
1

1f − + ′′ = = 
 

−

( ) 01f ′′ − > R1 

therefore this is a local minimum point AG 

Note: Do not award A0R1. 

[7 marks] 

continued… 
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Question 8 continued. 

(c) recognition to integrate ( )f x′ (M1) 

( ) 2
2 2  d

2 2
xf x x

x x
+

=
+ +∫   OR  1  du

u∫  with 2 2 2u x x= + +

( ) ( )( )2ln 2 2f x x x c= + + + A1 

using initial conditions 2, 3 ln10x y= = +  to find c  (M1) 

( ) ( ) ( )2 ln 10 3 ln 10 3f c c= + = + ⇒ =

( ) ( )2ln 2 2 3f x x x= + + + A1 

[4 marks] 

(d) ( ) 62
10

f ′ = A1 

attempt to take the negative reciprocal of their ( )2f ′ M1 

gradient of normal 10
6

= −

( ) ( )5ln10 3   2
3

y x− + = − −   
5 19 ln10
3 3

y x = − + + 
 

  
ln10 3 5

2 3
y

x
− − = − − 

 A1 

[3 marks] 

Total [17 marks] 
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9. (a) attempt to find a difference (M1) 
,  2 ,d p a d q a d q p= − = − = −   OR  ,    2 ,p a d q a d q p d= + = + = +

correct equation  A1 

p a q p− = −    OR   ( )2q a p a− = −   OR
2

a qp +
=  (or equivalent) 

2 p q a− =  AG 

[2 marks] 

(b) attempt to find a ratio (M1) 

2,  ,s tr r
a a

= =  tr
s

=  OR  2, ,s ar t ar t sr= = =

correct equation A1 

2

  t
a a
s

 
 

=   OR   s
a

t
s

=   (or equivalent) 

2s at= AG 

[2 marks] 

continued… 
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Question 9 continued 

(c) EITHER

22 1p s− =   (or equivalent) A1 

( )2 0 2 1 0s p> ⇒ − >   OR  2 1 2 1 0s p p= − ⇒ − >   OR  
2 1
2

sp +
=  ( and 2 0s > ) R1 

OR 

2 1p a− =  and  2s a= A1 

( 2 0s > , so ) 0 2 1 0a p> ⇒ − >  OR 
1

2
ap +

=  and 0a >  R1 

1
2

p⇒ > AG 

Note: Do not award A0R1. 

[2 marks] 

continued… 
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Question 9 continued 

(d) (i) 9,5,1, 3− A1A1 

Note: Award A1 for each of 2nd term and 4th term 

(ii) 19,3,1,
3

A1A1 

Note: Award A1 for each of 2nd term and 4th term 

[4 marks] 

(e) (i) attempt to find the difference between two consecutive terms (M1) 

2 1 5 ln3 9 ln9d u u= − = + − −  OR 3 2 1 ln1 5 ln3d u u= − = + − −  

ln 9 2ln 3=   OR  ln1 0=   OR  ( )11ln 3 ln 9 ln ln 3 ln 3
3

−− = = = −  (seen anywhere) (A1) 

4 ln3d = − −  A1 

continued… 
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Question 9 continued. 

(ii) METHOD 1

attempt to substitute first term and their common difference into 10S (M1) 

( )( )10 2(9 ln9) 9 4 ln3
2

+ + − − OR ( )( )10 2(9 2ln 3) 9 4 ln3
2

+ + − −  (or equivalent ) A1 

( )5 18 5ln3− −=  (or equivalent in terms of ln3 ) A1 

10

1

90 25ln3i
i

u
=

= − −∑ AG 

METHOD 2 

( )( )10 9 ln9 9 4 ln3 27 ln9 9ln3u = + + − − = − + −

attempt to substitute first term and their 10u into 10S (M1) 

( )( )10 2(9 ln9) 9 4 ln3
2

+ + − − OR ( )10 9 ln9 27 ln9 9ln3
2

+ − + − OR

( )( )10 2(9 2ln 3) 9 4 ln3
2

+ + − −  OR ( )10 9 ln 9 27 7 ln 3
2

+ − −  (or equivalent) A1 

( )5 18 5ln3− −=  (or equivalent in terms of ln3 ) A1 

10

1

90 25ln3i
i

u
=

= − −∑  AG 

[6 marks] 

Total [16 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their 
correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the
correct values.

• Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
• The response to a “show that” question does not need to restate the AG line, unless a Note

makes this explicit in the markscheme.
• Once a correct answer to a question or part question is seen, ignore further working even if this

working is incorrect and/or suggests a misunderstanding of the question.  This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part.  For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A1 in the first part.
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Examples: 

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

3 Implied marks 

Implied marks appear in brackets e.g. (M1) and can only be awarded if correct work is seen or 
implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is 
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect 
value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, there must be working 
present and not just a final answer based on an incorrect answer to a previous part. However, if all 
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be 
awarded for their correct answer, even when working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the 
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct 
answer, without working being seen. For longer questions where all but the answer marks are 
implied this rule applies but may be overwritten by a Note in the Markscheme. 

• Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

• If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

• If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer
value where integer required), do not award the mark(s) for the final answer(s).

• The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

• If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts.  This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

• Exceptions to these FT rules will be explicitly noted on the markscheme.

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR).  A 
candidate should be penalized only once for a particular misread.  Use the MR stamp to indicate 
that this has been a misread and do not award the first mark, even if this is an M mark, but award all 
others as appropriate. 

• If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer
value where integer required), do not award the mark(s) for the final answer(s).

• Miscopying of candidates’ own work does not constitute a misread, it is an error.

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the subsequent
part.

• MR can only be applied when work is seen.  For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

• Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

7 Alternative forms 
Unless the question specifies otherwise, accept equivalent forms. 

• As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000 .

• Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

• In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Candidates will sometimes use methods other than those in the markscheme.  Unless the question 
specifies a method, other correct methods should be marked in line with the markscheme. If the 
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted 
unless covered by a note in the mark scheme.   
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8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the 
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to 
final answers: unless otherwise stated in the question all numerical answers must be given exactly 
or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact value, 
however candidates may also use the correct answer to 3 sf in subsequent parts.  The markscheme 
will often explicitly include the subsequent values that come “from the use of 3 sf values”. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and 

any values that lead to integers should be simplified; for example, 25
4

 should be written as 5
2

.  An 

exception to this is simplifying fractions, where lowest form is not required (although the numerator 

and the denominator must be integers); for example, 10
4

may be left in this form or written as 5
2

. 

However, 10
5

 should be written as 2, as it simplifies to an integer. 

Algebraic expressions should be simplified by completing any operations such as addition and 
multiplication, e.g. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor do 
factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

Please note: intermediate A marks do NOT need to be simplified. 

9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will result in no 
grade awarded.  If you see work that suggests a candidate has used any calculator, please follow 
the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit note
from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates otherwise.
If the layout of the responses makes it difficult to judge, examiners should apply appropriate
discretion to judge which is “first”.
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Section A 

1. (a) 5=a A1 

[1 mark] 

(b) (i)  period = π   A1 

(ii) 2π
π

=b OR 2ππ =
b

(A1) 

2= A1 

[3 marks] 

(c) substituting π
6

into their  ( )f x (M1) 

π π5cos
6 3

   =   
   

f  

π 1cos
3 2

  = 
 

(A1) 

5
2

= A1 

[3 marks] 

Total [7 marks] 
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2. (a) attempt to form ( )( )g f x (M1) 

( )( )( ) ( )2 23g f x x k= − +  ( )2 26 9x x k= − + + A1 

[2 marks] 

(b) substituting 2x =  into their ( )( )g f x  and setting their expression 10= (M1) 

( )2 22 3 10k− + =   OR  ( )2 22 6 2 9 10k− + + =

2 9k = (A1) 

3k = ± A1 

[3 marks] 
Total [5 marks] 

3. (a) ( )( )P 0.65 0.75 0.6∪ = + −A B  OR 0.05 0.6 0.15+ + (A1) 

0.8=  A1 

[2 marks] 

(b) recognition that ( )′′ ′∩ = ∪A B A B   OR  1A B A B′ ′∩ = − ∪

(region/value may be seen in a correctly shaded/labeled Venn diagram) (M1) 

( )1 0.8= −

0.2= A1 

Note:  For the final mark, 0.2 must be stated as the candidate’s answer, or 
labeled as ( )P A B′ ′∩  in their Venn diagram.  Just seeing an unlabeled 0.2

in the correct region of their diagram earns M1A0. 

[2 marks] 
Total [4 marks] 
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4. (a) METHOD 1

attempt to form at least one equation, using either 4S  or 5S (M1) 

65 25 5= −p q    ( )13 5= −p q    and   40 16 4= −p q    ( )10 4= −p q (A1) 

valid attempt to solve simultaneous linear equations in  and p q  by substituting 
or eliminating one of the variables. (M1) 

3=p , 2=q  A1A1 

Note:  If candidate does not explicitly state their values of p and q, but gives  
23 2nS n n= − , award final two marks as A1A0. 

METHOD 2 

attempt to form at least one equation, using either 4S  or 5S (M1) 

( )1
565 2 4
2

= +u d    ( )126 2 4= +u d   and  ( )140 2 2 3= +u d    ( )120 2 3= +u d (A1) 

valid attempt to solve simultaneous linear equations in 1  and u d  by substituting
or eliminating one of the variables. (M1) 

1 1=u , 6=d A1 

( )( ) 22 6 1 3 2
2n
nS n n n= + − = −

3 and 2p q= =  A1 

Note:  If candidate does not explicitly state their values of  p and q, do not award 
  the final mark. 

[5 marks] 

(b) 5 5 4= −u S S  OR substituting their values of 1  and u d  into 5 1 4= +u u d

OR  substituting their value of 1u  into ( )1 5
565
2

u u= + (M1) 

( )5 65 40u = −    OR  ( )5 1 4 6u = + ×   OR ( )5
565 1
2

u= +

25=  A1 

[2 marks] 
Total [7 marks] 
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5. METHOD 1
EITHER
attempt to use Pythagoras’ theorem in a right-angled triangle. (M1) 

( )2 25 1 24− = (A1) 

OR 

attempt to use the Pythagorean identity 2 2cos sin 1α α+ =   (M1) 
2

2 1ˆsin BAC 1
5

 = −  
 

(A1) 

THEN 

24ˆsin BAC
5

=   (may be seen in area formula) A1 

attempt to use ‘Area 1 sin '
2

= ab C   (must include their calculated value of ˆsin BAC ) (M1) 

1 2410 6
2 5

= × × × (A1) 

12=  (cm2) A1 
[6 marks] 

continued… 
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Question 5 continued 

METHOD 2 

attempt to find perpendicular height of triangle BAC   (M1) 

EITHER 

ˆheight 6 sin BAC= ×

attempt to use the Pythagorean identity 2 2cos sin 1α α+ =  (M1) 

21height 6 1
5

 = × −  
 

(A1) 

24 126
5 5

 = × = 
 

 A1 

OR 

6adjacent
5

= (A1) 

attempt to use Pythagoras’ theorem in a right-angled triangle. (M1) 

6 12height 6
25 5

 = − = 
 

   (may be seen in area formula) (A1) 

THEN 

attempt to use ‘Area 1 base×height '
2

=  (must include their calculated value for height) (M1) 

1 1210
2 5

= × ×

12=  (cm2) A1 
[6 marks] 
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6. attempt to apply binomial expansion (M1) 

( ) 2 2
1 21 1+ = + + +n n nkx C kx C k x 

  OR  1 12nC k =   OR  2 28nC =  

12=nk (A1) 

( )1
28

2
−

=
n n

  OR  
( )

! 28
2 !2!

n
n

=
−

(A1) 

2 56 0n n− − =   OR  ( )1 56n n − =

valid attempt to solve (M1) 

( )( )8 7 0− + =n n   OR  ( )8 8 1 56− =   OR finding correct value in Pascal’s triangle

8⇒ =n A1 

3
2

⇒ =k A1 

Note:  If candidate finds 8n =  with no working shown, award M1A0A0M1A1A0. 

If candidate finds 8n =  and 3
2

k = with no working shown, award 

M1A0A0M1A1A1. 

[6 marks] 
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Section B 

7. (a) (i) 9=p  A1 

(ii) 600 800n< ≤ A1 

Note: Award A0 if candidate answers 700. 

[2 marks] 

(b) (i) median = 600 A1 

(ii) 800 64080%of = (A1) 

40 (performances less than 80% of tickets sold) (A1) 

20 (performances) A1 

 [4 marks] 

(c) (i) any reasonable answer which suggests a biased sample (must include reason,
do not accept reasons such as “sample size is too small”, or answers that simply 
say “not representative of entire audience” without a valid reason) A1 

eg likely to come from the same part of the theatre OR be part of same group 
OR be from priority seating OR it is convenience sampling 

(ii) every 20th person A1A1 

Note:  Award A1 for recognizing that sampling occurs at regular intervals eg 
“every”. 
Award A1 for interval length is 20. 

(iii) quota (sampling method) A1 

[4 marks] 

continued… 
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Question 7 continued 

(d) (i) 75% (of 36000 spent between $3 and $25) (M1) 

= 27000 A1 

(ii) 7=a A1 

[3 marks] 

(e) (i) METHOD 1

old mean is 600 (tickets) (A1) 

recognising new mean is old mean + 17 (M1) 

600 17+   

617=  (tickets) A1 

METHOD 2 

new total number of tickets = 17( 37020)36000 60+ × =  (A1) 

new mean = 17 37020( )
6

36000
60

6
0

0+ ×
= (M1) 

617=  (tickets) A1 

(ii) no effect on the variance A1 

[4 marks] 

Total [17 marks] 
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8. (a)  0=x A1 

[1 mark] 

(b) (i) setting ln(2 9) 2ln ln− = −x x d M1 

attempt to use power rule  (M1) 
22ln ln=x x ( seen anywhere ) 

attempt to use product/quotient rule for logs (M1) 
2

ln(2 9) ln− =
xx
d

 OR 
2

ln ln
2 9

=
−

x d
x

 OR 2ln(2 9) ln− =x d x

2

2 9= −
x x
d

 OR 
2

2 9
=

−
x d
x

 OR 2(2 9)− =x d x A1 

2 2 9 0− + =dx dx AG 

(ii) discriminant = 2 1 9( 2 ) 4d d− − × × (A1) 

recognizing discriminant > 0 (M1) 
2( 2 ) 4 1 9 0dd × ×− >−  OR 2(2 ) 4 9 0dd − × >   OR  2 04 36− >d d A1 

2 9 0>−d d AG 

(iii) setting ( 9 0) >−d d OR ( 9) 0d d − =  OR sketch graph

OR sign test OR 2 9>d d (M1) 

0d <  or 9d > , but d +∈

9>d  (or ] [9,∞ ) A1 

[9 marks] 

continued… 
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Question 8 continued 

(c) ( )2 20 90 0xx − + = A1 

attempting to solve their 3 term quadratic equation (M1) 

( )( )210 10 0− − =x  or 
220 ( 20)( 4 1 90)

2

 ± −
= 

 


− ×



×x

( )1010−= =x p  or ( )1010+= =x q  (A1) 

subtracting their values of x   (M1) 

distance 02 1=  A1 

( )2, 10= =a b

Note: Accept 1 40 OR 40 . 

[5 marks] 

Total [15 marks] 
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9. (a) attempt to use either the quotient or product rule (M1) 

( ) ( )
( )

3 22 2

62

1 8 3 28 1

1

+ − × × +

+

x x

x

x x
OR  ( ) ( ) ( ) 42 23

8 1 8 3 2 1
− −

+ × − ++ × xx xx A1A1 

Note: Award A1 for correctly applying chain rule to ( )32 1+x  and A1 for

everything else correct. 

( )
( )4

2 2

2

1 6

1

8
=

+ −

+

x x

x
 OR  

( ) ( )
( )

2 2 2

62

2
8 11

1

6x x x

x

+

+

+ −
  OR  

( )
2

42

408

1x

x−

+
  OR  

( )
2

4

2

2

8 488

1

x x

x

−+

+
A1 

( )
( )4

2

2

1 5

1

8 −
=

+

x

x
AG 

[4 marks] 

continued… 
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Question 9 continued 

(b) EITHER

attempts to integrate by substitution using 2 1u x= +  or 2u x= (M1) 

2 d1 2
d

+= ⇒ =
u x
x

u x   OR  2 d 2
d
u xu x
x

⇒ ==

Note:  If candidate simply states 2 1u x= +  or 2u x= , but does not attempt to 
substitute into their integral, do not award the (M1). 

( )3 32

8 4
1

d d
+

=∫ ∫
x x u

ux
  OR  

( ) ( )3 32

8 4d
1

d
1

x x u
ux

=
++

∫ ∫ (A1) 

= 22 ( )−− +u c    OR  ( ) 22 1 ( )u c−− + + (A1) 

OR   

attempts to apply integration by inspection (M1) 

( )32

24 d
1+

∫
x x

x

( ) 22 14 ( )1
2

− × − + =
 

+x c (A1)(A1) 

Note: Award A1 for correct power of ( )2 1+x  and A1 for 1
2

− .

THEN 

( ) 22 12
−

− + +x c  OR 
( )22 1

2
+

− + c
x

  (final answer must include c+ ) A1 

[4 marks] 

continued… 
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Question 9 continued 

(c) recognizing ( ) ( ) ( ) ( )′ ′= ⇒ = +g x f x g x f x k  (may be seen in diagram/drawing) A1 

area of R is given by subtracting functions f and g in integral(s) (M1) 
3

0
dk x±∫  OR  

3

0
dg f x= −∫  OR  ( ) ( )

3

0
 -  df x k f x x+∫  OR ( ) ( )

3 3

0 0
d df x x g x x−∫ ∫

= [ ]30kx±   OR
( ) ( )

3 3

2 22 2

0 0
1 1

2 2kx
x x

   
   − + − −
   
   + +

OR 
( ) ( )

0

2 22 2

3 3

0

2 2

1 1
kx

x x
−

+

   
   − − +
   
  + 

(A1) 

273
2

± =k (A1) 

27 9 4.5
6 2
 = ± = ± = ± 
 

k

( )32 1
8 9( )

2
= −

+

xg x
x

 AND 
( )32 1

8 9( )
2

= +
+

xg x
x

(accept 9( )
2

f x +  AND 9( )
2

f x − ) A1 

[5 marks] 

Total [13 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for 
their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the preceding
M mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the
correct values.

• Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
• The response to a “show that” question does not need to restate the AG line, unless a Note

makes this explicit in the markscheme.
• Once a correct answer to a question or part question is seen, ignore further working even if this

working is incorrect and/or suggests a misunderstanding of the question.  This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part.  For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A1 in the first part.
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Examples: 

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

3 Implied marks 

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or 
implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is 
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect 
value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, there must be working 
present and not just a final answer based on an incorrect answer to a previous part. However, if all 
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should 
be awarded for their correct answer, even when working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the 
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct 
answer, without working being seen. For longer questions where all but the answer marks are 
implied this rule applies but may be overwritten by a Note in the Markscheme. 

• Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

• If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

• If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-
integer value where integer required), do not award the mark(s) for the final answer(s).

• The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

• If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts.  This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

• Exceptions to these FT rules will be explicitly noted on the markscheme.

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR).  A 
candidate should be penalized only once for a particular misread.  Use the MR stamp to indicate 
that this has been a misread and do not award the first mark, even if this is an M mark, but award 
all others as appropriate. 

• If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer
value where integer required), do not award the mark(s) for the final answer(s).

• Miscopying of candidates’ own work does not constitute a misread, it is an error.

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the
subsequent part.

• MR can only be applied when work is seen.  For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

• Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

7 Alternative forms 
Unless the question specifies otherwise, accept equivalent forms. 

• As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000 .

• Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

• In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Candidates will sometimes use methods other than those in the markscheme.  Unless the question 
specifies a method, other correct methods should be marked in line with the markscheme. If the 
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted 
unless covered by a note in the mark scheme.   



– 6 – 8823 – 7109M 

8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the 
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to 
final answers: unless otherwise stated in the question all numerical answers must be given exactly 
or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact value, 
however candidates may also use the correct answer to 3 sf in subsequent parts.  The 
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf 
values”. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and 

any values that lead to integers should be simplified; for example, 25
4

 should be written as 5
2

.  

An exception to this is simplifying fractions, where lowest form is not required (although the 

numerator and the denominator must be integers); for example, 10
4

may be left in this form or 

written as 5
2

. However, 10
5

 should be written as 2, as it simplifies to an integer. 

Algebraic expressions should be simplified by completing any operations such as addition and 
multiplication, e.g. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

Please note: intermediate A marks do NOT need to be simplified. 

9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will result in no 
grade awarded.  If you see work that suggests a candidate has used any calculator, please follow 
the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise.  If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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Section A 

1. (a) 7a = A1 

[1 mark] 

(b) (i) period = π A1 

(ii) 2π
π

b = OR 2ππ
b

= (A1) 

2=  A1 

[3 marks] 

(c) substituting π
12

into their  ( )f x (M1) 

π π7sin
12 6

f    =   
   

 

π 1sin
6 2

  = 
 

(A1) 

7
2

= A1 

[3 marks] 

Total [7 marks] 
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2. (a) attempt to form ( )( )g f x (M1) 

( )( )( ) ( )2 22g f x x k= + −   ( )2 24 4x x k= + + − A1 

[2 marks] 

(b) substituting 4x =  into their ( )( )g f x  and setting their expression 11= (M1) 

( )2 24 2 11k+ − =   OR  ( )2 24 4 4 4 11k+ + − =

2 25k =   OR  2 25k− = − (A1) 

5k = ± A1 

[3 marks] 

Total [5 marks] 

3. (a) ( )( )P 0.7 0.75 0.55A B∪ = + − (A1) 

0.9=  A1 

[2 marks] 

(b) recognition that ( )A B A B ′′ ′∩ = ∪   OR  1A B A B′ ′∩ = − ∪

(region/value may be seen in a correctly shaded/labeled Venn diagram) (M1) 

( )1 0.9= −

0.1=   A1 

Note:  For the final mark, 0.1 must be stated as the candidate’s answer, or 
labeled as ( )P A B′ ′∩  in their Venn diagram.  Just seeing an unlabeled
0.1 in the correct region of their diagram earns M1A0. 

[2 marks] 
Total [4 marks] 
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4. (a) METHOD 1

attempt to form at least one equation, using either 5S  or 6S  (M1) 

65 25 5p q= −     ( )13 5 p q= −   and  96 36 6p q= −     ( )16 6 p q= − (A1) 

valid attempt to solve simultaneous linear equations in  and p q  by substituting 
or eliminating one of the variables. (M1) 

3p = ,  2q =  A1A1 

Note:  If candidate does not explicitly state their values of p and q, but gives  
23 2nS n n= − , award final two marks as A1A0. 

METHOD 2 

attempt to form at least one equation, using either 5S  or 6S (M1) 

( )1
565 2 4
2

u d= +    ( )126 2 4u d= +   and  ( )196 3 2 5u d= +    ( )132 2 5u d= + (A1) 

valid attempt to solve simultaneous linear equations in 1  and u d  by substituting
or eliminating one of the variables. (M1) 

1 1u = , 6d = A1 

( )( ) 22 6 1 3 2
2n
nS n n n= + − = −

3 and 2p q= =  A1 

Note:  If candidate does not explicitly state their values of p and q, do not award 
the final mark. 

[5 marks] 

(b) 6 6 5u S S= −  OR substituting their values of 1 and u d  into 6 1 5u u d= +

OR  substituting their value of 1u  into ( )1 6
696
2

u u= + (M1) 

( )6 96 65u = −    OR  ( )6 1 5 6u = + ×   OR  ( )696 3 1 u= +

31=  A1 

[2 marks] 

Total [7 marks] 
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5. METHOD 1

EITHER

attempt to use Pythagoras’ theorem in a right-angled triangle. (M1) 

( )2 24 1 15− = (A1) 

OR 

attempt to use the Pythagorean identity 2 2cos sin 1α α+ =   (M1) 

2
2 1ˆsin BAC 1

4
 = −  
 

(A1) 

THEN 

15ˆsin BAC
4

=  (may be seen in area formula) A1 

attempt to use ‘Area 1 sin '
2

ab C=   (must include their calculated value of ˆsin BAC ) (M1) 

1 1516 15
2 4

= × × × (A1) 

30=  (cm2) A1 

[6 marks] 

continued… 



– 11 – 8823 – 7109M 

Question 5 continued 

METHOD 2 

attempt to find perpendicular height of triangle BAC  (M1) 

EITHER 

ˆheight 15 sin BAC= ×

attempt to use the Pythagorean identity 2 2cos sin 1α α+ =  (M1) 

21height 15 1
4

 = × −  
 

(A1) 

15 1515
4 4

 = × = 
 

   (may be seen in area formula) A1 

OR 

15adjacent
4

= (A1) 

attempt to use Pythagoras’ theorem in a right-angled triangle. (M1) 

15 15height 15
16 4

 = − = 
 

   (may be seen in area formula) A1 

THEN 

attempt to use ‘Area 1 base×height '
2

=  (must include their calculated value for height) (M1) 

1 1516
2 4

= × ×

30=  (cm2) A1 

[6 marks] 
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6. attempt to apply binomial expansion (M1) 

( ) 2 2
1 21 1n n nkx C kx C k x+ = + + +  OR  1

9
2

nC k =   OR  2 15nC =  

9
2

nk = (A1) 

( )1
15

2
n n −

=  OR  
( )

! 15
2 !2!

n
n

=
−

(A1) 

( )2 30 0n n− − =  OR  ( )1 30n n − =

valid attempt to solve (M1) 

( )( )6 5 0n n− + =   OR  ( )6 6 1 30− =   OR finding correct value in Pascal’s triangle

6n⇒ = A1 

3
4

k⇒ = A1 

Note:  If candidate finds 6n =  with no working shown, award M1A0A0M1A1A0. 

If candidate finds 6n =  and 3
4

k = with no working shown, award 

M1A0A0M1A1A1. 

[6 marks] 
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Section B 

7. (a) (i) 9p =  A1 

(ii) 600 800n< ≤ A1 

Note: Award A0 if candidate answers 700. 

[2 marks] 

(b) (i) median = 600 A1 

(ii) 800 64080%of = (A1) 

40 (performances less than 80% of tickets sold) (A1) 

20 (performances) A1 

[4 marks] 

(c) (i) any reasonable answer which suggests a biased sample (must include reason,
do not accept reasons such as “sample size is too small”, or answers that simply 
say “not representative of entire audience” without a valid reason) A1 

eg likely to come from the same part of the theatre OR be part of same group 
OR be from priority seating  OR  it is convenience sampling 

(ii) every 20th person A1A1 

Note:  Award A1 for recognizing that sampling occurs at regular intervals eg 
“every”. 

Award A1 for interval length is 20. 

(iii) quota (sampling method) A1 

[4 marks] 

continued… 
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Question 7 continued 

(d) (i) 75% (of 36000 spent between $3 and $25) (M1) 

= 27000 A1 

(ii) 7a = A1 

[3 marks] 

(e) (i) METHOD 1

old mean is 600 (tickets) (A1) 

recognising new mean is old mean + 18 (M1) 

600 18+  

618=  (tickets) A1 

METHOD 2 

new total number of tickets = ( )03 160 8 370800 60× =+ (A1) 

36000 60n 18 37080
60

ew mean
60

×  = 


+


=  (M1) 

618=  (tickets) A1 

(ii) no effect on the variance A1 

[4 marks] 

Total [17 marks] 
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8. (a) 0x = A1 

[1 mark] 

(b) (i) setting ln(2 7) 2 ln lnx x d− = − M1 

attempt to use power rule  (M1) 
22 ln lnx x= ( seen anywhere ) 

attempt to use product/quotient rule for logs (M1) 
2

ln(2 7) ln xx
d

− =  OR 
2

ln ln
2 7

x d
x

=
−

 OR 2ln(2 7) lnx d x− =

2

2 7x x
d
= −  OR 

2

2 7
x d
x

=
−

 OR 2(2 7)x d x− = A1 

2 2 7 0dxx d− + =  AG 

(ii) discriminant = 2( 2 7) 4 dd− ×− (A1) 

recognizing discriminant > 0 (M1) 
2 0(2 ) 4 7dd − × >  OR 2 04 28d d− > A1 

2 7 0d d− > AG 

(iii) setting ( 7) 0d d − > OR ( 7) 0d d − =   OR  sketch graph
OR sign test OR 2 7d d> (M1) 

0d <  or 7d > , but d +∈

7d >  (or ] [7,∞ ) A1 

[9 marks] 

continued… 
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Question 8 continued 

(c) ( )2 20 70 0xx − + = A1 

attempting to solve their 3 term quadratic equation (M1) 

( )( )210 30 0x − − =  or 
220 ( 20)

(
4 1 70

)
2

x
 ± −
 =
 


−



× ×

( )3010x p= =−  or ( )3010x q= =+ (A1) 

subtracting their values of x   (M1) 

distance ( )30 or 1202= A1 

( )2, 30a b= = ( )or 1,  120a b= =

[5 marks] 

Total [15 marks] 



– 17 – 8823 – 7109M 

9. (a) attempt to use either the quotient or product rule (M1) 

( ) ( )
( )

3 22 2

62

12 2 12 3 2 2

2

x xx

x

x+ − × × +

+
OR  ( ) ( ) ( ) 42321 2 32 2 212x xx x

− −
+ × − ++ × A1A1

Note:  Award A1 for correctly applying chain rule to ( )32 2x +  and A1 for
everything else correct. 

( )
( )4

2 2

2

2 62

2

1 x

x

x
=

+ −

+
 OR 

( ) ( )
( )

2 2

62

2 21 22

2

2 6x x x

x

−+

+

+
 OR 

( )4

2

2

2 60

2

4

x

x−

+
 OR  

( )42

2 21 7242 2

2

x

x

x

+

+ − A1 

( )
( )2 4

212 2 5

2

x

x +

−
= AG 

[4 marks] 

continued… 
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Question 9 continued 

(b) EITHER

attempts to integrate by substitution using 2 2u x= +  or 2u x= (M1) 

2 d2 2
d
u xu
x

x + ⇒ ==   OR  2 d 2
d
u xu x
x

⇒ ==

Note:  If candidate simply states 2 2u x= +  or 2u x= , but does not attempt to 
substitute into their integral, do not award the (M1). 

( )3 32

1 6 d
2

2 dx x u
ux

=
+

∫ ∫   OR  
( ) ( )3 32

12 6d d
22

x x u
ux

=
++

∫ ∫ (A1) 

= 23 ( )u c−− +   OR  ( ) 23 1 ( )u c−− + +  (A1) 

OR 

attempts to apply integration by inspection (M1) 

( )32

26
2

dx x
x +

∫  

( ) 226 ( )1 2
2

x c
− × − + 


+


= (A1)(A1) 

Note:  Award A1 for correct power of ( )2 2x +  and A1 for 1
2

− .

THEN 

( ) 22 23 x c
−

+− + OR
( )22

3

2
c

x +
− +     (final answer must include c+ ) A1 

[4 marks] 

continued… 
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Question 9 continued 

(c) recognizing ( ) ( ) ( ) ( )g x f x g x f x k′ ′= ⇒ = +  (may be seen in diagram/drawing) A1 

area of R is given by subtracting functions f and g in integral(s) (M1) 
3

0
dk x±∫  OR  

3

0
dg f x= −∫  OR  ( ) ( )

3

0
 -  df x k f x x+∫  OR ( ) ( )

3 3

0 0
d df x x g x x−∫ ∫

= [ ]30kx±   OR
( ) ( )

3 3

2 22 2

0 0
1 1

2 2kx
x x

   
   − + − −
   
   + +

OR 
( ) ( )

0

2 22 2

3 3

0

2 2

1 1
kx

x x
−

+

   
   − − +
   
  + 

(A1) 

213
2

k± =  (A1) 

21 7 3.5
6 2

k  = ± = ± = ± 
 

( )32 2

12 7( )
2

xg x
x +

= − AND
( )32 2

12 7( )
2

xg x
x +

= + (accept 7( )
2

f x +  AND 7( )
2

f x − ) A1 

[5 marks] 

Total [13 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for 
their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the preceding
M mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the
correct values.

• Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
• The response to a “show that” question does not need to restate the AG line, unless a Note

makes this explicit in the markscheme.
• Once a correct answer to a question or part question is seen, ignore further working even if this

working is incorrect and/or suggests a misunderstanding of the question.  This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part.  For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A1 in the first part.
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Examples: 

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

3 Implied marks 

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or 
implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is 
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect 
value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, there must be working 
present and not just a final answer based on an incorrect answer to a previous part. However, if all 
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should 
be awarded for their correct answer, even when working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the 
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct 
answer, without working being seen. For longer questions where all but the answer marks are 
implied this rule applies but may be overwritten by a Note in the Markscheme. 

• Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

• If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

• If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-
integer value where integer required), do not award the mark(s) for the final answer(s).

• The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

• If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts.  This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

• Exceptions to these FT rules will be explicitly noted on the markscheme.

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR).  A 
candidate should be penalized only once for a particular misread.  Use the MR stamp to indicate 
that this has been a misread and do not award the first mark, even if this is an M mark, but award 
all others as appropriate. 

• If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer
value where integer required), do not award the mark(s) for the final answer(s).

• Miscopying of candidates’ own work does not constitute a misread, it is an error.

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the
subsequent part.

• MR can only be applied when work is seen.  For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

• Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

7 Alternative forms 
Unless the question specifies otherwise, accept equivalent forms. 

• As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000 .

• Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

• In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Candidates will sometimes use methods other than those in the markscheme.  Unless the question 
specifies a method, other correct methods should be marked in line with the markscheme. If the 
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted 
unless covered by a note in the mark scheme.   
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8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the 
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to 
final answers: unless otherwise stated in the question all numerical answers must be given exactly 
or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact value, 
however candidates may also use the correct answer to 3 sf in subsequent parts.  The 
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf 
values”. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and 

any values that lead to integers should be simplified; for example, 25
4

 should be written as 5
2

.  

An exception to this is simplifying fractions, where lowest form is not required (although the 

numerator and the denominator must be integers); for example, 10
4

may be left in this form or 

written as 5
2

. However, 10
5

 should be written as 2, as it simplifies to an integer. 

Algebraic expressions should be simplified by completing any operations such as addition and 
multiplication, e.g. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

Please note: intermediate A marks do NOT need to be simplified. 

9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will result in no 
grade awarded.  If you see work that suggests a candidate has used any calculator, please follow 
the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise.  If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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Section A 
1. (a) attempts to find perimeter (M1) 

arc+2 radius×  OR 10 4 4+ +

18 (cm)=  A1 

[2 marks] 

(b) 10 4θ= (A1) 

10
4

θ =  5 , 2.5
2

 = 
 

A1 

[2 marks] 

(c) area ( ) ( )21 10 4  1.25 16
2 4
 = = × 
 

(A1) 

220  (cm )= A1 

[2 marks] 

Total [6 marks] 
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2. (a) 1 43u d u+ = (M1) 

0.6 3 0.15d+ =  

0.15d = −  A1 
[2 marks] 

(b) METHOD 1

2 0.45u =  or 3 0.3u = (may be seen in their equation) (A1) 

summing their probabilities to 1  (seen anywhere) (M1) 

2 30.6 0.15 1u u
k k k k

+ + + =   

0.6 0.45 0.3 0.15 1
k k k k

+ + + =  (or equivalent) (A1) 

1.5 1
k

=   

1.5k =  A1 

[4 marks] 

METHOD 2 (using nS formula) 

( ) ( )( )( )4
4 2 0.6 4 1 0.15
2

S = + − −  OR   ( )4
4 0.6 0.152 4 1
2

S
k k

 −    = + −        

OR   ( )4
4 0.6 0.15
2

S = + OR  4
4 0.6 0.15
2

S
k k

 = + 
 

   (or equivalent) (A1) 

summing their probabilities to 1 (seen anywhere) (M1) 

1 2 3 4 1u u u u
k k k k
+ + + =    OR   1 2 3 4u u u u k+ + + =   OR 4 1S =   OR   4S k=

( ) ( )( )( )4 2 0.6 4 1 0.15
2

k+ − − =  (or equivalent) (A1) 

1.5k =  A1 

[4 marks] 
Total [6 marks] 
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3. (a) (i) 2x = A1 

(ii) 1y = A1 

[2 marks] 

(b) (i) 30,
2

 
 
 

  A1 

(ii) ( )3,0 A1 

[2 marks] 

continued… 
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Question 3 continued 

(c) 

two correct branches with correct asymptotic behaviour and intercepts clearly shown A1 

[1 mark] 

Total [5 marks] 
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4. substitutes into ( ) ( ) ( ) ( )P P P PA B A B A B∪ = + − ∩  to form

( ) ( )0.55 0.4 P PB A B= + − ∩   (or equivalent) (A1) 

substitutes into ( ) ( )
( )

P
P |

P
A B

A B
B
∩

= to form 
( )
( )

P
0.25

P
A B

B
∩

=   (or equivalent) (A1) 

attempts to combine their two probability equations to form an equation in ( )P B  (M1) 

Note: The above two A marks are awarded independently. 

correct equation in ( )P B  A1 

( ) ( )0.55 0.4 P 0.25P  B B= + − OR  
( )

( )
P 0.15 

0.25
P

B
B
−

=  OR ( ) ( )P 0.15 0.25PB B− =

(or equivalent) 

( ) 15 1P  0.2
75 5

B  = = = 
 

A1 

Total [5 marks] 
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5. 2
0

d
2

c xA x
x

=
+∫

EITHER 

attempts to integrate by inspection or substitution using 2 2u x= +  or 2u x= (M1) 

Note: If candidate simply states 2 2u x= +  or 2u x= , but does not attempt to 
integrate, do not award the (M1). 

Note: If candidate does not explicitly state the u-substitution, award the (M1) only 
for expressions of the form lnk u  or ( )ln 2k u + .

 
2 2

2

1 ln
2

c

u
+

 
  

 OR   ( )
2

0

1 ln 2
2

c

u +  
  OR ( )2

0

1 ln 2
2

c

x +  
A1 

Note: Limits may be seen in the substitution step. 

OR 
attempts to integrate by inspection (M1) 

Note: Award the (M1) only for expressions of the form ( )2ln 2k x + .

( )2

0

1 ln 2
2

c

x +  
A1 

Note: Limits may be seen in the substitution step. 

THEN 

correctly substitutes their limits into their integrated expression (M1) 

( )( ) ( )21 ln 2 ln 2 ln3
2

c + − =  OR ( ) ( )21 1ln 2 ln 2 ln3
2 2

c + − =

continued… 
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Question 5 continued 

correctly applies at least one log law to their expression (M1) 

( )
21 2ln ln3

2 2
c +

= 
 

 OR  ( )2ln 2 ln 2 ln3c + − =   OR  
2 2ln ln9
2

c +
= 

 
 

OR  ( )2ln 2 ln 2 ln 9c + − =   OR  ( )
2 2ln ln3
2

c +
=  OR  ( )

2 2ln ln3
2

c +
=

Note: Condone the absence of ln3  up to this stage. 

2 2 9
2

c +
=   OR 

2 2 3
2

c +
=  A1 

2 16c =

4c =  A1 

Note: Award A0 for 4c = ±  as a final answer. 

Total [6 marks] 
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6. attempts to form ( )( )g f x (M1) 

[ ]2( ) ( ) 3f x f x+ +   OR  ( )2 3ax b ax b+ + + +  

( )2 2 2 22 3 4 14 15a x abx b ax b x x+ + + + + = − + (A1) 

equates their corresponding terms to form at least one equation (M1) 

2 2 24a x x=   OR  2 4a =   OR  2 14abx ax x+ = −   OR  2 14ab a+ = −  OR 
2 3 15b b+ + =  

2a = ±  (seen anywhere) A1 

attempt to use 2 14ab a+ = −  to pair the correct values (seen anywhere) (M1) 

( ) 2 4f x x= − (accept 2a =  with 4b = − ), ( ) 2 3f x x= − +  (accept 2a = −  with 3b = ) A1A1 

[7 marks] 
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Section B 

7. (a) 2x = −   (must be an equation) A1 
[1 mark] 

(b) 2h = − ,  5k = − A1A1 

[2 marks] 

(c) substituting 0x =  into ( )f x (M1) 

( )21 0 2 5
4

y = + −

4y = −   (accept ( )P 0, 4− ) A1 

[2 marks] 

(d) ( )1 1( ) 2 1
2 2

f x x x ′ = + = + 
 

 (A1) 

substituting 0x =  into their derivative (M1) 

(0) 1f ′ =  

gradient of normal is 1−  (may be seen in their equation) A1 
4y x= − −  (accept 1a = − , 4b = − ) A1 

Note:  Award A0 for 4L x= − −  (without the y = ). 

[4 marks] 
continued… 
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Question 7 continued 

(e) equating their ( )f x  to their L (M1) 

( )21 2 5 4
4

x x+ − = − −  

21 2 0
4

x x+ =   (or equivalent) (A1) 

valid attempt to solve their quadratic (M1) 

( )1 8 0
4

x x + =    OR  ( )8 0x x + =

8x = −  A1 

Note: Accept both solutions 8x = −  and 0x =  here, 8x = − may be seen in 
working to find coordinates of Q  or distance. 

substituting their value of x  (not 0x = ) into their ( )f x  or their L (M1) 

( )8 4y = − − −   or  ( )21 8 2 5
4

y = − + −

( )Q 8, 4− A1 

correct substitution into distance formula (A1) 

( ) ( )( )228 0 4 4− − + − −

distance 128=  ( 8 2= ) A1 

[8 marks] 
Total [17 marks] 
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8. (a) (i) attempt to use Pythagoras (M1) 
2

2 2sin 1
3

θ  + = 
 

  OR  2 2 22 3x + =   OR  right triangle with side 2 and 

hypotenuse 3 

5sin
3

θ = A1 

(ii) attempt to substitute into double-angle identity using their value of sinθ (M1) 

5 2sin 2 2
3 3

θ
  =      

  

4 5sin 2
9

θ = A1 

[4 marks] 

(b) METHOD 1 (using values from part (a))

sin sin 2
b a
θ θ
=

attempt to use sine rule with their values from part (a) (M1) 

5 4 5
3 9

b a
=

   
   
   

  OR  

5 4 5
3 9
b a

   
   
   =

correct working that leads to AG A1 

5 4 5
3 9

a b=    OR  
3 9

5 4 5
b a
=    OR  4

3 9
a b
=  (or equivalent) 

3
4
ab = AG 

continued… 
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Question 8 continued 

METHOD 2 (double-angle identity) 

sin sin 2
b a
θ θ
=

using double-angle identity (A1) 

sin 2sin cos
b a
θ θ θ
=   OR   sin

2sin cos
ab θ
θ θ

=   OR  
2cos

ab
θ

=

correct working (involving substituting 2cos
3

θ = ) that leads to AG A1 

sin
22sin
3

ab θ

θ
=

 
 
 

  OR  

5
3

5 22
3 3

a
b

 
 
 =

  
  

  

  OR  
22
3

ab =
 
 
 

  (or equivalent) 

3
4
ab = AG 

[2 marks] 

(c) METHOD 1 (using supplementary angles)

recognizing ˆCAD  and ˆBAC  are supplementary (M1) 

recognizing supplementary angles have the same sine value (A1) 
ˆsin CAD = sin 2θ

4 5ˆsin CAD 
9

= A1 

continued… 
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Question 8 continued 

METHOD 2 (using sine rule) 
recognizing CD a=  (M1) 

ˆ sinsin CAD
a b

θ
=

correct substitution of 5sin
3

θ =  and 3
4
ab =  into sine rule (A1) 

3
4

ˆsin CAD 5
3

a
a

 
 
 =
 
 
 

  OR   

5
3ˆsin CAD

3
4

a

a

 
 
 =
 
 
 

  (or equivalent) 

4 5ˆsin CAD 
9

= A1 

[3 marks] 

(d) METHOD 1 (using ˆCAD  in area formula)

recognizing ˆDCA θ= (A1) 

recognizing AD b= 3
4
a = 

 
(A1) 

 correct substitution into area formula (must substitute expressions for two sides 
and name/expression/value for ˆsin CAD ) (M1) 

( )( )1 4 5area
2 9

b b
 

=   
 

OR  ( )( )1area sin 2
2

b b θ=   OR  ( )( )1 ˆarea sin CAD
2

b b=

correct substitution in terms of a (A1) 

1 3 3 4 5area
2 4 4 9

a a    =        
 

25area
8
a

= A1 

continued… 
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Question 8 continued 

METHOD 2 (using ˆACD  or ˆADC  in area formula)
recognizing  CD a=  (A1) 

recognizing AD b= 3
4
a = 

 
and/or ˆDCA θ= (A1) 

correct substitution into area formula (must substitute expressions for two sides 
and name/expression/value for ˆsin ADC  or ˆsin ACD  ) (M1) 

( )( )1 5area
2 3

a b
 

=   
 

OR  ( )( )1area sin
2

a b θ=   OR  ( )( )1 ˆarea sin ADC
2

a b=

OR  ( )( )1 ˆarea sin ACD
2

a b=

correct substitution in terms of a (A1) 

( )1 3 5area
2 4 3

aa
  =      

25area
8
a

= A1 

[5 marks] 
Total [14 marks] 
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9. (a) 2 29y x= −  OR 29y x= ± − A1 

(since 0y > ) 29y x⇒ = − AG 

[1 mark] 

(b) ( )22  2 9b y x= = −  or 3h x= + (A1) 

attempts to substitute their base expression and height expression into 1
2

A bh= (M1) 

29 ( 3)A x x= − +   (or equivalent) 
( ) 2

2 22 3 9
9 3 9

2
x x

x x x
 + −
 = = − + −
 
 

A1 

[3 marks] 

(c) attempts to use the product rule to find d
d
A
x

(M1) 

attempts to use the chain rule to find 2d 9
d

x
x

− (M1) 

( ) ( )
1 2

2 2 22
2

d 1 39 3 9 ( 2 ) 9
d 2 9
A x xx x x x x
x x

−  +   = − + + − − = − −    
    − 

 A1 

( )2 22 2

2 2 2

9 3d 9 3
d 9 9 9

x x xA x x x
x x x x

 − − +− +   = − =     − − − 
A1 

2

2

d 9 3 2
d 9
A x x
x x

− −
=

−
AG 

[4 marks] 

continued… 
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Question 9 continued 

(d) 
2

2

d 9 3 20 0
d 9
A x x
x x

 − −
= = 

− 
 (M1) 

attempts to solve 29 3 2 0x x− − =  (or equivalent) (M1) 

( )(2 3)( 3) 0x x− − + =   OR
23 ( 3) 4( 2)(9)

2( 2)
x

± − − −
=

−
(or equivalent) (A1) 

3
2

x = A1 

Note: Award the above A1 if 3x = −  is also given. 

substitutes their value of x  into either 29y x= −  or 29y x= − − (M1) 

Note:  Do not award the above (M1) if 0x ≤ . 

239
2

y  = − −  
 

27 3 3 27, , 6.75
2 2 4

 
= − = − = − = −  

 
A1 

[6 marks] 

Total [14 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for 
their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the
correct values.

• Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
• The response to a “show that” question does not need to restate the AG line, unless a Note

makes this explicit in the markscheme.
• Once a correct answer to a question or part question is seen, ignore further working even if this

working is incorrect and/or suggests a misunderstanding of the question.  This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks elsewhere
too.

• An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part.  For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A1 in the first part.
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Examples: 

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

3 Implied marks 

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or 
implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is 
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect 
value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, there must be working 
present and not just a final answer based on an incorrect answer to a previous part. However, if all 
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should 
be awarded for their correct answer, even when working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the 
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct 
answer, without working being seen. For longer questions where all but the answer marks are 
implied this rule applies but may be overwritten by a Note in the Markscheme. 

• Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

• If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

• If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer
value where integer required), do not award the mark(s) for the final answer(s).

• The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

• If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts.  This includes when
candidates fail to complete a “show that” question correctly, and then in subsequent parts use
their incorrect answer rather than the given value.

• Exceptions to these FT rules will be explicitly noted on the markscheme.

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR).  A 
candidate should be penalized only once for a particular misread.  Use the MR stamp to indicate 
that this has been a misread and do not award the first mark, even if this is an M mark, but award 
all others as appropriate. 

• If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer
value where integer required), do not award the mark(s) for the final answer(s).

• Miscopying of candidates’ own work does not constitute a misread, it is an error.

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the subsequent
part.

• MR can only be applied when work is seen.  For calculator questions with no working and incorrect
answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

• Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

7 Alternative forms 
Unless the question specifies otherwise, accept equivalent forms. 

• As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000 .

• Do not accept final answers written using calculator notation. However, M marks and intermediate
A marks can be scored, when presented using calculator notation, provided the evidence clearly
reflects the demand of the mark.

• In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

Candidates will sometimes use methods other than those in the markscheme.  Unless the question 
specifies a method, other correct methods should be marked in line with the markscheme. If the 
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted 
unless covered by a note in the mark scheme.   
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• In the markscheme, some equivalent answers will generally appear in brackets.  Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the 
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to 
final answers: unless otherwise stated in the question all numerical answers must be given exactly 
or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact value, 
however candidates may also use the correct answer to 3 sf in subsequent parts.  The 
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf 
values”. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and 

any values that lead to integers should be simplified; for example, 25
4

 should be written as 5
2

.  

An exception to this is simplifying fractions, where lowest form is not required (although the 

numerator and the denominator must be integers); for example, 10
4

may be left in this form or 

written as 5
2

. However, 10
5

 should be written as 2, as it simplifies to an integer. 

Algebraic expressions should be simplified by completing any operations such as addition and 
multiplication, e.g. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

Please note: intermediate A marks do NOT need to be simplified. 

9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will result in no 
grade awarded.  If you see work that suggests a candidate has used any calculator, please follow 
the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise.  If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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Section A 

1. (a) M ( )6, 3− A1A1 

[2 marks] 

(b) gradient of [PQ] =
5
9

− (A1) 

gradient of L =
9
5

A1 

[2 marks] 

(c) ( )93 6
5

y x+ = −  OR 
9 69
5 5

y x= −  (or equivalent) A1 

Note:  Do not accept 9 69
5 5

L x= − . 

 [1 mark] 
Total [5 marks] 
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2. (a) recognizing ( ) 0f x = (M1) 

1x = −  A1 
[2 marks] 

(b) (i) 2x =  (must be an equation with x ) A1 

(ii) 
7
2

y =  (must be an equation with y ) A1 

[2 marks] 

(c) EITHER
interchanging x and y (M1) 
2 4 7 7xy x y− = +

correct working with y terms on the same side: 2 7 4 7xy y x− = + (A1) 

OR 
2 4 7 7yx y x− = +  

correct working with x terms on the same side: 2 7 4 7yx x y− = +  (A1) 

interchanging x and y OR making x the subject 4 7
2 7

yx
y
+

=
−

(M1) 

THEN 

1 4 7( )
2 7

xf x
x

− +
=

−
  (or equivalent)  7

2
x ≠ 

 
A1 

[3 marks] 
Total [7 marks] 
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3. (a) (i) summing frequencies of riders or finding complement (M1) 

probability 
34= 
40

A1 

(ii) attempt to find expected value (M1) 

16 13 2 32 3 4
40 40 40 40

     + × + × + ×     
     

( )60 1.5
40

= A1 

[4 marks] 

(b) evidence of their rides/visitor 1000×  or 10÷ (M1) 

1500 OR 0.15
150 (times) A1 

[2 marks] 
Total [6 marks] 
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4. (a) 21 2sin sinx x− = A1 
22sin sin 1 0x x+ − = AG 

[1 mark] 

(b) valid attempt to solve quadratic (M1) 

(2sin 1)(sin 1)x x− +  OR 
1 1 4(2)( 1)

2(2)
− ± − −

recognition to solve for sin x (M1) 

sin 1
1sin
2

xx = −=  OR 

any correct solution from sin 1x = −  A1 

any correct solution from 
1sin
2

x = A1 

Note:  The previous two marks may be awarded for degree or radian values, 
irrespective of domain. 

π 5π, ,
2 6 6

x π
= − A1 

Note:  If no working shown, award no marks for a final value(s). 

Award A0 for 
π 5π, ,

2 6 6
π

− if additional values also given.

[5 marks] 
Total [6 marks] 
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5. recognition of quadratic in ex (M1) 

( ) ( )2
e 3e ln 0x x k− + =  OR ( )2 3 ln 0A A k− + =

recognizing discriminant ≥ 0 (seen anywhere) (M1) 

( )23 4(1)(ln )k− −  OR  9 4ln k−

(A1) 9ln
4

k ≤

9/4e (seen anywhere) A1 
9/40 ek< ≤ A1 

[6 marks] 

(A1) 
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6. (a) recognition that period is 4m  OR substitution of a point on f (except the origin) (M1) 

2π4m
q

=  OR 1 sin qm=  

2
m

q
π

= A1 

[2 marks] 

(b) horizontal scale factor is
3
2

 (seen anywhere) (A1) 

Note:  This (A1) may be earned by seeing a period of 6m , half period of 3m  or 
the correct x-coordinate of the maximum/minimum point. 

A1A1A1 

Note:  Curve must be an approximate sinusoidal shape (sine or cosine). 
Only in this case, award the following: 
A1 for correct amplitude. 
A1 for correct domain. 
A1 for correct max and min points and correct x-intercepts. 

[4 marks] 
Total [6 marks] 
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Section B 

7. (a) substitution of 0x = (M1) 

( )  3y =     (accept ( )0, 3 ) A1 

[2 marks] 

(b) evidence of using the product rule (M1) 

( ) 2e 2 ex xh x x′ = + A1 

[2 marks] 

(c) setting their derivative equal to zero (M1) 
correct working (A1) 

( )2e (1 ) 0x x+ =  OR  2 2x− =

1x = −  (seen anywhere, and must follow on from their derivative) A1 

substituting their value of x into ( )h x (M1) 

2 3
e

y = − +  ( )12e 3−= − + A1 

2A 1, 3
e

 − − + 
 

[5 marks] 
continued… 
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Question 7 continued 

(d) (i) ( ) 2e 2e 2 ex x xh x x′′ = + + OR 2e 2e (1 )x x x+ + A1A1 

Note:  Award A1 for ( )2e 2ex x′ =  , A1 for 2e 2 ex xx+ or ( )2 2 exx +

( )( ) 2 4 exh x x′′ = + AG 

(ii) recognition that 0h′′ >  OR attempt to find point of inflexion (M1) 

since e 0x > , 2 4 0x + >  OR ( )2 4 0 2x x+ = ⇒ = −

2x > − A1 

[4 marks] 
Total [13 marks] 
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8. (a) (i) recognition that 5n = (M1) 

5 45S = A1 

(ii) METHOD 1

recognition that 5 6 6S u S+ = (M1) 

6 15u = A1 

METHOD 2 

recognition that ( )1 6
660
2

S u= + (M1) 

( )660 3 5 u= +

6 15u = A1 

METHOD 3 

substituting their 1u  and d  values into ( )1 1u n d+ − (M1) 

6 15u = A1 

[4 marks] 

(b) recognition that 1 1u S= (may be seen in (a))  OR  substituting their 6u into 6S (M1) 

OR equations for 5S  and 6S  in terms of 1u  and d

1 4+   OR  ( )1
660 15
2

u= +  

1 5u = A1 

[2 marks] 
continued… 
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Question 8 continued 

(c) EITHER

valid attempt to find d (may be seen in (a) or (b)) (M1) 

2d = (A1) 

OR

valid attempt to find 1n nS S −− (M1) 

( )2 24 2 1 4 4n n n n n+ − − + + − (A1) 

OR

equating ( )2 4 5
2 n
nn n u+ = + (M1) 

2 8 5 nn u+ = +  (or equivalent) (A1) 

THEN 

5 2( 1)nu n= + −  OR 2 3nu n= +  A1 

[3 marks] 

(d) recognition that 2
2 4v r v= OR ( )2

3 2 4v v v= × (M1) 

2 3r =  OR ( )3 5 3v = ± (A1) 

3r = ±  A1 

Note:  If no working shown, award M1A1A0 for 3 . 

[3 marks] 

(e) recognition that r is negative (M1) 

5
4515 3   

3
v  = − = − 

 
 A1 

[2 marks] 
Total [14 marks] 



– 17 – M23/5/MATHX/SP1/ENG/TZ1/XX/M 

9. (a) attempt to integrate v (integration of at least one term) (M1) 

( ) ( )4 3 21 7( ) 6  
4 6

s t t t t t C= − + − + + A2 

Note: Award A1 for at least two correct terms. 

substitution of 1t = into their integrated expression (M1) 

displacement = 
11 715
12 12

 = 
 

(m) A1 

[5 marks] 

(b) attempt to differentiate v  (differentiation of at least one term) (M1) 

( ) 23 7 2a t t t= − + − A1 

[2 marks] 

(c) setting their ( )' 0v t = (M1) 

23 7 2 0t t− + − =

valid attempt to solve quadratic (M1) 

( )( )3 1 2 0t t− − =   OR
( )( )7 49 4 3 2

6
− ± − − −

−

1 ,2
3

t =  (
1
3

t = may be omitted) (A1) 

substitute their largest positive t-value into v(t) (M1) 

greatest speed is 8 (ms-1) A1 

[5 marks] 
continued… 
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Question 9 continued 

(d) attempt to check other boundary value at 4t = (M1) 

( )(4) 64 56 8 6  10v = − + − + = −

greatest speed is 10  ms-1 A1 

[2 marks] 

(e) identifying correct intervals where speed increases (may be seen in integral) (A1)(A1) 

1
3

t = to 2t =  and t k=  to 4t =

( ) ( )
2 4
1
3

d d
k

v t t v t t+∫ ∫  OR 
2 4
1
3

d d
k

v t v t+∫ ∫  OR ( ) ( )
2 4
1
3

d d
k

v t t v t t−∫ ∫ A1 

Note: Condone missing dt . 

[3 marks] 
Total [17 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their 
correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the
correct values.

• Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
• The response to a “show that” question does not need to restate the AG line, unless a Note

makes this explicit in the markscheme.
• Once a correct answer to a question or part question is seen, ignore further working even if this

working is incorrect and/or suggests a misunderstanding of the question.  This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part.  For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A1 in the first part.
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Examples: 

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

3 Implied marks 

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or 
implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is 
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect 
value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, there must be working 
present and not just a final answer based on an incorrect answer to a previous part. However, if all 
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be 
awarded for their correct answer, even when working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the 
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct 
answer, without working being seen. For longer questions where all but the answer marks are 
implied this rule applies but may be overwritten by a Note in the Markscheme. 

• Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

• If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

• If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer
value where integer required), do not award the mark(s) for the final answer(s).

• The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

• If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts.  This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

• Exceptions to these FT rules will be explicitly noted on the markscheme.

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR).  A 
candidate should be penalized only once for a particular misread.  Use the MR stamp to indicate 
that this has been a misread and do not award the first mark, even if this is an M mark, but award all 
others as appropriate. 

• If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , non-integer
value where integer required), do not award the mark(s) for the final answer(s).

• Miscopying of candidates’ own work does not constitute a misread, it is an error.

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the subsequent
part.

• MR can only be applied when work is seen.  For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

• Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

7 Alternative forms 
Unless the question specifies otherwise, accept equivalent forms. 

• As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000 .

• Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

• In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Candidates will sometimes use methods other than those in the markscheme.  Unless the question 
specifies a method, other correct methods should be marked in line with the markscheme. If the 
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted 
unless covered by a note in the mark scheme.   
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8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the 
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to 
final answers: unless otherwise stated in the question all numerical answers must be given exactly 
or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact value, 
however candidates may also use the correct answer to 3 sf in subsequent parts.  The markscheme 
will often explicitly include the subsequent values that come “from the use of 3 sf values”. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and 

any values that lead to integers should be simplified; for example, 25
4

 should be written as 5
2

.  An 

exception to this is simplifying fractions, where lowest form is not required (although the numerator 

and the denominator must be integers); for example, 10
4

may be left in this form or written as 5
2

. 

However, 10
5

 should be written as 2, as it simplifies to an integer. 

Algebraic expressions should be simplified by completing any operations such as addition and 
multiplication, e.g. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor do 
factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

Please note: intermediate A marks do NOT need to be simplified. 

9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will result in no 
grade awarded.  If you see work that suggests a candidate has used any calculator, please follow 
the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit note
from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates otherwise.
If the layout of the responses makes it difficult to judge, examiners should apply appropriate
discretion to judge which is “first”.
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Section A 

1. (a)  gradient of g  is 2−  (may be seen in function, do not accept 2 3x− + ) (A1) 

( ) 2g x x= − A1 

[2 marks] 

(b) gradient is 1
2

  (may be seen in function) (A1) 

attempt to substitute their gradient and ( )1,2− into any form of equation for

straight line (M1) 

( ) ( )1 12 1 OR 2 1
2 2

y x c− = + = ⋅ − +

( ) ( )1 1 51 2
2 2 2

h x x x = + + = + 
 

A1 

[3 marks] 

(c) ( )( ) 1 52
2 2

g h x x = − + 
 

 OR  ( ) 50
2

h =   OR  5
2

g  
 
 

 (A1) 

( )( )0 5g h = − A1 

[2 marks] 

Total [7 marks] 
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2. ( ) 2 12 exg x x +′ = (A2) 

substitute 1x = −  into their derivative (M1) 

( ) 22e1g′ −− = A1 

Note:  Award A0M0A0 in cases where candidate’s incorrect derivative is 

( ) 2 1exg x +′ = .

[4 marks] 
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3. (a) (i) attempt to find midpoint of A and B (M1) 

centre ( )1,3, 2− −   (accept vector notation and/or missing brackets) A1 

(ii) attempt to find AB or half of AB or distance between the centre and A (or B) (M1) 

2 2 2
2 2 24 2 4  or 2 1 2

2
+ +

+ +

3=  A1 

[4 marks] 

(b) attempt to find the distance between their centre and V

(the perpendicular height of the cone) (M1) 

2 2 20 4 2+ +   OR  ( ) ( )2 2their slant height their radius−

( )20 2 5= = (A1) 

Volume 21 π3 20
3

=

( )3π 20 6π 5= = A1 

[3 marks] 

Total [7 marks] 
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4. (a)

Note:  Award a maximum of M1A0A0 if the candidate manipulates both sides of 
the equation ( such as moving terms from one side to the other ).  

METHOD 1 (working with LHS) 

attempting to expand ( )22 1a −   (do not accept 4 1a +  or 4 1a − ) (M1) 

4 2 2 4 2
2 2 1 4 2 1LHS  or 

4 4
a a a a aa − + + − +

= +  A1 

4 22 1
4

a a+ +
=  A1 

( )
22 1 RHS

2
a +

= = 
 

AG 

Note:  Do not award the final A1 if further working contradicts the AG. 

METHOD 2 (working with RHS) 

attempting to expand ( )22 1a + (M1) 

4 22 1RHS
4

a a+ +
=

2 4 24 2 1
4

a a a+ − +
=  A1 

4 2
2 2 1  

4
a aa − +

= + A1 

22
2 1  (=LHS)

2
aa

 −
= +  

 
AG 

Note:  Do not award the final A1 if further working contradicts the AG. 

[3 marks] 

continued… 
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Question 4 continued 

(b) recognise base and height as a  and  
2 1
2

a −
 
 

  (may be seen in diagram) (M1) 

correct substitution into triangle area formula A1 

( )22 311Area (or equivalent) = = 
2 2 4 4

a aa a a a − − − =       
 

[2 marks] 

Total [5 marks] 



– 12 – N22/5/MATHX/SP1/ENG/TZ0/XX/M 

5. recognizing need to integrate (M1) 

2
6 d

1
x x

x
∫

+
  OR  2 1u x= +   OR  d 2

d
u x
x
=

3 du
u
∫   OR  2

23 d
1

x x
x
∫

+
(A1) 

( )( ) ( )23ln 1  or  3lnx c u c= + + + A1 

correct substitution of 1 and  ( ) 5x f x= = or 1 and 2x u= =  into equation 

using their integrated expression (must involve c) (M1) 

5 3ln 2 c= +  

( ) ( ) ( )
2

2 2 13ln 1 5 3ln 2 3ln 1 5 ln8 3ln 5
2

xf x x x
  +

= + + − = + + − = +  
  

(or equivalent) A1 

Note: Accept the use of the modulus sign in working and the final answer. 

[5 marks] 
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6. (a) ( )P 0.24A B∩ = A1 

[1 mark] 

(b) ( ) ( )P 1.1 PA B A B∪ = − ∩ (A1) 

( ) ( )0 P 1A B≤ ∪ ≤ (M1) 

Note: This may be conveyed in a clearly labelled diagram or written explanation 
where ( )P 1A B∪ =

the minimum value of ( )P A B∩  is 0.1 A1 

[3 marks] 

(c) A is a subset of B  (so ( ) ( )P PA B A∩ = ). R1 

Note: This may be conveyed in a clearly labelled diagram where A  is completely 
inside B , or in a written explanation indicating that ( ) ( )P PA B A∩ =

so the maximum value of ( )P A B∩  is 0.3 A1 

Note: Do not award R0A1. 

[2 marks] 

Total [6 marks] 
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Section B 

7. (a) correct substitution of 3h =  and 2k =  into ( )f x (A1) 

( ) ( )23 2f x a x= − +

correct substitution of ( )5,0 (A1) 

( )2 10 5 3 2
2

a a = − + = − 
 

Note: The first two A marks are independent. 

( ) ( )21 3 2
2

f x x= − − + A1 

[3 marks] 

(b) (i) METHOD 1

correct substitution of ( )1, 4 (A1) 

( 1) 4p t p+ − − =

5t =  A1 

substituting their value of  t   into 9 3( 1) 4p t p− − − = (M1) 

8 12 4p − =  

2p =  A1 
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METHOD 2 

correct substitution of ONE of the coordinates ( ) ( )3,4 or 1,4− (A1) 

9 3( 1) 4p t p− − − =    OR  ( 1) 4p t p+ − − =  

valid attempt to solve their two equations (M1) 

2, 5p t= =  A1A1 

( )( )22 4 2g x x x= + −

(ii) attempt to find the x-coordinate of the vertex (M1) 

( )3 1 1
2

x − +
= = −  OR 4

2 2
−
×

OR 4 4 0x + =  OR ( )22 1 4x + −  

y-coordinate of the vertex 4= − (A1) 

correct range A1 

[ [4,− +∞   OR  4y ≥ −   OR  4g ≥ −   OR  [ 4, )− ∞

 [7 marks] 
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(c) equating the two functions or equations (M1) 

( ) ( )g x j x=  OR  ( )2 1 3px t x p x p+ − − = − +

2 4 0px tx p+ − = (A1) 

attempt to find discriminant  (do not accept only in quadratic formula) (M1) 

2 216t p∆ = + A1 

2 216 0t p∆ = + > , because 2 0t ≥  and 2 0p > , therefore the sum will be positive R1R1 

Note:   Award R1 for recognising that ∆  is positive and R1 for the reason. 

There are two distinct points of intersection between the graphs of g  and j . AG 

[6 marks] 

Total [16 marks] 
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8. (a) (i) valid approach to find the required logarithm (M1) 

12
16

x =   OR  42 2x −=   OR 41 2
16

−=   OR  2 2log 1 log 16−

2
1log 4

16
= − A1 

(ii) valid approach to find the required logarithm (M1) 

9 3x =   OR  23 3x =   OR  
1
23 9=   OR  3

3

log 3
log 9

9
1log 3
2

= A1 

(iii) ( )3 81
x
=  OR 3

3

log 81
log 3

(A1) 

( ) 423 3
x
=  OR 4

2
x
=  OR 4

1
2

(A1) 

8x =  A1 

[7 marks] 

continued… 
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Question 8 continued 

(b) (i)

Note:  There are many valid approaches to the question, and the steps may be 
seen in different ways.  Some possible methods are given here, but 
candidates may use a combination of one or more of these methods. 

In all methods, the final A mark is awarded for working which leads 
directly to the AG.   

METHOD 1 

( )3ab a= (A1) 

attempt to isolate b or a power of b (M1) 

correct working (A1) 

3 2
ab

a b
= OR  3 2b a−=   OR  ( )21b ab− =   OR 3

2
1b
a

=

2 2
1b

a b
=   OR  ( ) 2b ab −=   OR  3log 2logab abb a= −  OR  log 2logab abb ab− = A1 

log 2ab b = −  AG 
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METHOD 2 

( )3ab a= (A1) 

taking logarithm to base ab on both sides (M1) 

( )3log logab abab a=  OR  3 3log logab aba b a=

correct application of log rules leading to equation in terms of logab (A1) 

3log 3log logab ab aba b a+ =  OR 3log 2logab abb a= −   OR 3 2log logab abb a−=

2
3log logab abb a

−
=   OR  2log log

3ab abb a= −   OR  ( )2log 3
3ab b = − A1 

log 2ab b = −  AG 

Note:  Candidates may substitute log 3ab a =  at any point in their working. 

continued… 
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Question 8 continued 

METHOD 3 

log 3ab a =  

writing in terms of base a (M1) 

( )log 3
log

a

a

a
ab

=

correct application of log rules (A1) 

( )log 3
log log

a

a a

a
a b

=
+

  OR  ( )1 3
1 loga b

=
+

  OR  3log 2a b = −   OR  

2log
3a b = −

writing logab b  in terms of base a (A1) 

loglog
log log

a
ab

a a

bb
a b

=
+

correct working A1 

2
3log 21
3

ab b
−

=
−

  OR  

2
3

1
3

 − 
 
 
 
 

log 2ab b = −  AG 

continued… 
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Question 8 continued 

METHOD 4 

log 1ab ab =  A2 

log log 1ab aba b+ =  (A1) 

3 log 1ab b+ =  A1 

log 2ab b = −  AG 

(ii) applying the quotient rule or product rule for logs

3
3log log logab ab ab

a a b
b
= −   OR  

3
3 1log log logab ab ab

a a
b b
= + (A1) 

correct working (A1) 

1 1log log
3 2ab aba b= −  OR log logab abab b−

( )1 13 2
3 2

= ⋅ − − (A1) 

2=  A1 

Note:  Award A1A0A0A1 for a correct answer with no working. 

[8 marks] 

Total [15 marks] 
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9. (a) 2 2cos 3sin 0x x− =

valid attempt to reduce equation to one involving one trigonometric function (M1) 

2

2
sin 1
cos 3

x
x
= OR   2 21 sin 3sin 0x x− − =    OR   ( )2 2cos 3 1 cos 0x x− − =

OR  cos2 1 cos2 0x x− + =  

correct equation  (A1) 

2 1tan
3

x =   OR  2 3cos
4

x =   OR  2 1sin
4

x =   OR  1cos2
2

x =

1tan
3

x = ±   OR  3cos
2

x = ± OR  ( ) 1sin
2

x = ± OR  π 5π2 ,
3 3

x  =  
 

 (A1) 

π
6

x = , 5π
6

x = A1A1 

Note:  Award M1A1A0A1A0 for candidates who omit the ±  (for tan or cos) and 

give only π
6

x = . 

Award M1A1A0A0A0 for candidates who omit the ±  (for tan or cos) and 
give only 30x = ° . 

Award M1A1A1A1A0 for candidates who give both answers in degrees. 

Award M1A1A1A1A0 for candidates who give both correct answers in 
radians, but who include additional solutions outside the domain.  

Award a maximum of M1A0A0A1A1 for correct answers with no working. 

[5 marks] 

continued… 



– 23 – N22/5/MATHX/SP1/ENG/TZ0/XX/M 

Question 9 continued 

(b) (i) attempt to use the chain rule (may be evidenced by at least one cos sinx x
term) (M1) 

( ) ( )2cos sin 6sin cos 8sin cos 4sin 2f x x x x x x x x= − − = − = −′ A1 

(ii) valid attempt to solve their ( ) 0f x′ = (M1) 

At least 2 correct  x-coordinates (may be seen in coordinates) (A1) 

0x = , π
2

x = , πx =  

Note:  Accept additional correct solutions outside the domain. 

Award A0 if any additional incorrect solutions are given. 

correct coordinates (may be seen in graph for part (c)) A1A1A1 

( )0,1 , ( )π,1 , π , 3
2

 − 
 

 

Note:  Award a maximum of M1A1A1A1A0 if any additional solutions are given. 

Note:  If candidates do not find at least two correct x-coordinates, it is possible to 
award the appropriate final marks for their correct coordinates, such as 
M1A0A0A1A0. 

[7 marks] 

continued… 

Question 9 continued 
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(c) 

Note:  In this question do not award follow through from incorrect values found in 
earlier parts. 

approximately correct smooth curve with minimum at π , 3
2

 − 
 

 A1 

Note:  If candidates do not gain this mark then award no further marks. 

endpoints at ( )0,1 , ( )π,1 , x-intercepts at π
6

, 5π
6

A1 

correct concavity clearly shown at ( )0,1  and ( )π,1 A1 

Note:  The final two marks may be awarded independently of each other. 

[3 marks] 

Total [15 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, 
for their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked,

and marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the

preceding M mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for

an attempt to use an appropriate method (e.g. substitution into a formula) and A1 for

using the correct values.

• Where there are two or more A marks on the same line, they may be awarded

independently; so if the first value is incorrect, but the next two are correct, award

A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a

note.

• The response to a “show that” question does not need to restate the AG line, unless a

Note makes this explicit in the markscheme.

• Once a correct answer to a question or part question is seen, ignore further working even
if this working is incorrect and/or suggests a misunderstanding of the question.  This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these
candidates will lose marks elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working is used
in a subsequent part.  For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second
part. In this situation, award FT marks as appropriate but do not award the final A1 in the
first part.
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Examples: 

Correct 
answer 
seen 

Further 
working seen 

Any FT issues? Action 

1. 

8 2

5.65685...

(incorrect 
decimal value) 

No. 
Last part in 
question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35

72

0.468111… 

(incorrect 
decimal value) 

Yes. 
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

3 Implied marks 

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is 
seen or implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a 
question is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in 
part (d) or incorrect value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, 
there must be working present and not just a final answer based on an incorrect answer 
to a previous part. However, if all the marks awarded in a subsequent part are for the answer 
or are implied, then FT marks should be awarded for their correct answer, even when 
working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, 
where the markscheme for the subsequent part is (M1)A1, it is possible to award full marks 
for their correct answer, without working being seen. For longer questions where all but 
the answer marks are implied this rule applies but may be overwritten by a Note in the 
Markscheme. 

• Within a question part, once an error is made, no further A marks can be awarded for

work which uses the error, but M marks may be awarded if appropriate.

• If the question becomes much simpler because of an error then use discretion to award

fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified

version.

• If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5 = , non-

integer value where integer required), do not award the mark(s) for the final answer(s).

• The markscheme may use the word “their” in a description, to indicate that candidates

may be using an incorrect value.
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• If the candidate’s answer to the initial question clearly contradicts information given in the

question, it is not appropriate to award any FT marks in the subsequent parts.  This

includes when candidates fail to complete a “show that” question correctly, and then in

subsequent parts use their incorrect answer rather than the given value.

• Exceptions to these FT rules will be explicitly noted on the markscheme.

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was “Hence”.

5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read 
(MR).  A candidate should be penalized only once for a particular misread.  Use the MR 
stamp to indicate that this has been a misread and do not award the first mark, even if this 
is an M mark, but award all others as appropriate. 

• If the question becomes much simpler because of the MR, then use discretion to award

fewer marks.

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5 = , non-

integer value where integer required), do not award the mark(s) for the final answer(s).

• Miscopying of candidates’ own work does not constitute a misread, it is an error.

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of

accuracy than given in the question, this is NOT a misread and full marks may be scored

in the subsequent part.

• MR can only be applied when work is seen.  For calculator questions with no working and

incorrect answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

• Alternative methods for complete questions are indicated by METHOD 1,

METHOD 2, etc.

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Candidates will sometimes use methods other than those in the markscheme.  Unless the 
question specifies a method, other correct methods should be marked in line with the 
markscheme. If the command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative 
methods are not permitted unless covered by a note in the mark scheme.   
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7 Alternative forms 

Unless the question specifies otherwise, accept equivalent forms. 

• As this is an international examination, accept all alternative forms of notation for

example 1.9 and 1,9 or 1000 and 1,000 and 1.000 .

• Do not accept final answers written using calculator notation. However, M marks and

intermediate A marks can be scored, when presented using calculator notation, provided

the evidence clearly reflects the demand of the mark.

• In the markscheme, equivalent numerical and algebraic forms will generally be written

in brackets immediately following the answer.

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all

equivalent notations/answers/methods will be presented in the markscheme and

examiners are asked to apply appropriate discretion to judge if the candidate work is

equivalent.

8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer 
to the required accuracy. If the level of accuracy is not stated in the question, the general 
rule applies to final answers: unless otherwise stated in the question all numerical answers 
must be given exactly or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact 
value, however candidates may also use the correct answer to 3 sf in subsequent parts. 
The markscheme will often explicitly include the subsequent values that come “from the use 
of 3 sf values”. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and 

any values that lead to integers should be simplified; for example,
25

4
 should be written as 

5

2
.  

An exception to this is simplifying fractions, where lowest form is not required (although the 

numerator and the denominator must be integers); for example, 
10

4
may be left in this form or 

written as 
5

2
. However, 

10

5
 should be written as 2, as it simplifies to an integer. 

Algebraic expressions should be simplified by completing any operations such as addition and 

multiplication, e.g. 
2 34e ex x should be simplified to 

54e x
, and 

2 3 44e e e ex x x x −  should be 

simplified to 
53e x

.  Unless specified in the question, expressions do not need to be factorized, nor 

do factorized expressions need to be expanded, so ( 1)x x+  and 
2x x+ are both acceptable.

Please note: intermediate A marks do NOT need to be simplified. 
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9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will 

result in no grade awarded.  If you see work that suggests a candidate has used any 

calculator, please follow the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination script,
or in some other way crossed out their work, do not award any marks for that work unless
an explicit note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise.  If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judge which is “first”.
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Section A 

1. (a) ( )0 2g = − A1 

[1 mark] 

(b) evidence of using composite function (M1) 

( )( )0f g  OR ( )2f −

( )( )0 8f g =  A1 

[2 marks] 

(c) 3x = A2 

[2 marks] 

Total [5 marks] 
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2. (a)
1 12u = A1 

[1 mark] 

(b) 15 3 33n− = − (A1) 

16n = A1 

[2 marks] 

(c) valid approach to find d (M1) 

2 1 9 12u u− = −    OR   recognize gradient is 3−  OR   attempts to solve

33 12 15d− = +

3d = − A1 

[2 marks] 

Total [5 marks] 
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3. (a) ( ) ( )1 1n n n− + + + (A1) 

3n= A1 

which is always divisible by 3  AG 

[2 marks] 

(b) ( ) ( )
2 221 1n n n− + + + ( = 

2 2 22 1 2 1n n n n n− + + + + + ) A1 

attempts to expand either ( )
2

1n −  or ( )
2

1n +    (do not accept 
2 1n − or 

2 1n + ) (M1) 

23 2n= + A1 

demonstrating recognition that 2 is not divisible by 3 or 
2

3
 seen after correct 

expression divided by 3 R1 

23n is divisible by 3  and so 23 2n +  is never divisible by 3  

OR    the first term is divisible by 3, the second is not 

OR  
2 2

3
3

n
 

+ 
 

OR 
2

23 2 2

3 3

n
n

+
= +

hence the sum of the squares is never divisible by 3  AG 

[4 marks] 

Total [6 marks] 
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4. (a) (i) 1x = − A1 

(ii) 2y = A1 

[2 marks] 

(b) 

continued… 
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Question 4 continued 

rational function shape with two branches in opposite quadrants, with two 
correctly positioned asymptotes and asymptotic behaviour shown A1 

Note:  The equations of the asymptotes are not required on the graph provided 

there is a clear indication of asymptotic behaviour at 1x = −  and 2y = (or

at their FT asymptotes from part (a)). 

axes intercepts clearly shown at 
1

2
x =  and 1y = − A1A1 

[3 marks] 

(c) 
1

2
x  A1 

Note:  Accept correct alternative correct  notation, such as 
1

,
2

 
 

 
and 

1
,

2

 
 

 
. 

[1 mark] 

Total [6 marks] 
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5. determines
π

4
 (or 45 ) as the first quadrant (reference) angle (A1) 

attempts to solve 
π π

2 3 4

x
+ = (M1) 

Note: Award M1 for attempting to solve ( )
π π 7π

, ,...
2 3 4 4

x
+ =

π π
0

2 3 4

x
x+ =   and so

π

4
 is rejected (R1) 

π π 7π
2π  

2 3 4 4

x  
+ = − = 

 
A1 

17π

6
x = (must be in radians) A1 

 [5 marks] 
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6. (a) EITHER 

recognises the required term (or coefficient) in the expansion (M1) 

5 7 5 2

2 1bx C x=  OR   
7

2b C=    OR
7

5C

( )
7! 7!

 
2!5! 2! 7 2 !

b
 

= =  − 

correct working A1 

7 6 5 4 3 2 1

2 1 5 4 3 2 1

     

     
 OR 

7 6

2!


 OR 

42

2

OR 

lists terms from row 7  of Pascal’s triangle (M1) 

1,7,21,...  A1 

THEN 

21b = AG 

[2 marks] 

(b) 7a = (A1) 

correct equation A1 

6 4
5 35

21
2

ax x
x

+
= OR 

6 4
5 7 35

21
2

x x
x

+
=

correct quadratic equation A1 

27 42 35 0x x− + = OR 2 6 5 0x x− + = (or equivalent)

valid attempt to solve their quadratic (M1) 

( )( )1 5 0x x− − = OR 
( ) ( )( )

( )

2
6 6 4 1 5

2 1
x

 − −
=

1, 5x x= =  A1 

Note:  Award final A0 for obtaining 0, 1, 5x x x= = = . 

[5 marks] 

Total [7 marks] 
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Section B 

7. (a) 3x = A1 

Note:  Must be an equation in the form “ x =  ”.  Do not accept 3 or 3
2

b

a

−
= . 

[1 mark] 

(b) (i) 3h = , 4k = (accept ( )
2

3 4a x − + ) A1A1 

(ii) attempt to substitute coordinates of Q (M1) 

( )
2

12 5 3 4a= − + , 4 4 12a+ =  

2a = A1 

[4 marks] 

(c) recognize need to find derivative of  f (M1) 

( ) ( )4 3f x x = −   or  ( ) 4 12f x x = −  A1 

( )5 8f  =   (may be seen as gradient in their equation) (A1) 

( )12 8 5y x− = −  or 8 28y x= − A1 

Note:  Award A0 for 8 28L x= − . 

[4 marks] 

continued… 
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Question 7 continued 

(d) METHOD 1

Recognizing that for g  to be increasing, ( ) 0f x d−  , or 0g  (M1) 

The vertex must be above the x-axis, 4 0d−  , 4 0d −  (R1) 

4d  A1 

[3 marks] 

METHOD 2 

attempting to find discriminant of g (M1) 

( ) ( )( )
2

12 4 2 22 d− − −

recognizing discriminant must be negative (R1) 

32 8 0d− +   OR  0   

4d  A1 

[3 marks] 

(e) recognizing that for g to be concave up, 0g  (M1) 

0g  when 0f   , 4 12 0x−  , 3 0x−  (R1) 

3x  A1 

[3 marks] 

Total [15 marks] 
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8. (a)
1

1 3
4

x
x

+ = −
−

(M1) 

2 8 15 0x x− + = OR ( )
2

4 1x − = (A1) 

valid attempt to solve their quadratic (M1) 

( )( )3 5 0x x− − =   OR 
( )( )

( )

28 8 4 1 15

2 1
x

 −
= OR  ( )4 1x − = 

5x = ( )3, 5x x= = (may be seen in answer) A1 

( )B 5, 2 (accept 5x = , 2y = ) A1 

[5 marks] 

continued… 
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Question 8 continued 

(b) recognizing two correct regions from 3x = to 5x = and from 5x = to x k= (R1) 

5

triangle ( )d

k

f x x+  OR 

5

3 5

( )d ( )d

k

g x x f x x+  OR ( )
5

3 5

1
3 d 1 d

4

k

x x x
x

 
− + + 

− 
 

area of triangle is 2  OR 
2 2

2


 OR ( ) ( )

2 25 3
3 5 3 3

2 2

   
− − −   

   
(A1) 

correct integration (A1)(A1) 

( ) ( )
1

1 d ln 4
4

x x x C
x

 
+ = − + + 

− 


Note:  Award A1 for ln( 4)x −  and A1 for x. 

Note:  The first three A marks may be awarded independently of the R mark. 

substitution of their limits (for x) into their integrated function (in terms of x) (M1) 

( ) ( )ln 4 ln1 5k k− + − +

( ) ( )5ln 4 ln 4 5kx x k k− + = − + −   A1 

adding their two areas (in terms of k) and equating to ln 8p +  (M1) 

( )2 ln 4 5 ln 8k k p+ − + − = +

equating their non-log terms to 8 (equation must be in terms of k) (M1) 

3 8k − =  

11k =  A1 

11 4 p− =

7p = A1 

[10 marks] 

Total [15 marks] 
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9. (a) uses ( )P 1X x= = to form a linear equation in p  and q (M1) 

correct equation in terms of p  and q  from summing to 1 A1 

0.3 0.1 1 p q+ + + = OR 0.6p q+ =   (or equivalent) 

uses ( )E 2X =  to form a linear equation in p  and q (M1) 

correct equation in terms of p  and  q  from  ( )E 2X =  A1 

0.6 3 0.4 2p q+ + + = OR 3 1p q+ = (or equivalent) 

Note:  The marks for using ( )P 1X x= = and the marks for using ( )E 2X =

may be awarded independently of each other. 

evidence of correctly solving these equations simultaneously A1 

for example, 2 0.4 0.2q q=  =  or ( )3 0.6 1 0.4p p p+  − =  =  

so 0.4p =  and 0.2q =  AG 

[5 marks] 

(b) valid approach (M1) 

( ) ( ) ( )P 2 P 3 P 4X X X = = + =   OR  ( ) ( ) ( )P 2 1 P 1 P 2X X X = − = − =

0.3=  A1 

[2 marks] 

continued… 
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Question 9 continued 

(c) recognises at least one of the valid scores (6, 7, or 8) required to win the game (M1) 

Note:  Award M0 if candidate also considers scores other than 6, 7, or 8 (such as 
5). 

let T  represent the score on the last two rolls 

a score of 6  is obtained by rolling ( ) ( )2,4 , 4,2 or ( )3,3

( ) ( )( ) ( ) ( )
2

P 6 2 0.3 0.1 0.2  0.1T = = + = A1 

a score of 7  is obtained by rolling ( )3,4  or ( )4,3

( ) ( )( ) ( )P 7 2 0.2 0.1 0.04T = = = A1 

a score of 8  is obtained by rolling ( )4,4

( ) ( ) ( )
2

P 8 0.1  0.01T = = = A1 

Note: The above 3 A1 marks are independent of each other. 

( )P Nicky wins 0.1 0.04 0.01= + +

0.15= A1 

 [5 marks] 

(d) 3 8b+ = (M1) 

5b =  A1 

[2 marks] 

continued… 
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Question 9 continued 

(e) METHOD 1

EITHER

( )
4

P 5
16

S = =

( )
4

P 2
16

S a= + = A1 

2 5a + =

OR 

( )
3

P 6
16

S = =

( )
2

P 3
16

S a= + = and ( )
1

P 5 1
16

S = + = A1 

3 6a + =

OR 

( )
3

P 4
16

S = =

( )
2

P 1
16

S a= + = and ( )
1

P 1 3
16

S = + = A1 

1 4a + =

THEN 

3a = A1 

Note:  Award A0A0  for 3a = obtained without working/reasoning/justification. 

[2 marks] 

continued… 
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Question 9 continued 

METHOD 2 

EITHER 

correctly lists a relevant part of the sample space A1 

for example,    4 (3,1),(1, ),(1, )S a a= =  or    5 (2, ),(2, ),(2, ),(2, )S a a a a= =

or   6 (3, ),(3, ),(1,5)S a a= =

3 6a+ =  

OR 

eliminates possibilities (exhaustion) for 5a   

convincingly shows that 2,4a  A1 

4a  , for example, ( )
2

P 7
16

S = = from ( ) ( )2,5 , 2,5 and so 

( ) ( )3, , 3, 3 7a a a + 

THEN 

3a = A1 

[2 marks] 

Total [16 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, 
for their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked,

and marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the

preceding M mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for

an attempt to use an appropriate method (e.g. substitution into a formula) and A1 for

using the correct values.

• Where there are two or more A marks on the same line, they may be awarded

independently; so if the first value is incorrect, but the next two are correct, award

A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a

note.

• The response to a “show that” question does not need to restate the AG line, unless a

Note makes this explicit in the markscheme.

• Once a correct answer to a question or part question is seen, ignore further working even
if this working is incorrect and/or suggests a misunderstanding of the question.  This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these
candidates will lose marks elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working is used
in a subsequent part.  For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second
part. In this situation, award FT marks as appropriate but do not award the final A1 in the
first part.
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Examples: 

Correct 
answer 
seen 

Further 
working seen 

Any FT issues? Action 

1. 

8 2

5.65685...

(incorrect 
decimal value) 

No. 
Last part in 
question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35

72

0.468111… 

(incorrect 
decimal value) 

Yes. 
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

3 Implied marks 

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is 
seen or implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a 
question is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in 
part (d) or incorrect value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, 
there must be working present and not just a final answer based on an incorrect answer 
to a previous part. However, if all the marks awarded in a subsequent part are for the answer 
or are implied, then FT marks should be awarded for their correct answer, even when 
working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, 
where the markscheme for the subsequent part is (M1)A1, it is possible to award full marks 
for their correct answer, without working being seen. For longer questions where all but 
the answer marks are implied this rule applies but may be overwritten by a Note in the 
Markscheme. 

• Within a question part, once an error is made, no further A marks can be awarded for

work which uses the error, but M marks may be awarded if appropriate.

• If the question becomes much simpler because of an error then use discretion to award

fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified

version.

• If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5 = , non-

integer value where integer required), do not award the mark(s) for the final answer(s).

• The markscheme may use the word “their” in a description, to indicate that candidates

may be using an incorrect value.
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• If the candidate’s answer to the initial question clearly contradicts information given in the

question, it is not appropriate to award any FT marks in the subsequent parts.  This

includes when candidates fail to complete a “show that” question correctly, and then in

subsequent parts use their incorrect answer rather than the given value.

• Exceptions to these FT rules will be explicitly noted on the markscheme.

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was “Hence”.

5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read 
(MR).  A candidate should be penalized only once for a particular misread.  Use the MR 
stamp to indicate that this has been a misread and do not award the first mark, even if this 
is an M mark, but award all others as appropriate. 

• If the question becomes much simpler because of the MR, then use discretion to award

fewer marks.

• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5 = , non-

integer value where integer required), do not award the mark(s) for the final answer(s).

• Miscopying of candidates’ own work does not constitute a misread, it is an error.

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of

accuracy than given in the question, this is NOT a misread and full marks may be scored

in the subsequent part.

• MR can only be applied when work is seen.  For calculator questions with no working and

incorrect answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

• Alternative methods for complete questions are indicated by METHOD 1,

METHOD 2, etc.

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Candidates will sometimes use methods other than those in the markscheme.  Unless the 
question specifies a method, other correct methods should be marked in line with the 
markscheme. If the command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative 
methods are not permitted unless covered by a note in the mark scheme.   
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7 Alternative forms 

Unless the question specifies otherwise, accept equivalent forms. 

• As this is an international examination, accept all alternative forms of notation for

example 1.9 and 1,9 or 1000 and 1,000 and 1.000 .

• Do not accept final answers written using calculator notation. However, M marks and

intermediate A marks can be scored, when presented using calculator notation, provided

the evidence clearly reflects the demand of the mark.

• In the markscheme, equivalent numerical and algebraic forms will generally be written

in brackets immediately following the answer.

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all

equivalent notations/answers/methods will be presented in the markscheme and

examiners are asked to apply appropriate discretion to judge if the candidate work is

equivalent.

8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer 
to the required accuracy. If the level of accuracy is not stated in the question, the general 
rule applies to final answers: unless otherwise stated in the question all numerical answers 
must be given exactly or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact 
value, however candidates may also use the correct answer to 3 sf in subsequent parts. 
The markscheme will often explicitly include the subsequent values that come “from the use 
of 3 sf values”. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and 

any values that lead to integers should be simplified; for example,
25

4
 should be written as 

5

2
.  

An exception to this is simplifying fractions, where lowest form is not required (although the 

numerator and the denominator must be integers); for example, 
10

4
may be left in this form or 

written as 
5

2
. However, 

10

5
 should be written as 2, as it simplifies to an integer. 

Algebraic expressions should be simplified by completing any operations such as addition and 

multiplication, e.g. 
2 34e ex x should be simplified to 

54e x
, and 

2 3 44e e e ex x x x −  should be 

simplified to 
53e x

.  Unless specified in the question, expressions do not need to be factorized, nor 

do factorized expressions need to be expanded, so ( 1)x x+  and 
2x x+ are both acceptable.

Please note: intermediate A marks do NOT need to be simplified. 
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9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will 

result in no grade awarded.  If you see work that suggests a candidate has used any 

calculator, please follow the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination script,
or in some other way crossed out their work, do not award any marks for that work unless
an explicit note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise.  If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judge which is “first”.
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Section A 

1. (a)
BC

12 6 1

14 4 3
m

−  
= = − 
− −  

(A1) 

finding 
BC

1
Lm

m

−
=  using their BCm (M1) 

3Lm =

20 3( 2)y x− = + , 3 26y x= + A1 

Note: Do not accept 3 26L x= + .  

[3 marks] 

(b) substituting ( ,2)k  into their L (M1) 

2 20 3( 2)k− = +  OR 2 3 26k= +

8k = − A1 

[2 marks] 

Total [5 marks] 
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2. (a)

1

2
3 5

3 5
x

x
x

−−
= − A1 

1

2
p = −

[1 mark] 

(b) 

1

2
3 5

d 3 10 ( )
x

x x x c
x

−
= − + A1A1 

substituting limits into their integrated function and subtracting (M1) 

1 1

2 23(9) 10(9) 3(1) 10(1)
 

− − − 
 

 OR 27 10 3 (3 10)−  − −  

4= A1 

[4 marks] 

Total [5 marks] 
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3. (a) IQR 10 6 ( 4)= − = (A1) 

attempt to find 3 R1.5 IQQ +  (M1) 

10 6+  

16 A1 

[3 marks] 

(b) (i) choosing 
1

9
2

c a= −  (M1) 

1

2
42 9 −

= 12 (years old) A1 

(ii) attempt to solve system by substitution or elimination (M1) 

34 (years old) A1 

[4 marks] 

Total [7 marks] 
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4. (a) ( )( ) (2 )f g x f x= (A1) 

3sin c(2 ) 2 os2x xf x += A1 

[2 marks] 

(b) 3sin2 cos2 2cos2x x x+ =

3sin2 cos2x x=

recognising to use tan or cot M1 

1
tan 2

3
x = OR cot 2 3x =  (values may be seen in right triangle) (A1) 

1 π
arctan

63

  
=  

  
 (seen anywhere) (accept degrees) (A1) 

π 7π
2 ,

6 6
x =

π 7π
,

12 12
x = A1A1 

Note: Do not award the final A1 if any additional solutions are seen. 
Award A1A0 for correct answers in degrees. 
Award A0A0 for correct answers in degrees with additional values. 

[5 marks] 

Total [7 marks] 
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5. evidence of using product rule (M1) 

( ) ( )
d

(2 1) e 2 e e (2 2)
d

kx kx kxy
x k kx k

x
= −  +  = − + A1 

correct working for one of (seen anywhere) A1 

d

d

y

x
 at 1 e 2ek kx k=  +

OR 

slope of tangent is  5ek

their 
d

d

y

x
 at 1x = equals the slope of 5eky x= (= 5ek

)  (seen anywhere) (M1) 

e 2e 5ek k kk + =

3k = A1 

[5 marks] 
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6. (a) translation (shift) by 
3π

2
 to the right/positive horizontal direction A1 

translation (shift) by q upwards/positive vertical direction A1 

Note: accept translation by
3π

2

q

 
 
 
 
 

Do not accept ‘move’ for translation/shift. 

[2 marks] 

(b) METHOD 1

minimum of 
3π

4sin
2

x
 

− 
 

 is 4−   (may be seen in sketch) (M1) 

4 2.5 7q− + + 

8.5q  (accept 8.5q = ) A1 

substituting 0x = and their ( )8.5q =  to find r (M1) 

( )
3π

 4sin 2.5 8.5
2

r
− 

= + + 
 

4 2.5 8.5+ + (A1) 

smallest value of r is 15 A1 

continued… 
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Question 6 continued 

METHOD 2 

substituting 0x = to find an expression (for r ) in terms of q (M1) 

( )
3π

(0) 4sin 2.5
2

g r q
− 

= = + + 
 

( )   6.5r q= + A1 

minimum of 
3π

4sin
2

x
 

− 
 

is 4− (M1) 

4 2.5 7q− + + 

4 2.5 ( 6.5) 7r− + + −  (accept =) (A1) 

smallest value of r is 15 A1 

METHOD 3 

3π
4sin 2.5 4cos 2.5

2
x q x q

 
− + + = + + 

 
A1 

y-intercept of 4cos 2.5x q+ +  is a maximum (M1) 

amplitude of ( )g x  is 4 (A1) 

attempt to find least maximum (M1) 

4 72r =  +  

smallest value of r is 15 A1 

[5 marks] 

Total [7 marks] 
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Section B 

7. (a) EITHER 

attempt to use 
2

b
x

a
= − (M1) 

3

12

2
q

−
= −



OR 

attempt to complete the square (M1) 

23 12( 2) px− +−

OR 

attempt to differentiate and equate to 0 (M1) 

( ) 6 12 0f x x = − =

THEN 

2q = A1 

[2 marks] 

continued… 
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Question 7 continued 

(b) (i) discriminant = 0 A1 

(ii) EITHER

attempt to substitute into 
2 4b ac− (M1) 

2 0( 12) 4 3 p− −   =  A1 

OR 

(2) 0f  = (M1) 

12 0p− + = A1 

THEN 

12p = A1 

[4 marks] 

(c) ( ) 6 12f x x = − A1 

attempt to find (0)f  (M1) 

26 0 1=  −

gradient = 12− A1 

[3 marks] 

continued… 
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Question 7 continued 

(d) 

A1A1 

Note:  Award A1 for line with positive gradient, A1 for correct intercepts. 

[2 marks] 

(e) (i) 2a = A1 

(ii) 2x  A1 

( ) 0f x   (for 2x  ) OR the f  is below the x-axis (for 2x  ) 

(sign diagram must be labelled f  ) R1 OR 

[3 marks] 

Total [14 marks] 
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8. (a) (i) EITHER

attempt to use a ratio from consecutive terms M1 

1
ln

ln 3

ln ln

x
p x

x p x
=  OR ( ) 21

ln ln
3

x x r=  OR 
1

ln ln
3

p x x
p

 
=  

 

Note: Candidates may use 

1

1 3ln ln ln ...px x x+ + +  and consider the powers of x
in geometric sequence. 

Award M1 for 

1

3

1

p

p
= . 

OR 

r p=   and 
2 1

3
r = M1 

THEN 

2 1

3
p =   OR  

1

3
r =  A1 

1

3
p =  AG 

Note: Award M0A0 for 
2 1

3
r = or 

2 1

3
p = with no other working seen.

(ii) ( )ln
3 3

1
1

3

x
= +

−

(A1) 

3 3
ln 3 3

3 3
x = − + − OR   ( )ln 3 3 3 1 ln 2x x= − + −  =   A1 

2ex = A1 

[5 marks] 

continued… 
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Question 8 continued 

(b) (i) METHOD 1 

attempt to find a difference from consecutive terms or from 2u M1 

correct equation A1 

1
ln ln ln ln

3
p x x x p x− = − OR ( )

1
ln ln 2 ln ln

3
x x p x x= + −

Note: Candidates may use 

1

1 3ln ln ln ...px x x+ + +  and consider the powers of 

x in arithmetic sequence.

Award M1A1 for 
1

1
3

p p− = − . 

4 4
2 ln ln 2

3 3
p x x p

 
=  = 

 
A1 

2

3
p = AG 

METHOD 2 

attempt to use arithmetic mean 1 3
2

2

u u
u

+
= M1 

1
ln ln

3ln
2

x x
p x

+
= A1 

4 4
2 ln ln 2

3 3
p x x p

 
=  = 

 
A1 

2

3
p = AG 

continued… 
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Question 8 continued 

METHOD 3 

attempt to find difference using 3u M1 

1
ln ln 2

3
x x d= +

1
ln

3
d x

 
 = − 
 

2

1 1
ln ln ln

2 3
u x x x

 
= + − 

 
  OR 

1
ln ln ln

3
p x x x− = −  A1 

2
ln ln

3
p x x= A1 

2

3
p = AG 

(ii) 
1

ln
3

d x= − A1 

continued… 
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Question 8 continued 

(iii) METHOD 1

1
2ln ( 1) ln

2 3
n

n
S x n x

  
= + −  −  

  

attempt to substitute into nS  and equate to 3ln x− (M1) 

1
2ln ( 1) ln 3ln

2 3

n
x n x x

  
+ −  − = −  

  
 

correct working with nS   (seen anywhere) (A1) 

1
2 lnn nl l

2 3 3

n n
x x x

 
− + 

 
OR 

( )1
ln ln

6

n n
n x x

−
−  OR 

4
ln ln

2 3

n n
x x

 −  
+   
  

correct equation without ln x  A1 

7
3

2 3 3

n n 
− = − 

 
  OR  

( )1
3

6

n n
n

−
− = − or equivalent 

Note: Award as above if the series 
1

1 ...
3

p+ + +  is considered leading to 

7
3

2 3 3

n n 
− = − 

 
. 

attempt to form a quadratic 0=  (M1) 

2 7 18 0n n− − =

attempt to solve their quadratic (M1) 

( 9)( 2) 0n n− + =  

9n =  A1 

continued… 
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Question 8 continued 

METHOD 2 

listing the first 7 terms of the sequence (A1) 

2 1 1 2
ln ln ln 0 ln ln ln ...

3 3 3 3
x x x x x x+ + + − − − +

recognizing first 7 terms sum to 0 M1 

8th term is 
4

ln
3

x− (A1) 

9th term is 
5

ln
3

x−  (A1) 

sum of 8th and 9th terms 3ln x= − (A1) 

9n = A1 

[10 marks] 

Total [15 marks] 
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9. (a) (i) EITHER

attempt to use binomial expansion (M1) 

2 33 3

1 21 1 ( ) 1 ( ) 1 ( )a a aC C  − +   − +  −+

OR 

(1 )(1 )(1 )a a a− − −

2)(1 )(1 2a a a= − − + (M1) 

THEN 

2 31 3 3a a a+= − − A1 

(ii) cos2a x= (A1) 

So, 
2 31 3cos2 3cos co2 s 2x xx − =− +  

3(1 cos2 )x− A1 

attempt to substitute any double angle rule for cos2x  into 
3(1 cos2 )x− (M1) 

2 3(2sin )x= A1 

68sin x= AG 

Note: Allow working RHS to LHS. 

[6 marks] 

continued… 
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Question 9 continued 

(b) (i) recognizing to integrate ( )64cos 8sin dx x x (M1) 

EITHER  

applies integration by inspection  (M1) 

( )6s3 cos ( in ) d2 x x x

7 )
32

sin
7

(x c+= A1 

0

732
sin

7

m

x
 
 
 

7 732 32
sin sin 0

7 7
m

 
= − 
 

A1 

OR 

d
sin cos

d

u
u x x

x
=  = (M1) 

6 6)32cos (sin d 32 dx x u ux = 

7 ( )
32

7
u c+= A1 

0

732
sin

7

m

x
 
 
 

  OR  

sin

0

732

7

m

u
 
 
 

  
7 732 32

sin sin 0
7 7

m
 
= − 
 

A1 

THEN 

732
s

7
in m= AG 

continued… 
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Question 9 continued 

(ii) EITHER

2
7 7 7

π

2
32 32 π 32

( ) d sin sin sin
7 7 2 7m

m

f x x x m

 
  = = −   

 

 M1 

7 732 π 32 127
sin sin

7 2 7 28
m− = OR ( )732 127

1 sin
7 28

m− = (M1) 

OR 

π π

2 2

0 0
( ) d ( ) d ( ) d

m

m
f x x f x x f x x= +   M1 

(M1) 

THEN 

7

7

1 1
sin

128 2
m

 
= = 

 
(A1) 

1
sin

2
m = (A1) 

π

6
m = A1 

[9 marks] 

Total [15 marks] 

32

7
=

32

7
sin7 m +

127

28
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��,QWHUQDWLRQDO�%DFFDODXUHDWH�2UJDQL]DWLRQ�����

$OO� ULJKWV� UHVHUYHG�� 1R� SDUW� RI� WKLV� SURGXFW� PD\� EH� UHSURGXFHG� LQ� DQ\� IRUP� RU� E\� DQ\�
HOHFWURQLF� RU� PHFKDQLFDO� PHDQV�� LQFOXGLQJ� LQIRUPDWLRQ� VWRUDJH� DQG� UHWULHYDO� V\VWHPV��
ZLWKRXW� WKH� SULRU� ZULWWHQ� SHUPLVVLRQ� IURP� WKH� ,%�� $GGLWLRQDOO\�� WKH� OLFHQVH� WLHG� ZLWK� WKLV�
SURGXFW� SURKLELWV� XVH� RI� DQ\� VHOHFWHG� ILOHV� RU� H[WUDFWV� IURP� WKLV� SURGXFW�� 8VH� E\� WKLUG�
SDUWLHV��LQFOXGLQJ�EXW�QRW�OLPLWHG�WR�SXEOLVKHUV��SULYDWH�WHDFKHUV��WXWRULQJ�RU�VWXG\�VHUYLFHV��
SUHSDUDWRU\�VFKRROV��YHQGRUV�RSHUDWLQJ�FXUULFXOXP�PDSSLQJ�VHUYLFHV�RU�WHDFKHU�UHVRXUFH�
GLJLWDO�SODWIRUPV�DQG�DSS�GHYHORSHUV��ZKHWKHU� IHH�FRYHUHG�RU�QRW�� LV�SURKLELWHG�DQG� LV�D�
FULPLQDO�RIIHQVH�

0RUH� LQIRUPDWLRQ�RQ�KRZ� WR� UHTXHVW�ZULWWHQ�SHUPLVVLRQ� LQ� WKH� IRUP�RI� D� OLFHQVH�FDQ�EH�
REWDLQHG� IURP� KWWSV���LER�RUJ�EHFRPH�DQ�LE�VFKRRO�LE�SXEOLVKLQJ�OLFHQVLQJ�DSSO\LQJ�IRU�D�
OLFHQVH��

��2UJDQLVDWLRQ�GX�%DFFDODXUpDW�,QWHUQDWLRQDO�����

7RXV�GURLWV�UpVHUYpV��$XFXQH�SDUWLH�GH�FH�SURGXLW�QH�SHXW�rWUH�UHSURGXLWH�VRXV�TXHOTXH�
IRUPH� QL� SDU� TXHOTXH� PR\HQ� TXH� FH� VRLW�� pOHFWURQLTXH� RX� PpFDQLTXH�� \� FRPSULV� GHV�
V\VWqPHV� GH� VWRFNDJH� HW� GH� UpFXSpUDWLRQ� G¶LQIRUPDWLRQV�� VDQV� O¶DXWRULVDWLRQ� pFULWH�
SUpDODEOH�GH�O¶,%��'H�SOXV��OD�OLFHQFH�DVVRFLpH�j�FH�SURGXLW�LQWHUGLW�WRXWH�XWLOLVDWLRQ�GH�WRXW�
ILFKLHU�RX�H[WUDLW�VpOHFWLRQQp�GDQV�FH�SURGXLW��/¶XWLOLVDWLRQ�SDU�GHV� WLHUV��\�FRPSULV��VDQV�
WRXWHIRLV�V¶\�OLPLWHU��GHV�pGLWHXUV��GHV�SURIHVVHXUV�SDUWLFXOLHUV��GHV�VHUYLFHV�GH�WXWRUDW�RX�
G¶DLGH� DX[� pWXGHV�� GHV� pWDEOLVVHPHQWV� GH� SUpSDUDWLRQ� j� O¶HQVHLJQHPHQW� VXSpULHXU�� GHV�
IRXUQLVVHXUV�GH�VHUYLFHV�GH�SODQLILFDWLRQ�GHV�SURJUDPPHV�G¶pWXGHV��GHV�JHVWLRQQDLUHV�GH�
SODWHIRUPHV� SpGDJRJLTXHV� HQ� OLJQH�� HW� GHV� GpYHORSSHXUV� G¶DSSOLFDWLRQV�� PR\HQQDQW�
SDLHPHQW�RX�QRQ��HVW�LQWHUGLWH�HW�FRQVWLWXH�XQH�LQIUDFWLRQ�SpQDOH�

3RXU� SOXV� G¶LQIRUPDWLRQV� VXU� OD� SURFpGXUH� j� VXLYUH� SRXU� REWHQLU� XQH� DXWRULVDWLRQ� pFULWH�
VRXV�OD�IRUPH�G¶XQH�OLFHQFH��UHQGH]�YRXV�j�O¶DGUHVVH�KWWSV���LER�RUJ�EHFRPH�DQ�LE�VFKRRO�
LE�SXEOLVKLQJ�OLFHQVLQJ�DSSO\LQJ�IRU�D�OLFHQVH��

��2UJDQL]DFLyQ�GHO�%DFKLOOHUDWR�,QWHUQDFLRQDO������

7RGRV�ORV�GHUHFKRV�UHVHUYDGRV��1R�VH�SRGUi�UHSURGXFLU�QLQJXQD�SDUWH�GH�HVWH�SURGXFWR�
GH�QLQJXQD�IRUPD�QL�SRU�QLQJ~Q�PHGLR�HOHFWUyQLFR�R�PHFiQLFR��LQFOXLGRV�ORV�VLVWHPDV�GH�
DOPDFHQDPLHQWR�\�UHFXSHUDFLyQ�GH�LQIRUPDFLyQ��VLQ�OD�SUHYLD�DXWRUL]DFLyQ�SRU�HVFULWR�GHO�
,%�� $GHPiV�� OD� OLFHQFLD� YLQFXODGD� D� HVWH� SURGXFWR� SURKtEH� HO� XVR� GH� WRGR� DUFKLYR� R�
IUDJPHQWR�VHOHFFLRQDGR�GH�HVWH�SURGXFWR��(O�XVR�SRU�SDUWH�GH�WHUFHURV�²OR�TXH�LQFOX\H��
D�WtWXOR�HQXQFLDWLYR��HGLWRULDOHV��SURIHVRUHV�SDUWLFXODUHV��VHUYLFLRV�GH�DSR\R�DFDGpPLFR�R�
D\XGD� SDUD� HO� HVWXGLR�� FROHJLRV� SUHSDUDWRULRV�� GHVDUUROODGRUHV� GH� DSOLFDFLRQHV� \�
HQWLGDGHV� TXH� SUHVWHQ� VHUYLFLRV� GH� SODQLILFDFLyQ� FXUULFXODU� X� RIUH]FDQ� UHFXUVRV� SDUD�
GRFHQWHV�PHGLDQWH�SODWDIRUPDV�GLJLWDOHV²��\D�VHD�LQFOXLGR�HQ�WDVDV�R�QR��HVWi�SURKLELGR�
\�FRQVWLWX\H�XQ�GHOLWR�

(Q� HVWH� HQODFH� HQFRQWUDUi� PiV� LQIRUPDFLyQ� VREUH� FyPR� VROLFLWDU� XQD� DXWRUL]DFLyQ� SRU�
HVFULWR� HQ� IRUPD� GH� OLFHQFLD�� KWWSV���LER�RUJ�EHFRPH�DQ�LE�VFKRRO�LE�SXEOLVKLQJ�OLFHQVLQJ�
DSSO\LQJ�IRU�D�OLFHQVH��
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 

R Marks awarded for clear Reasoning. 

AG Answer given in the question and so no marks are awarded. 

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, 
for their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

x Do not automatically award full marks for a correct answer; all working must be checked,
and marks awarded according to the markscheme.

x It is generally not possible to award M0 followed by A1, as A mark(s) depend on the
preceding M mark(s), if any.

x Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for
an attempt to use an appropriate method (e.g. substitution into a formula) and A1 for
using the correct values.

x Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award
A0A1A1.

x Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a
note.

x The response WR�D�³VKRZ�WKDW´�TXHVWLRQ�does not need to restate the AG line, unless a
Note makes this explicit in the markscheme.

x Once a correct answer to a question or part question is seen, ignore further working even
if this working is incorrect and/or suggests a misunderstanding of the question.  This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these
candidates will lose marks elsewhere too.

x An exception to the previous rule is when an incorrect answer from further working is used
in a subsequent part.  For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second
part. In this situation, award FT marks as appropriate but do not award the final A1 in the
first part. Examples:
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Correct 
answer 
seen 

Further 
working seen 

Any FT issues? 
Action 

1. 
8 2

5.65685...
(incorrect 

decimal value) 

No. 
Last part in 
question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

��������« 
(incorrect 

decimal value) 

Yes. 
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

3 Implied marks 

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is 
seen or implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a 
question is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in 
part (d) or incorrect value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, 
there must be working present and not just a final answer based on an incorrect answer 
to a previous part. However, if all the marks awarded in a subsequent part are for the answer 
or are implied, then FT marks should be awarded for their correct answer, even when 
working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, 
where the markscheme for the subsequent part is (M1)A1, it is possible to award full marks 
for their correct answer, without working being seen. For longer questions where all but 
the answer marks are implied this rule applies but may be overwritten by a Note in the 
Markscheme. 

x Within a question part, once an error is made, no further A marks can be awarded for
work which uses the error, but M marks may be awarded if appropriate.

x If the question becomes much simpler because of an error then use discretion to award
fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified
version.

x If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5T  , non-
integer value where integer required), do not award the mark(s) for the final answer(s).

x 7KH�PDUNVFKHPH�PD\�XVH�WKH�ZRUG�³WKHLU´�LQ�D�GHVFULSWLRQ��WR�LQGLFDWH�WKDW�FDQGLGDWHV
may be using an incorrect value.

x ,I�WKH�FDQGLGDWH¶V�DQVZHU�WR�WKH�LQLWLDO�question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts.  This
LQFOXGHV�ZKHQ�FDQGLGDWHV�IDLO�WR�FRPSOHWH�D�³VKRZ�WKDW´�TXHVWLRQ�FRUUHFWO\��DQG�WKHQ�LQ
subsequent parts use their incorrect answer rather than the given value.
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x Exceptions to these FT rules will be explicitly noted on the markscheme.

x If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was ³+HQFH´.

5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read 
(MR).  A candidate should be penalized only once for a particular misread.  Use the MR 
stamp to indicate that this has been a misread and do not award the first mark, even if this 
is an M mark, but award all others as appropriate. 

x If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

x If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5T  , non-
integer value where integer required), do not award the mark(s) for the final answer(s). 

x 0LVFRS\LQJ�RI�FDQGLGDWHV¶�RZQ�ZRUN�GRHV�not constitute a misread, it is an error.

x If a candidate XVHV�D�FRUUHFW�DQVZHU�� WR�D�³VKRZ�WKDW´�TXHVWLRQ�� WR�D�KLJKHU�GHJUHH�RI
accuracy than given in the question, this is NOT a misread and full marks may be scored
in the subsequent part.

x MR can only be applied when work is seen.  For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

x Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.

x Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Candidates will sometimes use methods other than those in the markscheme.  Unless the 
question specifies a method, other correct methods should be marked in line with the 
markscheme. ,I�WKH�FRPPDQG�WHUP�LV�µ+HQFH¶�DQG�QRW�µ+HQFH�RU�RWKHUZLVH¶�then alternative 
methods are not permitted unless covered by a note in the mark scheme.   



±�� ± N21/5/MATHX/SP1/ENG/TZ0/XX/M 

7 Alternative forms 

Unless the question specifies otherwise, accept equivalent forms. 

x As this is an international examination, accept all alternative forms of notation for
example 1.9 and 1,9 or 1000 and 1,000 and 1.000 .

x Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided
the evidence clearly reflects the demand of the mark.

x In the markscheme, equivalent numerical and algebraic forms will generally be written
in brackets immediately following the answer.

x In the markscheme, some equivalent answers will generally appear in brackets.  Not all
equivalent notations/answers/methods will be presented in the markscheme and
examiners are asked to apply appropriate discretion to judge if the candidate work is
equivalent.

8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer 
to the required accuracy. If the level of accuracy is not stated in the question, the general 
rule applies to final answers: unless otherwise stated in the question all numerical answers 
must be given exactly or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact 
value, however candidates may also use the correct answer to 3 sf in subsequent parts. 
The markscheme will oftHQ�H[SOLFLWO\�LQFOXGH�WKH�VXEVHTXHQW�YDOXHV�WKDW�FRPH�³from the use 
of 3 sf values´. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and 

any values that lead to integers should be simplified; for example,
25
4

 should be written as 
5
2

.  

An exception to this is simplifying fractions, where lowest form is not required (although the 

numerator and the denominator must be integers); for example, 
10
4

may be left in this form or 

written as 
5
2

. However, 
10
5

 should be written as 2, as it simplifies to an integer. 

Algebraic expressions should be simplified by completing any operations such as addition and 
multiplication, e.g. 2 34e ex xu should be simplified to 54e x , and 2 3 4  4e e e ex x x xu � u should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x �  and 2x x� are both acceptable.

Please note: intermediate A marks do NOT need to be simplified. 
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9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will 
result in no grade awarded.  If you see work that suggests a candidate has used any 
calculator, please follow the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination
script, or in some other way crossed out their work, do not award any marks for that work
unless an explicit note from the candidate indicates that they would like the work to be
marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise.  If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judJH�ZKLFK�LV�³ILUVW´�
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Section A 

1. (a) (i) setting � � 0f x   (M1) 

1x  , 3x  �  (accept � � � �1,0 , 3,0� ) A1 

(ii) METHOD 1
1x  � A1 

substituting their x-coordinate into f (M1) 

8y   A1 

� �1,8�

METHOD 2
attempt to complete the square (M1) 

� �� �22 1 4x� � �

1x  � , 8y  A1A1 

� �1,8�

[5 marks] 

(b) 1h  � A1 

8k   A1 

 [2 marks] 
Total [7 marks] 
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2. recognition that
ʌcos  d
4

y x x§ · �¨ ¸
© ¹³ (M1) 

� �ʌsin   
4

y x c§ · � �¨ ¸
© ¹

(A1) 

substitute both and x y values into their integrated expression including c (M1) 

ʌ2 sin
2

c �

1c  

ʌsin 1
4

y x§ · � �¨ ¸
© ¹

A1 

[4 marks] 
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3. (a) (i) 3x  A1 

(ii) 2y  � A1 

 [2 marks] 

(b) (i) � �2,0�    (accept 2x  � ) A1 

(ii) 
40,
3

§ ·
¨ ¸
© ¹

     (accept 
4
3

y  and � � 40
3

f  ) A1 

[2 marks] 
FRQWLQXHG« 
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Question 3 continued. 

(c) 

A1 

Note: Award A1 for completely correct shape: two branches in correct 
quadrants with asymptotic behaviour. 

[1 mark] 
Total [5 marks] 
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4. (a) valid approach to find � �P R (M1) 

tree diagram (must include probabilty of picking box) with correct required probabilities 
OR � � � �1 2P PR B R B� � �  OR  � � � � � � � �1 1 2 2P | P P | PR B B R B B�

5 1 4 1
7 2 7 2
� � � (A1)

� � 9P
14

R  A1

[3 marks] 

(b) events A and R are not independent, since
9 1 5

14 2 14
� z OR  

5 9
7 14
z   OR 

5 1
9 2
z

OR  an explanation e.g. different number of red balls in each box A2 

Note: Both conclusion and reasoning are required. Do not split the A2. 
 [2 marks] 

Total [5 marks] 
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5. (a) (4) 6f c  A1 

[1 mark] 

(b) (4) 6 4 1 23f  u �  A1 

[1 mark] 

(c) � �(4) (4)h f g (M1) 

2(4) (4 3 4) (4)h f f � u  

(4) 23h  A1 

[2 marks] 

(d) attempt to use chain rule to find hc (M1) 

� �� � � �f g x g xc cu OR  � � � �2 23 3x x f x xc c� u �

� � � �2(4) 2 4 3 4 3 4h fc c u � � u A1

30 

� �23 30 4y x�  � OR 30 97y x � A1 

[3 marks] 
Total [7 marks] 
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6. (a) METHOD 1 

attempt to write all LHS terms with a common denominator of 1x � (M1) 
� � � �2 1 3 1 662 3

1 1
x x x

x
x x

� � � �
� �  

� �
 OR � �� �2 3 1 6

1 1
x x

x x
� �

�
� �

22 2 3 3 6
1

x x x
x

� � � �
 

�
  OR 

22 5 3 6
1 1

x x
x x
� �

�
� �

A1 

22 5 3
1

x x
x
� �

 
�

AG 

METHOD 2 

attempt to use algebraic division on RHS (M1) 

correctly obtains quotient of 2 3x� and remainder 6� A1 

62 3
1

x
x

 � �
�

 as required. AG 

[2 marks] 
FRQWLQXHG« 
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Question 6 continued. 

(b) consider the equation
22sin 2 5sin 2 3 0

sin 2 1
T T

T
� �

 
�

(M1) 

22sin 2 5sin 2 3 0T T� � �   

EITHER 
attempt to factorise in the form � �� �2sin 2 sin 2a bT T� �  (M1) 

Note: Accept any variable in place of sin2T . 

� �� �2sin 2 1 sin 2 3 0T T� �  

OR  
attempt to substitute into quadratic formula (M1) 

5 49sin 2
4

T r
 

THEN 
1sin 2
2

T  � or sin2 3T  (A1) 

Note: Award A1 for 
1sin 2
2

T  � only. 

one of 
7ʌ
6

  OR 
11ʌ

6
 (accept 210 or 330) (A1) 

7ʌ ��ʌ,
12 12

T   (must be in radians) A1 

Note: Award A0 if additional answers given. 

[5 marks] 
Total [7 marks] 
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Section B 

7. (a) (i) valid approach to find turning point ( 0vc  , 
2
b
a

� , average of roots) (M1) 

4 6 0t�  OR 
� �
4

2 3
�

�
OR

2 2
3
2

� �

2
3

t  (s) A1 

(ii) attempt to integrate v (M1) 

� � � �2 2 3 d 4 4 3  d 4 2v t t t t t t t c � �  � � �³ ³ A1A1 

Note: Award A1 for 24 2t t� , A1 for 3t� .  

attempt to substitute their t into their solution for the integral (M1) 

distance 
2 32 2 24 2

3 3 3
§ · § · § · � �¨ ¸ ¨ ¸ ¨ ¸
© ¹ © ¹ © ¹

8 8 8
3 9 27

 � �  (or equivalent) A1 

88
27

  (m) AG 

 [7 marks] 
FRQWLQXHG« 
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Question 7 continued. 

(b) 

valid approach to solve 24 4 3 0t t� �  (may be seen in part (a)) (M1) 

� �� �2 2 3t t� � OR 
4 16 48

6
� r �

�

correct x- intercept on the graph at 2t   A1 

Note: The following two A marks may only be awarded if the shape is a 
concave down parabola. These two marks are independent of each 
other and the (M1).  

correct domain from 0 to 3 starting at � �0,4 A1 

Note: The 3 must be clearly indicated. 

vertex in approximately correct place for 
2
3

t   and 4v ! A1 

[4 marks] 

FRQWLQXHG« 
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Question 7 continued. 

(c) recognising to integrate between 0 and 2, or 2 and 3 OR
3

2

0

4 4 3  dt t t� �³ (M1) 

� �
2

2

0

4 4 3  dt t t� �³

8 A1 

� �
3

2

2

4 4 3  dt t t� �³

5 � A1 

valid approach to sum the two areas (seen anywhere) (M1) 
2 3

0 2

 d  dv t v t�³ ³ OR 
2 3

0 2

 d  dv t v t�³ ³

total distance travelled 13  (m) A1 

 [5 marks] 

Total [16 marks] 
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8. (a)
2 4
3

f § ·  ¨ ¸
© ¹

 OR  
2
3 4a  (M1) 

3
24a   OR  � �

3
2 22a   OR 2 64a   OR 3 2a  A1 

8a  AG 

[2 marks] 

(b) � �1
8logf x x�  A1 

Note: Accept � �1 logaf x x�  . 

Accept any equivalent expression for 1f � e.g. � �1 ln
ln8

xf x�  . 

[1 mark] 

(c) correct substitution (A1) 

8log 32   OR  
1
28 32x  

correct working involving log/index law (A1) 

8
1 log 32
2

  OR 8
5 log 2
2

OR 8
1log 2
3

 OR 
5
2

2log 2 OR 2log 8 3 OR 

5
2

3

ln 2
ln 2

OR 
5

3 22 2x  

� �1 532
6

f �  A1 

[3 marks] 
 FRQWLQXHG« 
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Question 8 continued. 

(d) (i) METHOD 1 
equating a pair of differences (M1) 

2 1 4 3 3 2( )u u u u u u�  �  �

8 8 8 8log log 27 log 125 logp q�  �

8 8 8 8log 125 log log logq q p�  �

8 8
125log log

27
p

q
§ ·§ ·  ¨ ¸ ¨ ¸

© ¹ © ¹
, 8 8

125log log q
q p

§ · § ·
 ¨ ¸ ¨ ¸

© ¹ © ¹
A1A1 

125
27
p

q
 and 125 q

q p
 A1 

27, ,p q and 125  are in geometric sequence AG 

Note: If candidate assumes the sequence is geometric, award no marks for 

part (i).  If 
5
3

r   has been found, this will be awarded marks in part 

(ii). 

METHOD 2 
expressing a pair of consecutive terms, in terms of d (M1) 

8 27dp  u  and 28 27dq  u OR  28 27dq  u  and 3125 8 27d u

two correct pairs of consecutive terms, in terms of d A1 

2 3

2

8 27 8 27 8 27
27 8 27 8 27

d d d

d d

u u u
  

u u
  (must include 3 ratios) A1 

all simplify to 8d A1 

27, ,p q and 125  are in geometric sequence AG 

FRQWLQXHG« 
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Question 8 continued. 

(ii) METHOD 1 (geometric, finding r)
3

4 1u u r  OR  � �3125 27 r (M1) 

5
3

r    (seen anywhere) A1 

27p r OR 125 5
3q

 (M1) 

45, 75p q  A1A1 

METHOD 2 (arithmetic) 

4 1 3u u d � OR   8 8log 125 log 27 3d �  (M1) 

8
5log
3

d § · ¨ ¸
© ¹

 (seen anywhere) A1 

8 8 8
5log log 27 log
3

p § · � ¨ ¸
© ¹

 OR 8 8 8
5log log 27 2log
3

q § · � ¨ ¸
© ¹

(M1) 

45, 75p q  A1A1 

METHOD 3 (geometric using proportion) 

recognizing proportion  (M1) 

125 27pq  u OR  2 125q p  OR  2 27p q 

two correct proportion equations A1 

attempt to eliminate either p or q (M1) 

2 125 27125q
q
u

 u  OR 2 125 2727p
p
u

 u

45, 75p q  A1A1 

[9 marks] 
Total [15 marks] 
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Special note: In this question if candidates use the word 'gradient' in 
their reasoning. e.g. gradient is positive, it must be clear whether this 
is the gradient of f or the gradient of f c to earn the R mark. 

9. (a) f increases when 0p x� �  A1 

f increases when � �' 0f x !   OR  f c  is above the x-axis R1 

Note: Do not award A0R1. 
[2 marks] 

(b) 0x  A1 
[1 mark] 

(c) (i) f is minimum when  x p A1 

because � �' 0f p  , � �' 0f x �  when x p� and � �' 0f x ! when x p!
(may be seen in a sign diagram clearly labelled as f c ) 
OR because 'f changes from negative to positive at x p 
OR � �' 0f p   and slope of f c is positive at x p R1 

Note: Do not award A0 R1 

(ii) f has points of inflexion when  x q , x r and x t A2 

f c has turning points at x q , x r and x t 

OR 

� � 0f qcc  , � � 0f rcc  and � � 0f tcc   and f c changes from increasing to 

decreasing or vice versa at each of these x-values (may be seen in a sign
diagram clearly labelled as f cc and f c ) R1 

Note: Award A0 if any incorrect answers are given. Do not award A0R1. 
[5 marks] 

FRQWLQXHG« 
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Question 9 continued. 

(d) recognizing area from p to t  (seen anywhere)  M1 

� �' d
t

p

f x x³

recognizing to negate integral for area below x-axis (M1) 

� � � �
0

0

' d ' d
t

p

f x x f x x�³ ³ OR  � � � �
0 0

' d ' d
p t

f x x f x x�³ ³

� � � � � �' d
n

m

f x x f n f m �³ (for any integral) (M1) 

� � � � � � � �0 0f f p f t f� � �ª º¬ ¼ OR � � � � � � � �0 0f f p f f t� � � (A1) 

� � � � � �2 0 20f f t f p� �  ª º¬ ¼ , � �2 0 4 20f �  (A1) 

� �0 12f  A1 

[6 marks] 
Total [14 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 
A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 
R Marks awarded for clear Reasoning. 
AG Answer given in the question and so no marks are awarded. 
FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for 

their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked,
and marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the
preceding M mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for
an attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using
the correct values.

• Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
• The response to a “show that” question does not need to restate the AG line, unless a Note

makes this explicit in the markscheme.
• Once a correct answer to a question or part question is seen, ignore further working even if

this working is incorrect and/or suggests a misunderstanding of the question.  This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these candidates
will lose marks elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working is used in
a subsequent part.  For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second part.
In this situation, award FT marks as appropriate but do not award the final A1 in the first part.
Examples:

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

 
 

(incorrect 
decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 
 

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

8 2
5.65685...

35
72

M21/5/MATHX/SP1/ENG/TZ2/XX/M 
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3 Implied marks 

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen 
or implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a question 
is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or 
incorrect value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, there must be 
working present and not just a final answer based on an incorrect answer to a previous part. 
However, if all the marks awarded in a subsequent part are for the answer or are implied, then 
FT marks should be awarded for their correct answer, even when working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, where 
the markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their 
correct answer, without working being seen. For longer questions where all but the answer 
marks are implied this rule applies but may be overwritten by a Note in the Markscheme. 

• Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

• If the question becomes much simpler because of an error then use discretion to award
fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified
version.

• If the error leads to an inappropriate value (e.g. probability greater than 1, , non- 
integer value where integer required), do not award the mark(s) for the final answer(s). 

• The markscheme may use the word “their” in a description, to indicate that candidates may
be using an incorrect value.

• If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts.  This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent
parts use their incorrect answer rather than the given value.

• Exceptions to these FT rules will be explicitly noted on the markscheme.

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was “Hence”.

sin 1.5q =

M21/5/MATHX/SP1/ENG/TZ2/XX/M 
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5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read 
(MR).  A candidate should be penalized only once for a particular misread.  Use the MR stamp 
to indicate that this has been a misread and do not award the first mark, even if this is an M 
mark, but award all others as appropriate. 

• If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

• If the MR leads to an inappropriate value (e.g. probability greater than 1, , non- 
integer value where integer required), do not award the mark(s) for the final answer(s). 

• Miscopying of candidates’ own work does not constitute a misread, it is an error.

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of
accuracy than given in the question, this is NOT a misread and full marks may be scored in
the subsequent part.

• MR can only be applied when work is seen.  For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

• Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

sin 1.5q =

Candidates will sometimes use methods other than those in the markscheme.  Unless the 
question specifies a method, other correct methods should be marked in line with the 
markscheme. If the command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative 
methods are not permitted unless covered by a note in the mark scheme.   

M21/5/MATHX/SP1/ENG/TZ2/XX/M 



– 6 –

7 Alternative forms 

Unless the question specifies otherwise, accept equivalent forms. 

• As this is an international examination, accept all alternative forms of notation for example
1.9 and 1,9 or 1000 and 1,000 and .

• Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided
the evidence clearly reflects the demand of the mark.

• In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners
are asked to apply appropriate discretion to judge if the candidate work is equivalent.

8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer 
to the required accuracy. If the level of accuracy is not stated in the question, the general rule 
applies to final answers: unless otherwise stated in the question all numerical answers must 
be given exactly or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact 
value, however candidates may also use the correct answer to 3 sf in subsequent parts.  The 
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf 
values”. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, 

and any values that lead to integers should be simplified; for example,  should be written as 

.  An exception to this is simplifying fractions, where lowest form is not required 

(although the numerator and the denominator must be integers); for example, may be left 

in this form or written as . However,  should be written as 2, as it simplifies to an 

integer. 

Algebraic expressions should be simplified by completing any operations such as addition 
and multiplication, e.g.  should be simplified to , and  should 
be simplified to .  Unless specified in the question, expressions do not need to be 
factorized, nor do factorized expressions need to be expanded, so  and  are 
both acceptable. 

Please note: intermediate A marks do NOT need to be simplified. 

1.000

25
4

5
2

10
4

5
2

10
5

2 34e ex x´ 54e x 2 3 44e e e ex x x x´ - ´
53e x

( 1)x x + 2x x+

M21/5/MATHX/SP1/ENG/TZ2/XX/M 
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9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will 
result in no grade awarded.  If you see work that suggests a candidate has used any  
calculator, please follow the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination script,
or in some other way crossed out their work, do not award any marks for that work unless an
explicit note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise.  If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judge which is “first”.

M21/5/MATHX/SP1/ENG/TZ2/XX/M 
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Section A 

1. (a) minor arc AB has length r (A1) 

recognition that perimeter of shaded sector is 3r (A1) 

3 12r =  

4r =   A1 

[3 marks] 

(b) EITHER

( )ˆ2π AOB 2π 1 = − = − (M1) 

Area of non-shaded region ( )( )21
2π 1 4

2
= − (A1) 

OR 

area of circle - area of shaded sector (M1) 

21
16π 1 4

2

 
−   
 

(A1) 

THEN 

area 16π 8= − ( )( )8 2π 1= −  A1 

[3 marks] 

Total [6 marks] 
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2. attempt to subtract squares of integers (M1) 

( )
2 21n n+ −

EITHER 

correct order of subtraction and correct expansion of ( )
2

1n + , seen anywhere A1A1 

( )2 22 1 2 1n n n n= + + − = +

OR  

correct order of subtraction and correct factorization of difference of squares A1A1 

( )( )( )1 1 2 1n n n n n= + − + + = +

THEN 

1n n= + + =RHS A1 

Note:  Do not award final A1 unless all previous working is correct. 

which is the sum of n  and 1n+ AG 

Note:  If expansion and order of subtraction are correct, award full marks for 

candidates who find the sum of the integers as 2 1n+  and then show that 

the difference of the squares (subtracted in the correct order) is  2 1n+  .  

[4 marks] 
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3. (a) METHOD 1 

correct substitution of 
2 2cos 1 sinx x= − A1 

( )22 1 sin 5sin 4x x− + =

22sin 5sin 2 0x x− + = AG 

METHOD 2 

correct substitution using double-angle identities A1 

( )22cos 1 5sin 3x x− + =

21 2sin 5sin 3x x− + =

22sin 5sin 2 0x x− + = AG 

[1 mark] 

continued… 
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Question 3 continued 

(b) EITHER

attempting to factorise M1 

( )( )2sin 1 sin 2x x− −  A1 

OR 

attempting to use the quadratic formula M1 

25 5 4 2 2 5 3
sin

4 4
x

 −    
= = 

 
A1 

THEN 

1
sin

2
x = (A1) 

π 5π
,

6 6
x = A1A1 

[5 marks] 

Total [6 marks] 
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4. EITHER

attempt to use the binomial expansion of ( )
7

x k+ (M1) 

7 7 0 7 6 1 7 5 2

0 1 2 ...C x k C x k C x k+ + + (or 
7 7 0 7 5 1 7 5 2

0 1 2 ...C k x C k x C k x+ + + ) 

identifying the correct term 
7 5 2

2C x k (or
7 2 5

5C k x ) (A1) 

OR 

attempt to use the general term 
7 7r r

rC x k −
(or

7 7r r

rC k x −
) (M1) 

2r =  (or 5r = ) (A1) 

THEN 

7

2 21C =  (or 
7

5 21C = ) (seen anywhere) (A1) 

5 2 521 63x k x= 2(21 63k = , 
2 3)k = A1 

3k =  A1 

Note:  If working shown, award M1A1A1A1A0 for 3k = . 

[5 marks] 
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5. (a) ( )2ln 16 0x − = (M1) 

( )0 2e 16 1x= − =

2 17x =  OR 17x =  (A1) 

17a = A1 

[3 marks] 

(b) attempt to differentiate (must include 2x  and/or
2

1

16x −
) (M1) 

( ) 2

2

16

x
f x

x
 =

−
A1 

setting their derivative 
1

3
= M1 

2

2 1

16 3

x

x
=

−

2 16 6x x− = OR 
2 6 16 0x x− − = (or equivalent) A1 

valid attempt to solve their quadratic (M1) 

8x = A1 

Note:  Award A0 if the candidate’s final answer includes additional solutions 

(such as 2, 8x = − ). 

[6 marks] 

Total [9 marks] 



– 14 – M21/5/MATHX/SP1/ENG/TZ2/XX/M 

6. METHOD 1

attempt to use the cosine rule to find the value of x (M1) 

( )( )2 2 3
100 4 2 2  

4
x x x x

 
= + −  

 
A1 

22 100x =

2 50x = OR ( )50 5 2x = = A1 

attempt to find ˆsinC  (seen anywhere) (M1) 

2

2 3ˆsin 1
4

C
 

+ = 
 

 OR 
2 2 23 4x + = or right triangle with side 3 and hypotenuse 4 

7ˆsin
4

C = (A1) 

Note:  The marks for finding ˆsinC may be awarded independently of the first 

three marks for finding x . 

correct substitution into the area formula using their value of x  (or 
2x ) and their 

value of ˆsinC (M1) 

1 7
5 2 10 2

2 4
A =    or 

1 7
50 2 50

2 4
A =   

25 7

2
A = A1 

continued… 
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Question 6 continued 

METHOD 2 

attempt to find the height, h , of the triangle in terms of x (M1) 

2

2 23

4
h x x

 
+ = 
 

OR 

2

2 25
10

4
h x

 
+ = 
 

 OR 
7

4
h x= A1 

equating their expressions for either 
2h or h (M1) 

2 2

2 23 5
10

4 4
x x x

   
− = −   
   

 OR 
225 7

100
16 4

x x− = (or equivalent) A1 

2 50x =  OR ( )50 5 2x = = A1 

correct substitution into the area formula using their value of x  (or 
2x ) (M1) 

1 7
2 50 50

2 4
A =   OR ( )1 7

2 5 2 5 2
2 4

A
 

=   
 

25 7

2
A = A1 

Total [7 marks] 
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Section B 

7. (a) evidence of median position (M1) 

40 students 

median 14 (hours)=  A1 

[2 marks] 

(b) recognizing there are 8 students in the top 10% (M1) 

72 students spent less than k hours (A1) 

18 (hours)k = A1 

[3 marks] 

(c) 15 hours is 60 students OR 60 4p = −  (M1) 

56p = A1 

21 hours is 76 students OR 80 76q = −  OR 80 4 56 16q = − − − (A1) 

4q = A1 

[4 marks] 

(d) 20 of the 80 students OR
1

4
 spend more than 15 hours doing homework (A1) 

20

80 320

x
= OR 

1
320

4
  OR 4 20  (A1) 

80 (students) A1 

[3 marks] 

(e) (i) only year 12 students surveyed OR amount of homework might be different for 
different year levels R1 

(ii) stratified sampling OR survey students in all years R1 

[2 marks] 

Total [14 marks] 



– 17 – M21/5/MATHX/SP1/ENG/TZ2/XX/M 

8. (a) 6 6cos 0x+ = (or setting their ( ) 0f x = ) (M1) 

 cos 1x = −  (or sin 0x = ) 

π, 3πx x= = A1A1 

[3 marks] 

(b) attempt to integrate ( )
3π

π

6 6cos dx x+ (M1) 

 
3π

π
6 6sinx x= + A1A1 

substitute their limits into their integrated expression and subtract (M1) 

( ) ( )18π 6sin3π 6π 6sin π= + − +

( )( ) ( )6 3π 0 6π 0= + − +  ( )18π 6π= −  A1 

area 12π=  AG 

[5 marks] 

continued… 
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Question 8 continued 

(c) attempt to substitute into formula for surface area (including base) (M1) 

( ) ( )( )2π 2 π 2 12πl+ =  (A1) 

4π 2π 12πl+ =

2π 8πl =

4l =  A1 

[3 marks] 

(d) valid attempt to find the height of the cone (M1) 

e.g. ( )
22 22 theirh l+ =  

( )12 2 3h = = (A1) 

attempt to use 
21

3
V r h= with their values substituted M1 

( )( )21
π 2 12

3

 
 
 

4π 12 8π 3 8π
volume

3 3 3

 
= = =  

 
A1 

[4 marks] 

Total [15 marks] 
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9. (a) setting ( ) 0s t = (M1) 

28 0t t− =

( )8 0t t− =

8p =   (accept 8t = , ( )8,0 ) A1 

Note:  Award A0 if the candidate’s final answer includes additional solutions 

(such as 0, 8p = ). 

[2 marks] 

(b) (i) recognition that when particle changes direction 0v =  OR local maximum on 

graph of s OR vertex of parabola (M1) 

4q =   (accept 4t = ) A1 

(ii) substituting their value of q into ( )s t OR integrating ( )v t from 0t =  to 4t = (M1) 

displacement 16=  (m) A1 

[4 marks] 

(c) ( )10 20s = − OR ( )distance= s t OR integrating ( )v t from 0t =  to 10t = (M1) 

distance=20 (m) A1 

[2 marks] 

(d) 16 forward + 36 backward OR 16 16 20+ +  OR ( )
10

0

v t dt (M1) 

=52d  (m) A1 

[2 marks] 

continued… 
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Question 9 continued 

(e) METHOD 1

graphical method with triangles on ( )v t graph M1 

( )2
49

2

x x 
+  
 

(A1) 

249 52x+ = , 3x = (A1) 

7 3k = + A1 

[4 marks] 

METHOD 2 

recognition that ( )distance= dv t t M1 

( ) ( )
7

0 7

14 2 d 2 14 d

k

t t t t− + − 

7
2 2

0 7
14 14

k

t t t t   − + −    (A1) 

( ) ( ) ( )( )( )2 2 214 7 7 14 7 14 7 52k k− + − − − = (A1) 

7 3k = + A1 

[4 marks] 

Total [14 marks] 
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Instructions to Examiners 

Abbreviations 

M Marks awarded for attempting to use a correct Method. 
A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 
R Marks awarded for clear Reasoning. 
AG Answer given in the question and so no marks are awarded. 
FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for 

their correct methods/answers using incorrect results. 

Using the markscheme 

1 General 

Award marks using the annotations as noted in the markscheme eg M1, A2. 

2 Method and Answer/Accuracy marks 

• Do not automatically award full marks for a correct answer; all working must be checked,
and marks awarded according to the markscheme.

• It is generally not possible to award M0 followed by A1, as A mark(s) depend on the
preceding M mark(s), if any.

• Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for
an attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using
the correct values.

• Where there are two or more A marks on the same line, they may be awarded
independently; so if the first value is incorrect, but the next two are correct, award A0A1A1.

• Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.
• The response to a “show that” question does not need to restate the AG line, unless a Note

makes this explicit in the markscheme.
• Once a correct answer to a question or part question is seen, ignore further working even if

this working is incorrect and/or suggests a misunderstanding of the question.  This will
encourage a uniform approach to marking, with less examiner discretion. Although some
candidates may be advantaged for that specific question item, it is likely that these candidates
will lose marks elsewhere too.

• An exception to the previous rule is when an incorrect answer from further working is used in
a subsequent part.  For example, when a correct exact value is followed by an incorrect
decimal approximation in the first part and this approximation is then used in the second part.
In this situation, award FT marks as appropriate but do not award the final A1 in the first part.
Examples:

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

 
 

(incorrect 
decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 
 

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

8 2
5.65685...

35
72

M21/5/MATHX/SP1/ENG/TZ1/XX/M 
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3 Implied marks 

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen 
or implied by subsequent working/answer. 

4 Follow through marks (only applied after an error is made) 

Follow through (FT) marks are awarded where an incorrect answer from one part of a question 
is used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or 
incorrect value from part (c)(i) used in part (c)(ii)).  Usually, to award FT marks, there must be 
working present and not just a final answer based on an incorrect answer to a previous part. 
However, if all the marks awarded in a subsequent part are for the answer or are implied, then 
FT marks should be awarded for their correct answer, even when working is not present. 

For example: following an incorrect answer to part (a) that is used in subsequent parts, where 
the markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their 
correct answer, without working being seen. For longer questions where all but the answer 
marks are implied this rule applies but may be overwritten by a Note in the Markscheme. 

• Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

• If the question becomes much simpler because of an error then use discretion to award
fewer FT marks, by reflecting on what each mark is for and how that maps to the simplified
version.

• If the error leads to an inappropriate value (e.g. probability greater than 1, , non- 
integer value where integer required), do not award the mark(s) for the final answer(s). 

• The markscheme may use the word “their” in a description, to indicate that candidates may
be using an incorrect value.

• If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts.  This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent
parts use their incorrect answer rather than the given value.

• Exceptions to these FT rules will be explicitly noted on the markscheme.

• If a candidate makes an error in one part but gets the correct answer(s) to subsequent
part(s), award marks as appropriate, unless the command term was “Hence”.

sin 1.5q =

M21/5/MATHX/SP1/ENG/TZ1/XX/M 
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5 Mis-read 

If a candidate incorrectly copies values or information from the question, this is a mis-read 
(MR).  A candidate should be penalized only once for a particular misread.  Use the MR stamp 
to indicate that this has been a misread and do not award the first mark, even if this is an M 
mark, but award all others as appropriate. 

• If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

• If the MR leads to an inappropriate value (e.g. probability greater than 1, , non- 
integer value where integer required), do not award the mark(s) for the final answer(s). 

• Miscopying of candidates’ own work does not constitute a misread, it is an error.

• If a candidate uses a correct answer, to a “show that” question, to a higher degree of
accuracy than given in the question, this is NOT a misread and full marks may be scored in
the subsequent part.

• MR can only be applied when work is seen.  For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

6 Alternative methods 

• Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

sin 1.5q =

Candidates will sometimes use methods other than those in the markscheme.  Unless the 
question specifies a method, other correct methods should be marked in line with the 
markscheme. If the command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative 
methods are not permitted unless covered by a note in the mark scheme.   

M21/5/MATHX/SP1/ENG/TZ1/XX/M 
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7 Alternative forms 

Unless the question specifies otherwise, accept equivalent forms. 

• As this is an international examination, accept all alternative forms of notation for example
1.9 and 1,9 or 1000 and 1,000 and .

• Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided
the evidence clearly reflects the demand of the mark.

• In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

• In the markscheme, some equivalent answers will generally appear in brackets.  Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners
are asked to apply appropriate discretion to judge if the candidate work is equivalent.

8 Format and accuracy of answers 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer 
to the required accuracy. If the level of accuracy is not stated in the question, the general rule 
applies to final answers: unless otherwise stated in the question all numerical answers must 
be given exactly or correct to three significant figures. 

Where values are used in subsequent parts, the markscheme will generally use the exact 
value, however candidates may also use the correct answer to 3 sf in subsequent parts.  The 
markscheme will often explicitly include the subsequent values that come “from the use of 3 sf 
values”. 

Simplification of final answers: Candidates are advised to give final answers using good 
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, 

and any values that lead to integers should be simplified; for example,  should be written as 

.  An exception to this is simplifying fractions, where lowest form is not required 

(although the numerator and the denominator must be integers); for example, may be left 

in this form or written as . However,  should be written as 2, as it simplifies to an 

integer. 

Algebraic expressions should be simplified by completing any operations such as addition 
and multiplication, e.g.  should be simplified to , and  should 
be simplified to .  Unless specified in the question, expressions do not need to be 
factorized, nor do factorized expressions need to be expanded, so  and  are 
both acceptable. 

Please note: intermediate A marks do NOT need to be simplified. 

1.000

25
4

5
2

10
4

5
2

10
5

2 34e ex x´ 54e x 2 3 44e e e ex x x x´ - ´
53e x

( 1)x x + 2x x+
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9 Calculators 

No calculator is allowed.  The use of any calculator on this paper is malpractice and will 
result in no grade awarded.  If you see work that suggests a candidate has used any  
calculator, please follow the procedures for malpractice.   

10. Presentation of candidate work

Crossed out work:  If a candidate has drawn a line through work on their examination script,
or in some other way crossed out their work, do not award any marks for that work unless an
explicit note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the
same question, an examiner should only mark the first response unless the candidate
indicates otherwise.  If the layout of the responses makes it difficult to judge, examiners
should apply appropriate discretion to judge which is “first”.

M21/5/MATHX/SP1/ENG/TZ1/XX/M 
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1. (a) (i) ( )2 6f = A1 

(ii) ( )( )2 2f f = − A1 

[2 marks] 

(b) 

M1A1A1 

Note: Award M1 for an attempt to apply any vertical stretch or vertical translation, 

A1 for a correct horizontal line segment between −4 and 0 

(located roughly at 3y = ),  

A1 for a correct concave down parabola including max point at (2,4) and for 
correct end points at (0,3) and (6,0) (within circles). Points do not need to be 
labelled. 

[3 marks] 
Total [5 marks] 

2. (a)
43 10  OR  30000 (km)  (accept 

43 10 ) A1 

[1 mark] 

(b) ( )
3

44
π 3 10

3
  OR ( )

34
π 30000

3
(A1) 

124
π 27 10

3
=   ( )( )12π 36 10=  OR 

4
π 27000000000000

3
=  (A1) 

( )13π 3.6 10=  (km3) OR 3.6, 13a k= = A1 

 [3 marks] 
Total [4 marks] 
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3. METHOD 1 (finding
1u first, from S8)

( )14 8 8u + =   (A1) 

1 6u = − A1 

1 7 8u d+ = OR ( )14 2 7 8u d+ = (may be seen with their value of
1u ) (A1) 

attempt to substitute their 
1u (M1) 

2d = A1 

METHOD 2 (solving simultaneously) 

1 7 8u d+ =   (A1) 

( )14 8 8u + = OR ( )14 2 7 8u d+ = OR  1 3u d= −  (A1) 

attempt to solve linear or simultaneous equations (M1) 

1 6, 2u d= − =  A1A1 

 [5 marks] 

4. (a) attempt to use definition of outlier 

31.5 20 Q +  (M1) 

1.5 20 75U +  ( 45U  , accept )45U   OR 31.5 20 75Q + = A1 

minimum value of 45U =  A1 

 [3 marks] 

(b) attempt to use interquartile range (M1) 

20U L− =  (may be seen in part (a)) OR 25L   (accept 25L  ) 

minimum value of 25L =  A1 

 [2 marks] 
Total [5 marks] 
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5. (a) ( ) ( )2f x x h = − − A1 

[1 mark] 

(b) ( ) 2exg x − = OR ( ) 3 23 eg − =  (may be seen anywhere) A1 

Note: The derivative of g  must be explicitly seen, either in terms of x  or 3. 

recognizing ( ) ( )3 3f g = (M1) 

( ) ( )3 22 3 e  h e−− − = =

6 2 eh− + =   OR  
e

3
2

h− = − A1 

Note: The final A1 is dependent on one of the previous marks being awarded. 

e 6

2
h

+
= AG 

[3 marks] 

(c) ( ) ( )3 3f g= (M1) 

( )
2 3 23 2 eh k k−− − + = +

correct equation in k

EITHER 

2

3 2e 6
3 2 e

2
k k−+ 

− − + = + 
 

A1 

2 2
6 e 6 e

e e
2 2

k
− − −   

= + +   


 
=

   



A1 

OR 

2
e 6

e 3
2

k
+ 

= + − 
 

A1 

2e 12e 36
e 9 3e 18

4
k

+ +
= + − − + A1 

THEN 
2e

e
4

k = + AG 

[3 marks] 
Total [7 marks] 



– 11 – M21/5/MATHX/SP1/ENG/TZ1/XX/M 

6. (a)

Note: Do not award the final A1 for proofs which work from both sides to find a 

common expression other than 
22sin cos 2sinx x x− . 

METHOD 1 (LHS to RHS) 

attempt to use double angle formula for sin 2x  or cos2x M1 

LHS= 2sin cos cos2 1x x x+ −  OR 
2sin 2 1 2sin 1x x+ − − OR 

22sin cos 1 2sin 1x x x+ − −
22sin cos 2sinx x x= − A1 

sin 2 cos 2 1 2sin (cos sin )x x x x x+ − = − =RHS AG 

METHOD 2 (RHS to LHS) 

RHS
22sin cos 2sinx x x= −

attempt to use double angle formula forsin 2x  or cos2x M1 
2sin 2 1 2sin 1x x= + − − A1 

sin 2 cos2 1x x= + − =LHS AG 

[2 marks] 

(b) attempt to factorise M1 

( )(cos sin ) 2sin 1 0x x x− + =  A1 

recognition of 
sin

cos sin tan 1
cos

x
x x x

x
=  = = OR 

1
sin

2
x = − (M1) 

one correct reference angle seen anywhere, accept degrees (A1) 

π

4
 OR 

π

6
(accept 

π 7π
,

6 6
− ) 

Note: This (M1)(A1) is independent of the previous M1A1. 

7π 11π π 5π
, , ,

6 6 4 4
x = A2 

Note: Award A1 for any two correct (radian) answers. 
Award A1A0 if additional values given with the four correct (radian) answers. 

Award A1A0 for four correct answers given in degrees. 

[6 marks] 
Total [8 marks] 



– 12 – M21/5/MATHX/SP1/ENG/TZ1/XX/M 

7. (a) METHOD 1 (discriminant)  
2 2 9mx mx mx− = −  (M1) 
2 3 9 0mx mx− + =

recognizing 0 = (seen anywhere) M1 

( ) ( )( )
2

3 4 9m m = − −     (do not accept only in quadratic formula for x ) A1 

valid approach to solve quadratic for m (M1) 

( )9 4 0m m− = OR  
236 36 4 9 0

2 9
m

 −  
=



both solutions 0,4m = A1 

0m  with a valid reason R1 

the two graphs would not intersect OR 0 9 −

4m = AG 

METHOD 2 (equating slopes) 
2 2 9mx mx mx− = − (seen anywhere) (M1) 

( ) 2 2f x mx m = − A1 

equating slopes, ( )f x m =   (seen anywhere) M1 

2 2mx m m− =
3

2
x = A1 

substituting their x value (M1) 
2

3 3 3
2 9

2 2 2
m m m

 
−  =  − 

 

9 12 6
9

4 4 4
m m m− = − A1 

9
9

4

m−
= −

4m = AG 

continued… 
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Question 7(a) continued 

METHOD 3 (using 
2

b

a

−
) 

2 2 9mx mx mx− = − (M1) 
2 3 9 0mx mx− + =

attempt to find x -coord of vertex using 
2

b

a

−
(M1) 

( )3

2

m

m

− −
A1 

3

2
x = A1 

substituting their x value (M1) 
2

3 3
3 9 0

2 2
m m

 
−  + = 

 

9 9
9 0

4 2
m m− + = A1 

9 36m− = −

4m = AG 

[6 marks] 

(b) ( )4 2x x − (A1) 

0p =  and 2q = OR 2p = and 0q =  A1 

[2 marks] 

(c) attempt to use valid approach (M1) 

0 2

2

+
, 

( )8

2 4

− −


, ( )1f , 8 8 0x− =  OR ( ) ( )( )224 2 1 1 4 1 4x x x− + − = − −

1,  4h k= = − A1A1 

[3 marks] 

(d) EITHER

recognition x h=  to 2 (may be seen on sketch) (M1) 

OR 

recognition that ( ) 0f x   and ( ) 0f x   (M1) 

THEN 

1 2x  A1A1 

Note: Award A1 for two correct values, A1 for correct inequality signs. 

[3 marks] 
Total [14 marks] 
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8. (a) attempt to use quotient or product rule (M1) 

( )( )

( )

4 3

2
4

1
ln 4

d

d

x x x
y x

x x

 
− 

 = OR  ( )( ) ( )5 4 1
ln 4x x x

x

− −  
− +  

 
A1 

correct working A1 

( )3

8

1 4lnx x

x

−
=   OR  cancelling 3x OR 

5 5

4ln 1x

x x

−
+

5

1 4ln x

x

−
= AG 

[3 marks] 

(b) 
d

( ) 0
d

y
f x

x
 = = (M1) 

5

1 4ln
0

x

x

−
=

1
ln

4
x = (A1) 

1

4ex = A1 

substitution of their x  to find  y (M1) 

1

4

4
1

4

ln e

e

y =
 
 
 

11 1
e

4e 4

− 
= = 

 
A1 

1

4
1

P e ,
4e

 
 
 

[5 marks] 

continued… 
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Question 8 continued 

(c) 

1
1 4
4

6
1

4

20ln e 9
e

e

f
  −
 = 

  
 
 

(M1) 

1.5 1.5

5 9 4
   

e e

−  
= = − 

 
A1 

which is negative R1 

hence  P is a local maximum AG 

Note: The R1 is dependent on the previous A1 being awarded. 

[3 marks] 

(d) ln 0x  (A1) 

1x  A1 

[2 marks] 

(e) 

A1A1A1 

Note: Award A1 for one x -intercept only, located at 1 

A1 for local maximum, P , in approximately correct position 
A1 for curve approaching x -axis as x →  (including change in concavity). 

 [3 marks] 
Total [16 marks] 
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9. (a) recognising probabilities sum to 1 (M1) 

1
1

2
p p p p+ + + =

2

7
p = A1 

[2 marks] 

(b) valid attempt to find E( )X  (M1) 

( )
1

1 2 3 4 8
2

p p p p p +  +  +  =

16
E( )

7
X = A1 

[2 marks] 

(c) (i) 0 1r  A1 

(ii) attempt to find a value of q (M1) 

0 1 3 1q −    OR  
1

0
3

r q=  =  OR  1 0r q=  =

1
0

3
q  A1 

[3 marks] 

(d) ( )ORE( ) 1 2 3 4 2 2 4 6Y q q q r r q=  +  +  +  = + − (A1) 

one correct boundary value A1 

( )
1 1 1

1 2 3 4 0 2
3 3 3

 +  +  +  = OR 

( )1 0 2 0 3 0 4 1 4 +  +  +  = OR 

( )2 2(0) 2+ = OR 

( )2 2(1) 4+ = OR 

( )4 6(0) 4− = OR ( )
1

4 6 2
3

 
− = 

 

2 E( ) 4Y  A1 

[3 marks] 

continued… 
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Question 9 continued 

(e) METHOD 1

evidence of choosing at least four correct outcomes from 

1&2, 1&3, 1&4, 2&3, 2&4, 3&4 (M1) 

6 6

7 7
q r+  OR 3 3pq pr+  OR ( ) ( ) ( )1 3 1 3 1 3pq pq p q pq p q p q+ + − + + − + −  (A1) 

solving for either q or r M1 

6 1
( 1 3 )

7 2
q q+ − = OR   

6 1 1

7 3 2

r
r

− 
+ = 

 
  OR  ( )

1
3 3 1 3

2
pq p q+ − =

OR 
1 1

3 3
3 2

r
p pr

− 
+ = 

 
 

EITHER  two correct values 

5

24
q = and

3

8
r = A1A1 

OR one correct value 
5

24
q = OR 

3

8
r = A1 

substituting their value for q or r A1 

5
4 6

24

 
−  

 
OR 

3
2 2

8

 
+  

 

THEN 

11
E( )

4
Y = A1 

[6 marks] 

continued… 
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Question 9 continued 

METHOD 2 (solving for E( )Y ) 

evidence of choosing at least four correct outcomes from 

1&2, 1&3, 1&4, 2&3, 2&4, 3&4 (M1) 

6 6

7 7
q r+  OR 3 3pq pr+  OR ( ) ( ) ( )1 3 1 3 1 3pq pq p q pq p q p q+ + − + + − + −  (A1) 

rearranging to make q  the subject M1 

4 E( )

6

Y
q

−
=

( )
1

3 3 1 3
2

pq p q+ − = M1 

6 4 E( ) 6 4 E( ) 1
1 3

7 6 7 6 2

Y Y−  −    
 + − =    
    

A1 

( )2 E( ) 1 1

7 2

Y −
=

11
E( )

4
Y = A1 

[6 marks] 
Total [16 marks] 
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Instructions to Examiners 
 
Abbreviations 
 
M Marks awarded for attempting to use a correct Method. 
 
A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks. 
 
R Marks awarded for clear Reasoning. 
 
AG Answer given in the question and so no marks are awarded. 
 
 
Using the markscheme 
 
1 General 
 
 Award marks using the annotations as noted in the markscheme eg M1, A2. 
 
 
2 Method and Answer/Accuracy marks 
 

 Do not automatically award full marks for a correct answer; all working must be checked, and 
marks awarded according to the markscheme. 

 It is generally not possible to award M0 followed by A1, as A mark(s) depend on the preceding 
M mark(s), if any.  

 Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an 
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the 
correct values. 

 Where there are two or more A marks on the same line, they may be awarded independently; 
so if the first value is incorrect, but the next two are correct, award A0A1A1. 

 Where the markscheme specifies M2, A2, etc., do not split the marks, unless there is a note.  

 Once a correct answer to a question or part-question is seen, ignore further correct working. 
However, if further working indicates a lack of mathematical understanding do not award the final 
A1. An exception to this may be in numerical answers, where a correct exact value is followed by 
an incorrect decimal. However, if the incorrect decimal is carried through to a subsequent part, 
and correct working shown, award FT marks as appropriate but do not award the final A1 in that 
part. 

 
Examples 

 
 Correct answer seen Further working seen Action 
1. 

8 2  5.65685...  
(incorrect decimal value) 

Award the final A1 
(ignore the further working) 

2. 1 sin 4
4

x  sin x  Do not award the final A1 

3. log loga b  log ( )a b  Do not award the final A1 
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3 Implied marks 
 

 Implied marks appear in brackets e.g. (M1), and can only be awarded if correct work is seen or if 
implied in subsequent working. 
 
 Normally the correct work is seen or implied in the next line. 

 Marks without brackets can only be awarded for work that is seen. 

 
 
4 Follow through marks (only applied after an error is made) 
 
 Follow through (FT) marks are awarded where an incorrect answer from one part of a question is 

used correctly in subsequent part(s) or subpart(s). Usually, to award FT marks, there must be 
working present and not just a final answer based on an incorrect answer to a previous part. 
However, if the only marks awarded in a subpart are for the answer (i.e. there is no working 
expected), then FT marks should be awarded if appropriate. 

 
 Within a question part, once an error is made, no further A marks can be awarded for work 

which uses the error, but M marks may be awarded if appropriate.  

 If the question becomes much simpler because of an error then use discretion to award fewer 
FT marks. 

 If the error leads to an inappropriate value (e.g. probability greater than 1, use of 1r  for the 
sum of an infinite GP, sin 1.5  , non integer value where integer required), do not award the 
mark(s) for the final answer(s). 

 The markscheme may use the word “their” in a description, to indicate that candidates may be 
using an incorrect value.  

 Exceptions to this rule will be explicitly noted on the markscheme. 

 If a candidate makes an error in one part, but gets the correct answer(s) to subsequent part(s), 
award marks as appropriate, unless the question says hence. It is often possible to use a 
different approach in subsequent parts that does not depend on the answer to previous parts.  

 
 
5 Mis-read 
 

If a candidate incorrectly copies information from the question, this is a mis-read (MR). Apply a MR 
penalty of 1 mark to that question  

 
 If the question becomes much simpler because of the MR, then use discretion to award 

fewer marks. 

 If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5  , non-integer 
value where integer required), do not award the mark(s) for the final answer(s). 

 Miscopying of candidates’ own work does not constitute a misread, it is an error. 

 The MR penalty can only be applied when work is seen. For calculator questions with no 
working and incorrect answers, examiners should not infer that values were read incorrectly. 
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6 Alternative methods 
 

 
 Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 

 Alternative solutions for part-questions are indicated by EITHER . . . OR. 

 
 
7 Alternative forms 
 
 Unless the question specifies otherwise, accept equivalent forms. 
 

 As this is an international examination, accept all alternative forms of notation. 

 In the markscheme, equivalent numerical and algebraic forms will generally be written in 
brackets immediately following the answer. 

 In the markscheme, simplified answers, (which candidates often do not write in examinations),  
will generally appear in brackets. Marks should be awarded for either the form preceding the 
bracket or the form in brackets (if it is seen).  

 
 
8 Accuracy of Answers 
 

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the 
required accuracy. There are two types of accuracy errors, and the final answer mark should not be 
awarded if these errors occur. 

 
 Rounding errors: only applies to final answers not to intermediate steps. 

 Level of accuracy: when this is not specified in the question the general rule applies to final 
answers: unless otherwise stated in the question all numerical answers must be given exactly or 
correct to three significant figures. 

 
 
9 Calculators 
 

No calculator is allowed. The use of any calculator on paper 1 is malpractice, and will result in no 
grade awarded. If you see work that suggests a candidate has used any calculator, please follow 
the procedures for malpractice. Examples: finding an angle, given a trig ratio of 0.4235. 

 
 
 
  

 Candidates will sometimes use methods other than those in the markscheme. Unless the question 
specifies a method, other correct methods should be marked in line with the markscheme 
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Section A 
 
1. (a) valid approach using Pythagorean identity (M1) 

  
2

2 5sin + 1
6

A    
 

 (or equivalent) (A1) 

  
11sin =
6

A  A1 

[3 marks] 
 

(b) 
1 118 6
2 6
    (or equivalent) (A1) 

  area=4 11 A1 
[2 marks] 

 
Total [5 marks] 

 
 
2. attempt to substitute into        P P P PA B A B A B      (M1) 
 
Note: Accept use of Venn diagram or other valid method. 

 0.6 0.5 0.4 P( )A B     (A1) 

  P 0.3A B   (seen anywhere) A1 

 attempt to substitute into    
 

P
P |

P
A B

A B
B


  (M1) 

 0.3
0.4

  

  P |A B 30.75
4

   
 

 A1 

Total [5 marks] 
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3. (a) attempting to expand the LHS (M1) 
     2 2LHS 4 4 1 4 4 1n n n n       A1 

   28 2 RHSn    AG 
[2 marks] 

 
 (b) METHOD 1 

  recognition that 2 1n  and 2 1n  represent two consecutive odd  
integers (for n ) R1 

   2 28 2 2 4 1n n    A1 
  valid reason eg divisible by 2 (2 is a factor) R1 

  so the sum of the squares of any two consecutive odd integers is even AG 
[3 marks] 

 
  METHOD 2 

  recognition, eg that n  and 2n   represent two consecutive odd integers  
(for n )  R1 

     22 22 2 2 2n n n n      A1 

  valid reason eg divisible by 2 (2 is a factor) R1 

  so the sum of the squares of any two consecutive odd integers is even AG 
[3 marks] 

 
Total [5 marks] 

 
 
4. attempt to integrate (M1) 

 2 d2 1 4
d
uu x x
x

     

 
2

8 2d d
2 1

x x u
ux




   (A1) 

 
 EITHER 

  4 u C   A1 
 
 OR 

  24 2 1x C    A1 
 
 THEN 

 correct substitution into their integrated function (must have C ) (M1) 
 5 4 1C C     
   24 2 1 1f x x    A1 

Total [5 marks] 
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5. (a) attempt to form composition M1 

  correct substitution 
3 38 5

4 4
x xg         

   
 A1 

     2 11g f x x   AG 
[2 marks] 

 
 (b) attempt to substitute 4 (seen anywhere) (M1) 
  correct equation 2 4 11a     (A1) 
  19a   A1 

[3 marks] 
 

Total [5 marks] 
 
 
6. (a) attempting to use the change of base rule M1 

  3
9

3

log (cos2 2)log (cos2 2)
log 9

xx 
   A1 

  3
1 log (cos 2 2)
2

x   A1 

  3log cos2 2x   AG 
[3 marks] 

 
 (b) 3 3log (2sin ) log cos2 2x x   

  2sin cos2 2x x   M1 
  24 sin cos 2 2x x   (or equivalent) A1 
  use of 2cos 2 1 2 sinx x   (M1) 
  26 sin 3x   

    1sin
2

x    A1 

  π
4

x   A1 
 

Note: Award A0 if solutions other than π
4

x   are included. 

[5 marks] 
 

Total [8 marks] 
 
  



 – 8 – SPEC/5/MATAA/SP1/ENG/TZ0/XX/M 

 

Section B 
 
7. (a) evidence of median position (M1) 
  80th employee 
  40 minutes A1 

[2 marks] 
 
 (b) valid attempt to find interval (2555) (M1) 
  18 (employees), 142 (employees) A1 
  124   A1 

[3 marks] 
 
 (c) recognising that there are 16 employees in the top 10% (M1) 
  144 employees travelled more than k minutes (A1) 
    A1 

[3 marks] 
 
 (d) 70b    A1 

[1 mark] 
 
 (e) (i) recognizing a is first quartile value (M1) 
   40 employees 
    A1 
 
  (ii) 47 33  (M1) 
   IQR 14  A1 

[4 marks] 
 
 (f) attempt to find 1.5 IQR their  (M1) 
  33 21  
  12    (A1) 

[2 marks] 
 

[Total 15 marks] 
 
 

8. (a) 2( ) 2 15f x x x     (M1)A1 
[2 marks] 

 
 (b) correct reasoning that ( ) 0f x   (seen anywhere) (M1) 
  2 2 15 0x x    
  valid approach to solve quadratic M1 
  ( 3)( 5)x x  , quadratic formula 
  correct values for x 
   3, 5 
  correct values for a and b 

  5a    and 3b   A1 
[3 marks] 

 
 

continued… 
  

56k 

33a 
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Question 8 continued 
 
 (c) (i)  

    A1 
 
  (ii) first derivative changes from positive to negative at x a  A1 
 
   so local maximum at x a  AG 

[2 marks] 
 
 (d) (i) ( ) 2 2f x x    A1 
 
   substituting their b into their second derivative (M1) 
   (3) 2 3 2f      
   ( ) 8f b   (A1) 
  
  (ii) ( )f b  is positive so graph is concave up R1 
   so local minimum at x  b  AG 

[4 marks] 
 
 (e) normal to  f  at x a  is 5x    (seen anywhere) (A1) 
  attempt to find y-coordinate at their value of b (M1) 
  (3) 10f    (A1) 
  tangent at x b  has equation 10y    (seen anywhere) A1 

  intersection at  5, 10   
  5p    and 10q    A1 

[5 marks] 
 

[Total 16 marks] 
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9. (a) attempt to use quotient rule (M1) 
  correct substitution into quotient rule 

   
 2

15 ln5
5

kx k x
xf x
kx

  
    (or equivalent) A1 

   2 2
ln 5 ,k k x k

k x


   A1 

  
2

1 ln 5x
kx


  AG 

[3 marks] 
 
 (b)   0f x   M1 

  
2

1 ln 5 0x
kx


  

  ln 5 1x   (A1) 

  e
5

x   A1 

[3 marks] 
 
 (c)   0f x   M1 

  
3

2 ln 5 3 0x
kx


  

  3ln 5
2

x   A1 

  
3
25 ex   A1 

  so the point of inflexion occurs at 
3
21 e

5
x   AG 

[3 marks] 
 
 

continued… 
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Question 9 continued 
 
 (d) attempt to integrate (M1) 

  d 1ln 5
d
uu x
x x

    

  
ln 5 1d  dx x u u

kx k
   (A1) 

 
  EITHER 

  
2

2
u
k

  A1 

  so 

3 3
22 2

1 1

1  d
2
uu u

k k
 

  
 

  A1 

 
  OR 

  
 2ln5

2
x

k
  A1 

  so  
33
22 11 ee 2 55

e e
5 5

ln 5ln 5 d
2

xx x
kx k

 
  
  

  A1 

 
  THEN 

  
1 9 1

2 4k
   
 

 

  5
8k

  A1 

  setting their expression for area equal to 3 M1 

  5 3
8k

  

  5
24

k   A1 

[7 marks] 
 

Total [16 marks] 
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